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MALARIA IN THE MALDIVE ISLANDS.
By
MooOL P IYENGAR,
M. I. MATHEW,
AND

M. A, L MENON,
fMarch 51iys3.00

Duriveg Januaey W March g1 when the authors were engaged on an in-
vestigation on filariasis in the Maldives, they made certain observations on the
incidence of malaria, which are recorded in this article.  The Maldives, situated
in the equatorial region of the Indian Ocean, south of the Laccadives and south-
west of Ceylon, are an archipelago of tiny coral islands, about 2,000 in number,
of which only about 200 are inhabited. A description of these islands is given
in Iyengar {1952).

The authors visited several islands in Jour atolls, namely Male, Haddumat,
Suvadiva and Addu, in the southern part of the Maldives. CGases of clinical
malaria were observed to oceur in most of the villages visited. The incidence of
such cases was pariicularly high in the villages of Addu, the southernmost atoll
of the Maldives,

In ten villages, children under 12 vears of age were examined for splenic
calargement.  The results are furnished in Table 1. Tn most of these villages,
the spleen ratc was high; in scven out of the ten villages cxamincd, the spleen
rate was higher than 50 per cent. Malaria appearcd to he highly endemic in
most of the villages visited.,



Malaria in the Maldive Islands.

TasLe L.

Results of the examination of children for enlarged spleen.

Asoll. Villagce. Number of Number with { Spleen-rate,
“children examined. icnlarged spleen. per ceat.
I_VIaie_ Hulule ! 20 14 : 9040
Wilingili | 5* 2 00
Haddumasti | Medawa an | ’ ;
! Barisulu 38 i @0 5271
Addu Hitadu 44 25 ) 568
: Maradu 51 -I 26 I 5170
: Feidu . 27 1t L 077
Gan 30 16 ' 250
' Holedu : 44 23 : 5873
Midu ' af 113 : 511

*Wilingili is a village with a small population; a Jarger number of children was not availablc for exa-
mination in this vilage,

The malaria parasite rate among children, 2 to 11 years of age, was deter-
mined in one village, namely Maradu in Addu Atoll. Out of 51 children exa-
mined—both thin and thick smears being examined—23 were found to be posttive
for malaria parasites, giving a parasite rate of 451 per cent,

The relative incidence of the different species of malaria parasites, based on
the examination of blood smears from g8 children from the villages of Addu Atoll,
is presented in Table 1L,

TasLe {I.

Resulls of the examination of blood smears laken from children in Addu Atoli.

CrLassIFIcaTion,
Number Number i s :
cxamined. . positive. I | Mixed falei- l Mixed vivax
i ¢ Falciparum. ;  Vivex. Malarie, parwn and and malarie.
: vivgx.
g3 44 6 i 10 26 1 1 I
! i i

It is ol interest to note that Plasmodium malarie is the predominant species
in these villages. The number of P. malarie infections recorded was much greater
than the other two infections, F. zivax and P. falciparum, taken together. Of the
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44 positives recorded, P. melarie occurred in 27 cascs, P. ovax in 12 and P. fali-
parum in 7.

The Maldives have a poor anopheline fauna. The individual islands are
very small in area and lack natural breeding places such as marshes, ponds and
depressions. Only two specics of Anopheles were recorded during this investigation,
namely A. subpictus and A, lessellatus.  The former was of rare occurrence and was
rccorded from a single locality, Gadu Island in Haddumatti Atoll.  Anopheles
tessellatus, em the other hand, was found to occur in all the inhabited islands that
were visited, It breeds extensively in wells and to a small extent in step-wells.
‘T'he villages have a large number of wells,—shallow wells, about g feet in diameter,
dug in the coral-gravel soil. The subsoil water is close to the ground surface, at
a depth of g to 4 feet.  Almost every house has a well, wells being the only source
of fresh-water supply. At the time of this investigation, which was a compara-
tively dry scason in the Maldives, 4. fessellatus was found breeding in 27°g per
cent of the wells (177 out of 635 cxamined)., The brecding incidence is likely to
be even higher during the rainy scason, May to August.

In comparison with wells, the extent of 4. fessellatus brecding in step-wells
was low, evidently because the water in step-wells was often grossly contaminated.
This mosquito was found breeding only in 42 per cent of the step-wells (28
out of 659 examined). There arc no other situations on these islands, besides
the wells and the step-wells, where 4. tessellatus could breed.

Anopheles tessellatus was found to be the malaria vector in the Maldives. The
authors cxamined 22 specimens of this species caught from dwelling houses. Of
these, one showed heavy sporozotte infection.

Covell {1944) had previously reported the finding of two giand infections
and four gut infections from among 160 spectmens of 4. tessellatus examined from
certain islands of the Maldives.

The adults of A. tessellatus rest entirely indoors. ‘Their favourite resting
place is the lower part of the walls, close to the flooring, in the dark corners of the
huts.

SUMMARY.

Malaria appears to be highly endemic in the villages of the southern atolls
of the Maldive Islands, In the majority of the ten villages examined, the spleen
rates ranged between 4o and 60 per cent. The parasite rate in children, which
was determined in one village, Maradu, was 451 per cent.  Quartan iy the
predominant infection in the Maldives; this infection outnumbers the combined
nmamber of tertian and subtertian infections,

Anopheles lessellatus s the vector of malaria in the Maldives, Out of 22
specimens examined, one was found naturally infected, and showed a heavy
sporozoite infection. This species, which s widely prevalent in the inhabited
islands of the Maldives, breeds extensively in wells and to a small extent in
step-wells.
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THERAPEUTIC TRIAL OF PYRIMETHAMINE (DARAPRIM)
IN HUMAN MALARITA.

ny
R. S. SRIVASTAVA, m.B., p.p.i.,
fAssit, Dirvector, Malarislogy, U.P.:,

A. K, CHAKRABARTI, .z,
{Autimalaria Officer, Naini Tal Terai Colonisation Scheme),
AND
S. K. MUKHERJEE, mn,

i Medical Officer, Colonisation Hospital, Rudrapur, District Naini Tal).

{ March 10, 1953. )

PyroverHaMINE (Daraprim}, a product of the Welcomme Laboratories of
New York and Londan, has a chemical structure as 2 : g4-diamino-5-4 chlorophenyl-
G-cthylpyrimidine and is available in compressed tablets of 25 mg. each.

The manufacturers claim that comparatively small doses are sufficient to
control acute attacks of malarta.

Therapeutic trials of the drug were organized in a few villages in Uttar
Pradesh, Terai where transmission was in progress, and alse in the Celonisation
Hospital at Rudrapur during the later part of October 1952. The following
five regimes were adopted for administration of the drug.—

Regime LA single dose of 2 tablets (50 mg.) cnce only.

Regime Ti.—A single dosc of 2 tablets {50 mg.) on two consecutive days.
Regime IT1,—One tablet (25 mg.) once a day only.

Regime IV .--One tablet (25 mg.) twice daily for onc day.

Regime V.—One tablet {25 mg.) twice daily for two consecutive days.

These regimes refer to adult doses. Proportionate doses were administered
to children,

(5 1}



) Therapeutic Trial of Pyrimethamine (Daraprim) in Human Malawia.

A total of 86 microscopically diagnosed cases were placed under the different
regimes. In view of predominance of P. falciparum, the number of P, vivax treated
was only ten (Table I). There were also a few cases with mixed infection of
P. vivax and P. falciparum.

As a rule, patients were discharged only when they were afebrile and no
asexual parasites were detectable in the peripheral blood. Thereafter, in most
cases blood smears were collected daily for a period of 8 to 10 days for * follow
up ™ observation.

As active transmission was in progress in the area, further abservation was
considered to be unnecessary.

Tame 1.
Species of plasmodia and distributton of cases as per regimes.
Regime.  © P vivax. : P, falciparurm. Miwed. ' Tot
s - 1 — : | —
13 . q 1 16 Iy
il r 1] 1 15
AY . 15 i . 14
v j 4 J 17 2 | 29
- s e : i
Toral ' 10 ‘ 71 5 i 86

The effect of the drug on the course of the disease is shown in Table 11,
Tasre IL

Relief of clinical symptoms (within hours) after treatmeni with pyrimethamine in P. vivax
and P. falciparum cases.

P viax. | P. falciparum.

Reginms s ;3 © ﬁhaé l : 3 o, 1“'5& .i [m
iéggiggg'é:g 24 i 48 | 72 égg g:; 'Eé g 24 | 48 1 7 a6 I t2o0
TEREERE O TP AR A

_E__ _"_; —2 “?:— 1 H [ I E 2 | .. 12 Pis33d ... :;(—8"1_8;! 5(100]1-

i -3 | [ S 2 E ¢ 16 s i 13 8{61‘5)-5(!00)5 . )
11} Do | 1 5 | 13 2 1 [p{636)e@r7) .. 1(90'0)1 .
v I i‘N‘me . 13 3 | 1o lp(z00) .. [z(go-o) 1 I
Voo i EN |{ vl i 97 0 4 | 93 9(Bgrz)3igor2) 1{teo)| .. ! :

Figures in bracket indicate percentage.



R. 5. Srivastava, 4. K. Chakrabarti and S. K. Mukherji. 7

Clinical sympioms.—In P, vivax infection, it was oliserved that 5 out of 1o cases
had fever at the time treatment was commenced, and in all of them, irrespective
of the dose, relief was attained within 48 hours. None of the other cases showed |
any clinical manifestation at the time treatment was commenced. .

Farly recrudescence was not encountered in any of these cases. Out of
71 cases of P. falciparum infection, 59 cases had fever at the time of treatment, A
{ew of them were of hyperpyrexial bilious or algid type and they were placed under
Regimes IT and V. Prompt relief of clinical symptoms was observed in all cases,
Further, under the two regimes, in all cases, either of the severe or ordinary type,
patients became afebrile within 72 hours. But under the other regimes, similar
results were encountered in 81 to 100 per cent of cases during the same period.

Irrespective of the regimes, in some cases after initial relief of clinical
symptoms, patients developed fever again after 24 to 48 hours even though para-
sitemia was considerably low. This feature was more evident under Regime IV
where 4 out of 13 cases behaved in a similar manner. In one case, the drug had
no effect whatsoever,

Three out of twelve cases who were initially afebrile, developed fever 24
to 48 hours after the treatment was commenced (2 under Regime V and 1 under
Regime III},

All the cases with mixed infection who had fever initially, were relieved of
clinical symptoms within 24 to 48 hours.

Asexual parasites—As will be observed from Table I1I, in all the 7 cases under
Regimes IT and V, clearance of asexual parasites in P, pivax infection was obtained
within 48 hours whereas the same was observed in two cases under Regime I within
72 hours., The only one case, treated as per Regime ITI, was free from parasites
within 24 hours.

Taprr IIL

Clearance of asexual parasites (within hours) afler treatment wilh pyrimethamine
in P, vivax and P. falciparum cases.

‘ P, vivax. ' P, folciparum.
Regime, —-—-~—~- ——— { i . X y

;Number 24 ; 48 | 72 Number| 24 48 i 7z gbor
-‘;nf rases. I ] of cases. 1- : over

1 ‘I 2 ] ! z . 12 li 6 {s00) | 4 {839y ] =2 {100}

1) S 1| 5 | 1 5312 | g {592y 7 (100)
; : - l - ;

L O T R R |l G (461) 4 (76'9) ) =2 {2 1
H f H .

Vo Nome | .. | . I 13| 4030 260y 3697 4
: : : i ;

A% 4 3 ! 3 ; A i tr (64'7) i & {roo)
! i 3

However, in P. faleiparum infection the response was not the same under
Regimes I, IT and V,  Parasite clearance was attained in all cases within 72 hours
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and between 59 and 100 per cent of cases within 48 hours.  'The rate of dlearance
was found to be still lower under Regimes IIT and IV where only 46 and 76 per
cent ol cases respectively had parasite clearance within 48 hours, and 697 and
122 per cent within 72 hours.  In several cases {4 out of 13 under Regime IV and
: case under Regime 11I) parasitamia was observed beyond this period and in
some cases beyond gb hours. The overall picture shows that the best resuls
were obtained under Regime V whereas Regimes I and IT are the second best.

Parasitc clearance in the cases with mixed infection was attained in all
cases hetween 48 and 72 hours, hut none within 24 hours. In one case under
Regime I, ring forms of P. falaparum were not detectable until after 48 hours.

CLEARANCE OF GAMETOCYTES,

In P, wivax inlection, gametocyte clearance was as rapid as the asexual forms
{Chart 1} whereas in P. faleiparum infection the crescents, detected initially, per-
sisted throughout the period of observation in most cases, irrespective of the regime
of treatment,  In some cases where no gametocytes were found inttially or only a
few in number, these appeared progressively and reached a stage of heavy para-
sizernia cven when no asexual forms were detectable (Charts 2 and 3}, How-
ever, in a few cases some of the micro- and macro-gametocytes were found in
various stages of degencration. Besides, there were a few cases of atypical forms

g CHART |.
;_f 6
i
3
z ] DARAPRIM 25 Mg. DARAPRIM 50 Mg, 3INGLE
” 2 pavs DOSE, 2 DAYS
:v_l AQ- R Vivax P Vivax
B
b
30
&
s
© 204
[+ 4
[
11}
2 o
Z
ol ~ 2
T T L3 2 ¥
PAYS ' 2 3 4 5 6 7 I 2 3 4 5 6 7 B

¢
O BT RINGS, SCHIZONTS AND TROPHOZOITES
Beme i) B.7. GAMETOCYTES.
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somewhat resembling those ol the Abyssinian strain described by Brumpt (1949).
Tmmature forms of the crescents, soon after the beginning of treatment, was a
common feature,

NUMBER OF PARASITES 1IN 100 FIELDS

1220

80

40

294

DARAPRIM 50 Mg SINGLE.
DOSE, 2 DAYS
P. falciparum

gt
o

——————— RINGS

CHART 2

DARAPRIM 25 M4, B.D.
2 DAYS

P.falciparum

o—————s GAMETOCYTES

In mixed infections, gametocytes of P. wivax disappeared promptly whereas
crescents persisted.
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CHART 3.
204 DARAPRIM 25Mg. B.D. DARAPRIM 50Mq. SINGLE,
1 DAY DOSE. | DAY
P falciparum p falciparum

10~

° L] L
DAYS V 2 3 4 5 6 7 B i 2 3 4 5 6 7 B

et RINGS
Fmmmm e GAMETOCYTES

DISCUSSTON.

In #. mvax and mixed infections, redief ol clinical symptoms and vlearance of
asexual parasites were fairly rapid; similar to that ohserved by Jaswant Singh,
Ray, Basu and Misra (1952) in the series of cases who had previous attacks of
malaria. But in fresh cases they reported that the response of the plasmodium to
the drug was tardy in spite of two doses of 25 mg. and at least in one casc recourse
10 other antimalarials had to be taken.

As regards the regimes of treatment in the present series, a critical analysis
is not possible as the number per regime is far too small. However, it may be said
that in none of the cases did the fever last beyond %2 hours nor was any asexual
parasites detected.

Although McGregor and Smith (1952) and Schneider ef al. {1952) reported
excellent results in P, falciparum cases with a single dose of the drug varying from
25 to 100 mg., the results observed in the present series cannot be called as
encouraging. Besides a frank case of failure, in several cases ecarly recrudescence
was found to be a common feature. In some cases fresh bouts of fever were
observed in patients who became afebrile alter 24 to 48 hours after the treatment
began although parasitemia was invariably low.  In this respect, the behaviour
of pyrimethamine in some cases appeared to he somewhat similar to proguanil.
Similar observations have bheen recently made by Chakravarty and Chaudhari
'195%) who reported several cases of failures and carly recrudescence.
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However, in the majority ol the cases in the current studies, relief of clinical
symptoms and clearance of asexual parasites were observed within 72 hours, similar
to that reported by Jaswant Singh, Ray, Misra and Basu (rg52) who have reported
only 2 cascs of failures out of 84 cases treated with a dose of 25 mg. on two consecutive
days, Turther, an encouraging feature of pyrimethamine treatment was that a few
cases responded remarkably well to the drug. It should be pointed out at this stage
that all such cases were placed along with some others under Regimes IT and V
where drug was administered on two consccutive days. Undoubtedly these two
regimes proved more satisfactory than the others as go to roo percent of the cases
were afebrilc within 48 hours.  Cases under Regimes III and IV responded
rather poorly. Regime I showed somewhat intermediate result.

Thus the overall picture appears to be that in . falciparum infection only
higher doses responded well, but even then, compared to antimalarials like chloro-
quine or camoquin, action of pyrimethamine appears to be somewhat slower,

In view of the very satisfactory results reported by MeGregor and Smith
tloe. ¢it.) and Schneider et al. (1952), and comparatively less encouraging observa-
iions made in the present series, it may be argued that the difference in the reaction
is atiributable to the strain differences.  Coggeshall {1952} observed that it is
too commonly believed that any standard form of therapy is sufficient. This is
far from true. It is essential to know not only the species involved but also the
SErarns.,

Besides the strain differences, recently certain new factors have alse come to
light. Jaswant Singh, Ray, Basu and Nair (1952), and Schmidt and Genther (1953)
have shown the existence of cross resistance between proguanil and pyrimethaminc
in P. knowwdesi and P, cynomolgi respectively,  Gilroy (1952), Hay Arthur {Goodwin,
ty32), and Robertson, Davey and Fairley (1952) reported that in areas where
the population was previously treated with proguanil, pyrimethamine failed to
respond well,

It s difficult to assess whether such factors were operative in the present
series 1o explain for the tardy action in some cases. But in view of the present
popularity of proguanil amongst the masses, it should not be surprising that at
least a few of the cases had been taking proguanil whenever they had {ebrile
attacks,

The remarkable increase in the gametocyte count in some cases is another
interesting factor and these observations are similar to those observed by Jaswant
Singh, Ray, Misra and Basu {1952).

SUMMARY,

A total of 86 cases {10 P. wivax, 7 P. falciparum, 5 mixed) were treated with
pyrimethamine under five different regimes,

Cases with mixed and with P. vivax infections were promptly relieved of fever
and asexual parasites.

In P, falciparum infection, although majority of the cases were afebrile
within 72 hours, in some cases the reaction of the plasmodium to the drug was
tardy. There was one case of failure and several cases of early recrudescence,
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Regimes I and V showed the best resalts.

Gametocytes of P. vivax responded as promptly as the asexual forms.  But
the crescents were mostly refractory and in some cases there was considerable
increase {ahsolute} in the gametocyte count.
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Jaswanrt Singh, Ray, Basu and Misra (1g52) and Jaswant Singh, Ray,
Misra and Basu {1952) have already veported their observations on the effects
of pyrimethamine in the treatment of acute attacks of P. vivax and P. falciparum.
Cases with latter infeciion were treated at two centres in U.P,, Terai. In the
same area certain groups of the pepulation were placed on suppressive treatment
during 8 to 10 weeks when transmission of malaria was active. The present
paper records the results with pyrimethamine in suppressing overt attacks.

Prior to commencement of treatment, a survey of spleen and parasite rates
was undertnken as an initial measure on which selection of the population was
mainly based. Where the rates were high the whole population was placed under
suppressive treatment, whereas in villages with relatively Tower rates, only school
«hildren were treated and not the entire population. The neighbouring villages
were kept under observation for comparison.

Subsequent surveys were carricd out, once when the investigation was half
way through, once soon thereafter, and for the last time 10 weceks after the termina-
tion of suppressive treatment.,  The sccond and fourth surveys were of check
nature and their data hbave not heen included in Table 1. During the period
{December to February) between the two last surveys, {ransimssion, if any, is
believed to be at ity minimum. For parasite survey, J. S. B. stain (Jaswant
Singh and Bhattacharji, 1944) was used throughout these studies.

( 13 )
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The number of anopheline species in the area cxceeds a dozen. 4. eulicifacies
and A. fluvialilis have been incriminated as responsible for transmission which goes
on throughout the year in varying degrees. The intensity is the highest during
August to October and lowest during December to February. A. fluviatilis has
heen incriminated as the vector species during the pre-monsoon (March-June}
and post-monsoon periods (October and November} while A. aulicifactes is the
chief vector during the monsoon period from July to September (Issaris, Rastogi
and Ramakrishna, 1953).

On twe occasions during 1952 (August and September), A. eulicifacies was
found infective {Ramakrishna, rg52). In October, sporozoites were detected
in two d. fluviatilis, one from Manpur {Experimental Centre IIL, Table 1), a village
chosen for suppressive treatment, and the other from a neighbouring arca
{Chakrabarti, 1952; Ramakarishna, 1g952). :

A total of 304 persons at four experimental stations were placed on suppressive
sreatment.  Of these, g2 were school children 4 to 12 years of age from two villages.
During the initial survey in Experimental Station I, 35 out of 55 students were
atending the school, Out of these, g gave history of recent attacks of fever and
in some splecn was palpable, The large number of absentees were said to be
mainty due to iliness (fever). The rest (212) consisted of the entire population
of two villages of all age groups including infants. Population of the
two villages which served as comparison stations (1 and 2, Table T} consisted of
about 176 persons of different age groups.

Some individuals under the cxperimental group were treated with onc tablet
of” 25 ing. base of pyrimethamine {Regime I} as an aduit dose while the others
received double the dose (Regime IT).  Children, between 3 and 12 years, received
one-half tablet {12°5 mg. basc) and thosc below 3 years one-quarter tablet (6-25 mg.
base) under Regime I. For corresponding age groups in childven the doses under
Regime I1 werc one tablet and one-half rablct respectively, 1In all cases the drug
was administered under the direct supervision of at least one of the authors who
had ensurcd in cach case that the drug wayg actually swallowed. Children who
vould not swallow were made to chew it up and as pyrimethamine is without
bitter taste no difficulty was encountered.

Weckly records were carcfully kept in cach case and those who missed the
drug ou any particular occasion were marked *A’ (absent). Such cases were
tewer in cxperimental centres I to I1T as they were usually traced by domicilliary
visits.  Further, those who were not traceable on any particular day were sought
out and trcated the following day.

Alter cessation of suppressive treatment weekly visits were made in cvery
village for ten weeks and blood smears of any one complaining of fever during
the week were examined, for patent parasitemia,

The spleen and parasite rates prior to commencement and just after termina-
tion of the suppressive treatment, in the four experimental stations have been
shown in Table I. Along side, similar data in the two comparison areas during
the corresponding periods have also been included.
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TasrLe L
Spleen wnd parastle rates in experimental and comparison areas,
' ! E i ‘f
: SPLEEN RATE. i Parasite vave.
- Number ; - .
Slaton, uf persons, i Resghane, Belore | Ontermi-|  po ¢ On termi- | Remarks,
! Ctrvatment, | nation of treataent. ; nation of
‘ : T ireatment. - - treatment.
[ . — ' e - " ;
Fxperisnenal 1 5% ¥ P 36 4°7 . o
i r
§ ST 1 1 abet | ey 155 . o
. ! .
Fl I
Iy 58 1 i 362t | 280 20" o
v 1 Coagen T 24°3 0
Total 5 j ;
- y i 3
Comparison I Noami- ¢ 272 | 345 327 l. 418
malarials . .
adminis- | i i !
@ tered 1'e To1et4 17'a 26 q4 |
e : :
"Fotal :
i i i
*School children.
11n raajority of cases, spleens were [airly cnlarged and hard, and many of them had P. rivax
infeciion.

Dramatic reduction in parasitemia was evident during the survey carried
otil beiween the sth and 6th week after commencement of suppressive treatment
and by the end of 10 weeks parasite rates in all experimental centres were nil.
On the other haud in the comparison arcas far from any reduction, the rates were
somewhat higher than observed during the initial survey.

While reduction in spicen rate in Experimental Centre I amongst the school
children was quite appreaiable, response in the two other centres under Regime T
was not so satisfactory, InIxperimental Centre IV, the spleen ratc was reduced by
about 50 per cent at the termination of the suppressive treatment. In this connection
it may be mentioned that both in Experimental Stations I and IV, during the
initial survey enlarged splecns were usually soft and just palpable in majority of
the cases. Blond examination revealed predominance of P. falciparum infection.

Therc was only one case of overt malaria under Regime @ in Experimental
Cenwre 111, A woman aged 20 years had taken the drug regularly every weck lor
4 weeks. T one case under Regime [T crescents were detected during the second
parasite survey, Le. 5 weeks after commencement of treatment.

There were two more cases of acute attacks of malaria under Regime I
but they had missed their weekly doses in two consecutive weeks.

The general health of the population placed under suppressive treatment
was found to be considerably improved. This was particularly so in school
children and school register showed higher attendance. Prior to commencement
of treatment, average attendance in  the schools In  experimental cenlres was
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between G0 and 70 per cent as against go to 95 per cent during and after the sup-
pressive regime.  Similar results were observed in Experimental Centre 1V, where
hefore the treatment quite a number of villagers were urable to go for harvesting
and were attending the local dispensary. But since the treatment began no case
of fever reported 1o the dispensary, and almost every one was actively engaged in
harvesting or tilling.

Conditions in the comparison villages continued to be the'same throughout
and a number of villagers were found to be suffering from malaria every time the
stations were inspected,

DISCUSSION.

Vincke {1ys2) reported satistactory results in a group of schoul children
placed on suppressive treatment with pyrimethamine adminisiered as a single
weekly dose of 25 mg. base irrespective of age for a period of about ro weeks.
Subsequently, Coatney {1952) demonsirated that a weekly dose of 312 to 25 mg,
hase offected complete suppression in sporogoite-induced infection with P, vivax
‘Chesson strain) in human voluntecers,

From the data on the current investigations presented earlier, it was evident
that active transmission wasin progressin the areasclected for suppresstve treatment.
Before drug administration was commenced it was observed that the parasite rates
at the different stations were fairly high particularly so at Experimental Station IV
and Comparison Station 1 (Table I}. Morcover, at this stage many people were
actively suffering from malaria. Rapid reduction of parasite rates within a few
weeks after the commencement of treatment demonstrates the effective suppressive
action of pyrimethamine, Parasite rates in the experimental centres after termina-
tion of treatment, were nil in all the experimental groups, while they were as high
as 41°8 and 264 per cent in the comparison groups. This is understandable as the
trials were carried out during heavy {ransmission when the parasitc index would
normally be expected to show a progressive rise.

Reduction in spleen rates was more significant in Experimental Uentres T
anct 1V thap that observed in Experimental Centres II and 1L, Explanation
wight be songht in the type of infection and enlargement of spleen obscrved at
the differcnt centres. In Experimental Centres 1Land I11, it was found that spleens
werc mostly large and bard indicating infections of long standing, During the
initial survey, P wwax was found to he the predominant species. On the
vther hand in Experimental Centres I and TV there was a predominance of £,
faleiparum infection and in most cases splecns were soft and just palpable, and as
such, they were more amenable to treatment than the other type encountered.

Caoatney (loc, ¢it.} Teports that as small a dose as 312 mg, was eflective
in suppressing P, vivex infection caused by the bites of 10 infected A. quadrimaculatus.
But in the present series a dose of 25 mg. base did not suppress P. faleipanon infection
in the case who had been taking the drug regularly for 4 weeks.  As no such break-
through occurred under Regime IT it may be interpreted that either the dosc
adopted in Regime I was insufficient in this particular case, or the quantum of
infection which occurred in nature was of a more severe nature than that induced



Jaswant Singh, 8. G, Misra and A. P. Ray. 17

by maesquito bites in the series observed by Coatney tloc. at). It would,
however, indicate that, though, quite encouraging results were attained with
the doses adopted under Regime 1 there might be occasional cases of genuine
break-through. In this respect Regime IT appears to be the better of the two but
adoption of this regime would automatically increase the cost per capila.

Parasitc rate was ohserved to be nil at all experimental stations except at
IV where the rate was 33 per cent even 10 weeks after discontinuation of
treatment and this indicates prolonged suppressive effect of pyrimethamine,

As only a small dose of the drug is required for suppressive freatment it is
presumed that the price structure would be proportionately lower than other
antimalarials commonly used for this purpose.  In that event suppressive treat-
ment, whenever considered necessary, would undonbtedly be economically
advantageous i pyrimethamine is used.  Bur at this stage a word of caution may
not be considered out of place. Recently it has heen shown by Schmidt and
Genther (1953) that resistance to pyrimethamine occur with relatively great
frequency and rapidity in plasmodia ke P. cpnomelgi in rhesus monkeys and P,
gallinaceum in fowls. Further, it has been observed that a strain of plasmodium
which has acquired resistance to proguanil is also relractory to pyrimethamine
and vice versa {Jaswant Singh, Ray, Basu and Nair, rg52; Robestson, Davey and
Fairley, 1952; Schimdt and Genther, 1953).

In view of these observations the authors are not quite ciear at the moment
ay to what would be the réle of these two compounds in suppressive treatment in
malaria although it is likely that they would be comparatively cheaper than the
drugs of the g-aminoquineline series like chloroquine or camoquin,

SUMMARY.

Two regimes were adopted for suppressive treatment e an area where active
transmission was in progress. A weekly dose of 25 mg. basc of pyrimethamine
for an adult and proportionate dose for children was administered to 150 in one
group and double the dose to 154 in another group for a period of 8-10 weeks.
In the two comparison areas no antimalarials werc used.

Initial survey showed high parasite rate in all and fairly so in some areas.
During subsequent surveys after the treatment began there was marked reduc-
(ton in parasitemia and the rate was nil 10 weeks after commencement of treat-
ment and continued to be so upto 1o weeks after termination of the course.  Spleen
rate was considerably lowered at lcast in two centres.

In the comparison arcas both spleen and parasite rates continued to be
high.

There was one case of genwine break-through under Regime I but none
under Regime 11 although crescents were detectable in one case 5 wecks after
ircatment. In this, there was general improvement in health of the population
placed under suppressive treatment, increasc in school attendance, reduction in
dispensary figures from these areas, as well as incentive to work amongst adult
population.
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In the comparison arcas there was hardly any apprediable change i the
vencral health and number of acute attacks was quite high.
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Convenronas, treatment of malaria usually requires administration of an
antimalarial in single or divided doses for periods ranging from three to ten days,
While such regimes may bc convenient particularly in hospitals and urban areas,
they have been found by experience, to be difficult and irksome under rural condi-
tions in India.

On the basis of preliminary veports on the effcctiveness of proguanil in
relatively small doscs, extensive field and hospital investigations were under-
tuken in India in 1946 and one of the regimes adopted, was 03 gm.,
administered as a single dose to cases attending some rural dispensaries in
Baluchistan. Although relief of clinical symptoms was ohserved in over 8o per
cent of cases, carly recrudescence was a common feature (Alvidi et al., 1947). The
regime, thercfore, fell far short of expectations,

On the other hand, prcliminary reports on single dose treatment with
amodiaquine (camoquin) proved highly effective with comparatively low relapse
vates (Simeons and Chhatre, 1947; Halawani ef al., 1948; Patel and Mehta,
1948). Chaudhuri and Chakravarty (1948) commenting on the single dosage
treatment with amodiaquine observed that the drug is ““ideally suited for rural
conditions . As regards chloroquine, though extensive trials had been under-
takea in the past and volume of literature is available on the subject, reports on
farge scale use of this drug in a single dose are comparatively {few, and it has not
been possible to evaluate the relative merits of amodiaquine and chloroquine,
when administered in a single dose,

.In order to asscss the rdle of single dose treatment, extensive hospital and
ficld trials were initiated in various rural areas of India during sg52 using®*
resochin, pivaguine and amodiaquine.

" T #Resochin was received through the courtesy of Bayer Laboratories, Leverknsen, Germany, Nivaquine
and amodiaquine tablets were reccived through the courtesy of May & Baker and Parke, Davis & Co., Bombay,
respectively.

( 19 )
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‘J'he present report records the findings of investigations conducted during
aclive transmission season, at two centres in Uttar Pradesh. Onc of these was
cstablished at the rural dispensary of Maswasi in Sowar Tehsil of Rampur District
while the other was in Gadarpur in the district of Naini Tal.

All fever cases reporting at the dispensaries were subjected to blood examina-
rion and diagnosed microscopically. Two hundred and sixty onc positive cases
were trcated.  Somec of them were treated with a single dose of 600 mg. of resochin
‘chloroquine diphosphate), nivaquine (chloroquine sulphate) or amodiaquine,
while others with 400 mg. of resochin or amodiaguine.

The criterion of activity was the rate of clearance of asexual parasites from
the peripheral blood.  As the cases were from widcly distributed areas with
difficult means of communication, no attempt was made to record the temperature
though it was done in those who reported to the dispensaries on the following
days. But comparatively such cases were {ew, as by their very nature the villagers,
when free from fever, were refuctant to attend dispensaries instead of harvesting,
It was, therefore, necessary to make frequent domiciliary visits.

For rapid microscopic diagnosis, J.5,B. stain ( Jaswant Singh and Bhattacharji,
rgq40 was found extremely useful.  Tn view of the rapidity with which thick and
thin smcars could be stained, an amazingly large number of cases could be examined
daily at the dispensaries and in the villages. Chiefly for study of relapse rates right
through the period of § to 5 months until the beginning of the spring transmission,
hlood smears were examined at interval of 10 days of practically all cases present
at each visit,

The distribution of cases under the different regimes, types of infection and
the learance of asexual parasites are shown in Tables I and 1L

TasLe 1.

Rate of asexual farasite clearance under 600 mg. dovage scheduls,

H [}
E '

Type of P Number of  Clearance{expressed in pereentage within hours.
infection, Prug. : cases. -~ — N
i ? 24 | 48 é 72
E--Amodiaqu_i;; ]-_ " 24 i-- 870 ,| a7 ‘ 10670
P ovivay Resochin : 24 666 ! 10070 !
Nivaquinc i 20 I H5'g " 100" ¢
' Tatal |‘__- 77 | i o T
T “Ii Amodiaguine : 56 i 7372 E o572 oo
P talciparum Resochin :I 41* 700 000
Nivaguine E a3 g 456 . oo !
T m"% Total , 122 ;

*One patient had scanty infection of P, rivax as well.
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In P. vipax infection, the rate of asexual parasite clearance in cases treated
with resochin or nivaquine was found to be similar. During the first 24 hours
amodiaguine scemed to act somewhat quicker than the oiher two. But by 48
hours, the clearance rate was 100 per cent in all cases treated with chloroquine
diphosphate or sulphate as against 967 per cent under amodiaquine.

In P. faiciparwm infection, the rate of clearance within 24 hours, undér
amodiaquine and resochin, was more or less similar,  Nivaquine appeared to act
siower than the other two. But by 48 hours asexual parasites had disappeared
from peripheral blood in all cases treated with resochin or nivaguine as against
g5'2 per cent of cases under amodiaquine trcatment.

Table II shows the cffects of 400 mg. of amodiagquine and of resochin in
P. vipax and P, faleiparum wnfections —

TaprLe 11,

Rate of asexual parasie clearance under 400 mg. dosage,

Type of ¢ . ! Number of | Clearance {(expressed in percentage within hours)
inlection, . : cases. ; - ;
: 24 48 ; 72
! Amodiaguine ! 4 666 100 :
P, vinx : ! I
: Resochin | f 000 100 !
| Total z 1% !
| Amodiaguine ; 22 763 865 i FO0
P. falciparun : ! '
i Resochin : 285 [0 i b o | 100
i Total ] 47 1 I
: i : ! '

The number of P. vivax cases was comparat vely smail in this series, and
the difference in the rate of parasite c'earance is not statistically so significant,
Morc timportant point is that even with this sinall dose complete parasite clearance
within 48 hours was attained in all cases.

Reaction of g00 mg. of amodiaquine on P. falciparum infection during the
first 24 hours was surprisingly similar to that observed with the higher dosage
{Table I}). But the subsequent clearince rates showed slight superiority of the latter,
and slower action of resochin in the lower dosage hecomes quite apparent.

Effects of these antimalarials againyt the gametocytes have been summarized
in Table IT1.
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Tapre ITI,

Effect on gamelocyles.

1 ! !

i ; ‘Number . Total | Clearance within hours.
Typir of Thuy. , Dosage | of cases ; nminber ; | —
infection. o {mg.) i showing : of cases. : : ) 120 OF
: ] garr:trlt}- : 124 EL I : ob OveT,
| cytes. . : ! :
T : Amodiaquine © foo  © 15 | 24 I 4 : g 1 i
: . ; ‘ ' | ; i
Resochin H ‘ no 2 !. 5 i 5 1
i ! i . i
B, sdons . Nivaguine i .17 20 ! 4 2 T .
. Amodiaquine % 400 | 7 | o3 g ! :
: i - i ! :
Resochin ! T S [ | 3 ! |
Amodizguine |l Goo | 14 .55 . 3 i 4 5 {857 ] ¥
I ! i | : per cent)
Resochin ! -I0 I [+ I S 2 1 (giro t
! : j ; : per cont}
P puivipanen . Nivagquine - STz, 46 r 3 P (333 7
: ) I . § | per cenit}
i : [}
l Amodiaquine ! 40r 8 oz i ] ! 2 1 {750 2
’ ] . per cent}
Resochin ' 6 19 T 1{334 +
-l | ! jper cent})
1 ! 1 i

The striking feature is the clearance of gametocytes of P. vivax in 100 per
cent ol cases within 72 hours irrespective of the drug and the dosage used. But
during the same period clearance of crescents occurred in 857 and 75'0 per cent
of cases treated with amodiaquine in 600 and 400 mg. doses respectively. The
rate was slower still with resochin {40 per cent) or nivaquine (33'3 per cent)
cven in the higher dosage schedule. In the majority of cases treated with chloro-
quine salts, gametocytes of P. falciparum presisted for 120 hours or more,

Relapse rates—Qut of 261 cases treated, parasitic relapse was detectable in
only lour. Three of those had initially P. falciparum infection and were treated
with 6o0 mg. of nivaquine. In 6 to B wecks after the treatment the same species
was again detectable. In the course of routine blood examination during the
follow~up period, P. wzivax was encountered after go days jn the case of mixed
infection previously treated with 600 mg. resochin,

DISCUSSION.

Powerful schizonticidal action of antimalarials of the 4-aminoquinoline
series like chloroquine {resochin, aralen) and amodiagquine (camoquin, cam-AQ¥T)
has been amply demonstrated by many workers, After a systematic study of
several synthetic antimalarials carried out during 1946-48 against simian malaria,
Jaswant Singh, Ray and Nair {1949) reported that parasite clearance from the
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peripheral blood occurred earlier with chloroguine and amodiaguine than with
others. But in those trials, the drugs were administered in divided doses for several
days, as was tried In human malaria with amodiaquine by Halawani and Baz
{1g950) ; Halawani ¢f al. (1048) ; Chaudhuri (1948) ; Chaudhuri and Chakravarty
(1948); and with chloroquine by Most et af. (1946); Halawani et af. (1948};
Chaudhuri e al. {1948); Buus (1950); Jaswant Singh e al. {1951} and others,

Simeons and Chhatre (1947), Mein {(1951), Chaundhuri and Chakravarty
iloc. ¢it.), Patel and Mehta (1948) and Hoeckenga (1950 : 1951} reported on single
dose treatment with amodiaguine and potentiality of this compound became
recognizahle. Concerning its administration, the World Health Organization
{1950} in a communication summarizing reviews on literature on amodiaquine,
reported that * the best results are reached with the single dose schedule which
terminates the acute attacks carlier than the other schedules, gives a lower relapse
ride and is caster to control and administer, particularly in rural arcas ”, A single
dose of 600 mg. {0°6 gm.) was recommended as an aduit dose.

In some of his series Chaudhuri ¢f al. {1948) had tried a single massive dose
{1-5 gm. base} ol chloroquine and subsequently Chaudhuri ef al. {1950} also
reported satisfactory results on 25 cases treated with a single dose of 500 mg.
{o's gm.} of chloroquine.

In the present studies it may be observed that in P, #ivax infection, the over-
all speed of action of chloroquine salts in 0'6 gm. dosage is more or less similar to
that of amodiaquine, although during the first 24 hours the latter acts somewhat
quicker. With chloroquine salts, there was clearance of parasites within 48 hours
in all cases, against g6'7 per cent in the series treated with amodiaquine. Only
in this respect, the former may be considered slightly better.  Action of resochin
and nivaguine was found to be almost identical and there 1 little to choose between
the two.  Although the pumber of cases treated under the lower dosage (0'4 gm.)
is not large, during the first 24 hours amodiaquine gave a slightly higher
percentage of parasite clearance,

In P. falciparum infection, action of amodiaquine and resochin was rather
similar during the first 24 hours, but the sulphate salt (nivaguine) secmed to act
stowly, This is not clearly understood undess this difference can be atiributed
t0 possible difference in the rate of absorption of sulphate and diphosphate.  During
the subsequent hours, speed of action of all the three scemed to be similar as
observed in P, pivax infection,

Significant difference in reaction to amodiaquine and resochin was notice-
able when the dose was reduced to 400 mg. Both were found to he comparatively
slow acting as compared to higher doses. Further, during the first 24 hours reso-
chin acted appreciably slowly than amodiaquine.

Gametocytocidal action of these antimalarials in £. vivax is fairly rapid and
is somewhat comparable to that against the asexual forms. In all cases and under
all regimes clearance of asexual and gametocyie stages was attained within 72
hours. These resuits are somewhat simmlar to those observed by Chaudhuri (1948);
Halawani and Baz {1950}, Van der Walle {rg49) and Jaswant Singh e al. {1g51).
Rut the difference in action against the crescents is at once noticeable.  Crescents
presisted in some cases for 120 hours or over although the rate of disappearance
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within 72 hours was much higher with amodiaquine than under the chloroquime
regimes, Mein (1g51) reported that in 30 per cent of cases with crescents, amo-
diaquine did not clear the gamectocytes as against 75 per cent under chloroquine
regime reported by Jaswani Singh ef al. (1951).

Thus it would be seen that though action of these antimalarials on the
erescents s tardy as compared to the asexual forms, amediaquine is snmewhat
more effective than resochin or nivaguine.

Tt has been mentioned earlier that in three cases {under 0'6 gm, nivaguine),
P. falciparum was detectable again 6 to 8 weeks after the mitial attack., Since
transmission of malaria was considered to be at its minimum during the latter
part of November and no case of parasitemia under amodiaquin or resochin
was detected at about that time or later, one may be led to believe that the three
cases under nivaquin had recrudescence. Similarly as only P. zivax was detectable
in the case of mixed infection it is likely that it was a case of relapse. Even if all
the four are frank cases of recrudescence or relapse it should he considered that
the rate (1'5 per cent) is remarkably low,

Thus single dose treatment with any of the ¢-aminoquinolines is not only
very effective, both in the rate of clearance of asexual parasites and low relapse
vate, it has an added advantage of convenience. Further, supervision during
drug administration is automatically cut down to a minimum, The authors are
af the opinion that this regime is obviously the method of choice in the treat-
ment of malaria patients particularly in rural areas with difficult means of commu-
sication and where the population is reluctant to visit dispensaries frequently
when they are free from any clinical symptoms.

As regards the choice between the three g-aminoquineline compounds, it
raay be said that for all practical purposes they are equally efficacious in 06 gm.
dosage, as in g5 to 100 per cent of cases, irrespective of the type of infection, there
was complete clearance of asexual parasites within a period ol 48 hours, and there
wits not a single case of failure in the present series,

SUMMARY,

In one series, 77 cases of P. nizax and 122 of P. falctparum were treated with
0°0 gm. of resochin, nivaquine or amodiaquine, In the second series 62 cases
P. vivax 15, P. faleiparum 47) received treatment with o4 gm. ol resochin or
amodiaguine,

Asexual parasite clearance within 72 hours occurred in all cases irrespective
ot the type of infection, the antimalarial used or the dose.

Cllearance rate observed during the first 48 hours showed that with a dose
of 5°6 gm, of resochin or nivaquine no parasites were detectable in any of the cases
infected with P. vivax or P. faleiparum as against g6°7 and g5'2 per cent of cases
respectively under amodiaquine. But daring the first 24 hours action of amodia-
quine was found somewhat quicker than the chloroquine salts, particulariy.so in
respect of P. faleiparum cases treated with nivaquine, '
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In P. falespurum cascs, both resochin and amodiaquine in Lhc 04 gm. dosage
acted slower than in cases treated with 06 gm.

All drugs acted promptly against gametocytes of P. vivax but action against
crescents was stower, particularly so in those treated with resochin or nivagnine,

Parasitic relapse was detectable only in 4 out of 261 cases during an observa-
fion pertod of § to 5 months.
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SUPPRESSIVE TREATMENT WITH AMODIAQUIN.
BY

Leievt.-Coronsn JASWANT SINGH, wn., choe.(Edin.}, v.pam{Eng),
p.r.M. & H.(London),

B, G. MISRA, 1wy, Lo {Cal)
AND
A, P RAY, mB.BS.
{Malaria Institute of India, Delli.)
{ March 28, 1gg3.

Baskn on the various reports und observations, Jaswant Singh (1951) had
suggested that for suppresstve {reatment with amodiaquin the dose of o3 gm.
once a week or o6 gm. Tortnightly should be effective. Tn the agtumn of 1952
several field investigations were underiaken in certain areas in U.P., Terai, which
are known to be highly malarious. One of these investigations was in relation to
the determination of the eflicacy of the drug as a suppressant and also to evaluate
the merits of the two different regimes,

From entomological data it was evident that aciive transmission was in
progress in the area ashas been indicated by Jaswant Singh, Misra and Ray (1953)
in another report. Sclections of the villages were made after an initial survey of
the spleen and parasite rates. Comrunication facilities were taken into consi-
deration in deciding the regimes to be adopted in thc diflerent areas. Two
villages near the main road with a total population of 161, were selected for
suppressive treatment with a dosc of 0'g gm. hase {for adults) administered once
a week (Regime J). A group of farmers consisting mainlty of adult population of
125 in a village in the interior with difficult communication (particularly so during
the monsoon and post-monsoon period) were placed under Regime I (06 gm.
once a fortnight).

Besides, two other villages situated in between the two areas with a total
population of 176 were selected for comparison. The actual distance from the
experimental centres, to the comparison villages, as the crow flics, is less than a
wmile,

{27 )
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Subsequent spleen and parasite surveys of all theinhabitants mentioned above
were undertaken, once 4 to 5 weeks after the treatment was begun in the experi-
mental arcas, nnce soon after cessation of treatment at the end of 10 weeks (end of
November) and for the last time by the middle of February (ten weeks after treat-
ment was stopped).  The last one was a sample survey and the data has not becn
included in the Table, Besides, domicilliary visits were made once a week in cach
area to determine if any of the villagers had fever during the week.  Blood smears
were examined of every patient complaining of fever or malaise,

Al} personnel above 12 years of age received the adult dose of 05 gm. {1}
tablet) once a week under Regime I, Children between 4 and 12 years received
o2 gm. {1 tablet), those from 1 to 4 years were given o1 gm. { tablet) and
those below one year had o'o5 gm. (1 tablet). Under Regime Il double the
dose was administered for the diffcrent age groups but only once a fortnight.
Those who missed the drug on any parlicular day, attempis were made to treat
them on the following day. Tt was, therefore, possible to ensure regular drug
administralion to most cases except those who were temporarily away.

RESULTS.

Lffects of suppressive treatment as reflected on the spleen and parasite rates
are indicated in Table ¥, along with the findings on the comparison areas, during
the corresponding periods, TFor convenience, the villages have heen represented
as experimetal I, II and 17T and Comparison Centres as 1 and 2.
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During the initial survey, in most cases spleens were found 1o be just palpable,
soft and tender. Parasitc rates were found to be high and very much so in
Experimental Centres 1 and IT and Comparison Cenire I where nearly 3o per cent
of the population showed asexual parasites in their blood. P. falciparum was the
predominant species. Besides, several patients were [ound to he actually suffering
from malaria in every village and they were diagnosed microscopically,  Incidence
of malaria was so high in Experimental Centre I11, that every week Jarge number
of fabourers were being repatriated 1o their own villages.  This resulted in deple-
tion of the force as it was not being augmented at the same rate as they were being
sent out.  Shortly before the initial survey some of the Iabourers were sent out on
account of severe infection. Prima facie the spleen and parasite rates as shown
in the Table do not appear to he alarming, This is becavse of dilution with
fresh labour imported [rom outside stations, But those in whom parasites were
detectable, had clinical symptoms as well,  In the normal course of events they 100
would have been repatniated within a few weeks.

Gomparison between the data observed during the first and third survey
shows a striking reduction in the spleen and parasites mnore $o in the latter,  Within
10 weeks, spleen rates in the experimental centres were reduced by 2°6 to 32 times
as against an overall risc by 1°2 times at the comparison centres.  Further, while
parasite rate shows a dramatic reduction to zere per cent at iwo centres and 1-04 -
per cent in another the rates were increased to 41°8 and 264 per cent from 32°7
and 170, respectively, at the two comparsion centres.

In none of the cxperimental groups who had taken the drug regularly under
the authors” direct supervision was there any overt attack ol malaria, But there
were several cases amongst those who had missed the drug on a few consecutive
weeks or irregularly or in some of those infants whose morhers insisted that they
would personally administer the drug when they went home,

There were 3 such cases i Fxperimental Centre I and two in Centre 1.
Experimental Centre T being a small village it had been possible to ensure drug
administration to all by domiciliary visits and in no case asexual forms were
detectable after treatment was begun. However, during the second and third
survey {10 weeks after cessation of treatment) crescents were detectable in five
cases, In g of these no parasites, asexual or crescents, were detectable initially.

Besides {requent visits 1o these centres, counter check was kept at the nearby
dispensary for any case reporting for fever. While none was found to do so after
treatment began in the experimental centres, several cases reported dasly from each
ol the comparison centres, The villagers in these two arcas continued to be ill till
almost the middle of December as against 2 community rendered apparently healthy
and active in the experimental centres. Another striking feature was that no
repartriation of infected labourers at Fxperimental Centre ITT was considered neces-
sary as, soon after treatinent was begun, all remained apparently healthy through-
out.

During the sample survey in Febroary, 1o weeks after cessation of treatment,
P. falciparum vings were detected in one of 55 cases in Experimental Centre 111,
which could be interpreted as an evidence of transmission.
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DISCUSSION.

In a well controlled investigation, Coatney ef al. (1950) demonstrated that
amodiaquin was highly effective in suppressing P. vivax (Chesson strain) infection
induced experimentally through bites of infected A. quadrimaculatuz to human
volunteers and that the results were similar to those observed with chloro-
fpunne.

From the data available during the preliminary survey in the present
investigations, it is evident that active transmission was in progress and a near
cpidemic condition existed in the area at the time the suppressive trcatment was
begun, Further, from the splecn and parasite rates at the comparison centres
taken at a time when suppressive treatment had just been concluded in the
experimental areas, it would be observed that the brunt of the transmission was
heavy on the community. As such the rapid decline in the rates in the experi-
mental centres has been interpreted to be due to the effective suppressive action
of amodiaquin.

Further it is observed that those who were either irregular or missed the drug
oin a few consecutive weeks, had overt attacks of malaria. There were five such
cases, In a similar study on proguanil and chloroquine, Ray (1948) had iltustrated
in Tables XIT and XIII the various types of irregularity which may cause overt
attacks. Such irregularity was also encountered I the present investigation and
overt attacks were to be found only amongst these,

The appearance of gametocytes (crescents) during treatment it some cases
in whose blood no parasites were detectable initially, might indicate latent or fresh
infection with P. falctparum. But in view of the suppressive action of the drug,
asexual forms were not detected nor was there any clinical manifestation, This
observation confirms that amodiaquin is not effective against the crescents as
vecently reported by Jaswant Singh, Ray and Misra {1953).

As regards the regimes, a weckly dose of 0°g gm. was found to be equally
effective as 06 gm. fortnightly in spite of heavy transmission season. Further,
there was no case of genuine breakthrough under the two regimes.

Thus though the cost remains the same, Regime II appears to have definite
advantage over the other as administration and supervision costs arc cut down by
30 per cent.

Chandhuri e al. {1952) and Chaudhuri and Chakravariy (fg52) have
lately made similar observations but under lower dosage regimes like o2 gm.
weekly and o4 gm. fortnightly,

The lowering of the dosage schedule will no doubt reducc the cost of treatment
but the present authors are unable to give a definite opinion whether these regimes
would be as effective in areas where heavy transmission with P. falciperum infection
is In progress as was experienced during the current studies. But in view of the
cfficacy of amodiaquin it would be worthwhile if similar investigations with varying
doses are taken up in areas having diflerent epidemiological problems,
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SUMMARY,

A weekly dose of 0°3 gm. of amodiaguin was adunnisiered to the population
{161} of two villages for a period of 10 weeks during heavy transmission. In
another arca closeby but with difficult communication a dose of 06 gm. was
administered once a fortnight to 125 people during the same period.

Two neighbouring villages were kept for compaxison where no antmalarials
were administered.

Spleen and parasite surveys were carried out initially before commence-
ment of suppressive treatment and twice later.

While there was progressive rise in the rates at the comparison centres there
was 1 striking reduction in all the cxperimental centres. During the ten weeks
a total of 7 cases of malaria were detected out of a total population of 287, Most
of these cases took the drug irregularty,

Both the regimes proved equaly effective. In view of less frequent drug
adnunistration required as per Regime 11, it will be found advantageous in areas
where communication difliculties exist.
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ASSAY OF ANTIMALARIALS AGAINST THE SPOROGONY
CYCLE OF P. GALLINACEUM.

PART 1.
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lasvr-Coronen JASWANT SINGH, sus., chopbBding, veon(BEng.),
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AND
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{March 13, 1953.)

OrpivsriLy, antimalarials are tested against the developimentai phases of
plasmodia in the vertcbrate hosts.  Terzian{igq7}evolved a technique to determine
the efficacy of compounds against the sporogony cycle of malaria parasites in the
insect host,  Subsequently, Terzian and Weathersby (1949) reported that certain
concentrations of proguanil in glucosce solution inhibited the growth of oiicysts
of P. gallinacewm in Fides egypti, and that development of sporozoites was prevented.

The authors employing similar techniques in the evaluation of M. 3349,
usually known as proguanil precursor, proguanit and pyrimcthamine, have
presented their observations in this paper.

The chemical formula: of the 3 compounds are shown below and the structural
relationship has been discussed clsewhere,

w3549
el Oﬂn—c-m—l" < }NH(CM}Z N(G:}‘s)g
(2-P-chlorophenyl guanidine - 48 di cthyl amino ethyl awino - - 6methyl Pyramudma)

M 4888 ( Proguanil)
el O- NH-C -NH -C-NHGH (CHy), CHy CooH
(NpP- chiorophenyl - Ns - isopropyt bi guanide acetate)

50-63 (Pyrimeihamine)
2 N
ol W

N . " Y
{2:4 diamino - §p- chisvophenyl - @ ethyl Pyrimidine)
{ 33 )
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MATERIALS AND METHODS.

Plasmodium and the vertebrate host.—A strain of P. gallinacewn maintained in
these laboratories by continued blood passage through white feghorn and Rhode
Island red fowls, was used for these studies.

Insect host.—Batches of freshly batched Edes egypfi from the colony were
kept in a serics of Barraud cages and after being kept starved overnight were
allowed to imbihe solutions of glucose { 4 per cent) or of varied concenirations of
antimalarial drugs under trial in 4 per cent glucose for a period of 2 to g days.
Subsequently, the mosquitoes were again starved overnight and then fed on fowls
showing fair number of gametocytes. Those which were found fully engorged with
blood were transferred back to their respective cages and allowed to imbibe the
sume solutions, provided prior to infective blood feed throughout the period of
observation and kept there till dissected.

Nutrient and antimalarial drugs.—The standard nutrient used {or the batches
of mosquitoes which served as comparison groups was {reshly prepared 4 per cent
solation of glucose,

After determining the maximum strength of antimalarials which  the
mosquitoes could tolerate, concentrations ranging from ('0 lo 0'001 per cent {in
ane case up to o'coel per cent) of the base content in 4 per cent glucose solution,
were used for the experimental groups., The mosquitoes imbibed the various
selutions from soaked cotton pads kept both on the top and at the bottom of cages,
To avoid degradation of the drugs, if any, fresh solutions were made every day and
the pads were changed both morning and evening.

The concentrations of drugs were calculated in terms of grammes per 100 c.c.
ol glucose solution.

DISSECTION.

The day of infective blood feed was considered as zero day.  Days of drug
adruinistration prior or subsequent to the feed were expressed as minus or pluas
{day} respectively. Sample dissections from cach batch were commenced from
plus g to 5 day and continued therealter to plus 12 to 15 day till either sporozoites
were observed or all mosquitoes had been dissected whichever was earlier,

When oocysts were detectable whether in the comparison or cxperimental
Duatches, the size expressed in microns and number per gut were recorded. On
defection of sporozoites on the first day during sample dissection, 3 to 10 mosquitocs
;calenlated according to the rate of inlection) out of the same batch were allowed
i feed on a normal fowl. These mosquitoes were then dissected and sporozoites
were inoculated intravenously to the same fowl. A mixture of serum and normal
saline was used for moculation.  On detection of sporozoites in a barch for 2 to 3
consecutive days, further dissection was discontinued.

RESULTS.

The mvestigations were carried out in several series. For actual assay
of the compounds over 5,000 Edes wgypti were hatched, fed on fowls, and reared.
Several thousands more were used for preliminary trials to determine the highest
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concentration of a drug which couid be tolerated by the mosquitoes. "The number
of mosquitoes which were dissected for examination of gut and gland was 68a.

Preliminary trials showed that a concentration of proguanil or pyrimethamine
higher than 10 per cent was not well tolerated by the mosquitoes as determined
by comparison of the mortality ratcs in the experimental and comparison groups.
A concentration of 1-0 per cent of M 3349 proved too toxic for Fdes agypti and all
died by plus 5 day as against 5 to 7 per cent of the comparison group,

PROGUANIL.

Details of observations have been shown in Table I from which it is cvident
that infection of gut was detectable in mosqguitoes of all batches throughout the
period of dissections from plus § to plus 13 day, but the average size and the
number of oscysts per gut varted in different batches.  On plus 6 day when sporo-
zoites were first detectable in the salivary glands of mosquitoes from the compa-
rison group and also in those allowed to tmbibe on o'cor per cent proguanil
solution, the average size and the number of odcysts per gut were highest in the
comparison group and lowest in the group kept on 10 per vent proguanil solution.
In the experimental groups the size of the oocysts seemed to vary inversely to
the councentration of the drug; higher the concentration, smaller the size of the
UOCysts.
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No sporozoites werc detectable in the group of mosquitocs fed on oI
to 1'0 per cent solution of drug up to plus 13 day whereas on plus 6 day gland
infection was well established both in the comparison group as well as in the
one allowed to imbibe 0’001 per cent solution. To test the viability, sporozoites
were inoculated to normal fowls and obscrvation was continued till patent infection
way established, In all cases spurozoites were found to be viable.

PYRIMETHAMINE.

Infection of the gut was well established by plus 6 day i all batches
of mosquitoes, execept in those fed on rro per cent solution of pyrimethamine.
Dctails have been shown in Table II. In the Jast batch mentioned no infection
of the gut or gland was detcctable at any stage. Before the appearance of sporo-
zoites in any batch the average number of oécysts per gut and the size were lower
in the experimental than in the comparison groups. Sporozoites werefirstdetectable
on plus g day both in the comparison group and in those fed on 0'oot and 0'0001
per cent solution.  In none others, sporozoites were found up to plus 15 day.

Tapre 11,
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M. 3349,

Infections of gut and gland were established in both compartson and
experimental groups.  Sporozoites were first detectable on plus 8 day in the
comparison group against on plus g, plus 10 and plus 14 day in groups of mosquitoes
led on 0001, v'01 and ©'1 per cent solutions respectively.  There seemed to be no
ngt}lﬁ(‘ani difference in the size or number of obcysts  per gut amongst the
various batches of mosquitoes,

Patency was established in al fowls inoculiated with sporozoites from the
various batches of mosguitoes,

Tanve TH.
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DISCUSSION.

Tt has been reported that there 35 ne morphological change in the gametocytes
after proguanil administration to vertebrate host (Black, 1947), but there is
reason to believe that they, especially the macrogametocyres, are affected in such
a way that the sporogony cycle is inhibited “ 1]l all the proguanil 1s excreted ”
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‘Findlay, 1951). That the drug actually inhibits the development of sporozoites
for some days after treatment, has becn amply demonstrated in respect of P, faloi-
parum (Shute and Maryon, 1948; Mackerras and Ercole, 1948; Ramakrishnan,
Young ef al., 1953}; P. knowlest { Jaswant Singh, Ray and Ramakrishnan, 1951)
and P. gallinacewn (Ramakrishnan, Ray ef al, 1952). Recently somewhat,
similar observations have been made on pyrimethamine by Shute (1952).

The current investigation may be considered a step further in a way that
mnstead of administration of the antimalarials to the vertebrate host, the mosquitoes
were allowed to imbibe these before and afier blood meal from gametocyte carriers
i P. gallinaceum in fowls). Proguanil was found to be effective, in that, none of the
mosquitoes dissected showed infection of the gland when allowed to imbibe concen-
trations of the drug varying from o'or to 1o per cent, However, odcysts were
foind in all batches though their number per gut and size varied according to
roncentration of proguanil.

Terzian and Weathersby {1949) made similar observations with a concentra-
tion of 0°01 per cent proguanil solution, though they had not been able to observe
sporozoites with the lower dose of 0001 per cent.  In the present series development
of infection in the gut and gland of mosquitoes kept on the same concentration
{0'00T per cent) was unhampered similar to that seen in the comparison group.

The findings on the series of mosquitoes allowed to imbibe d-flerent solu-
tions of pyrimethamine were similar to those observed in respect of proguanil.
Concentrations of 0'0oT1 and ¢-ooo1 per cent were found to be inadequate to inhibit
the development of obeysts or sporozoites.

On the other hand, M. 3349 was found to be ineffective in all concentrations
up to o°1 per cent and too toxic in higher strength. In this respect the drug
behaved in a manner similar to mepacrine (Terzian and Weathersby, 1949),

Although M. 3349 is called ° proguanil precursor’ and has somewhat
structural similarity, action on the sporogony phase was found to be quite different.
But since like mepacrine, M. 3349 has also an amino-alkylamino side chain attached
to a heterocyclic ring, the stmlarity of action of both these compounds may be
tustified,  Similarity 1n the biological response to proguanil and pyrimethamine
may be due to a greater structural similarity between these two compounds
Falco, 19513 Jaswant Singh ef al. 1951).

It is, therefore, intcresting to note that these two compounds which are
offective against pre-erythrocytic phase of P. galfinaceum (Jaswant Singh et ol
1952 a ;&) should also affect the sporogony cycle; in other words, they have
orophylactic action both against vertebrate and invertebrate hosts,
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Rescarch at the Haffkine Institule, Parel, Bombay.)
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Tur present paper describes some prelirinary results obtained in the screening
ol antimalarial compounds which the author was privileged to carry out on behalf
of the Department of Chemotherapy of the HafTkine Institute, Bombay, under
Dr. K. Ganapathi. The compounds tested included standlard antimalarials,
athers previously described but not yet iried against Plasmodium berghei, and new
compounds designed and synthesized by N, J. Sardesai, M. V. Shirsat, K, Ganapathi
and M, H. Shah with a view to elucidating the complex relationship existing
between chemical structure and plasmodicidal activity. Some new compounds
tested have already been described in the lierature, while the synthesis of others
will be presented in detail in forthcoming publications.

The procedure Jor testing compounds in the present investigation, adapted
from the methods of Coatney and Sebrell {1946) and Curd, Duvey and Rose (1945),
had already been decided on, when the papers by Goodwin {1948}, Schneider,
Decourt and Montezin (194.J) Thusston {1950} and Hill {1950}, all dealing with
chemotherapeutic studies on P. berghei, were received here.  While differing in
details as to the dose of infection, route of administration of drugs and schedule of
treatment, all these studies suggest that P. berghet has been accepted as a new test
organism for evaluating antimalarial activity. The view of Mudrow-Reichenow
{1957} that this parasite is not suitable for screening of compounds for ultimate
use in human malaria in view of its much greater resistance to quinine than some
avian species hitherto employed with such success in the search for new and more
potent drugs, is perhaps a little cxtreme, and contrasts with the view that P, berghe:
resembles the human plasmodia and P. knowlest in its sensitivity to sulpbadiazine
{Thurston fec. cif. ; Ramakrishnan, Krishnaswami and Satya Prakash, 1g51).

MATERIALS AND METHODS.

The strain of Plasmodium berghe: was very kindly provided by Col. Jaswant
Singh on two occasions; first in 1950 and again in 1957 after a severe epizootic
of Salmonclla typhi murinum among the mice belonging to this wnit had necessitated

{41 )



12 Screening of Antimalarial Compounds in Mice with P. berghei infection.

the destruction of all survivors, including strain animals, in the larger interest of
the Institute’s herd,

Haffkine inbred mice of both scxes, aged 6-7 weeks and weighing 16-24 gm.,
were used throughout this investigation. The weight range is a little greater than
usually employed in such work and mice of 22-24 gm. were admitted to complete
test groups which usually consisted of 5 mice cach. The average weight of the
groups in a test series was approximately equal.  The groups were serially numbered
and individual mice were given a distinctive colour.

The standard tnocutum for both strain passage and test infections consisted
of 20 million parasitized red corpuscles, suspended in o'1 c.c. of citrated blood
diluted to the required degree with normal saline, for a 20 gm. mouse. The dose
was adjusted for individual mice by 001 ¢.¢. for a variation of 2 gm. in body weight.
The intraperitoneal route of inoculation was used throughout. The infected blood
for inoculation was drawn by cardiac puncture or from a tail vein, depending on
the number of mice to he inoculated, on the fourth or fifth day of infectiop—
always on the fifth day for a test infection—in a donor having in most instances
not fess than 20 per cent of the ved corpuscles parasitized. The dilution factor
was determined from the total red-corpuscle count and the infection rate of the red
corpuscles. The inoculations were performed within half an hour of drawing
the infected blood. The curve of infection for a group of five ungreated mice
inoculated by these methods is illustratedin Chart 1 and data for several untreated
control groups from test series are included in Table 1. Parasites werc uswally
demonstrable without much difficulty in stained thin blood films prepared from
a tail vein about two hours after inoculation, when the first routine examination
of all test animals was made. Animals not showing infection were excluded from
the test. The infections increased in intensity virtually in geometric progression
during the first three days, with a rctardation in the rate of multiplication of the
parasites after the fourth day as peak numbers are approached on the sixth or
seventh day. The mean survival period of these untreated mice is 6-10 days and
very few indeed linger on to die in the second or third week of infection.

Treatment was given orally in the form of solutions or acacia suspensions of
the compounds by means of a blunted wide-bore hypodermic ncedie attached to a
t ¢.¢. tuberculin syringe and passed gently into the oesophagus. The datly dase
was divided into two equal doses given at g a.m. and 5 p.m. respectively, cach con-
sisting of o'2 c.c. of the preparation for a 20 gm, mouse, adjusted for cach animal
according to its daily weight. The {ull treatment comprised a ball daily dose at
5 p.m. on the day of inoculation after the first blood examinations have established
patency and 3 full daily doses on the next three days. The guantity of the com-
pound contained in the dose for the initial trial was cither the maximum tolerated
dose or an approximation to it, detcrmined in similar preliminary 4-day tests
for chronic toxicity, or some multiple of the minimum cffective dose (M.E.D.}
or other significant dose of a closely related standard antimalarial i dircet
comparison was considered adequate. If a compound showed activity in the
initial trials the dosage in subsequent trials was varied to determine important
ievels of drug activity such as the M.E.D., the minimum suppressive dose and the
minimum curative dose, the criterion for the two latter dosages being a response
i vy per cent or more of the animals. '
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TasrLe I.

The activity of some standard antimalarial compounds against Plasmodium berghei.

Sontpound,

1.

Quinine
sulphate

Proguanil
hydrochloride

g? EFFECT ON PARASITAMIA.
&‘ﬂ _____ — ]
s 2 i ;
Daily dose . § INTIRITION. I SUPPRESSION. (T;:KL
of base in | & %‘ X [ i - i
mg.fkg. | 8L | Percentage : : ! | Remarks,
for . & of r.he.  ; Survival  :Number iNumber .
gy days. | ¢ 2 | paravitized | period  ; of mice: [Puration; of mice:
y3 ¢ ongthday ¢ indays: ! respon- in ! respon-
2¢ | (geometric (average and | ded/ | days. dedf 1
29 | mean and S.E.) treated. -treated. '
= . H
w7 6 S.F.) i
2. 3 4. n. 6. ; 7. 1. 4.
S 4 : e
55 35 | Grgqtropl 12 03 i | o3
5 4/5 551005 12 of4 . nfa
! Controls gi5 | 18reska-02] ogRo | ! i
Giy 3fs 1964705 17 o-bg02 af5 ofy In 4 other tests at
| 75 55 1'83;%! og; 17°8f32 ! afn i olg Go g fkg., there was
i Contrals | 2f2 | 27' 948370, 6 5:k0°3 75 ser cent reduction
: : i parasitemia in g
1 iests and 73 per cent
: reduction m o1 test,
I ¢ as comparced with the
! : I | controls. M.E.D., =fo
; | | 1 mg. fke.
75 55 |=o-z 1781277 of5 ‘ : ofg Filth day counts in-
. Controls | 5f5 : 17 9045760 Grq3to-g ! | chi;d [ nc{gu;i\‘c’;.
t I 3. M. not caleu dw:,
. 90 | 4f4 | 188o06gl 16:5Ls5c | ofg | of
i Contrals | afg |356°29-k38¢ 8502 F + I
50 sl5 <02 E 22'248-2 ¢ ofs J ! of5 :
P Controls ¢ 5f5 {83°75:83° 19 90417 [ .
400 55 | ©.00 32 : [ { e, of4 : Ons  mouse  died
. Controls 5i5 | 35704 k286 60 oo 13, 45 P n;fgaziivc " q&m he
: : i Tuth  day,  Sub-ine-
[ . : culation from mouse
! . | with latent infection
i ! ! o of g5 days was “posi-
: i i . tve " and re-inocula-
_ : : R cuer tesulted moa
; ; pralracted  infection
_ | of 6o days’ duration
i ! | wills counts over ¢o
i ; i per cent rb.e, para-
: | f | sitised.
e a —
i 43 5;5 9'0‘2:E3'24§ ofn ! o5 i Marked  inhibitory
. i5f5 |=o'z Porgblig 175 9 i o5 leffect of ¢ mgjke.
| Controls |5,-‘5 2386 0qu0 7 8+0°4 : I was coniirmed  in
: , i 1 several tests,
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TasrLe Il
Compounds tested against P. berghel and found inactive.

. Paily dose

Reference | . " of hase in
number. : Compound. ! mg.fkg. for
34 days.

QUINALIMNES, ETC.

MHS 5 | §-(peminoaniting)-S-meihoxyquinaldine hydrechioride e 160
MHS g !4-(; tnwnincaniling)-B-methoxyquinaldine hydrochloride [ K00
MHS 7 | g-(p-acetoaminaaniline)-6-chloroquinaldi 00
MHS 17 | 4-{ p-aminoaniline)-6-chioroguinaldi I 400
MHS 15 | ¢-amino-6-methoxy-quinaldine ... 400
MHS 52 . m~chloroaceto-acetanijide foo
MHS 18 m-tolylguanidine sulphate f 400
MHS 19 é G-chipra-B-niiroguinoling e 400
MHS 20 : 4~ p-guanidinoanitina}7-chloroquinoline ver 200
I CUTNOLANE-SULDPIONES, ;
0 oz 4~( penminoben cemesulphonyli-7-chioroguinoline 50%
Qa0 . 2-methyloge( pechloreben zencsulphonyl)-G-chloroquinoline 50%
Qo1 : 2-methyl-g-2 © 5-(dickloroben zenesulphonyl)-6-chioroquinoline ... 5O¥
15 .f 2-metipl-4- pochloroben Zenesnlphonyl)G-methoxyquinoline I no*
Q, 29 | 2-{2" 1 5-dichloroben zenesulphonyl}-4 1 Gedimethplguinoline RO*
; SULFHONAMIDES. I
1 204 ' p-cyanophenyl-methylsulphone .., cei o T25-250
MN 53 i Ni-p-chlorophenpl-N'-isopropyl sulphonilamide ... 200
'_ Py rIMIDINES. I
BN VI NE-phenplagvainino-G-oxy-a-thiopyrimiding 400
Rﬁiﬁ‘\’ I I N3-p-chlorophenyl-4-aming-G-oxy-2-thivpyrimidine . ' oo
sNp T iM—o-aniryl-4—amino-ﬁ-o:gﬂ-z-ﬁu’o,{yrimid:‘ne o’ 1Boo
NPV | NOp-anisplogeamino-b-osy-2-thiogyrimidine ... v oo
alss i NITROBENZOIC ACID ESTER. -
MV 6 | amethoxy-gninahensoie acid methylester . . ... e

New compounds in italic type.
*Arbitrary dose, ¢f. m.ed. of chloroquine 3 mg.fkg. Dosc of other compounds in this
wuble is the approximate M.T.D.
SN numbers : MHS 15=0862-:1121 ; MHS 12=7264-572 ; both were inactive against
avian malarial parasites (Wiselogle, 1946).
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The activity of test compounds which inkibited the multiplication »f Prasmodium berghei.
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!\Z]I‘l:i ‘t-sufp}wthiaszﬂ-?-cbiomquinaﬁmé Boo | £5 ; 34 % uis '
praminophenyimethyisuiphon ; 482 i 35 ; ! | MED. =412
Irydrochloride. i ! \ me.fkg. ;
| : . QE =14
- paminophenyiedsylsalphone : 417°5 | 43 35 (4973 E a5, Toxic w R.B.C.
hvdrochioride, ; L i _
praminopheny b-n-prapyl- 42275 uly f 074 . ‘Foxic to R.G.C.
sulphone hydrochloride. l
- praminophenyl-p-butyl- 42075 o5 ag ' Toxic to R.IB.C,
i sufphone hydrochlovide, |
: . : I . X
B 1ot - g-pitro-g-aminophenyl- i 2fs 17 i 313 | " Toxic to R.B.CL.,
* gudphide : | i M.E.D,=3 mg.f
) ' : i l . kg, ;3 Q.E.=20.
: i ; i .
B 2ouw - 21 5-dibydroxy-d-amino- B3B-1756| i3 i 5~10 ) Lo0i5 [ - M.E.D.=2a00
- Jiphenylsuiphanc. : i | ! : Cmg-fke.
: : . QLE.=0"3.
SULPHANILAMIDEYS. ! !
MN ! NE-pancthusyphenyl sulpha- ~Bou Doadn | g a5 ,
i nilawnide, . f i ;
MN 5 N pecthoxypiwenyl suiphanila- © Bou boafa : 7 1i4 i
. mide. : | ! H ;
! . : : i
H : I .. i . .
MN 7 . N'-pchloropheny] sulphania- - oo ©o55 ¢ G21 o3 :
¢ mide. , : ! ! :
. : : : i i
MN 10 N'-p-aminophenylsulphanila- | gou ' ] 1) 55 [ 200 ! M.ED.=4mg/
¢ rnide, ! | | ! i kg ; QE.=15.
i i i ’ s
MN 4o Nl-m-chlore-phenylsulphanila~ 8oo 5is i 4-7 'r i3 I ‘ Toxic 10 RR.C.
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TFasre HI-—{Concld)) .
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| nilamide. a - | i |
MN 12 Nf-pheoyl sulphanilamzde. " Buo 15 i 14 | tf5 Toxic 10 R.B.C,
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; ! ) ' i h
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: ! 5 ' i
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. | [ . £
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; 1 B l| :_ t

Survey suothers @ B zoz =S8N 1159-853; MN 1 =8N 297-773: MN 7==8N 2492-76g;
MN fo=8N B8145-709; MN 61 =3N B146-706g;

270-767; MN 58:=8N 2529-703; MN 5:=8N 275-77%;

MN 10=8N u6o-l03;

MN 62=8N #86rg-769; MN 312:=8N

active against avian malarial parasites (Wiselogle, 1546).

only MN 10 and MN 58 were



L. B Suddons. i)

On the fifth day o the sest and the Tourth mormang aiter the day of 1nocula-
tion, thin Dlood films were prepared from all aniwals in a test series, stained and
cxamined, and the infection rate of the red corpuscles determined from a random
sample of 500 cells, A 45 per cent reduction in the parasitemia of a drugged
group as compared with the parasitemia of the untreated group of the same series
denotes aciivity in the drug. The parasitemias are compared by the geometric
means of the individual counts (Marshall, 1946).  Slight activity is attributed to
4 compound for a reduction of less than 75 per cent but merc than 50 per cent.
Intection rates below 1 infected cell per joo were recorded as < o'2 per cent, A
“negative * result {0700 per cent} is hased on an examination of not less than 200
ficlds of a thin film and confirmed by examination of the greater part of a thick
film. If a drug shows activity, the animals concerned are examined twice weekly
from the 7th day.  Suppression of an infection is indicated by a * negative * finding
on the 5th and jth day of the test.  Animals remaining ~negative’ for 30 or
maore days were tested for eradication of infection by sub-inoculation of o2 c.c.
of blood into a clean mouse and re-inoculation with the standard dose ol infection.

Ficid’s stain was mainly employed in this investigation for staining blood-films.
It guve excellent results with thin films fixed by cither methyl or cthyl alcohols,
and the staining time for such films is about 20 seconds.

RESULTS.

Dita on the activity of some standard reference antimadarials are presented
in Yable 1. The data are drawn largely from actual test serics in which unknown
compounds were screened.  This selection of data serves the double purpose of
indicating the reaction of the test organism to established drugs and of tlustrating
the test infections which the unknown drugs were called upon to inhibit, The
M.E.D. of quinine and the dose used Jor caleulating quinine equivalents (Q.E.)
was placed at 60 mg./kg. Quinine controlled the infections to a limited degree
and faited to suppress them except at very high dosage levels. Proguanil is about
nine times as efficient as quinine and effected several cures at 20 mg.jkg. and
higher but toxic doses. Chloroquine and sulphathiazole are twenty times as
active as quinine,

Of the test compounds, the quinaldines, whick included some new com-
pouands {Ganapathi and Shah, 1951 : 19510), a guanidine-quinoline, a chloroaceto-
acetanilide, a tolviguanidine, a mitroguinoline, a nitrobenzoic acid ester and four
thiopyrimidines, all tested at ncar maximum tolerated doses, were inactive.
Some quinoline sulphones had no inhibitory action at a dose several times higher
than the M.E.D. of chloroquine. Al these inactive compounds are listed by full
vame in Table I,

Compounds showing definite activity and those believed to be active but
which also exhibited concomitant toxic eflects on the red corpuscles are listed in
‘Table 11, A thiourea derivative of @ 4-aminoquinoline, cempound No. MHS 8
{Ganapathi and Shah, 1951a), acted as a suppressant, and its Q.E. is 24, The
7-chloroquinolinc with a substituted sulphathiazolyl ring, Ref. No. MHS 21
{Ganapathi and Shah, 19516), showed a limited degree of activity at a compara-
tively high dosage and was, therclore, not given further trials to determine its
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VLE.D. The sulphones tested are probably active, but toxic side-elfccts made
proper cvaluation difficult. One of these compounds, No. B 201, was tested
in four sub-divided doses of the presumed minimum curative dosage, but the toxic
elfects were not eliminated. The sulphanilamides {ncw compounds are irom
unpublished work of Sardesai, Shirasat and Ganapathi) were active as a class without
heing unduly toxic, As it was not practicable to determine the MLE.D. of cach
of these compounds, selection for further study was done on the basis of curative
cifect at high dosage. Compound No. MN.1o was thus  sclected and its Q.E,
determined to be 15. Activity appears to be enhanced by substitution of NH,
in the para position :

%N@ sogfm@ NH,,

i MN. 10)
DISCGUSSION.

Y'he minimum dosc of quinine base eflecting a 75 per cent reduction in the
parasitemia of chicks infected with P, gallinaceum, the most widely used test organism
for screening programmes, is 32 mg./kg. (Coatney and Sebrell, 1946).  P. berghei
is thus about twice as resistant to quinine as the avian parasite. Most authors,
0 whose chemotherapeutic trials against P. berghei reference was made in the
introduction to this report, have noted that this parasite is more resistant to quinine
than the avian plasmodia commonly used for such work. The quinine equivalents
of proguani! and chloroquine obtained in the present investigation arc quite
similar to the values recorded by Goodwin {loc. ¢it.), Thurston (loc. ¢it.) and Hill
‘1950). The quinine equivalent of sulphathiazole, approximately 2o, Is, however,
wtally unlike the figure of 1,000 given by Hill (lec. cit.). This discrepancy is
cvidently not accounted for by the higher level of activity sclected by Hill as the
criterion for the MLE.D. Tests with sulphadiazine are in progress and the results
obtained will be compared with Hil¥’s and other workers’ findings to ascertain if
1he discrepancy extends to this compound. It may be noted that the 5-isopropyi
Jerivative of sulphathiazole is morc active than the parent compeound.

Nonc ol the active test compounds proved superior to the corresponding
reierence drug. Thus MHS. 8 is less active than chloroquine. The M.E.D.
of sulphadiazine is not greater than 1 mg./kg. (studies as yet incomplete), so that
the active sulpbanilamides, represented by MN, 1o for comparative purposes,
are less effective than sulphadiazine under similar test conditions, the comparison
being restricted for the present to the MLE.D. of the compounds.

Some of the compounds have been screcned against avian  plasmodia
{Wiselogle, 1946); these compounds, with their * Survey Numbers >, are indicated
in the foot-notes to Tables IT and ITI.  Only MN. 10 and MN. 58 showed moderate
activity against the avian parasitcs.

In passing, the amenabulity ol blood-induced P. bergher intections to eradica-
tion by a number of standard drugs, including suppressive-type drugs, is worth
noting. Thurston {{oe, cit.) found that mepacrine readily produced cures, Baldi
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and Della Rocea {rg51) credit chlorogqume and camoquin as being elliciently
curative drugs, In the present investigation, proguanil cured go per cent of
animals at doses of 20 mg./kg. and 36 mg.fkg., though the latter was definitely
toxic. From this chemotherapeutic aspect, I berghei reacts to antimalarials in
a manner resembling blood-induced infections of P. vivax and P. falciparum rather
than blood-induced infections of avian species of Plasmodium. The mechanism of
cure is, however, apparently different in P, berghei and the human forms. In the
latter, it is now generally believed that exo-erythrocytic parasites are Jacking after
blood inoculation, thus cxplaining the well-established fact (hat blood-induced
infections are easily cured as compared with sporozoite-induced infections, In
P. berghei, cxo-erythrocytic forms have been reported by Van den Berghe, Vincke
and Chardome {rg50} and Garnbham (rg51 : 1g5:4a), though in different types
of host cells respectively. If these late exo-erythrocytic forms are cssentially
parasites of cells of the hamopoietic system, as the discussion by Garnham (19514)
appears to suggest, this may explain the velnerability of the parasite to antimalarial
agents, since such host cells would sooner or later be released into the blood stream.

SUMMARY.

T'he methods adopled for screening antimalarial compounds against blood-
induced infections ol Plasmodium bherghet in a strain of inbred mice ave described.

The results of testing some standard aptimalarial drugs and a number of
uther compounds, some new and others known but untried agaiast P. bergher,
are recorded.

The minimum dose of quinine base effecting a 75 per vent reduction in the
parasitemia of the treated group as compared with the parasitemia of the untreated
control group in a five-day test, and the dose used for calculating quinine equi-
valents, is 60 mg./kg. The quinine equivalents of proguanil, chloroquine and
sulphathiazole were thus found to be 86, 20 and 20 respectively.

Several test compounds, notably sulphanilamide derivatives, were found
to be active, some even eflecting cures, but none appeared to be outstanding on
reference to an appropriate standard drug.

In respect of amenability to cure by suppressive-type drugs, blood-induced
P. berghet infection resembles blood-induced P. wivax and . falciparum infections
rather than avian species. The mechanisms of cure in the rodent and human
infections are, however, probably different,
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*VHI. The course of blood-induced infection in starved
albino rats.

BY
5. P RAMAKRISHNAN.
( Malaria Institute of India, Delln.}
£ Maceh 15, 1953, )

‘fue Indian Famine Cormission {1898} reported that in the opinion of
the medical officers, the prevalent fever was ordinary malaria, which, though it
attacked all classes more or less, was specially fatal in the case ol those who had
suffered from privation, Christophers (1910 : 1911) in his studies on malaria in
the Punjab, observed thal in epidemics, the highest mortality occurred among
the poorest classes, and that, of the twelve epidemics ol malana which devastated
the Punjab in the later half of the nineteenth and early years of the current century,
four foflowed seasons of famine or acute scarcity. At the same time, he domons-
rrated an equally high correlation between fever and rainfall and emphasized the
excess of rainfall as a causative factor of cpidemics,  Gill (128 : 1935), as a result
of experience of malaria cpidemics in the Punjab and Ceylon, also strongly em-
phasized the importance of cconomic stress as a factor in the causation of endemic
and epidemic malaria. Williams (1940) considered that nutrition was of the
greatest importance in the rcaction to malaria, particularly in children.

The converse view in regard 1o nutrition and malaria has been equally
prevalent. James (1g26) was of the opinion that malaria affected the healthy
and sirong equally as the weak and sickly, and that economic conditions had no
influcnce on the prevalence of malaria. Ross {1929) emphasized that nutritional
status of the human hosts had nothing whatsoever to do with the course ol malaria
in them. Sinton {1935¢ : 19356 : 1936) pointed out that malaria may itsell’ be
the dircet cause of poverty and msuflicient diet,

Hacket (1g37) veviewed various opinions and remarked that the absence
of experimental data made the discussion of the guestion a mere battle of opinions.
His own view was that malaria was a cause of poverty and under-nutrition.

Whilc a farge number of investigators have interested themselves in the
nutrition of the vertebrate host in relation to the extent of its hospitality to malaria

*Financed by a grant from the Tndian Cowncil of Medical Research,
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34 Course of infection in starced Rals.

parasites, only few investigations on human beings have been carried out in the
field. Ohservations on the ability of parasites to grow in totally starved laboratory
animals like monkeys were those of Geiman and Mackee {i948) who found
that when monkeys were starved for 24 to 48 hours, P. Enowlest infection was
strikingly ameliorated. Likewise they found that when fasting was started simul-
taneously with inoculation of animals with parasites, only a few organisms appeared
in the blood during the period of continued fast.  As soon as the animal was given
a full diet, the parasites grew normally.

The present work was carried out in order to determine the host-parasite
relalionship between albino rats and P. berghei when the animals were starved
of all food except water., The data presented here served as base line to further
observations on host-parasite relationship, when the hosts were under different
nutritional states; these will appear in subsequent publications.

MATERIAL AND METHOQDS,

Two strains* of P. berghei immunologically identical with each another
{Krishnaswami ef al. 1953) were used in these experiments. Parasite density
per 10,000 erythrocytes in the donor was determined and its biood drawn into a
syringe which contained a known quantity of 2 per cent citrate saline,  The
contents of the syringe wcre further diluted in order (hat one million parasites
would be contained in o1 c.c. of the liquid which was the standard dose of
inoculation given by the intraperitoneal route,

Stained thin blood smears were cxamined daily and if positive the parasites
were counted against 10,000 erythrocytes, Slides were declared negative when
1o parasites were seen in at least 100 oil immersion fields,

Albino rats of known ages (six to eight months old) were purchased {rom
other laboratoriest ; 16 rats (two months old) were from the colony maintained
at the Institure,

A preliminary trial indicated that uninfected vats could be starved with
and without water for about 20 and 10 days respectively. Based on this, the
standard period of starvation for these experiments was fixed as 10 days, Unless
indicated, animals were given access to water in a bottle at all times.  The animals
serving as controis for the starved ones were on a standardidiet given once a day
un an ad lib basis.

*Strain I wag received in 1950 by the kind courtesy of Professor E. Brumnpt, aris, Strain 1T wasz
received from Londen through the courtesy of Brigadier J. 8. K. Boyd.

4Central Drug Research Laboratory, Lucknow, and Nuirition Research Laboratories, Coonoor,

FThe standard diet contained -~

Pea nuts o & parts
Wholc wheat flour e T,
Skimmed mitk powder ... . R { T,
Dry brewers yeast . . a
‘Table salt IR T
Caleiym carbonais TR S
Shark liver oil - e B,
100

I addition to the above, each vat received 2 gm. germinated Bengal gram a day,
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Forty aduir rars were divided into eight groups cach of which contuined 5
animals. Six groups were experimental while the remaining two were controls,
‘The former were starved from 5 to 1o days at different intervals during the observa-
tion period and the standard moculum of one millton parasites was given to the
animals on the first day of the experiment in all cases except two where it was
given on the sixth day of starvation. One control group ways fed on standard diet
throughout the period while the second was totally starved of both food and water.
The daily average parasitemia against 10,000 erythrocyvies was determined and
the vesulls are shown in Table I.

RESULTS.

The parasitammia in the control group on standard diet showed a gradual
increase followed by decline, lasting for 15 days. The group totally starved of
solid food as well as water, did not show any patent parasitema in the peripheral
blood on any of the eight days during which all of them died of starvation.

Fasting for five and ten days after inoculation scemed to inhibit parasite
multiplication to a very great extent, In the former which were fed from the
sixth day, the parasitcs became patent once again on the thirteenth day and lasted
for 10 days. The animals in the Jatter group were fed from the 11th day onwards,
but the parasites did not re-appear during the observation period of sixteen days.

The group, inoculated after 5 days of fast which continued upto the tenth
day, never showed patent parasitemia either during the fast or the sixteen days
of subsequent feeding.

Five days fast alternating twice with a similar perind of feed in between and
subseguent continuous feeding showed an interesting pattern of patent parasitzmia,
'Che parasites were few during the fast periods and were not patent in the interven-
ing period of 5 days of food. Parasites re-appeared on the twelfth day of un-
interrupted feed which commenced on the 16th day of inoculation. They were
patent for eleven days after which the infection became latent.

The group that was fasted for five days, infected and fed from the 6th day
vnwards, developed a normal pattern of parasitemia except that i the first lew
days parasitc wmultiplication was slower than in the control group. Death
occurred due to acute infection on the 61k day in one and 13th day in two. The
remaining two developed chronic infection after 16 and 20 days of patent
parasitmia.

In the group that fasted ro days from the 6th day of inoculation, the para-
sitaia which was on the agcent till then showed a dechine rather abrputly. It
hecame patent once again on the 13th day of subsequent feeding and lasted for
G days in one of the aninals, The second patent period was short and the parasite
multiplication poot.

To confirm the effects of 10 days starvation after inoculation the experi-
ment was repeated ip three animals. The results were different from the furst
and the patent parasitemia was higher and of longer duration.  The only
explination scemed to be that theseanimals were two months of age and werechosen
inadvertently. The experiment was repeated. Three more animals, two months
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old, and itwo groups of threc adule animals, ~ix months old, were inocu-
lated and fasted for 10 days.  For each of the latter groups two ntore animals
were fed on standard dict and served as control.  The results confirmed the
previous findings as well as indicated that efiects of starvation were influenced hy
the age of the animal as shown in Table II.
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With a view to determine changes in the formed elements of blood during
starvation, total erythrocyte, leucocyte and differential leucocyte counts were
made on two clean animals on cight consecutive days from commencement of
starvation. There secemed to he a h@moconcentration in the first three days of
starvation after which the erythrocytes and leucocytes were less than at commence-
ment. The average counts are shown in Table III,

TasLe IIT,

;- Erythro- ; DiyrERENTIAL LEUCOCYTE COUNT, PER CRNT,
stizzzt?(fn. i Z);::‘Smpc:n L:::énrzrl:s %_-_Pr»l)=- Lympho- | Eosino- N . ‘ T )
l milkon " morphs. eytes. | phils, !,Basop hils, , Monocytes.
T 7 | sz ’“ Y N
2 I b-g . 13,000 ; 245 445 : o a . 1
3 a7 | 20,680 ! 60 l o i; 0 G
E) 6 11,400 i 265 6a o 0 : 5°5
6 G4 11,160 ‘E 35°5 o8 ‘ 0 I [} 61y
7 65 760 i 3375 N 5%
8 | 54 | Ao S 59 [ °5 1 0 | T

Leucocytosis with a relative increase of lymphocytes seemed to be the initial
eflect of acvte starvation. A similay blood picture was reported (Ramakrishnan,
Satya Prakash and Krishnaswami, 1953) in chronic malaria of rats with sub-
patent parasitemia, It was, however, not possible to concliude whether the lym-
phocytemia was responsible to any extent for the extremely low numbers of
parasites present in the peripheral blood of starving animals,

DISCUSSION.

The results of experiments on the course of infection of P. bergher in fasting
aibino rats confirmed the findings of Geiman and Mackee (loc. it} in fasting mon-
keys infected with P. Enowlest.  As already stated starvation for five days rendered
conditions partially inhospitable to parasites, as shown by their re-appearance
during subsequent feeding. When the starvation was extended for 10 days from
inoculation, subsequent feeding did not cause the parasites to re-appear indicating
that the parasites could not survive that period of fast.

A likely explanation for the observation seemed to be that when the host was
starved, some nutritive principles essential to the parasites were depleted from
the peripheral blood. Such was found to be the case by Mackee and Geiman
i1948) and Geiman and Mackee (loc, cit.),

A second explanation was that ketonemia or ketosis and allied phenomena
either alone or in addition to the above was responsible for the inhospitable condi-
tions to parasites when the host was starved.  The development of ketosis during
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complete ahsence of food for & period as short as two or three days in man has
been recogrized for a long time (Keys, Brozek, Henschel, Mickelsen and Taylor
1950). The same authors on the sulyect of response fo infection in human starva-
tion considered that it was unthinkable that starvation should be without any
influcnce on chemical characteristic of the imiting membranes which in their turn
must profoundly affect the amounts and the rate of penctration of the infecting
organism. It is presumable in the present case that such a hypothesis is untenable
inasmuch as the organism seemed to successfully pass through peritoneal as well
as the capillary lining and was patent in the peripheral circulation though only
in small numbers and for short time during starvation,

The results indicated that although P. heighei depended primarily on the
erythrocyte, factors in the plasma were equally important for its survival and
multiplication. The degree of inhospitality for P. berghet exhibited by starving
adult rats was considerably less in the case of younger ones under identical condi-
tions. The explanation for this is not known.

Response to antigenic stimulus of P. derghel seemed to be present even under
conditions of starvation of the host animal. In animals which were submitted
o two five-day periods of starvation intervened by a similar period of fecding, the
patent parasites were few in number during the two starvation periods.  The
nymber of parasites in circulation must have been considerably less during the
long sub-patent period of 8 days subsequent feeding, The fact that at the end of
the period parasites became patent again only for a short duration and were not
present in as Jarge numbers as in contvols showed that a certain degree of immunity
must have been acquired duripg sub-patent period which included two intervals
ol starvation,

SUMMARY.

Starvation of rats for five days [rom the day of mocudation rendered condi-
tions partially inhospitable for P. éerghei.  When the starvation was extended for
1o days after inoculation, the parasites did not appear in the peripheral blood
during subscquent feeding.

The age of the animal seemed to influence the effects of starvation of the
host on P, berghei.
The possible explanations for the observations are discussed.
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#*IX. Effect of milk diet on the course of blood-induced infection
in albino rats.

BY
S. P RAMAKRISHNAN,
SATYA PRAKASH,
A K. KRISHNASWAMI
AND
CHANAN SINGH.
{Malaria Institute of India, Dellu.}
iMarch 31, 1953

In an carlier publication, Ramakyishnan (1953; reported thai starvation
of the host was inimical for the muitiplication of P. berghei. This paper deals
with the influence of an exclusive milk diet as compared 1o standard diets,

MATERIAL AND METHODS.

A siraint of [ bergher maintained in albino rats by blood passage was used
in the cxperiments. The dose of inoculum was invariably onc million parasites
per rat given by the intraperitoneal route. Thin blood smears of all animals were
examined daily and parasites were enumerated against 10,000 erythrocytes.
Slides were declared negative when po parasites were scen in atleast 100 oil immer-
sion fields.

Albino rats of bhoth sexes and known ages were used. Most of them were
[rom the colony maintained at the Institute while some werc obtained from the
Central Drug Research Laboratorics, Lucknow. The animals were housed in
special individual cages and had no access to their excreta at any time,

*Financed bf a gr.a.m from the Tndian Council of Medical Research.
TReceived by the courtesy of Professor Emile Brumpt, Parls, in 1gs50.
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52 Effect of milk diet on Plasmodium berghei.

Two cxperiments were carried out. In the first, the effects of milk and
halanced diets were compared and in the second the effects of uninterrupted milk
diet were compared with those of milk for the first 10 days of infection followed
by control diets, Standard commercial brands of powdered milk* were used in
hoth the experiments and the animals were pre-conditioned for onc week on milk
in the case of experimental groups and on standard diet in the case of controls,
Two types of diets (Nos. 1 and 2}} of the same calorific value were used for the
sontrol groups, one contained whole milk (Klim} as part of halanced diet while
the other was a vegctarian diet without milk.

Certain difficultics were experienced during the second experiment when
reconstituted Ostermilk was provided to the animals in bottles in accordance with
the feeding technique described by Macgraith, Deegan and Jones (1g952). In
spite of the fact that bottles were sterilized daily and filled with fresh milk twice
durine the day, 1t was found that the cream separated and floated on top and was
not accessible to the animals. In some cascs the milk curdled and hlocked the
rubes obstructing the free flow., The curdling of milk was no doubt due to the
high temperatures prevalent in Dethi. The bottles were inspected frequently
during the day and as far as possible it was ensured that the animals were getting
the milk, The technique of fecding was not changed, however, as the intention
was to adopt the same feeding technique as described by Maegraith eof el {foc,
Cit).

CRITERIA FOR ASSESSMENT OF RESULTYS.

For purposes of this investigation only the acute primary stage of infection
was considered. Four indices were selected to assess and compare the elfects of
the diets on the course of infection during the acute phase. They were (1) dura-
tion of patent parasitezmia, (2) peak parasitemia, (3) day of peak and (4) average
daily parasitemia. To allow {or any individual variations, avcrages were
determined for each group of animals.

RESULTS.

Parasites were patent for 15 to 16 days in animals on milk diet in both
experiments, and showed an ascending phase, a peak and deciine. But, as com-
pared to animals on a balanced dict inclusive of milk, all the four indices were
appreciably low. In the two experiments, three out of four animals on diet No. 1
died of acute infection while none exclusively on milk died. Results of the first
cxperiment (Table I) were confirmed by the second (Table 1),

**KLIM jn the first and OSTERMILK in the second experiment.

+ ez No. 1. Dier No. 2.

Whaole wheat flour - 72 paris Rice fiour e 77 pars,
Klim powder L Pea nuts e 8
Brewers yeast (dry) N Brewers yeasi (dry) T S
Calcium carhonate OO . Calcivm carbonate T
Common salt A , Common salt ... U

100 100
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TanLe i,

Course of P, berghel acuie infection wn five to six weeks old albino rats fed on
milk and balanced diets.

i PRIMARY PARASITAEMIA {AVERAGES).

T Number | Pre-imocufas Posi- |_ . T
SO : - . : Daily para-
. : 1l : i Lo ) Yeal: .
) l_ml"al.s E f}u[\lggvd\lf‘ctck “‘-0‘;;;{1;“‘3“ f Duration in i sitamia per I:glnnl:f' Day of
amanag. e ) days, ! ro,000 cevihroevies, | Peak
‘erythroeyles. y ¥ l
Kiim | Kiim 5 © gog 428 | 3
e s =R, -t
4 ;' Dict No. ¢ | Diet No. ¢ ! ug¥ : 463 1325 i 9

*Three animals died on the 13th, 15th and 17th days from acule discase.
Abie.—Klim was reconstituted iole a thin paste with water and provided in small metal cups.

TagLe 11,

Course of P, berghct acute infection i erght to nine weeks old albino vals fed on milk
and milkiesy diels,

1 : : !
! i PRIMARY PARASIUEMIA {AVERAGES).
i '
T 1 LB i
Number | inoculas Posi- P g 3¢ i
Group. of - ton dict moecula- i ES% iTeak per’
animals.  forone  tondiet,  Duration ! Aaf & 1enoe | Day of
i oweek, Coin days, 1 o= | erythro- | prak.
: i Vg e 0 oytes, ! -
| (= .
S j
I ! Ostermilk ;. Osteemilk | 16 [ 206 506 ] 6
1 |
2 g ! Ostermilk | Ostermilk i 1y E 234 54 . 9
: for 100 days | ; .
 lollowing §
vinvenbast
tion ; dict
“ No, 2 from | .
_ Darth day. i i
S - e - - -

3 3 %Dint Ne.2 | 1Yet No. 2 ] 18 AL Eotgye ' 7
4 : 3 | Coleny ~ Ostermilk 1| Ig T Y io1431 i 5
; i dicl, for 1o days | : ’ :

: i f r o m| :

i i inoculation |
) : cand et i :

D Moo 2 frem :
rith  day ! !
. i onwards, |
% ! 5 : Piet No, & | Diet No. 1 I 20% | 503 . 1768 12

*One auimal died on the 15th day from acute infection.
Jvote.~~Ostermilk was reconstituted as per dircetions and were provided in bottles,
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fifleel of a week’s pre-conditioning on mitk was clearly brought out by com-
pariig the indices of the two groups (2 and 4 of Table 1T} one of which was pre-
conditioned on milk while the other was given colony* diet dusing the same period.
i all other respects the two groups were treated identically, and were given milk
cxelusively for 1o days after inocalation and from the 11th day onwards they were
hoth on diet No, 2. Pre-conditioning on milk resulted in lowering of the indices
appreciably.  Parasitemia in the control groups {Groups 3 and 5 of Table II)
ted throughout on diets No. 1 and 2 was similar to that in group ¢ which was not
pre-conditioned on mikk,

It appeared that when tats were fed exclusively on milk, conditions were not
aptimuin for the multiplication of P. bergher to the same extent as when fed on
balanced diet with or withont milk. "The indications were that parasites in raws
sequired something more than provided by an exclusive milk diet.

Weights of all animals were recorded twice a weck. There was a progressive
merease and no appreciable difference was seen in weights of the experimental
und controd groups,

DISCUSSTON,

Factors inimical to growth of parasites in susceptible hosts can be (a) defi-
cienvy of nutritional requirements of parasites, (8) immunity and {¢) therapeutic
agents aflccting parasites specifically.  The results of the present investigation
seemed to indicate that some factor or {actors were deficient tn mitk dict for normal
srowth of P. berghei in rats. This is in accordance with the views expressed in
A special editorial of the British Medical Jouwrnal (1952).  Parasites were never
fotally alwent in any of the animals on milk diet, but were less in numbers as
compared 1o those on other diets with or without milk.  Further, as uiated above,
the course of  parasitemia was appreciably different in two groups of animals
reated identically with the exception of pre-conditioning freatment hefore inocula-
tion which in one case was on milk and the other on a milkless diet. In the former,
tlie peak as well as the average daily parasitemia were appreciably lower than
iz the latter,  The cause of such diffcrence wag probably a deficiency in the milk
diet given for 17 days in one case, and only for 10 days in the other.  Such a con-
chasion scemed justifiable as the tndices of parasitemia were higher in the groups
fed on a milkless diet and badanced diet inclusive of milk as compared to those on
an exchasive milk diet.

As the first experiment was in progress, Maegraith, Decgan and Jones {foc.
sy anounced that milk dict had a soppressive ellect on the course of P. beryher
micction in albino rats.  They had used cow’s milk, human milk, reconstituted
Awstralian dried wilk, and Ostermilk, and found that parasitemia was almost
totally suppressed in animals fed on any one of the types of milk as compared to
normal diet, and concluded that milk contained something that inhibited or res-
tvicted the development of parasites.  Their results were similar to the effects of
starvation of rats reported by Ramakrishnan {loc. at.j.

*Clolony diet differed froms conwol diet No. 1 in that the Klim powder was substiwted by skimmed
it erweder.
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The special editorial of the British Medical Journal velerred to above also
drew attention to the fact that milk was deficient in hiotin and whether that
could exptain the restricted multiplication of parasites in the experiments of
Maegraith ef al. {loc. al). TFrom results of experiments carried out on hiotin
deficient rats, it appeared that the deficiency did not cause any restriction on the
multiplication of /. bergher.  These results will be communicated at a later date.

At the time of writing this paper Dr. Harper of May and Baker Lid.,
Daegenham, London, visited the Institute.  While discussing the results with him,
he pointed out that milk proteins were devoid of chromo-proteins as compared
1o meat and raised the questton whether this could be the factor responsible for
the obscrved results,  Ft 15 an attractive hypothesis and would appear to be borne
out by the results of experiments on rats on a meat diet {to be reported later) in
which the parasite density was considerably higher than in the controls,

SUMMARY,
The course of P. berphet intection in rats on an exclusive milk diet was milder
than in thosc on milkless diet as well as diet which included milk, Tt has been

concluded that such an effect was most probably due to some deficiency in milk.

REFERENCES,

Harerr, J. {1951 . Pursonal conanugicalion.
Marcrarrn, B, G, Deecan, U, amd  Jonks,

. 5. {wgso) ee Bl Med. Jo, Mec. 27, ppo13de-1484
Ravaxwssnan, 5. T {rg33) .. o Iadl F Mel, 3 peo33.

Sepoiar Enrromiad M. (1ona) wo Brilo Med, §., Dec, a2y, po1gus.






Tndian Journul of Malariology, 7, 1, Marck 1433,

N

STUDIES ON PLASMODIUM BERGHEI N. 3P. VINCKE AND
LIPS, 1948.

*X. A critical analysis of experimental mosquito
transmission.

BY
S, P RAMARKRISHNAN,
SATYA PRAKASH,
A. K. KRISHNASWAMI
AND
B. N. MOHAN.,
( Malaria Institute of India, Dellu.}
{ March 15, 1953, )
INTRODUCTION.

A consipERABLE uumber of vertebrates, nineteen of the order Rodenlia and
one of Chireptera, have been found to be susceptible to blood-induced infections of
P. berghei {Satya Prakash, Krishnaswami and Ramakrishnan, 1952}, Attempts
at experimental infection of mosquitocs, however, have not been equally successtut,
Vincke and Lips {1948) were not-able to infect A. gambie, A. coustani, A. maculi-
palpis, and A, funesius, which were fed on infected mice. Raffaele and Baldi
{1950} fed .Zdes wgypti and C. pipiens on infected mice without success. Infection
of the salivary gland in a single specimen of A. siepkensi {type} out of a ot fed on
an infected mouse was reported by Ramakrishnan and Satya Prakash (1g50).
Rodhain and Vincke (1951) described a mild gut infectior in one out of four 4.
maculipennis (atroparous) fed on infected Thamnomys but nonc fed en infected cotton
rats. Unequivocal infection of mosquitoes in the laboratory was successfully

*The investigation was partly financed rom a grant by the Indian Council of Medicat Research.
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accomphished by Yeoli and Wall {1g51) who found obcysts and sporozoites in
. stephenst as well as A. quadrimaculatus and A. maculipennis (atroparous), fed on in-
jected hamster.

In view of the above, it was found nctessary to examine in detail the known
factors influencing insect transmission, namely, the parasile and its gametocytes,
the vertebrate and the invertebrate hosts and the environmental conditions in
seference to the Jast.  This paper presents a critical analysis of the available data.

MATERIAL AND METHODS.

Rodents.~—A few albine mice and rats were used from the colomies main-
tained ot the Institute, and the rest were purchased from other lsboratories®. The
squirrels were trapped locaily, and specimens of R. rattus were obtained from the
local municipal authorities, Four hamsters were received from the Liverpool
School of Fropical Medicine by the kind courtesy of Professors Davey and Gordon,
while the fifth was obtained through the courtesy of the Director, Pasteur Institute,
Clooncor.  All animals were maintained in laboratory on the standard diet given
on an ad fih, basis,

Mosquitoes.—A. stephenst (type) and Fdes agypti were available from the
colunies maintained at the Tnstitule, while d. fluveatilis specimens were obtained
from the colony at the Field Station of the South India Branch at Mettupalayam.
Adules of A. splendidus and 4. jamesi were bred from larvae caught in and around
Gadalur (South India}, while the other species were bred out of larve caught
around Delhi,

Parasite.~—~Two strains of the parasite (designated as Strains I and If) were
ased in the cxperiments.  Strain 1 was obtained by the courtesy of Professor Enule
Brumpt, Paris, in 1950, and has been maintained at the Institute by serial blood
passage in aibino rats. Strain IT arrived in May, 1952, through the courtesy of
Brigadier J. 5. K. Boyd of the Burroughs Welcome Research Laboratories, London,
and has since been maintained in albino rats In a manner gimilay to the Strain T,
['he second strain had been established bysporozoites obtained in nature from
Ao dureni 1 the Belgian Congo.

The dose of infection was invariably 1 X10% parasitized erythrocytes except
or the first few passages when it was 810 parasitized erythrocytes, The
inoculum in every case was obtained from the tail blood during the rising phase
of acute parasitemia and injected inte the recipient intraperitoncally, At the
time of reporting, Strains I and 1 had undergone one hundred forty-five and
torty-five serial passages respectively in albino rats, It was only possible to passage
the latter twice in hamsters duc to the limited number of animals available.

Blood examination—Blood was obtaived by pricking the p of the tail after
cleansing it with methylated spirit and allowing it to dry. Thin smears were
made, air dried, fixed in methvl alcohol and stained by the rapid methed of
Jaswant Singh and Bhattacharh (1944). Asexual and mature sexual forms of
parasites were counted against 10,000 erythrocytes.

Mosguilo feeding.—Ten to fificen mosquitoes, starved overnight, were enclosed
i3 it tube {about one inch in diameter and two inches long) the open ends of which

*Haffkine Institie, Bombay; Indian Velerinary Research Instituie, Izatnagar.
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were covered by picces of netting. One end of the tube was appiied to a shaven
part of the body of the rodent held with a cdloth wrapped over it
fn the case of R. raffus and a few squirrels the animals were anasthetized
by Nembutal (x5 mg. per 20 gm. body weight) given intraperitoneally
and left till recovery in a cage contaming mosquitoes starved overnight.  Fully
fed mosquitoes were separated in a second cage and stored in the Inscctary under
standard conditions 11l they were dissccted for detection of gut and gland infections,

The temperature and humidity conditions of the insectary were roughly
adjustable by improvised methods. The temperature during the experiments in
1950, 1951, and 1952 at Delln varied between 75 and 85°F., and the relative humi-
dity was between 65 and 75 per cent.  In Mettupalayam, the insectary tempera-
ture varied between 7y and 87°F. and relative bumidity was not measured but
was found to be satisfactory as judged by the survival of mosquitoes and the con-
sistently positive results obtained concwrrently in the transmission of P. gallinacenm
through Fdes egyphi.

CYTOLOGICAL CHARACTERISTICS OF GAMETOUYTES

The morphology and staining reactions of P, bagher gametocyies in mice,
rats, and squirrels were described by Ramakrishpan and Satva Prakash (1g50).
It seems desirabie to give a full description of the gametocytes that were encoun-
tered in the present investigations,

When stained with J. S. B. or Geimsa stains, gametocytes were of characteris-
tic appearance. Macrogametocytes appeared spherical with a rose coloured
chromatin-nucleuys surrounded by cvtoplasm which stained a deeper blue than
that of asexual forms. The chromatin was dense and comparct.  Such cells were
found in both polychromatophilic and mature erythrocytes,  Scaticred pigment
granules were secn when in the latter,

The microgametocytes were also spherical, with the chromatin loosely
arranged.  The cytoplasm was blue, less dense than in the macrogametocytes
in Strain 1. In Strain 11, till the tenth passage in rats, cytoplasm of the micro-
vametocyte appeared pinkish, or biscuit coloured and differentiation between
the cyioplasm and the chromatin was difficuit.  They gave a similar appearance
ty those scen in a hamster slide received through the courtesy of Professor
Garnham. But alter the tenth passage they started looking exactly jike those of
Strain 1. When at a later date, Strain JI was passaged into hamsters, after the
second passage a few microgametocyltes looked as they did before the tenth passage
i rats,

In all animals, the micro- and mucro-gametocytes did not occupy the entire
erythrocytes; only three-fourths of the cells were filled by the parasites.  Almost
invariably a halo was present around the chromatin mass in both, Camera
lucida drawings of gametocytes in the different animals are shown in Plate 1.

The question of what constitutes a mature gametocyts has confronted many
workers. The generally accepted criterion for maturity is scattering of the
pigment &Gambrcll, 1937).  From time to time difficulty in diflercntiating forms,
that Jook like immatlure gametocyies, from large schizonts, has been recorded by
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many workers (Taliaferro, 1925; Hulf, 1927; Shah, 1934). These forms must
be pre-gametocytes for when an asexual form approaches their size the nuclens
should have divided. In the present investigations, however, such doubtfui
forms were counted as asexual, and only mature gametocytes were classified as
sexual forms.

FIRST APPEARANGE OF GAMETOCYTES.

Satya Prakash et al. (loe. ¢it.} came to the conclusion that parasitized ery-
throcytes introduced into the peritoncal cavity, found their way intact into the
peripheral bload. This being the case, one can expect to see gametocyles in the
circutation of the inoculated animal on the very first day of patency, depending
of course on the gametocyte density in donor’s blood.

Gametocytes were seen in peripheral blood on an average of 2 days in rats
tStrain 1), 3-4 days in Strain II and 44 days in mice (Strain 1) after the first day
of patent parasitemia. Individual variations were to be cxpected as it is well
known that gametocyte production is better in some hosts than in others although
factors responsible for the difference are not known,

RATIO OF GAMETOCYTES TO ASEXUAL PARASITES AND THEIR RELATIONSHIP.

Table 1 indicates the daily percentage prevalence of mature garnetocytes to
total parasitemia in mice, rats and hamsters. It was clear that the gametocyte
density followed closely that of asexual parasites. '

Acquired immunity of varying degrees in animals appeared to affect density
of gametocytes which seemed (o disappear from the peripheral blood along with
the asexnal parasites.

SEX RATIO OF GAMETOCYTES.

The ratio of macro- to micro-gametocytes on different days in mice, rats,
and hamsters is depicted in Table IL.  With few exceptions females were more
in number and the relative prevalence of males varied from a third to half the
number of females.

PERIODICITY OF GAMETOCYTES.

P. berghei was found to complete its erythrocytic schizogony in 24 hours
{Ramakrishnan and Satya Prakash, loc. ¢it.). In four mice infected with Strain 1
and five rats with Setrain I1, the number of mature gametocytes in a population
wf 200 parasites were counted in smears taken every four hours through fourteen
days. Twenty-four hour counts were totalled up and are shown in Charts 1 and
2 as actual numbers as well as percentages.  The percentage curve of gametocytes
in mice: showed a rythymic rise on the second, sixth and tenth days respectively.
In rats on the other hand a similar rise was seen on the first and the twelfth day
respectively, It would scem that mature gametocytes appeared in the peripheral
blood in waves at intervals of about 3 to 4 days during primary »arasitzmia,
(Gametocytes were not patent in peripheral blood when the asexual parasites
became sub-patent during the chronic phase of infection in rats.
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CHART 1.
Pberghei GAMETOCYTE PERIODISITY IN ALBINOG RATS
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EFFECT OQF SERIAL PASSAGE ON GAMETOGYTES.

At the time of writing, as already stated, Strain I had undergone one hundred
and forty-five and Strain I1 forty-five serial passages in albino rats. Gametocytes
of Strain I showed no change whatsoever, either in morphology, staining reactions
or their numbers. Those of Strain 1I, however, showed certain changes in respect
of the males as described earlier.

EXFLAGELLATION STUDIES.

Thin blood films from infected mice, rats, squirrels and harmsters kept in
4 moist chamber at room temperature in summer at Delhi for intervals of 5 to
6o minutes, and later dried, fixed and stained, failed to reveal any exflagellation of
microgametocytes, Such observations were repeated several times,

Smears of gut contents of mosquitoes fed on gametocyte carriers were
examined at intervals of 5 minutes during the fiest half hour and then at half hourly
intervals through 24 hour periods. Neither exflagellation of microgametocytes,
nor zygotes or ookinetes could be observed.

PARASITIC RELAPSE.

Parasitic relapses were shown to occur in about fifty per cent of rats with
chromc infection {Ramakrishnan et al., 1951). It was also shown that such
relapses were transient, rarely lasting for more than g days. Careful examination
of bleod fikms of six rats during relapses failed to reveal gametocytes,

THE VERTEBRATE AND INVERTEBRATE HOSTS.

As seen from the previous scction, hoth Strains 1 and I of P. berghet produced
gametocytes in all the four hosts namely, mice, rats, squirrels and hamsters, Ten
species of Anopheles, Gulex biteniorynchus and A&des egypti were fed on different
gametocyte carriers. Gametocyte counts at the time of feeding are indicated in
the Tables against each animal. With the exception of one specimen of A. stephensi
itype) fed on infected albino mouse, which showed sporozoites in its saflivary glands,
all the other attempts to infect mosquitoes were unsuccessful.

Tables II to V and VI to VEHI depict details of mosquitoes dissected after
a single feed on one of four different types of hosts infected with either Strain 1
or IT of P, berghei,

On the basis of observations by James (1g26) that mosquitoes which at first
seemed refractory to infection could become infected by repeated fecding on
suttable patients, some were fed twice and others thrice on gamctocyte carriers
uf Strain I before dissection. The details are given in Table TX.
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Tasen IfI

Analysis of dissection of masquiloes afier a single feed on albino rals with
gametocyles of Strain 1.

] E Fnterval in Number Gametocytes
Mosquita species. . Number fed. : days between | dissected for per 10,000
; feed and gut and gland. | erythrocytes.
: dissection.
Edes mgypt 288 6 to 19 54 19-38
A, annuigris e 2475 i 5 to 21 1164 4~56
A, stephensi (mysorensis) 2422 5 io 22 947 3-42
Al stephensi {type) 1324 5 10 20 353 346
A. subfictus 99 8 to 13 1Y 7-R4
4. culicifacies 1 313) - 409 I 50
A. splendidus 20 {11 to 20 4 YI-17
A, hyreanus 5 G 4 22-27
A, jamesi 52 B to g 1) o-18
A. fhuviatilis g0 7toh 5 E 20-37
Tapre IV.

Analysis of dissection of mosquitoes after a single feed on albine mice with
gamelocytes- of  Strain I

' Interval in | Number P Gametocytes
Mosquity specics. Number fed. * days between | dissectedfor!  per 10,000
’ feed and : gut and crythrocytes.
disseciion, o glands.
Aides wgypti 4 7 1 o-06
A, annularis 79 0 to 13 38 12—28
" .'i?_s.t.ephms‘i {mysorensis) 1278 5 to 22 515 6-160
A. stephensi (type} 335 4 to 19 fo* 1B-71
A. hyrcanus 2 3to 4 2 22-27

. *_Sporomltfs found in the glands of one s;pecimt‘n»



Tasre V.

Mosquito transmission of Plasmodium berghei.

Analysis of mosquitoes dissected after a single feed on R. rattus with gamelo-

evtes of Strain L

Gameiocyles

. Number fed. -

Interval in

Mosquito specics, per 10,000 Numiber days between
ervihrooyies, dissected, | feed and
; clissection,
ks .l___..._ R

A. annufaris | 16 10 59 520 241 ll 3 o 23

A, stephensi (mysoremsis) | g to 28 i "3z 210 t 3 to at

A, siephensi (type) 6 1w 44 afiz 76 E ¥ 10 21

A. subpictus T o 23 587 35 ] 3 to 13
A, pulcherrimis Not countel. 1 1 ' 14

TasLe VI

Analysis of mosquitoes dissecied after a single feed on squirrels wilh
gametocyles of P. bergheil Strain 1.

E 1 !

; ! Intervai Gamelonyles
Masguito  species. © Numnber fed, Number | Dbetween feed per 10,000

: dizgsected. | and dissection | erythrocytes,

. i in days.

A, annsdaris By ! 67 E 5 to & 1110 24
PR ; | ; — JR— .
A. stephensi (type) e £ 20 | 14 ; 7 to 15 T te 24

. I

Tanste VII.

Analysis of mosquitoes dissected after a single feed on albine mice with

gamelocytes of Strain I

Y !

. Interval in  : Gametocytes
Mosquito specics, Number fed. ;' Number days hetween | per ro,000
; 1 dissected, leed and i t-rvlhrot,ytr's
; dissection. |
: i i
A. siephensi (type) l 13 : I 9 1 Noi ¢ounted.
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TasrLe VIIL

Analysis of mosquiloes dissecied after o single feed on albine rats with
gamelogytes of Strain I1,

! ! i
) ) : 3 X Toerval in 0 Gametovytes
Mosquite  specics, o Number fed. ¢ Namber days between | per 14,000
: i dissected. feed and | crythrocyles.
i i dissection, |
AL stephensi {mysoriensis) ‘ g2 ‘ 13 5 to 14 8 to 28
A, stephensi (type) | 979 i 243 7 to 15 { Nod counted.
. il : N
Tedes g ypls 893 i 8 6 to 13 | Notcounted.
Ao annalaris 316 | 8y 2 to I5 Not counted.
i

Tasre X,

dnalysis of mosquilves dissecied after a single feed on Jumyters wilth
gametocyles of Strain IF,

L
{ ’ Fnierval v | Gamtoceyles
: P Number ! davs between | oper o000
Mosguily species, © Nuwmber ted. | dissected, feed and l erythrocytes,
) dissection. [
A, amwularis e g4 f 76 ‘ 50 14 % Not counled.
A. Jhotatilis 27h 304 1 2 10 22 E 18 to 147
A, stephensi (type) 2743 1379 [ 2 lo uz ] 18 to 147
(L biteniorfpnehus 3 3 l g to it l 44
Fides wgypti e 4 4 ! g9t ] 44
i i

Although gametocytes were numerically present in biood cu the day the
mosquitoes were fed, it was considered possible that they were not sulficiendy
mature to progress in their development.  Tn the absence ol any test for maturity
of gametocytes the only possibility was to feed mosquitoes on consccutive days
on the same gametocyte carrier, on the chance of some gametoeytes being mature
on any one day of their patency. Details of such feeding are given in
‘Tables X and XI.
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Tasre X.

Analysis of mosquitoes dissected afler multiple feeds on rodents with
gamelocyles af Strain 1.

! | !
! NUMBER DBSEGTED AFTER. ! ;
) i i Interval in  ;Gainetocyies
i | days between | per 16,000
Mosquito species. | Rodent. dissection  [erythrocytes.
i and last
E feed. i
E, 142 ‘ 29 Albino rat 5 to 2F 1 1 0 56
A. annularis ; I |
4 I Nil Ratiss raifus 23 ' 16 to 59
107 J 25 Albino rat 20 i 3 to 46
A, stephensi (type) :
10 } Nil R. ralius 21 E 610 34
.:'l..rt.fpkm.fi (mvsorensis) <) I I i. Albino rat 22 i 3to 42
A Jjamesi 7 l Nil | Albino rat rg £
A, splendidus 3 N Albino rat 20 17
TapLe XI.

Analysis of mosquitoes dissected after multiple feeds on consecutive days on albino
rats with Strain I from the day of inoculation.

Number af days Interval in days
Moasquite species, consecutive feed) Number fed. Number hetween dissec-
on the same rat. clinsected. tion and last
i feed.
6 100 | 15 | 210 5
A. annulariy S
9 212 i 7 l 1 to 14
[ 354 i 48 f 15 to 16
6 259 54 15 10 Igm
Ao stephensi {Lype) - S Y |,_. { 2
4 183 | 17 i 13 to 1h
g 7o | Gz I 7 to g
DISCUSSION.

For a parasite that was first discovered in its sporozoile stages occurring
naturally in 4. duremi (Vincke and Lips, 1948) attempts at experimental infection
of mosquitoes with P. berghet have offered considerable difficultics. The data
presented in this paper cover most factors known to influence plasmodial infection
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in mosquitocs.  Each one of the factors will be discussed below in order to examine
the reasons, if any, for the failures and account for the successful infection of 4,
stephenst, 4. quadrimaculatus and 4. maculipennts {(atroparvus) by Yoeli and Wall (1951).

THYE PARASITE AND GAMETOCYTE,

[t would appear that gamctocytes as determined by their morphology and
cytology were produced by both strains of P. berghei in raice, rats, squirrels and
hamsters, but were not infective (o a variety of anopheline species and Culex
bitemorynchus and Ades agypti.  The number of gametocytes and the ratio between
sexcs were not inadequate for infection of insects,

After repeated failures to infect mosquitoes with gamectocytes of Strain 1,
it was considered that serial passage may have modified them in some way and a
{reshly isolated sporozoite-induced Strain IT was obtained.  As pointed out carlier,
gametocytes of this strain also were found incapable of infecting mosquitoes.  As
stated earlier microgamctocytes of Strain 1T when received, stained pinkish
or biscuit coloured and the diflercntiation between chromatin and cytoplasm
was slight.  As already mentioned, such a picture of microgametocytes was
identical to that found in the type slide of an infected hamster, obtained from the
London School of Tropical Medicine,  After the tenth passage in rats they looked
like those of Strain I and again resumed their original characters after the second
hamster passage.

Vincke and ILips {foc. ¢il.} reported exilagellation of microgametocytes in
gut contents of some mosquitoes {fed on infected mice. Coradetti and Verolini
(1951) ohserved exilagellation in vifro of microgametocyics situated in mature
erythrocytes after 15 1o 20 minutes in a moist chamber. In the present series,
exflagellation of male gametocytes of either strain {from any one of the five verte-
brate hosts could not be observed either after exposure to moist chamber, or smears
of gut contents of mosquitoes soon after their feed.

It appeared that gametocytes of P. berghei present in mice, rats, squirrels
and hamsters were [or some unknown teasons functionally deficient and were
incapable of infecting the several species of mosquitoes used during the investigation.

THE INVERTEBRATE HOSL.

OF the three Avopheles species that have been successfully infected with
P, herghei in the laboratory, namely, A. stephensi, A. quadrimasulatus and 4. macult-
pennis {atroparvus) (Yoeli and Wall loe. cit.), at least one (4. stephensi) was employed
extensively in the investigations under report. Both the known varicties of this
mosquito, type and mysorensis, were fed and dissccted in large numbers, with
negative results except the single specimen of 4. stephensi (type) which was positive.
As A. stephensi was included in the series, it was justifiable to conclude that
negative results of the investigation were not due to unsuttability of mosquitoes
but to some other factor.

Yoeli and Wall (lac.ciz.) showed that the extrinsic incubation period was seven
days in mosquitoes stored at 788 to 80'6°F, The temperaturc and humidity
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conditions in the insectary under which insects were stored after feed were lound
to be suitable for the survival of a good number of the mosquitoes for two and three
weeks longer than the known extrinsic incubation period.

Jaswant Singh, Ray and Nair (1949 : 1950) reported positive infections
of P. knowlesi in A. stephensi and A. annularis stored in the same insectary under
identical conditions. It appeared, thercfore, that environmental conditions
in whick the mosquitocs were stored, were not responsible for negative
results.

THE VERTEBRATE HOST.

The report of successlul infection of 4. siephensi, A. maculipennis {airoparvus)
and 4. quadrimaculatus fed on infected hamster by Yoeli and Wall iloe. ¢it.) who
also observed that attempts to infect A. stephensi from infected rats were unsuccess-
ful, indicated the important part played by vertebrate hosts in such experiments.
Such a phenomenon is not entircly unknown as Hufl (1948) showed that game-
tocytes of P. relictum in pigeons were not infective to G pipiens whilc the same strain
of parasites when inoculated into canaries, infected these mosquitoes.  Reference
has alrcady been made to failures to infect mosquitoes from mice and cotton rat
by Vincke and Lips (loc. cit), Raffaele and Baldi (loc. aif.) and Rodhain and
Vincke (loc. eit.).

With the above background in view, hamsters were obtained. Attempls
10 infect mosquitoes from these hosts infected with the more rccently isolated
Strain IT were also unsuccessful. The number of hamster passages of the strain
were limited to two due to non-availability of more animals.

1t would appear justifiable to conclude that the gamciocytes of P. berghei
were in some way modified in the mice, rats and squirrels and therefore, were not
infective to mosquitoes. The modification did not appear to be transient and
caused only by the erythrocytes or the plasma of the animal as two serial passages
in hamsters did not render them infective to mosquitoes., It is not possible to
forecast whether successive passages into a Jarge number of hamsters wonld render
the strain infective to mosquitoes. It would be highly interesting if such proved
to be the case.

SUMMARY.

The conditions under which attempts were made to mfect a variety of mos-
(qutoes with P. berghei from infected mice, rats squirrels and hamsters are des-
cribed.  The aftempts were unsuccessful except, in the case of a single specimen
ul A, stephensi {type) fed on an infected mouse,

Each of the known facilors influencing successful infection ol mosquitoes,
namely, the parasite and its gamctocytes, the vertebrale and the invertebrate
hosts and the temperature and humidity conditions in relation to the mosquitoes,
are fully discussed.

It is concluded that gametocytes ol both sexes were present in mice, rats
and squirrels but were in some way inhibited from infecting mosquitoes, The
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strain was passaged through hamsters twice and gamctocytes in them also [ailed
1o infect mosquitoes.  The question is posed whether serial passage through a
large number of hamsters will revive the gametocytes functionally.
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NOTES ON KALA-AZAR AND ITS CONTROL IN
ISWARGAN] THANA, MYMENSINGH
DISTRICT, EAST BENGAL.

BY
G. GRAMICCIA.
{Senior Malaria Adviser, World Health Organization.’
AND
G. SACCA.*
{Istituto Superiore di Sanitd, Roma.)
{May 18, 1953.)
INTRODUCTION.

Tue present investigation was carried out in the course of a malaria controf
demonstration campaign m East Pakistan (Bengal) by a World Health Organiza-
tion/United Nations International Children Emergency Fund Team assisting the
Pakistan Government. Although the survey and control measures were primarily
meant for malaria control, advantage has been taken of some facilities offered by
the local Ministry of Health in order to make some observations on Kala-Azar
incidence and its eventual control by spraying D.D.T. residual as was employed
for malaria control.

Insufficient time, means and personnel which counld be detailed for observa-
tions on kala-azar, as well as completion of the antimalaria project, did not permit
for the collection of statistically significant observations. For the same reason it
was not possible to confirm the interruption of kala-azar transmission after D.D.T.
spraving, suggested by some of the findings.

Tt is nevertheless believed that the present observations may, as a whole, -
contribute to some extent to the knowledge of the problem in this area.

*Whose participation in this rescarch is limiied to the classification of Phicbolgnms collected.

( 83 )
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‘I'wo aspects of the kala-azar problem in Iswargunj Thana are dealt with 1 —
i. A study on the diffusion of kala-azar and its epidemiology;
2. Some results of D.D.T. residual spraying,
Programme of the research included —
i«) A preliminary survey in a definite arca, including spleer: and blood
test (aldehyde test) of children below 15 years.
Collection of Phiebotomus.

16y Spraying with D.D.T. residual of part of the area,

t¢) A follow-up survey including :
Spleen and blood test of the children alrcady examined during the
preliminary survey.

Scarch for Phlebotomus.

1. Deseription of the area.—Iswarganj Thana, part of the districr of Mymen-
singh, lies in the central part of the plains of Bengal at 24° 50’ Jatitude north and
o 50" longitude east.  The area is intersected by innumerable water courses
originating from the Brahmaputra River. The altitude is under 100 feet; the
sub-soil water level varies from g to ro fect according to seasons. The vegetation
is huxurious. The land s mostly made of silt, Population density is very high :
1,250 per sq. mile; the people living mostly in bambeo huts, usually built over
a Jow platform of pressed earth and arranged in groups of 3 to 4 huts per family,
each hut being meant for a different purpose (stable, sleeping room, store, visitors’
room). The walls of the bouses are mostly made out of bamboo and plastered
with mud mixed with cow-dung. Replastering is performed by the inhabitants
usually once a year at the end of the rainy season, ie., during November, A small
percentage of houses (roughly less than 1o per cent) have their walls made of
corrugated iron sheets, bricks or cement. ‘There are a few villages with grouped
houses, most of the compounds heing evenly scattered in the cultivated land.
Mean monthly temperatures vary from 64°F. in January to 82°F. in August.
Rainfall occurring mostly during monsoons (May-September) averages g1°3g inches
per year.  Relative humidity at 8 a.m. varies from a monthly average of g2 per
cent (September) to 79 per cent (April).

The area of observation included the Union Boards of Iswarganj, Dowhakola,
Ramgopalpur and Sohagi, with a total sarface of 42 sq. miles and a total population
of 45,000 (Map I). Malaria is predominant in this arca, spleen index among
children being 55 per cent and parasite index 11 per cent in the month of June,

2. Method of collection of data.—The diagnosis of kala-azar ceses has been
based upon @ (1) Results of serum tests; {2) Enlargement of spleen.

Among the various serum tests all depending on the increase of the euglobulin
fruction, and particularly the most used tests of Napier {aldchyde) and Chopra
vantimony), the authors have chosen one based on the aldehyde. Although the
antimony test has the advantage of giving a positive result earlier in the disease,
it is liable to give {according to Napier and others) a false positive reaction in
cases with a large spleen not due to kala-azar, which would have been a dis-
advantage in the arca upder observation which is hyperendemic for malaria. The
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incubation period of kala-azar is considered to be 2-4 months, which means that
a total of 5-9 months elapses from the moment when the infection has occurred
to the period when the test gives a full positive result. The two surveys performed
in the area under observation were made at an interval of 7-10 months.

Mar 1.
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In the original Napier’s method, one or two drops of commercial formalin
are added to 1 c.c. of clear serum. In a strongly positive result the serum becomes
solid and completely opaque, like the white of a hard-boiled egg, within a few
minutes; if it becomes completely opaque within 24 hours, the result is still positive.
Doubtful results are expressed by solidification of the serum with various degrees
of cloudiness. In a negative result the serum remains crystal clear, although it
may solidify. A comparison of aldehyde test result with splenic erlargement is
necessary according to Napier, to judge of doubtful serum vesults, according to
the following table,

Stze of spleen. ALDEHYDE tBST READING.
According 10 Hackett - : -

{1944} i Pasitive. . Doubtful, Negative.

] n
-5 o Ralaazar | Doubtiul Not Kala-azar

i ——el- Vo e s ammrwm——————— e e

3 ; Kala.azar Probably Mot Kala-azar
5| Kala-azar

2 } Kala-azar Kala-azar Doubiful
! :

1 ; Kala-azar g Kala-azar P . Doulrful

Instead of the original Napier’s test, the authors have used the modification
described by Raghavan (1949) which is performed in capillary tubes and does not
require drawing the blood from a vein.  This excellent and simple method allowed
the authors to perform several thousand tests in a milien which would otherwise
have made the research almost impossible.  Raghavan {ler. cit.) suggests also
that eosin be mixed with formalin or urea-stibamine as it affords a better chance
of diffusing the reagent through the plasma. The changes in colour of eosin makes
the reading easier, We have used Raghavan’s capillary tube method without
vosin, using commercial formalin 40 per cent as a reagent.

Capillary tubes 1 m.m. in diameter and g c.m. long are employed for this
method. A small amount of 2 per cent potasstum citrate is introduced by capil-
larity into the tube to about i1f4 of its length.  Then a small amount of blood
exuded from a pricked finger or ear lobe is added to the tube by capillarity to about
2{g of the length of the tube. The capillary tube is then stuck vertically on a
base of plasticine and the blood cells are allowed to sediment. After the plasma
has well separated {after about 2 or § hours) the lower portion of the capillary tube
containing deposits of cells and plug of plasticine is hroken and discarded; the
portion contatning the column of fluid is brought into contact with 4o per cent
formalin or urea-stibamine and the liquid allowed to enter by capillarity into
the tube to reach together with the fluid a total length of about g/4 of the tube.
‘Fhe positive K. A. scra give a leucogel reaction in varying periods of time from a
tew minutes to g hours. According to Raghavan (loc. ¢it.) a number of com-
parisons between the capillary tube method using aldehyde and the original
Napier's method gave almost identical results. Some comparisons made by the
authors confirmed this statement, Occasional checks with normal sera were
also made,
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Spleens were classified into 5 classes according to Hackett (1944). All
the cases which fell in the categories situated below the line drawn on the table of
interpretation of the results given above, were considered positive for kala-azar.
'The survey was performed by house to house visits in the selected area and the
(ollowing data were collected : age of the patient, size of the spleen, resuit of
kala-azar test, result of blood examination for malaria, occurrence of other kala-
azar infections in the same family, occurrence of mixed malaria and kala-azar
infections.  Tndividual kala-azar cards were issued for each person examined
irrespective of whether he had given a positive or negative kala-azar test in order
that he might be traced again for control in the subsequent survey. Blood from
adults of over 15 years who showed clinical symptoms of kala-azar were also
tested. Each individual (adult or child) who gave a positive kala-azar test, was
given a course of treatment with urea-stibamine.

Phlebotomus were collected once every week from suitable catching stations
selected beforehand. Fach catch lasted half an hour. Collections were made
inside the houses by means of aspirator tubes. Identification of phlebolomus
could not he made locally on account of lack of literature, The species were
identified only a few months later,

The first survey lasted from January to June, 1950, and as many children
below 15 years as possible were examined in the area.

The second survey lasted from October, 1g50, till January, 1951, and the
various villages were surveyed in the same order as in the first survey. During
this survey all children who could be re-traced and who had given a negative
kala-azar test during the first survey were re-examined and re-tested for kala-azar ;
the purpose of this second survey was to find out whether any of the children who
were negative in the first survey had become positive in the meantime. Regular
fortnightly catches of sandflies were carried on from the beginning till the end of
the observation period.

For purposes of DDT spraying operations the area under observation was
divided into two scctions : One included the Union of Dowhakola and part of
Iswarganj and Ramgopalpur unions where all the inside surfaces of every struc-
ture were firs¢ sprayed for malaria control purposes, in June tg49 with D.D.T.
at the rate of 2 gm./sq. meter., This area bad a surface of approximately 17 sq.
miles and a population of 19,000 inhabitants. The other section of the area
including the Union of Sohagi and part of the unions of Iswarganj and Ram-
gopalpur was left unsprayed as a check area and was eventually sprayed for the
first time in May-June, 1950, with the same dosage of D.D.T. The two gm. D.D.T.
per sq. meter sprayed on the walls maintained its lethal effect for over 14 months
irrespective of the nature of the surfaces existing in the area, on which it had been
sprayed as proved by means of hiological tests conducted on anophelines.

RESULTS.

{a) Spleen and blood tests~During the first survey which lasted from January
to end of July, 1g50, 6,108 children below 15 years were examined in 82 villages,
2,718 children were found with enlarged spleen (44°5 per cent spleen rate), average
enlarged spleen heing 1'9. 510 children gave a positive aldyhyde test, making
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a total of 8-35 per cent of the children in the area, positive for kala-azar. The
average enlarged spleen of the kala-azar test positive children was 24, In 61 out of
149 familics, in which positive kala-azar cases were found, there were more than
one kala-azar patient in the same family (41 per cent of the familics had more
than one person infected). The following table indicates the distribution of positive
kala-azar cases lor age groups out of 276 cases -~

: | ! Number
i Numbher positive | i Number posi- positive for
Age. | for kala-azar. ] Age. | Uve for kala-azar. Age. kala-azar
15 EI 34 1o g 5 32
g | 9 | 9 30 4 12
]
13 ! b3 I 1 3! q 11
2 | 32 7 1 2 3
11 ! G i G 11 1 | H
i ' :

The youngest kala-azar paticnt found was a baby 16 months old.

The following table shows the coincidence of malaria and kalu-azar in the
same person —

Patients with positive kala-azar test examined for malaria 123

Positive for malaria also 10

Percentage of mixed malaria and kala-azar infections  8°1 per cent

Species of malaria found ... .. 7 P. Jaiciparum
1 P. visax

a2 P. malarie

Fight of these with both infections were below 15 vears. The other two
were respectively 25 and 4o years of age.

Since the general malaria survey of the same area had given a malaria parasite
rate of 1170 per cent among the children, it is reasonable to infer that there does
not appear to exist any relevant incompatibility for malaria and kala-azar infec-
tions in samc individoals.

The second survey was started in October, 1950, and continued tili January,
ign1. 3,052 children that had been kala-azar negative at the time of the first
survey, were retraced and retested.  Of these, 899 were living in the area sprayed
since 1949 and out of them only one {o"11 per cent) gave a positive kala-azar rest,
bt the boy gave a history of having been outside the sprayed area for two months
{May and June). 2,153 were living in the area sprayed for the first time only in
May-June, 1950, and out of them 40 (1-85 per cent} gave a kala-azar positive
test. This suggests that kala-azar transmission had occurred to a certain extent
since the beginning of 1950 in the area that had been sprayed for the first time
m May-June, 1950, but it had not occurred—or only to a very limited extent—in
the area sprayed since 1049.
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Catches of Phlebotonus gave the following resules @

UNSPRAYEL STATIONS.® D.DUT. seraveD sTaTIONS.T
Monh 5 Number i Thiore. | Namber R,
mus were found. ¢ mus were found.

e e o - ” — ,

Apr. ) 12G 19

May | 135 3

Ju & 2 ] i "

Jul. 29 3 :

Ang, | f) :r 4 sf 1l

Sept. 20 i g .

Ol i ¥ 4 ,

Nov. . 5% 14 5

e 25 . 4 :

* Sixicen catching stations scarched for hall an hour once a week located ontside the
spraywd area.

T Fivecaiching stations searched fur hailan hour onceawecklocated in theareasprayed
since Junc, 1g40.  These stations were positive for Phiebolomas before thar date with an
index comparabic 1o that of the stations it the check area, but on account of the ivregular
visits performed for only 2 months before (hat date, the results ohtained are not given here
in detail. 'Fhe spraying was peeformed in June, 1949, and in Mav-June, ig50. 11 may be
added that besides the fixed catching stations, all other premises i the sprayed area which
wete regularly being searched for mosquitoesonceevery week onaecount of a contcmporary
malaria control programme {25 premises) were never positive for sandflies during this period.

+ Found in one house at Kataria {Dawbakola) on August 7.1950, The house had
been compleicly rebuiit with new bamboo walls {unsprayed) two monthshelore.

This table shows a considerable increase in the Phlebolomus population of
the area left unsprayed in the pre-monsoon months (April-May) and a minor
increase after the monsoon (November). Phlebotomus population seem to show
its lowest ebb during the monsoon (June-September). This is in accordance with
Napier’s finding. Further, the table shows that no Phiebotomus have been found
in the premises sprayed with D.D.T., with the single exception noted above.

Unfortunately, lack of technical literature on the spot prevented the authors
from making an immediate diagnosis of species of the Phlebotomus captured, and
the local climatic conditions spoiled a Jarge number of the specimens caught. By
the time a proper identification could be made of species, only 134 specimens
were left in good condition.
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The specimens examined belong to the following species :—

3 ?
Phlebotomus argentipes, Annandale and Brunetti, 1908 I 0
Phlebotomus {Prophichotomus} squamipleuris var. indicus,

Theodor, 1951 .. 8 34
Phiebotomus {Prophlebotomus) africanus var. asiabicus,

Theodor, 1933 vee 12 48
Phlebotomus (Prophlebotomus) shortti, Adler and

Theodor, 1937 16 15

37 97

Total specimens = 134

‘The only important fact which arises from this observation is the scarcity of
specimens of P. argentipes found in this highly endemic area {only onc male, ie,
075 per cent of the total specimens examined). No definitc conclusions can he
drawn from this insufficient observation, but the fact is nevertheless worth noting,

SUMMARY.

A kala-azar survey in an area of East Bengal {Iswarganj Thana) ol 6,108
children below 15 years by means of formaldehyde test in capillary tubes showed
$:35 per cent positive,

Notes on seasonal incidence and prevalence of the species of sandflies are
reported as well as some observations regarding the effect of D.D.T. spraying on
kala-azar transmission,
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gramne, g kilogramme, kg cenugramnte, cg.; milligromme, mg.o;  mese, m
ilometre, km. ; centimewre, cm. ;  millimetre, wm. ;  cubic centimetre, c.c.;  cubic
miltimetre, c.mm. ; cubic foot, c.ft,

N.B.—1In order 10 avoid ambiguity the word " grain * should be written in full.

Where degrees of temperature are given, the scale used should always be specified, e.g. 37°C., g8°F.

T'o indicate a percentage, © per cent * should be used, and not the aymbol 7.

The decimal point should never be placed av ihe beginning of a number ; e.g. the form 5 should
he used, not 5.

Dates should be written as folfows s-—Felbruary 21, 1940,

[LLUSTRATIVE MATTER.

‘Cesaperature chars, graphs and drawings should be in Indian ink.  These, as well as photographs,
should be uncrumpled and suitable for direet reproduction.  All details and lettering should admit of
reduction to the size of the page of the * Journal ¥ without loss of clearness.

Hllustrative matter should Le definitely arranged by the author as so many text-figures or plates,
as thy case may he, having due regard to the size and shape of the page of the Journal, and the capacity
of the drawings or photes for reduction.  The approximate positfon in the text to be oceupied by Tables,
Figures, ete., should be clearly indicated.

The use of colonrs should be avoided. Thus, in maps, hatching and cross-hatching should
e used wherever possible, whilst in graphs unbroken lines, dots, dashes, or dots and dashes combined
should he employed, instead of lines in different colours,

Large plans, tables, maps, etc., which cannot be reduced to the size of a page of the
Journal, or at most a stugle folded leaf, will not be accepted.

Tn the case of photos for reproduction, instructions to printer may be twarked on the back of the
pring, lightly, with 2 soft pencil.  Never write on a picce of paper and aitach it to the print with a clip,
hecause the mark of the clip will show,

REFERENCES.

"Fhe following is the form used, the reference heing quoted in the texe as ° Ghristophers (rgis) .
‘The references should be arranged in alphabetical order of authors’ sutnames at the end of the paper :—

CHrwstoeneks, . R, (1g15).  The spleen rate and other splenic indices.  Jnd. J. Med, Res., 2, 4,

’ pp. B23-866.

The title may be omitted, but the reference should always give author's same, year, abbreviated
name of journal, volume and pages.

The abbreviated name of the journa should be in italics, the number of the volume in heavy type.
All figures should be in Arabic, as abave.

When there are references to two or mozr: papers by 1he same author published in the same year,
the letter @ should be placed immediately after the year in the first case, the tetter § in the second case,
and go on ; e BLan, J. (19384},

The following are some of the abbreviations in uw -

Amer. . Hrg. Ind, 7. Mal. Rew, Ipp. Ent.

Anrn. Trop, Med. Parasit. Ind. 7. Med. Res. Riv. Malariof.

Brit. Med. F. F. Mal_ fast. Ind. Trans. Roy. Sve. Trop. Med, Hyg.
Bull, Ent. Res. Jl R A M C Trop. Dis, Bull.

Bull, Soc. Path. Exat. J. Frop. Med, Hyy. LA 4 Pub. Hith. Rpis.

. R. Sec. Biol, Meded. Volk., Ned~fud.
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STUDIES ON PLASMODIUM BERGHEI N. SP. VINCKE
AND LIPS, 1048

XI. Hematology of Blood-induced Infections in Albino Rats.*

BY

S. P, RAMAKRISHNAN,

SATYA PRAKASH

AND

A K. KRISHNASWAML

{Malaria Institute of India, Delli.;
L March 13, 1953

Some aspects of hematology of P. berghet infections in albino mice were
studied by Galliard and Lapierre {1g50¢). Shmilar studies were reported in respect
of albino rats by Coradetti and Verolini (1951), who confined themselves to
changes in erythrocytes. The present study deals in detail with the hematology
of malaria in albino rats during untreated acute and chronic infections and para-
sitological relapses. The investigations reported here were carried out during 1951
and 1952.

MATERIAL AND MEYHODS.

A few of the albino rats were available from the colony at the Institute and
the rest were purchased from other sources.t The animals used in the studies
were full grown adults 15 to 20 weeks old.  They were all fed once a day on
a standard diet and provided with water in hottles.

‘The strain of parasite was the same as reported previously (Ramakrishnan
and Satya Prakash, 1g50) maintained in albino rats by serial blood passage.
"The dose of infection in each case was 80,000 parasites inoculated intraperitoneally.

Blood was drawn from the donor by pricking the tip of the tail after cleansing
it with methylated spirit and allowing it to dry. Undue pressure on the tail was

*The mv;mﬂgauon was Ii:ta.rtl.y financed by a grant from the Indian Council of Medical Research.
{HaiTkine Institute, Bombay, and the Indian Veterinary Research Institute. Lzamagar,
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44 Hematology in blood-induced infections.

avoided in order that the samples of blood may be uniform, The drawing of blood
for the different counts was carried out between g and 10 a.m., before the animals
were fed, in order to avoid variations due to tides of the different cells in rela-
tion to food and different times of the day {Taliaferro and Kluver, 1940).

The total erythrocyte and leucocyte counts were made by standard methods
wsing a Spencer ** Bright Line ” hwmocytometer.  Final figure for cach sample
represented the average of counts made In two counting chambers.  For differen-
gal erythrocyte and leucocyte counts, air dried thin films werc made and stained
by the rapid method of Jaswant Singh and Bhattacharfi {1944}. Parasites werc
enumerated in dry smears against 10,000 erythrocytes inclusive of the polychro-
matophilic cells,

To stain reticulocytes, a drop of cne per cent sofution of brilliant cresyl blue
in normal saline was mixed with a drop of blood for half to one minute and then
a smear made {Kolmer and Boerner, 1945). This was air dried, fixed with methyl
alcohol, and counterstained with ].S.B. stain {{oc. 6it.).

DEFINITIONS,

The designation mature erythrocytes, was given to the circular non-nucleated
acidophilic corpuscles in the sense they were mature forms, Polychromatophilic
arythrocytes stained basophil and were larger in diameter than the above, and
were also non-nucleated.  The term erythrocytes includes both the above.

The neutrophil leucocytes were similar to the onc-seen in human  blood.
There were some forms which looked like immature neutrophil leucocytes {La
Cour, 1944) and had annular or ring shaped neuclel with thickenings at different
parts and these were counted as ncutrophil leucocytes. The large and small
lymphocytes were counted together. The eosinophils and the basophils were
characteristic as in human blood.

NORMAL HEMATOLOGY.

The normal blood picture was determined on sixty diffecent occasions and
the average of counts are shown in Table I,

Tagre L

Normal hematology of adull albine rals.
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In the normal rats, the number of erythrocytes were found to vary between
six and seven millions and the leucocytes between eleven and twelve thousands
per conm. Two to three per cent of the erythrocytes were found to be poly-
chromatophilic celis. The neutrophils and the lymphocytes were about equal in
number while the monocytes formed nine per cent of the total.  These figures were
at variance with the averages reproduced below for hoth sexes for Wistar strain
of rats (Farris and Griffith, 1949).

Erythrocytes, | Leucocytes | EMFRERENTIAL LECGOGYTE COUNT PER CENT.
MMBONS & POF G e am o e e i e e
per comm. : Neutrophils. :Lymphocytmf Monocytes. | Losinophils. ;| Basophils.

-I _____ ? s e § S

435 9000 1 O 2 . =

Explanation for the difference between the normal counts of Jocal rats and
standards for the Wistar strain is not known. It is possible that climatic conditions
may play a part. Another factor responsible may be that the local strains were
not infection-free as was found in a separate experiment, when large numbers of
them after splenectomy showed infections of Bartonellosts.

HAMATOLOGY OF ACUTE MALARIA,

Parasites were patent i the peripheral blood for about 20 days doring the
acute infection.  Fifty-two rats were inoculated and, haematological as well as
parasite counts, were made on them on different days following infection. The
average counts are presented in Table T

Vante I

Hamatolog y in acute malaria.
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It was found that as the infection progressed the total erythrocytes were
reduced in number, although there was a relative increase in the polychromato-
philic cells. Further, the increase in the latter was maintained after the peak
of the infection which occurred during the six to ten day period of patency,
Throughout the acute infection the total leucocyte count showed a slight increase
mainly due to increased neutrophils, The lymphocytes were slightly decreased
while the monocytes, eosinophils and basophils remained unchanged.

HAMATOLOGY IN LATENCY.
A group of fifteen animals which developed chronic infections without any
treatment was selected for hamatological observation during different periods of
latency and the results are presented n Table ITI.

TawLe IIH.

Haemaiology in latent malaria,
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*Initial latency,

Soon after the infection became subpatent, the erythrocyte count increased
approaching normal and the proportion of polychromatophilic cells fell as compared
to the acute infection phase. There appeared to be a progressive leucopenia upto

twenty-one weeks. The neutrophils showed progressive decrease while the lymphe-
cytes increased in numbers.
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HAMATOLOGY DURING RELAPSE.

Counts were made in six animals which showcd;pamsitologicai relapse.
The average counts are shown in Table IV,

TasprLe TV,

Hematology in relapse.
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The blood picture in relapsc was in general agreement with that during
latency. The erythrocyte count, however, was depressed due to a renewed
destruction of the cells, The leucopenia of latency continued during the relapse
but the neutrophils were relatively more in number, than during latency., The
monocyte count was depressed almost to that of normal and acutely infected
animals.

Relative proportion of pelychromataphilic cells to normal  erythrocytes—1It was
apparent that the polychromatophilic cells increased during the acute infection
and soon hecame normal in number in initial latency. In advanced latency,
however, the cells were below normal in numbers and again increased during
relapse. The data are summarized in Table V.

TaBLE V,

Average count of polychromatophilic cells per ten thousand erythrocyles in normal
and infecled amimals.

STAGE OF INFECTION.

Neorimal. [ S _
Acute, ¥Farly latency, | Advanced latency. ‘l Relapse

|

iz 3t - ! 270 i 168
' i
*Within 20 days of sub-patency of primary parasitemia.

Reticulocyies.—To determine the proportion of reticulocytes among the
polychromatophilic cells, duplicate smears were made from cach of twelve rats
with early infection and 107t normal animals. One set was stained by the special

+Taken from Table I as polyehromatophilic counts were not made for 107 abservations,
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method for reticulocytes and the other by the J. 8. B. method, both techniques
referred to earlier. The results are summarized below,
TapLe VI.

Relaiive proporiion of reticulocvies o polychromalophils in normal and infected
Fais.

dAverage number . Average number | Percentage of

Oroup ol ‘ Number of - of polychromato- | of reticulocyies | reticulocyies 1
animals, « ahservations. - philic cells per ' per ra,000 REBC, ¢ polychromatn-
: 000 RBG, : phils,
H i 5, .
— R N ; :
Normal ; K7 _ 262* : 203 : 7%
Acute infection | 52 643 | 4801 . 635t
Relapse e 8 _ 163 I 120 ! 74

: : i
#Taken fromm Table I as polychromatophilic counts were not made for 107 ohservations,
tEslimaied from counts made on 11 animalk.

Ii was evident that the reticulocyte count increased during infection,  About
seventy per cent ol the polychromatophilic cells were found to be reticulocytes,
‘The remaining thirty per cent were transitional cells in which the dissolution of
the nucleus was complete, but still stained basophilic, and had not vet become
mature erythrocytes,

Observations were made in twenty-one animals to determine the relative
infestation of polychromatophilic and mature erythrocytes, The results are

summarized in Table VII.
TasLE VII.

Relative infestation of mature and immature ved cells by P. berghei in albino rats.

T T

: ; | } i

Pays after inccula- ] L B T T S B 6 1 5 - 8 g i o

tion. : . ; ! : i ;

AR T E m— S
Number of observa- | ! ! ; | -
tions ., vl - t 5 31 03 2 L T I |

H : i ' . i !
Count per 10,000 erythrocytes.
f ! ! ! | i

Average nunther of . : X ) : :
<ofls parasitized ., 2t Lorgh Coron fo2gs ! 366 [ go8 DO ¢ o136 | 666
Average namber of : ' E :
mature erythrocytes ) ; : :
parasitized P T Y 46 131 (123 26 1 oye el

Average number of
polychromatophilic

romat : P i .
cells parastiized ... | tbo ! 61 | W8 199 lags lagq 142 | 104 478
Percentage parasiti- ’l : ! I\ :I il E
zed polychromatophils | ; i : ! i
w total number of i ! i [
vells parasitized i 61 [ HG { Hq & | 64 84 85 76 )
.| B

H
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DISCUSSION.

Special features of the investigation were that the ammals were of approxi-
mately the same age, the dose and route of inoculation identical in every case.
Procedures adopted for the different counts were uniform and the time for drawing
blood for the observations was kept constant. The handling of the animals was
minimum in order to avoid as far as possible emotional disturbances which are
known to influence the blood picture (Taliaferro and Kluver, loc. cil.}.

Thus, most factors known to produce variations in the blood picture were
climinated as far as possible.  But as mentioned earlier, 1t was found in the course
of other investigations that most of the albino rats from the diflerent laboratories
in India were all infected with Bartenella Sp. In this respect also, the conditions
of expcrimentation were more or less constant as it was almost cerfain that every
apimal carried that infection.

The extensive literature on the hematology of simian and human malaria
was reviewed by Tahaferro and Kluver (lor. cit.), Maegraith (1948) and Kitchen
{1941 : 1949). With regard to erythrocytes in monkey as well as man infected
with malaria, the findings have been consistent in that a large destruction of the
cells occurred in the diseasc giving rise to anemia of a microcytic type with its
attendant stimulation of h&mopoiesis resulting in increased numbers of imma-
ture cells in circulation. The degree of anecmia was greater during the period
when parasitemia was patent and less <o during subpatent infections.

Albino rats infected with P. berghei showed the same sequence of changes in
erythrocytes as monkey and man infected with their respective malaria parasites.
The erythrocyte count of 6'4 million per c¢.mm. in normal animal fell to 46
million during acute infection and rosc again to 67 million during latency.
During a relapse, however, the count fell once more to 56 million (Tables I, TI1
and IV). Proportionately with the destruction of erythrocytes there was an
increase in the number of polychromatophilic cells about seventy per cent of which
were reticulocytes (Tables V and VI). The progressive anamia showed, as
espected, different degrees of anisocytosis and a certain proportion of nucleated
erythrocytes.

The results in Table VIl confirmed the preference of P. berghet to invest
jmmature erythrocytes as previously reported by Ramakrishnan and Satya Prakash
{loc. cit.) and Baldi (1950) and confirmed by Coradetti and Verolini (1951).
Pigment was visible only in mature schizonts in polychromatophilic cells and most
stages of parasites in mature erythrocytes. There were-three possible explanations
for this finding.  One was that there is no hzmoglobin in the polychromato-
philic cells about seventy per cent of which were reticulocytes. This was not in
accordance with known teaching (Samson Wright, 1948} that hzmoglobin is
0 be found in reticulocytes. A second was that hamoglobin may be quantita-
tively present in reticulocytes, but somewhat differemt in quality and therefore not
metaholised by the parasite (Coradetti and Verolini, loc. cit.). A third was that
the hemoglobin content of the reticulocyte was as in mature cells, but the majority
of parasites found in reticulocytes corresponded (o the exo-erythrocytic stage of
development as in P. elongatum (Huff and Bloom, 1935). This possibility was
considered by Ramakrishnan e af. (1951) and by Garnham (1951}
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With regard to the leucocyte picture, opinions are divided and there have
heen observations to show leucopenia to be a characteristic of uncomplicated
malaria as well as others which showed the opposite or a leucocytosis during patent
infection (Taliaferro and Khuver, loc. cit, ; Maegraith, loc. cit., and Kitchen, lo.
¢it.). In the present investigations, a mild leucocytosis was observed in the rats
throughout the period of patent parasitemia of acute infection (Tables I and IT),
This continued in initial latency {Table III), that is, within the first ten days of
sub-patency after acute infection. This observation was in agreement with the
findings of Galliard and Lapierre (19506) who also found a pronounced leucocytosis
during the patent period in rats. After this period, however, there was a leuco-
penia, which persisted during relapse although to a less extent than during latency
‘Table IV},

One of the most uniform findings in literature is that the three types of
leucocytes influenced by malaria are neutrophils, lymphocytes and monocytes.
Opinions are varied, however, in regard to the type and degree of changes in the
three types of cells, The eosinophils and basophils do not seem to be affected
by uncomplicated malaria. Findings in the present investigations were in agree-
ment with the general conclusion,

In the reviews mentioned above, the leucocytosis or leucopenia during the
acute phase has been attributed to changes in neutrophil numbers. The mild
leucocytosis found in rats during the acute phase and early latency was also found
to be due to a relative increase im neutrophils. (Tables IT and JIY).

The most consistently affected single leucocyte in malaria is the monocyte,
Taliaferro and Kluver {{oc. ¢it.) found in simian malaria that increase in monocytes
persisted throughout the patent period but disappeared during latency. A similar
imcrease in monocytes was observed in acute human (P. falciparum) infections
{Bianchi, 1940, quoted by Maegraith, 1948}, and in acute simian infections by
Krishnan, Lal and Napier {1932) and Malamos (1934). In P. berghet infections of
rats, on the other hand, the monocytes did not show any increase throughout
the period of acute parasitemia as well as early latency (Tables III and IV}
Similar findings were reported by Galliard and Lapierre (19504) in respect of albino
mice infected with P. berghei. In established latency, however, the monocytes
showed a definite increase {Table TV).

The present investigation showed lymphocytes were relatively reduced during
the acute phase and early latency (Tables IT and III). In established latency,
however, there was a relative increase of lymphocytes which persisted through the
refapse period. In human malaria such an increase of lymphocytes was found to
accur only during the apyrexial intervals of an attack and Stephens and Christo-
phers (1908) considered 1t a diagnostic sign of malaria. Bianchi {({c. cit.) also
observed a lymphocytosis in acute falciparum malaria. Taliaferro and Kluver
{foc. ¢it.) described an irregular increase in lymphocytes both during patent and
latent infections in simian malaria. The finding that lymphocytosis occurred in
berghet malaria during latency pari pasu with monocytosis is in accordance with
the classical observations of Taliaferro and Mulligan {1937) on the intimate rela-
tionship between the two types of cells,
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Thus, the leucocyte picture of albino rats with P, berghet infection seemed
to be characterised by a mild lencocytosis in acute infection and early latency
contributed by a relative increase of neutrophils. In established latency and relapse
the picture was one of leucopenia accompanied by a relative increase in lympho-
cytes and monocytes,

SUMMARY,

Certain hamartological changes in the cousse of blood-tnduced P. berghei
infections in albino rats have been reported.

A fall in the erythrocyte count during the primary parasitemia—with
a relative increase in polychromatophils—was followed by a recovery during the
latent phase. A similar anzmia was recorded during rclapse.

The parasites showed a selective invasion of the immature erythrocytes,

A mild leucocytosis was observed during the acute stage and early latency.
In advanced latency and relapse the blood showed leucopenia with a relative
increase in monocytes and lymphocytes,
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XIL Attempts to estimate n pipo the acquired immunity
in Albino rats.*
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S. P. RAMAKRISHNAN.
{Malaria Institute of India, Delhi.)

i April 28, 1953 }

“It 1s impossible lo understand the present position of immunology with ils mixture
of established fact, half knowledge, hopeful guessing and frank bewilderment without an
adequate grasp of the difficulties involved in measuring immunily reactions in the living
amimal, and in assessing the significance of such measurements when they have been
vbtained” (Topley and Wilson, 1947).

The degree of enlargement of the spleen provides an indirect method to
assess the immunity quantitatively in malarious individuals as well as community.
Homologous superinfection accompanied by negative parasitological results, has
been widely used to demonstrate the existence of acquired immunity in experi-
mental malaria, An extension of the same procedure with predetermined doses
of superinfection can be expected to provide a measure of acquired immunity.
The possibility was pointed out by Fabiani and Vargues {1951).

The object of the present investigations was to examinc the extent to which
progressively increasing challenge doses of homologous superinfection would provide
4 quantitative measurement of immunity acquired by albino ratst as a result of
untreated blood-induced infections of P. berghei.  In addition, two strains} of

*The investigation was partly financed by a grant frem the Indian Council of Medical Research.
FMost of the rats were from the colony at the Tnstitute and a few were purchased from HafTkine
Institute, Bombay, and the Central Drug Research Institute, Lucknow, Majority of them were 15 to
u0 weeks old while a few 30 to 42 wecks old. Both sexes were represented.  The animals were main.
tained on a standard diet given once a day on an ad /i) basis,
$The first strain was received in 1g50 by courtesy of Prof. E, Brumpt of Paris, and the sacond in
1952 by courtesy of Brigadier J. . K. Boyd of the Burroughs Welicome Lahoratorics, Londen. The latter
was egtablished from sporozoites found in naturally infected A. dureni in Belgian Congo.

£0Y
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P. berghei maintained separately at the Institute were compared immunologically
10 determine if they differed from one another,

METHODS.

The parasitemia was estimated against 10,000 erythrocytes in thin blood
films stained by the J.8.B. technique. Blood was drawn from the donor into a
tuberculin syringe containing a known amount of 2 per cent citrate-saline, The
contents of the syringe were so diluted that each o1 c.c. contained one million
parasites which was the primary dose in every case. Test doses to challenge the
immunity were multiples of the primary dose and were administered between
the 1st and 13th day of latency.*  All inoculations were given by the intraperi-
tneal route.

Stained thin blood films [rom each animal were examined daily and when
positive, the parasites were enumerated. Slides were declared negative when no
parasite was encountered in 100 oil immersion fields. Blood symears of immune
animals were examined for 1o to 15 days following superinfection.

RESULTS,

Of the thirty-five animals superinfected with doses upto 200 times the
primary dose (Table I}, twelve showed a few circulating parasites in the peripheral
blood for 1-2 days in 7 rats and 3-4 days in the rest. The transient nature of the
patent parasitzmia appeared to be due to the presence of a few of the re-inoculated
parasites, When the challenge dose was relatively high {two thousand million
parasites), the immune recipients showed on the day following superinfection,
approximately one per cent cell infection which fell abruptly and the bilood smears
were negative in 2-4 days (Table I1I}). Non-immune animals recciving similar
large doses, developed progressive high parasitemia and succumbed within six
cdays,

TasLe L

Details of homologous superinfections of P. berghei,

d 1
Day of superinfection | Chalienge ! Number

and sub-patency : dosein of . ;"? in ﬁ::-f ! Number pusitive and daration.
following primary | million | animals, @ *° erghet. -
parasitzemia, parasites. | )
5 and 7 e 1 i 2 r - 1 positive for 2 davs,
v, Gand 7 3 : 3 ] . Nil,
6 and 10 v 3 I 4 t 2 positive for 2 davs.
4, 6 and 7 4 . 3 ¥ Nil.
5 and 8 20 : 2 I . Nil.
5 and g 30 ; 2 I - Nil.
6 . 100 : 1 1 : Nil,
B, 7, qgand 1y 200 [ 3 ) : 2 positive for 2 and ¢ days,
5, 6 and 9o ORI {171} ! 4 1 2 positive for o days,
6 and 7 ve - 150 P2 . ¢ i1 itive for § day.
G, 7 and 8 - 200 ! 4 : 11 ; Nill:..m
6, 11 and 14 e 1Looo 4 1 i All positive [or 3 days,
i

Y P S s e e mm L imw s mmtmm nomms L 4 mweem g e s = o o e

*Subspatency following primary parasitemia.
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Tapne I,

Results of faghest challenge dose.

E_. o
] E B 2_& VARASITE COUNT 10000 RBG ON DAYS FOLIOWING
foA oo SUPERINFECTION,
. e =4 32
Groups of tars, 58 3
3ER 28 | |
o ! 4 i3 i 5 6
Lalent (61!1 0 . . f !
15th day) 2,000 2 - B . g2 % T 0 U
H 1
Normal {Control} ! 2,000 p Lo 348§ 430 ol j T 1,623
|

In order {0 examine whether the two strains mentioned earlier differed
antigentcally, the immunity dcqu!rcd 1o one was challenged by the other (Table I11),
It appear(,d that the two strains received at different times {rom different labora-

tories were immuaologically identical.

Vasre T1L
Results af = heterologows ™ superinfections.
Claileng:
Priary Number Day of Challenge | dose in
nfection. of superinfection.  infection, | nillion Rewualis,
umnals parasifes.,
Strain T 3 u 04. 8 20, 41 " Sirain Tt i - All negative,
Straen TE 3 BT AT 30 4 g Strain [ 1 1 [ Al negative.

PUISCUSSTON,

I appeared that a quantitative estimation of individual mmunity iz eive
using viable antigen, though theoretically conceivable, was not practically possible.
An intercsting observation of an increase in immunity quantitatively of a herd was
furnished by Ciuca ef al. (1934) who analysed their results of malaria therapy
of 1,198 patients and concluded that successive homologous superinlection pro-
.;rewvt‘lv increased the number of persons showing immunity to further challenge

doses,

Acquired immunity in malaria consists of two factors, namely, the humorol
and cellular {Taliaferro and Talaferro, 1g2g9 : Taliaferro and Cannon, 1930).
In the living animal both the components are dynamic and progressive, as tong as
the antigenic stimulation lasts, Although the dose of primary infection was one
million parasitized ervihrocytes in every case, it has to be remembered that the
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parasites were viable and multiplied in enormous numbers during the course of
the disease, till they became subpatent and the antigenic stimulus was in reality
many times that afforded by the million parasites originally inoculated. Actual
day to day counts were made in a small sample of infected rats, and the number
of parasites invading the total volume of blood [reckoned at 6'7 c.c. per 100 gm.
weight (Farris and Griffith, 1949) and the erythrocite count at 4'5 millions per
¢.mm., during the acute infection as recorded by Ramakrishnan e a! (1953)) was
calculated to be at least 18 X 10" parasites, about 180 times larger than the highest
challenging dose tried. It was thus seen that challenge doses even 1,000 times
the dose of primary infection, did not give rise to patent parasitzmia which could
be considered as resultant infection,

SUMMARY.

Attempts at guantitative estimation of immunity acquired by albino rats
during an untreated primary infection with P, berghet by superinfection with graded
daoses of the homologous strain proved unsuccessful.

Two strains of P. berghei maintained at the Institute were found to be
immunologically identical.
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HOST PREDILECTION OF 4. FLUVIATILIS IN TERAL REGION
OF UTTAR PRADESH, INDIA.

BY
5. P. RAMAKRISHNAN
AND
SATYA PRAKASH,
{(Malaria Institute of fndia, Delhi.)
< March 13, 1953, )

‘Tre vectorial status of A, fluviatilis has long been vecognized in the foot-hills
of peninsular India, while till recently all attempts to incriminate it as a vector
in the foot-hills of Uttar Pradesh in the north of India have been unsuccessful.
From the results of precipitin tests and dissections of A. fupiatilis carried out in
different parts of India, Covell (1939 : 1944) postulated the probable existence
of more than one biological race of the species. The anthropophilic index of
A, fluviatilis from the U.P. Terai was 18 and 1°4 per cent in 1938 and 1939 res-
pectively, while it was found to be much higher by the present authors in 1949-52.
The possible cxplanations for such a change in host preference of the mosquito
and how far precipitin tests may be used for determining the existence of biological
races in any area arc considered in this paper,

MATERIAL AND METHODS.

During 1949-32, seven hundred and four samples of blood meals from A.
Suviatilis were forwarded to the Institute for precipitin tests by Dr. P. C. Issaris,
the Leader of the World Health Organization Malaria Control Demonstration
Team and Mr. V. Ramakrishna, the Entomologist of the paraliel team, both
working in the Uttar Pradesh Terai. These were stored in a dry condition in a
refrigerator tili they were subjected to tests.

Samples of blood meals were tested only against human antiscra prepared
at the Malaria Institute, Adult Rhode Island red and white leghorn fowls were
immunised with human plasma (Jaswant Singh et al., 1952) obtained from the
local blood bank. A single dose of g c.c. of the plasma was administered infra-
venously and on the tenth day the bird was bled, and the serum tested against the

I(}j
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antigen and titrated for potency. Only sera which showed specificity for human
antigen and with titres 1 in 2,000 were used in the tests. The technique employed
for the precipitin tests was the one described by Rice and Barber (1935) and
reactions were read at the end of 20 minutes of antigen antibody contact at room
temperatures in Dethi.

ANALYSIS OF RESULTS.

Of the 704 samples tested, 310 or 47 per cent gave positive reactions against
anti-human sera. The blood meals were classified according te the place of
capture of mosquitoes and the analysis of the results are given below (—

TasLe I,

Results of precipitin tests on blood meals of A. fluviatilis from the Teral region
of Utlar Pradesh with anti-kuman serum.

i
! PLACE OF CAPTURE.

Year. - miln(:}.:?: s, ! Cavruzssen. l OuUrpoor, t UINCLASRIFTED.
Number! Per cent 'El—:mber l.;er cent i[Ntmlbcr ‘Pcr cent. iNumbcr '| Per cc:;i
: tested. | positive. | tested.  positive. -’ tested. positivc.l! tosted. | positive.
-"1949 13 6y v . 58 1L e e
1950 5 0 o295 44 .. e e
1951 ) 8 | 56 1 om . 5t . 38 | 4 :
1952 :r 45 ag i 46 oo 3 1 25 ng 47
Totals E o | 47 i3 | 4z . 4 | a3 u8 . 4

i i \ . . !

The results were re-analysed (Table II) to determine whether there were
any seasonal changes in anthropophilic index of 4. fluviatilis in the Teral region.

Tasee 11,

Anthropophilic index of A. fluviadilis in the Uttar Pradesh Terai according
to cold, hol and wet seasons.

: 1
Season. : Number tested, ! Per cent positive,
November to Februarv {cold} . o b 264 .t . 38._“ T
March to June (hot) ... 1 J10 :' 50
Juiv 10 October {(wer) ... 4o 17

Torat. ... oo 704 : 47
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In the small sample collected during the rainy season, unlavourable for the
breeding of A. fluviatilis, the anthropophilic index was the lowest, It was highest
in the hot season during which maximum transmission was possible, and low during

the cold season., No general conclusion was possible in the absence of larger
samples.

DISCUSSION.

Analysis of blovd meals recorded in this paper is at great variance with
those reported earlier. The anthropophilic index of 4. fuvtanrlis in the Terai
during 1949-52 is 47 per cent and the sporozoite rate 1°6 per cent (Srivastava and
Chakrabarti, 1952). The comparative figures are as shown in Table IIL.

TasLe TIL.

Anthropophilic index and infection rotes in A, fluviatilis
in the Uttar Pradesh Terai.

f

Period. Anthropophilic index. lI Infection rate in
i glands.
rggl* R 8 ' o
14952 N 47 i 16

*Covell {loc. eit.} .

'T'his marked change in the anthropophilic index of A, fluviatilis of the Ustar
Pradesh Terai in the course of about 10 years requires explanation. In the past,
the region was highly malarious, densely wooded with little human population.
Since 1949, however, great changes have taken place in the area. Forests have
been cleared, large areas drained, and reclaimed for extensive agricultural opera-
tions. Besides, large scale indoor residual D.D.T. spraying operations have been
in force since 1947 and several thousands of people have been colonized in the
area {Srivsatava, 1950).

While it is difficuft to assess how the various individual factors affect the
degree of contact between 4. fluviatilis and man in the Uttar Pradesh Terai, in
general it can be stated that the changes in the environment have resulted in
marked increase in the flupiatilis--man contact. The large scale clearance of forests
and undergrowth must have considerably reduced the game population. Al
though real urbanisation has not yet occurred in the region, it is ncvertheless
true that the human population has considerably increased. Greater oppor-

tunities exist now for a very much higher degree of mosquito-man contact, than
during the pre-colonisation period.

Precipitin tests of mosquito blood meals have certainly made it possible
to determine with some exactness the degree of contact between mosquito and
man in any given area. It has not been possible to prove whether the degree of
contact 15 due 1o deliberate preference on the part of the mosquito or due to rela-
tive availability of different types of blood meal.  As is well-known in experimental
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studies on malaria transmission, it is possible, with few exceptions, to make
mosquitoes of different species feed on almost any type of host.

Changes in the environment like, improvement in agricultural practice and
improved stabling of cattle, have altered the association of malaria vectors with
man and brought about a natural recession of autochtonous malaria in many
parts of northern Europe (Boyd, 1949). A reversal of this phenomenon is also
well-known, namely, an increase of human malaria by anophelines predominantly
zoophilic turning to man and getting infected from immigrant population during
the war, when cattle was destroved. A similar change of vector tropism of ano-
phelines in Bohemia at the end of the last war re-introduced malaria for the first
time for over a hundred years. (Burke-Gaffney, 1952).

Viswanathan (1950) observed that, to the extent to which the indices had
computed, very high anthropophilic indices in A. fluviatilis were associated with
very high infection rates and zice zersa. He did not find any significant variations
in the morphological characteristics of the vector and non-vector * types” of
A. fluviatilis in Bombay State during any stage of their development and considered
that the two races of this species ought to be determined by the variation in their
biological behaviour rather than morphological characteristics.

Can differences in the results of precipitin tests alone form the hasis of differ-
entiation of biological races in a species complex? Such differences in the
maculipennis complex were later found to have a taxonomical basis for their
differentiation in so far as the study of their egg types were concerned (Falleroni,
quoted by Hackett, 1g34). As already stated no such differences have been made
out in the egg, larve, pupe or adult stages of the anthropophilic and zocophilic
types of A. fluviatilis (Rao, 1937 ; Viswanathan, loc. et}

Indeed, apart from the non-existence of taxonomical differences in specimens
of . fluviatilis occurring in different parts of India, the larve of this species are
indistinguishable from those of a closely allied species, A. minimus. The differences
in the adults of the two species are such that slight variations in the palpal bandings
may confuse the identification. Puri (1g52), who has devoted considerable atten-
tion to the systematics of the two species has an open wind regarding the
possibility of a gradation of taxonomical changes between the two that a close study
may reveal the merging of both into one, each heing a variety of the same species.

Feeding habits of mosquitoes are influenced by a variety of factors. As
pointed out by Thomson (1g51), they may be influenced by the type of construction
of houses and cattlesheds in which collections are made and by the relative propor-
tion of man and animals.  Afridi et of, (1939) in their work on A, culicifacies at
Delhi, whose findings are reproduced below, found that a larger proportion of
1. culicifacies had fed on human beings when relatively larger aumbers of the latter
were available.

Ratio of men to caitle, ; Human positives, por cent.

g ] 3'e
g [ S A

1°3:1 1 g
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In 50 far as mosguitoes are concerned, the present knowledge indicates that
they are facultative in their preference of hosts which appears to vary with the
availability of particular types of blood meals. On the other hand a true
zoopholism appears to exist for the Tse-tse flies {G. morsitans) in Africa as shown
hy ample evidence that it becomes extinct in the absence of game {Carmichel,
1952). Even in this case of true zoophilism, the fly can, at least occasionally,
bite man and infect him with 7. rhodestense when he went into wmorsitans areas
which contained much game (Fairbairn quoted by Carmichal, rgg2).

Bates (1949) reviewed the situation and pointed out that it may be possible
to establish strains with particular biting habits by selective breeding from a mixed
stock, thus indicating that there may be a genetic factor involved in the food
preferences. The possibility has to be considered for A. fuviatilis species complex
in any area being a heterogenous group consisting of a mixture of strains, some
preferring to feed on man and others on animals. Due to changes in the environ-
ment and relative availability of one or the other iype of blood meal it is con-
ceivable that only strains for which the suitable blood meal exists, are able to in-
hreed and multiply while the others become extinet in the area.

ft was found (Table I) that 42 of the blood meals tested were from d.
fluvtatilis captured in outdoor resting places and 43 per cent of them proved to be
human blood, This is the first record of precipitin tests carried out on blood meals
of specimens of the species resting outdoors.  If it is remembered that to collect
satisfactory samples of blood from mosquitees for precipitin tests, the specimens
captured for the purpose must be freshly fed ones, then it follows that the specimens
under consideration must have left indoers immediately or at least very soon after
their meal. -

It is concluded that while precipitin tests of mosquite blood meals are
extremely useful in the study of epidemiology of malaria, and indicate accurately
the degree of man-mosquito contact under a given set of conditions, it is not in
itself 2 method of determining any fixed predilection for hosts. Nor are results of
precipitin tests unsupported by taxonomical or other criteria sufficient to discrimi-
nate races within species,

SUMMARY,

. Resubs of precipitin reactions ol blood weals of A. fuviatilis in the U.P,
Terai during 1944-52 are presented,

2. The anthropophilic index of A. flupiatilis in this area has shown a consi-
derable increase over that observed a decade ago.

3. 'The factors likely to have resulted in this change in food preferences are
discussed.
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SOME OBSERVATIONS ON EXPERIMENTAL INFECTIONS
IN DOMESTIC PIGEONS (COLUMBA LIVI4 GMELIN )
WITH P. RELICTUM.

BY
A. DAVID,
AND

K. 8. KRISHNAN.

{Malaria Institute of India, Delhi.)
i March 4o, 1933.)

Jaswant SINGH e¢f al. {1951} reported that none out of 214 domestic pigeons
examined, harboured any natural infection of P. relictum. Wenyon (1926) stated
that P. praecox {P. relictum) most usually occurred in smali and larger birds like
the sparrow and pigeon. Other worker who observed natural infection of P,
refictum in pigeon was Coatney (1938).

With a view to find out if P. relictum occurring in house sparrows in Delhi
and tts environs would infect the pigeons from the same area, laboratory experi-
ments were undertaken and the results are set out in this paper.

MATERIALS AND METHODS.

P. relictum was obtained from house sparrows locally trapped. The pigeons
were purchased from a bird market in Delhi. In one instance a young pigeon
which was reared in a screened cage in the laboratory, was also used,

Blood smears of pigeons were examined daily for a week prior to experi-
ments and then at 2 days intervals after they had been inoculated both by (2) blood
transfer, and () by sporozoite infection.

For blood-induced infections, parasitized blood was obtained mostly from
the wing vein of infected sparrows and in a few cases where large quantities were
required, the birds were sacrificed. The dosage of inoculum varied in different
birds and it was calculated in millions of parasites per kg. of body weight.
Inoculations were given into the wing veins.

Sporozoites of P. relictum were obtained by feeding laboratory bred Gulex
Jatigans on infected sparrows. The salivary glands were dissected in normal saline

rty
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8-10 days after feeding and sporozoites were collected into a syringe and injected
into the wing veins of pigeons. In one instance, 13 Culex fatigans with sporozoites
of P. relictum were made to feed on a normal pigeon.

Centrols were kept by inoculating house sparrows with P. relictum and later
feeding Culex fatigans on those birds when they became positive.

RESULTS,

Blood-induced infection.—Eight pigcons were used flor this experiment. The
results are tabulated in Table I.  Of twenty one sparrows inoculated as controls,
twelve became positive. Seventy per cent of the eighty Culex fatigars fed on them
showed sporozoites in glands when dissecied after an adequate interval.

Taste I.
Serial number of Dusage in million * OJhservation period , ios
pigeon used. parasites per kg. . in days. i Number positive.
hody weight.
. iy ' t Nt
2. ELT75 L& "
3. 1275 . 11:3] "
*4. 2y Go "
.'-)‘ M 70 1
6. . 72 122 :
7 H 73 70 ) ¥}
8. ] 200 5% ”

*This bird was reared in the laboratory in a screened cage.

From the above it was clear that the pigeons did net take the infection in
spite of massive doses of parasites inoculated.

Sporozoute-induced infection.—Five pigeons were used for sporozoite-induced
infection. The results are set out in Table I1.

Tasre .

{
Serial number of Total number of | Observation period I
pigeons used. pair of positive ! in days. Number positive,
glands injected.t % ]
9 19 ! 30 | Nil
10 i Iz ; 30 | .
e ! 1 ; 30 H R
3] : B2 ! 30 i -
1% : o ; 30 .
4 ' 135 38 ,

{inlective mosquitocs
hy natural bites.)

After crushmg -
13 mosquitoes fed on pigeon No. 14 Presence of sporozoites in their glands was
confirmed by dissection after {ceding. i '
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It is evident from the Table that no patent blood infection resulted in pigeons
infected with sporozoites,

Post-mortem was carried out on five pigeons and their organs and tissues
have heen preserved for further studies.

NISCUSSION.

Wolfson {1937) successfully infected pigeons with P. cathmerium isolated from
a wood thrush and suggested that pigeons could be used as experimental birds,
With a strain of P. refictum isolated from mourning dove, Coatney (loc. cif.) success-
fully infected the pigeon and he too felt that pigeons were better birds for experi-
mental studies as they were highly susceptible to P. relictum. But from the studies
reported here it is clear that there is not the slightest evidence to show that local
pigeons are susceptible to the strain of P, relictum of Delhi house sparrows, Red-
mond (1944) also failed to infect pigeons by inoculations with sporozoites of P,
reltctum obtained from mosquitoes fed on canaries, Tt could be suspected that the
pigeans inoculated with sporozoites and infective blood of P. relictum may have been
immune due to prior natural infection. It is justifiable to eliminate this possibility
in view of the fact that as stated previously not one of 214 pigeons examined during
five years revealed P. relictum in its blood. It isalso tobenoted that one of the birds
used was young and was reared in a screened cage. This was also negative to
inoculation. The use of pigeons in Delhi as experimental hosts for laboratory
studies with P. relictim is not possible on account of their apparent natural immunity
10 this strain of plasmodium.

SUMMARY.

House pigeons were found 0 be refractory to both biood-induced and
sporozoites-induced infections of P. relictum of house sparrows.
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SCREENING OF ANTIMALARIJALS AGAINST
P. GALLINACEUM IN CHICKS*

PART I1.
BY

Ligur.-CoLoner JASWANT SINGH, sp,, ch.e{Bdin.’, p.p.H.(Eng.),
p.T.M. & #.{Lond.),

A, P RAY, mems,
(Malaria Institute of India, Delhi.}
AND
G, R. CHANDRASEKHAR, M.8.B.s.

{Screening of Antimalarial Drugs Scheme, Council of Scientific and Industrial
Research at the Malaria Institute of India.}

1 June 40, 1934, 1

In an earlier paper Jaswant Singh, Basu and Ray {rg52) described the
technique for assay of antimalarials. They had also established the minimum
effective dose (M.E.D.) and quinine equivalent of some of the more well-known
antimalarials like mepacrine, proguanil, amodiaquin and chloroquine.

In the present paper the authors report their observations on the effect of
pyrimethamine on blood-induced infections of P. gallinaceum in chicks.

MATERIALS AND METHODS.

Avean host. - -Sixty, 7-days old chicks were uwsed for study of MUED. of
pyrimethamine,

The chicks were obtained from fertilized eggs hatched and reared in the
Iahoratories of this Institute.

Plasmodium.—The strain of P. gallinaceum maintained in these laboratories
for years was used for these investigations. The dose of inoculum, o5 Xx10°

*This investigation was carried out under the scheme ** Screening of antimalarial drugs " which is
financed hy the Couneil of Scientific and Tndustrial Research.
{317 )
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erythrocytic parasitics, per gm. of the body weight of the chick was injected intra-
venousty through the right jugular vein.

Antimalarial —Pyrimethamine was received through the couriesy of Maessrs.
Welcome Laboratorics, London, in bottles of 500 tablets, each containing 25 mg,
hase, The dose was calculated in milligramme per 50 gm. of hodv weight,

Weighing, numbering and administration of the drug was carried out in
4 manner similar to that described previously by Jaswant Singh, Basu and Ray (lec,
cit.).  The first dose was administered on the day of inoculation (o day). Two
such doses were administered daily on the following g days.  Thus a total of ¥ such
doses was administered.

Activity.—A dosage schedule was considered 1o be effective if the average
4th day count of the treated group did not exceed 25 per cent of that of the
comparison group (Wiselogle, 1946). The minimum dose which eflected such
deceleration in the course ol parasitemia was the MLE.D. of the drug.

RESULTS.

From Vable 1, it would e observed that Glass 1E effect was produced with
wdose of o3 mg. Although there was some reduction in doses of ooor and
2’0008, parasitemia was over 25 per cent of the comparison group. However,
1 dose of o 0015 brought a reduction below the required level and hence this was
established as the ME.D. for this drug.

Tasre L,

Parasitarmia on the gth day in the comparison group and those under different
schedules of pyrimethamine,

Dose in - Number of ~ Average gth - Comparison

Schicdule g f50 gm, chicks. © day count ! with controf Remarks.
nnier. per 10000, group
; | {per centl, .
[ ve e :;l_ o 4 . - o Ir,,.__.. ——
1. Gt f U S : 103
1H]. G 5 275 _ oty
IV, IR i 5 neag
A e Y 203 oy
VL n'w.’il_-', 3 L 471 MLUELEY,
VL et ; B g
VHI, TR 6 r2gh - g8
X, T 3T 5 1345 E LMD
X, " o oput 3 T 2333 664

Comparison group o8 3360



Jaswant Singh, A. P. Rey and G. R. Chandrasehhar. g
DISCUSSION.

Againgt stmian malaria, pyrimetharning was reported to be more effective
than proguanil. Schmidt and Genther {1953) had observed that it is g0 times
more effective than proguanit against P. ¢ynemelgi, whereas against a styain of P.
knowlest it was found to be only 4 times more potent { Jaswant Singh ef of., 5951).
According to Falco ef al. (1951), pyrimethamine was found to be 200 times more
active in P. berghei than proguanil whereas Jaswant Singh, Krishnaswami ef al.
{1952) obscrved that the drug showed powerful action in as small a dose as ro-°
mg. per 20 gm, body weight.

During the present investigation, the minimum effective dose Jor Class 1
cflect was established as 00015 mg./ro gm, The MID. for qguinine being
6 mg, '»,0 gm. chick, the quinine cquivalent of pyrimethamine is in the region
of 1,006 {1°6{0"00135). Further when it is compared to proguanil {M.E.[)., o't mg.),
pyr:methammc appears to be 66 times {o'1/o'oo1s) more effective even though
there is somewhal structural similarity between the two compounds. These
results appear to he similar to those reported by Falco et al,, {loc. cit.) who had
observed that by comparison pyrimethamine is Go times more effective than
proguanil.

SUMMARY.

Sixty chicks were fected each with a dose of o5 X 10” parasitised cells from
a towl infected with P. galfinacenm.

Fifty-two chicks were placed under various treatment schedules with pyri-
methamine, and 8 were kept for comparison.

The minimum effective dose was determined as 00015 mg./50 gm. From
this the Q.F. was observed to be 1,066 and it was found to he 66 times more
powerful than proguanil,
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AVIAN PLASMODIUM IN INDIAN BIRDS.
Part 1,
BY

A, P. RAY, m.p.u.s
ASD

V. N. BHATNAGAR.

iMalaria Institute of Iudia, Delfi.)
o June 3o, 1958

‘Tue findings of a plasmodium resembling P. pelere in partridges has recently
heen recorded and detailed studies are in progress (Ray ef al. 1053). This species
of partuidge {(Francolinus pondicerianus interpositus Hartert) locally known as © Tilar’
{Hindi) is widely distributed in many parts of India, and live in thickets and shrubs
in fields and jungies. During the winter months these wild caught birds are sold
in the markets of Delhi as edible poultry.

In one of such birds, another plasmodium was detecled recently. No
evidence of any mixed infection could he detected in blood smears taken cvery
4 hours for 4 or 5 days,

‘The present report records the morphological character and the duration
ot schizogony of the parasite.

Morphology.—All stages of asexual forms and gametocytes were delectable

in the erythrocytes as shown in Plate II.

Clomnpared to other avian parasites like P. gallinaceum ov P, relictum maintained
in these laboratories, the asexual forms of the parasite appeared to be small and
the size varied from 1 to g ».  The largest of the gametocytes was 78 1,

Trophozoites.~Vhe early form is vsually round or oval, The nucleus is
large. The cytoplasm contains a prominent vacuole. As the parasite develops,
it 15 slightly amoehoid and assumes oval or quadrangular shape, The nucleus
becomes larger and appears to be out of proportion to the rest of the parasite.  The
vacoule is still visible. The pigment is detectable ar this stage and contains usually
two granules,

{oes )
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The chromatin divides faisly carly belore the parasite can grow bigger, A
Hist it is divided into two and lies diagnoally opposite, usually connected with
a strand of chromatin {Plate 1T, Figures 5 and 6). At about this perind, rwo dark
pigment granules, onc large and one small, became prominent,

The two chromatin bodies divide Favther, cach into two, thus forming a 1otal
of 4 divisions. Quite ofien these are connected by strands of chromatin (Plate 11,
i igures g-12). ‘The merozoites take ccriain positions and this i responsible for the
various shapes the parasites assame.

No further division hus been observed although over hundreds of mature
~chizonts have been examined. The number of merozoites in mature schizonts
appears to be counstantly four.

At thas stage, a chump (usually round) of dark pigment s present either in
the periphery (Plate 13, figures 7 and 8) or in the cemre {Plate JI, Figures
g-12},

Gametogytes.--Gametocytes are usually clongated though carly forms may
be oblong in shape.  'The longer onex run parallel 10 the whole length of the
nucleus.  The cytoplasm is abundant and sometimes appears to be irregular or
ragged.  The chromatin is prominent. ‘The pigment is granuler in character
and is more numerous than 1o the asexual forms, The granules may he round,
rod like or irregular,  As a rule they are dark in colour,

Host cell—The size or shape ol the cell is never altered. Rarely the early
irophozoites touch the nucleus of the ervthroeyte.  As a rule the older and divided
torms move towards sme end (Polar) of the nucleus which is not displaced at any
slage,

Periodicity.-- Lo determine the periodic cycle, blood smears were taken every

1 hours and the principle followed was on a line similar to that adopted by
\«I.ulhgcm {1935). Four stages of the parasites were considered during differential
parasite count. Fhese were rings, growing {rophozoites, immature and mature
schizonts.

'The stages of parasites observed during the various hours are shown in
Chart |, It will be observed that the maximum number of mature schizonts
and rings were detectable at 12°e0 noon and at 400 p.ow. respectively every day,
though it may be noted that any of the 4 stages conld be detected during most part
of the day and night.

DISCGLSSTON,

From the elongate character of the gametovytes, non-displacement ot the
host cell nuclei, and the nature of the schizont as described in the identification
tahle by Manwell {1938), Giovannola (1939) and Hewitt {1940, the present
species appear to resemble P. rouxi, first described by Sergent et al. { {1931), Further
from the morphologirai characters, the most important of which 15 the number
of merozoites in a2 mature schizont being coustantly four, and the type of pigments,
the parasite seems identieal to thit described by Giovannola e ril).
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From the differential parasite count it is clearly evident that the length of
the schizogony cycle is of 24 hours though the synchronicity is low as was first
observed by Wolfson (1936) In respect of P, rouxt.

Prior to the discovery of the plasmodium resembling P. polare (Ray et al.,
Ioc, cit.} and the present species, no reference is available of any plasmodial infection
in the common Indian partridges. Hence the findings of two different species
m these birds have thrown open further scope of work in this line,

SUMMARY.

An avian species of plasmodium was found in a common Indian partridge.
‘I'he parasite showed the following characteristics :—

(i} Small in size,

(1) Mature schizonts contain always 4 merozoites.

(i) During division of chromatin, the parasite is found near one pole.
)

Pigments in the trophozoites are nearly always two while in mature
schizonts it forms into one dark round mass.

{v) Gametocytes are elongated.
{vi) Periodic cycle of asexual schizogony is of 24 hours.
In view of the above, the parasite is established as P. rouxi.

(v
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NOTES ON THE ANOPHELINE FAUNA OF A HILL TRACT
IN MYSORE STATE, INDIA.*

BY
C. BROOKE WORTH.
i Division of Medicine and Public Health, The Rockefeller Foundation.)

f June a1y, 1953, )
INTRODUCTION.

In the course of studies on malaria and anopheline mosquitoes in the western
hills of Mysore State, India, {ield investigators had the opportunity to record a
body of information pertaining not merely to malaria vectors but to the anopheline
fauna as a whole. This knowledge was gained through standard methods of
population sampling as practised by malariologists, namely : the dipping of
jarvae from breeding places and the collection of imagines from daytime resting
places in human dwellings, ** mixed 7 dwellings and cattlesheds.

The data thus accumulated are of some importance from a number of
points of view. In some instances the abundance of a non-vectorial species of
Anopheles may serve as a rough guide to the potential presence of an undetected
vector, owing ta known similarity of larval or adult habitats and hehaviour of
the two species,  In other cases a highly prevalent although non-vectorial species
of Anopheles may serve as a splendid indicator of the residual toxicity of DDT
in sprayed structures. In both these cases, a knowledge of the annual cycle of
abundance of such so-calied ** umimportant > anophelines is needed if one wishes
to use the collateral cvidence which their presence provides.

Under the impression that knowledge of all mosquitoes is uselul, no matter
how trivial some of the species appear t¢ be when human disease is the topic of
discussion, one presents the following summaries of anopheline annual population
cycles as displayed during a one-year period of observation in Mysore.

MATERIALS AND METHODS.

Locale.—-1'he ensuing narrative is concerned with a remarkable terrain, since

variations in rainfall-and consequently in flora and fauna—occur on an

*The work on which this -ﬁaper is based was periormed with the suppors and under the auspices of

the Division of Medicine and Public Health of The Rockefeller Foundation in co-operation with the
Burean of Malariology of the Mysore Swate Health Pepartment,

: 12;, i
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unusually sharp gradient in the rvegion here considered.  Mysore State occupies
the centre of South India. I'he larger part of the State consists of the southern-
most extension of the Deccan Plateau, an extremely ancient geological formation,
three thousand feet above the sea. The State is cradled in a horseshoe of hills—
the Fastern Ghats, the foothills of the Nilgiris to the south, and the Western Ghats.
Only in its northern frontier is Mysore continuous with the great central plateau
of India.

The Western hills, or ghats, tise to aboul 4,500 lect, and although their
stopes are at least fifty miles removed from the Arabian Sea, they present the
tirst obstruction encountered by rain-laden clouds of the annual southwest mon-
soon, During June, July and August these clouds behave as if pricked by the peaks
of the ghats.  But just as a ruptured container of liguid is soon rid of its contents,
s0 the monsoon clouds, driven north-eastward, appear shortly to have been drained
of their burden. Measurements of annual rainfall in the Western Ghats of Mysore
hegin with figures such as two hundred thirty inches, but decrease al the average
rate of ten inches per mile as one progresses from west to east. Thus a region
that is virtually drenched each summer may be no ore than twenty-five miles
removed from another region where ascending dust couds mingle with soaring
serpent-eagles even during the height of the southwest monsonn.

‘The hilly regions of excessive rainfall, known as the Mahad, are reputed
to be highly malarious, and extensive depopulation during the past thirty year
is attributed by the remaining inhabitants to voluntary migration to drier areas
1o escape the fevers, The wettest zones arc consequently lightly populated.
Cardamom, a spicy herb grown in shady forests, is the chief—and the most valu-
able~—crop ; 2 small amount of tea Is produced ; timber of good size is also impor-
tant,  In the narrow valleys rice is raised annually with dependence on the south-
west monsoon for the required nrigation.

East of the ridge marking the divide between watersheds of the Arabian
Sea and the Bay ol Bengal, in areas with annual rainfall of 80 to too inches, the
human population is cownsiderably denser and cultivation of the land is corres-
pondingly more intensive, Cardamom, coffee, pepper and some citrus fruits are
commercially raised in partially cleared forest, while the broader and less precipi-
tous valleys afford greater opportunitics for rice cultivation for Jocal consumption.
Water for trrigation in this instance is provided principally by surface run-oil in
the southwest and northeast monsoon scasons, although only irregular and minor
additions in September-December may be credited to the northeast monsoon,
Puring the first half of each year most of the area is dry, and since there are very
few ** tanks © for impounding run-ofl waters, the haked paddy fields remain fissured
and 1dle,

Ten miles or so east of this area of intermediate rainfall, annual precipitation
has declined to sixty inches or less. 'The land now supports extensive areas of
“scrub jungle ”, which the imported Lantana has frequenty overren in dense
thickets. Crops depending on forest shade ave less extensively grown, and virtually
the entire cconomy is based on rice cultivation, supplemented by dry cereal crops
such as ragi and jela.  For the latier reason, and also in view of the scant rainfall,
yanks are almost o necessity,  Thus it is sometimes possible to observe a thriving
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tank-fed series of mocfields here, at a time when ficlds in the contiguous intermediate
area, more abundantly endowed with annual rains, paradoxically lie fallow for
want of moisture,

Selection of study areas.—Owing to the alleged intensity of Malnad malaria,
it was decided to establish a Malaria Investigation Centre in the heart of one such
arca. The town of Sakleshpur, in Hassan Iistrict, was chosen for this purpose.
This town lies in the intermediate rainfall zone and aftords easy access by motor
roads to the other two zones. In order to gain information as to the nature of
the epidemiology of Malnad malaria in typical undisturbed situations, three groups
of small villages were chosen for study after preliminary malaria surveys had been
made.

‘The first group of villages, somewhat less than 3,000 feet in clevation, was
situated about ien miles west of Sakleshpur and 4 miles southwest of the ridge
marking the watershed. Average rainfall for the previous ten years was 223
inches annually, The second group of viliages, about 3,000 feet in elevation,
20 miles south of Sakleshpur and 10 miles northeast of the ridge, was Jairly typical
ol the intermediate zone. The ten-year annual rainfall average was 83'19 inches.
The third group of villages, 3,000 feet in elevation, 20 miles northeast of Sakleshpur,
although only 16 miles northeast of the ridge marking division of the watersheds,
had an annual average rainfali over the past ten years of 48'23 inches.

Anopheline surveys—Beginning tn March 1951, routine collections of larval
and adult anophelines were carried out in the three study areas on & weekly basis.
Identifications of specimens were made at the Malaria Investigation Centre on
the day of collection. During the course of malaria investigations there was some
variation in the number and quality of personnel engaged in entomological
work, but records were reduced to uniformity in so far as possible by expressing
anopheline prevalence in terms of the numbers collected per man-hour. In each
vitlage of each area it was attempted to establish three fixed catching stations for
adult mosquitoes comprising a human dwelling, a mixed dwelling and a cattle-
shed. A ““mixed ” dwelling was dcfined as a structure which housed both people
and domestic animals at nighl with at the most an incomplete partition separating
the two populations. Mosquitoes caught in either part of such a dwelling could
be considered as having been attracted by cither class of occupants, regardiess of
the sites of capture within the structure.

According to local customs of villagers in the different arcas, mixed dwellings
were found in some regions and not in others, In the latter case only human
dwellings and cattlesheds were designated as fixed mosquito catching stations.
The construction of all types of structure was in general similar throughout the
Sakleshpur area, being typified outstandingly by primitive use of crude materials
in responsce 1o cvident poverty. [In one or two villages a pretentious house with
carved supporting timbers and a corrugated tile roof was to be found, but in
general the architecture consisted of walls made of mud, or of sticks, split bambeos
or palm thatch, and roofs made with rice straw thatch or country tile. Uneven
carthen floors, slicked down with liquid cow dung, were hkewise the conventional
mode. Housekeeping was usually kLght ; ancient cobwebs hanging from walls
and lofts afforded favoured sites for anopheline roosting.
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Figure |. Rainfall data for the three areos.
Ten -yeor average ————— 194§ -30
April 1951 through March (952 - «-----
wo b E M A M 4 4 A S O N 0
" :
90
£5) HIGH
80 RAINFALL
75 AREA
ki)
[ ¥
€0,
85
504
L1.1
af,
35
0
z o
% 13
10
(TR 1 ozt
-] o s
0
w40,
g 38,

S =) : INTE RMEDIATE
= o) O\ RAINFALL
20 SN, AREA

[ ‘t‘\

10/ L

:‘ _.____..,..m.::/ '-*“:-?:::._:_:_‘__‘

20,

e /\\ LOW

10, N RAINFALL
- - R4 \\' P

:: _,'::__,.-3"-- h"’""”’-« AREA




(.. Brooke Waorth. 129

Dayiime collections of mosquitoes were made invariably between the hours
of 10'00 and 12'00. Individual collectors routinely canvassed the interior of
structures with flash-light and aspirator tube, the time allotied being half an hour
or an hour per structure according to its size, The structures were usually untenan-
ted ar this time, but it was determined that night inhabitants included human
beings, catile, chickens, occasional water huffaloes, dogs, cats and sometimes
sheep or goats.  Pigs, if present, were kept in separate enclosures,

Collcetions of adult anophelines from daytime outdoor resting places were
not made. Nor were artificial collecting means such as animal traps, window
traps, light traps, keg shelters or the like employed. A few night collections were
made and will be discussed later.

There s undoubtedly some weighting of larval records on the side of stream-
breeding species, for the larva collectors were explicitly instructed to concentrate
their efforts on running water, This was because the investigators were especially
interested in lcarning the distribution and abundance of the alleged chief malaria
vector o the Malnad, Anopheles fluviatilis.  However, since it was desired also to
obtain information about all other indigenous anophelines, the larva collectors
were told to spend part of their time collecting from tanks, paddy fields and
domestic water collections—in fact, not to neglect any body of water whatsoever.
Hence the anopheline larval survey is comprehensive as regards the incidence
of species within the area, even though it may lack something of a guantitative
character,

The one-year period covered in this study extends from the middle of
March, 1951, to the same date in 1952. This seemed to be the best time to begin
and end a year owing to the fact that the rains had not yet begun, while surface
water had become scarce.  Thus many anopheline populations were approaching
their lowest point for the year.

The actual rainfall in the three areas during this study period, as compared
with the ten-year average, is shown in Figure 1. It will be noted that the year
was fairly normal in this respect, although there was a slight deficiency of rain
throughout the region. Temperature and humidity data are not available.

RESULTS,

Species encouniered in the study area.--The twenty-two species encountered in
the several areas may be most conveniently presented in the form of three lists
{Table I}.*

Granting that the collection of adult mosquitoes from man-macde structures
must he an unfair test of the recal prevalence of anopheline populations, it is
nevertheless of significance in any consideration of bionomics, Tables I, 111
and IV give a rough idea of the monthly incidence of species thus obtained in
the three areas. Tn the case of less common species, the absolute numbers taken
are probably more significant than the per man-hour figures. But in the case of
abundant species, per man-hour statements of density are the more revealing, for
variations took place from month to month not only in the number of collectors
employed but alse in the length of time they spent individually at their work.

* duopheles annandabi var. interruptus Pori has sinee been found once in the intermediate rainfall area.
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Tapre I,

Total manbers of adult and larval anophelines collected in the three areas dusing

Total records

one year. {(IVestern Mysore State).
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Tamy IT.
Monthiy total (1) and per man-howr {MH) incidences of mosquitoes oblatned
by daytime collection in human dwellings and caftlesheds in the high rain-
Jall area (Western Mysore Siale).
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Tapre IIl.
Monthly total (T and per man-hour { MH) incidences of mosquitoes oblained
by daytime collection in human dwellings and caltlesheds in the intermediate
rainfall area. {(Western Mysore State).
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Tapre IV.

Mouihly total {T} and per man-howr {MH} incidences of musquitves oblained
by davtime collection in human dwellings and cattlesheds i the low rainfall
area, {Western Mysore Siate).
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These tables present a monthly breakdown of daytime adui: captures n
the three areas, while Figure 2 presents some of the same data in visual form.
Larval collections made simultancously are grouped for convenient perusal in
Tables V, VI and VII, and also charted in Figure 2. The ratios of all larve to
adults collected during the year, on a per man-hour basis, have been caleulated :
these arc listed in Table VIII and shown graphically in Figure 3 The latter
Figure, embodying much of what has already been presented in this paper, will
hear particular discussion against its background.

A preliminary word must be interpolated here to validate the larva-adult
rutios used in this study. It is often true that observed Jarva-adult ratios on a given
day are not indicative of the true relationship between these fractions of a species
population, since today’s adults are yesterday’s larvae, where as today’s larvae
will become tomorrow’s adults. Owing 1o the tendency toward geometric rates
of increase or decrease of a species in response to climatic, reproductive and other
forces, a correlation between adult and larval populations must usually be made
i reference to an clapsed unit of time rather than to an instant.  But in the present
case the larva-adult ratios were derived from the summation of per man-hour
rates of capture for a twelve-month period ; this should theoretically, and without
much doubt actually, serve to eliminate discrepancies that might be observed in
casual studies confined to briel periods of time. It therefore makes no difference
whether species X was abundant as a larva in June although rarc as an adult, or
whether such a relationship was reversed one or two months later, The ratios
give overall information as to the likelihood of capturing larvae and adults of species
X in the three areas during a year of study.

Since the most common form of malaria survey includes collection of
anophelines, adult and sometimes larval, on a daytime basis, this paper will be
confined to consideration of the data thus far presented. It gives cerrain informa-
tion on annual cycles of anopheline species in the Sakleshpur region, but only
i so far as the mecthods employed have revealed them. Itis hoped to enhance
the interpretation of present results in a future paper dealing with night collections
and other methods of entomological investigation.

DISCUSSION.

Before proceeding to discussions of the cycles of individual species, it will
be necessary 10 consider the implications of observed adult and larval densities in
the case of daytime collections made simultaneously.

Adults —Adult occurrences in human dwellings, mixed dwellings and cattle-
sheds presuppose that a mosquito has entered on the previous night to feed and
rest, or has entered at dawn merely to rest. Naturally those mosquitoes that
entered for whatever purpose at night and then vacated the premises will not be
included in the sort of census that is considered here. Failure to record a species
at all, or in significant numbers, within these shelters does not automatically prove
that it has not frequented such shelters or is not commonly present in the local
environment.
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Figure 2. Per man-hour comparisons of relative
obmdunce of daytime captures of adult and
mophelmes faken in the three study
creas on a monthly basis for one yeor.
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Figure 2, Continued.
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Figure 2, Continued.
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Figure 2, Continued.
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TarLe V.

Monthly total {T) and per man-hour {MH) incidences of larve collected in
the high rainfall area. {(Western Mysore sze)
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Monihly total (T} und per man-hour (;MH) incidences of larve collected in
intermediate rainfall area.
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Tasre VII.
Mmtk{y total (T) and per man-hour (MH) incidences of larva collected in

|

the low rainfall area. (Weslern Mysore Stak)
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Figure 3. Ratios of annual per man-hour
rates of capture of anopheline larvae to
adults in areas of high, infermediate and
low rainfall.
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Faney VIII.

Ratios of per man-hour larval te adult captures. Daytime collections made
: simultaneously. Data for one year (Western Mysore Slate).

PLAINFALL AREA.
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Laroz~—Larve are not likely to- shift from one hahitat to another unless
mechanically propelled by a flood. During such conditions, however, gravid?
mosquitoes may oviposit in unusual locations, Thus the routine dipping 8-
larvee in established collecting areas may at times give reliable information’
to species prevalence but at other times only a confusing or negative indicat
This consideration has been especially worrisome In the high rainfall area,~so'
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provocative indeed that much time has been spent—fruitlessly—in  attempting
to learn how some anopheline species that appear annually in that area survive
the period of apparent (or real) absence during the south-west monsoon. This
problem is discussed in another paper that is under preparation (Malaria Investiga-
tion Centre © Report on studies on A, Fluvinlilis).

Any consideration of adult and larval anopheline captures in the boundaries
of the present study must therefore be guarded by a realization of the limitations
placed upon interpretation of data in each casc. The following comments, on a
species basis, are presented with these limitations in view.

One of the principal anomalies to arise in this study (and that must have
arisen repeatedly in anopheline surveys elsewhere) is the one in which overall adult
census figures consistently excced larval enumerations. It does not require a
Malthusian analysis to elucidate the principle that larvie must always be more
numerous than adults on an annual basis. In instances when adults are found
in excessive numbers over a long time period, the only conclusions to be drawn
arc that larval populations are not being efficiently canvassed andjor that adult
populations are heing concentrated in collecting stations owing to their predilec-
tion for the hosts in those stations or to the attraction of the stations themselves as
daytime resting places. Bates {1949) bas given duc stress to this limitation of
collecting methods. A further inference is that adults may be living longer and hence
accumulating in domestic shelters {see below),

This problem is of paramount significance. The conventional methods for
making entomological malaria surveys, while time-tested and by no means brought
into question by the present study, are fraught withthe very errors that are brought
out in the following paragraphs. A species-to-species analysis, and area-to-area
analysis, in the regions within a few miles of Sakleshpur disclose that daytime
collections of anopheline larves and adults frequently exhibit disparities that are
contrary to expectation. Since ordinary entomological malaria surveys must be
brief, it would seem that their chief value must be in revealing merely the presence
and general distribution of established vectors ; the role of such vectors in a given
region requires vast further study for elucidation.

Comparisons of adult and larval densities on the basis of per man-hour
collections serve the purpose of disclosing the readiness with which the two forms
may be found. But in addition to the fact that one stage may be more numerous
than the other in their respective habitats, it is evident that the per man-hour
comparison is itself mathematically invalid.  For in the case ol adults a visual
method of collection is used, not feasible for larval dipping. Were it possible readily
to see larvae in their habitats, collecting would become at once far more efficient,
for the entomologist could concentrate his efforts in the most densely populated
portions of each habitat, including submerged regions in the cases of those larva
in which surface-avoidance is an outstanding trait. The very fact that comparisons
of adult and larval densities by these imperfect means reveal differences among
various species, or among various geographic ranges of a given species, confronts
the entomologist with proof of the invalidity of his collecting methods, while at
the same time provides the malariologist with information that he can utilize
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hecause the imperfect methods are part of his standard practice. The anachro-
nism must stand until field collecting procedures are improved.

Adult longevity.—The following thoughts may also be expressed in this regard.
During a static period so far as production of larve of an anopheline species is
concerned, when methods of collecting larve and adults of that species remain
constant, therc may still be a conceivable variation of larva-adult ratios in res-
ponse to climatic variations, This is in those cases when adult longevity is in-
fluenced by changes in temperature andfor humidity. The larva-adult ratio,
hased on per man-hour collections of both larve and adults, will show a higher
proportion of larva if adult life is short ; this, superficially viewed, is what one
should expect owing to a presumed fixed rate of mortality of larva, pupa, emerging
irnagines and flying insects.

But when physical conditions favour the survival of adults, there may be a
large building up of the mosquito population, despite a concomitant mortality
rate. Since the fourth instar larva exists in this form for only about two days,
but adult mosquitoes may live for more than twenty days, the larva-adult ratio
may come to a figure that appears to contradict the known laws of nature.
Hypothetical examples may be given as follows.

Let it be arbitrarily supposed that there is normally a mortality rate of
iwenty per cent per day at the stages in the life cycle of an anopheline species
embracing fourth instar larvae, pupa and imagines, an assumption not out of
keeping with the finding of Russell and Rao (1942) that the death rate of A. aulicifacies
in an outdoor cage was fifty per cent every two days, Then, if 1,00¢ fourth instar
tarva of this species are found today, it will be assumed that half of them would
ordinarily pupate tomorrow and the other half on the day after tomorrow. In
the meantime, enough third instar larvae will moult to keep the fourth instar
population constant at 1,000 from day to day. The pupal period is assumed to be
two days, and adult life will continue about three weeks in those that survive that
!.ogg. Thus the fate of a given batch of 1,000 fourth instar Jarvae will be as
lolfows @ :

Jav, : SrAGHS PRESENT. NUMBERS,

T © 4th Instar larva, od 500
. 4th Instar larva, new 500 Total 3.000

2 th Instar larve, old 400
upz, new 400 Tinal Boo

3 ' Pupa:, old 320
Pupa, new 4a0 “Foral fhger

+ Adults, new 256
'. Pupie, oid 256 Tatal HE2

R .

3 Adults i 410
6 s : 322

7 » i : 258
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Day. STAGES PRESENT. . NUMBERS. .
@ —m: Adulis ! -' 207 -
i " 156
t . 133
[ . Lo}
12 , HES
i3 68
' . 34
13 43
17 34
'7 £
Hi 42
2] - 18
a0 | g
1 e
pRF ' ]

Thus by the eighteenth day following the first emergence of mosquitoes,
we are down to one per cent of the original batch of 1,000 larva. This is approxi-
mately in accord with current heliefs related to the natural lengevity of mosquitoes.

However it is now necessary to remember that the following mosquito popula-
tion will be in existence, despite the fact that only 1,000 fourth instar larve have
been present on any given day. The original batch will have g survivors ; the
iollowing day’s batch will have 11 survivors, and so on. The total number of
adult mosquitoes en hand will be about 2,500 and the ratio of larva and pupe
to adults is therefore 04 : 1, a figure not out of keeping with some of the observed
results at Sakleshpur, for example in the instance of Anopheles jeyporiensis in the
intermediate rainfal] area,
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But let us now assume a sct of conditions in which larval and pupal morta-
lities remain constant at twenly per cent, there stili being 1,000 fourth instar
larvae present daily, but in which adult mortality suddenly riscs to fifty per cent.
On the fourth and subsequent days we shall have :—

BDay, ] Stages present. ]| Numbers,
T e T e

Pupae, old 256 | Total 410
5 Adults ? T 218
6 sog

y : : 55
T N , ; 28
o i '
0 . '| : 7

| |

'Thus it takes only seven days following the first emergence of adult mosquitoces
for the original batch of larva to be reduced to one per cent. The total adult
anopheline population on a given day, moreover, is only about oo, so that a
reversal of the larva-adult ratio takes place, in this case being 67 : 1. With
an even more greatly accelerated adult mortality rate in A, jeyporiensis the larva-
adult ratio found in the low rainfall area, 48 : 1, could theoretically be achieved.

It is interesting to remember that in these two examples there has been no
suggestion of a decline in the anopheline population, scasonally or otherwise :
i both cases it is demonstrated how two populations might exist in a stable condi-
tion, although with different larva-adult ratios. (In the first case, with greater
adult Jongevity, the restriction of fourth instar larval populations to 1,000 must
be attributed to limitation of suitable breeding habitats or some other theoretical
brake on the early larval stages.)

In practice this concept may be modified by the numbers of batches of eggs
laid by females of different longevities, by different resting habits in response to

seasonal varations in humidity, etc. Larva-adult ratios will be correspondingly
modified.

A high larva-adult ratio may thereflore sometimes be an indication of
shurtened adult Jongevity.  In such cases the finding would he of significance to
the transmission of pathogens requiring appreciable extrinsic incubation periods
in mosquitoes. With respect to malaria, it might mean that a vector was able to
take only one blood meal. The vector could thereforc survive as a speeies, but
it would be unable to accomplish the maturation and dissemination of plasmodial
sporozoites.

Tinally, since larva-adult ratios, as already mentioned, reflect many diverse
environmental factors besides climate (i.e., adult and larval habitats and behaviour),
it may he suggested that the greatest use of this figure is in the study of individual
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species over periods ol time. For example under conditions which appear to be
constant, a rise in the larva-adult ratio after the spraying of a village with D.D.T,
would suggest shortened adult longevity, A subsequent lowering of the ratio
would suggest loss of residual potency of the insecticide.  In the interests of economy,
it might he more expedient to gauge respraying programmes on the possibilities for
transrmssion than on the bald fact that infiltration of anophelines had been detected
in the sprayed area. Studies could probably be devised locally to reveal a critical
larva-adult ratio related to adult longevity compatible with malaria transmission.
A saving might thercby be eflected in either the number of rounds of spraying
per year or the quantity of deposit adopted for adequate malana control.  Other
methods of judging age of mosquitoes canght in the ficld are of doubtful validity in
many cases, and in each instance require the services of a highly skilled technician,
so that periodic determination of farva-adult ratios might in some situations
provide approximate information that would be otherwise unavailable, Such
studies could he made most fruitfidly with the most abundant local house-invading
anopheline species, regardless of whether it was the local vector or not, for they
would give immediate and direct information as to the current status of the toxicity
of the residual insecticidal deposit.

An attempt may now be made to test some of these theories against the
actual data.  If we select a species that oceupies all three Sakleshpur areas in
reasonable abundance, or select two species occupying the same area in reasonable
abundance, we may first tabulate their monthly larva-adult ratios through the year
{Table IX) or plot these values on a graph (Figure 4) and then sec whether the
resulting information is in accord with the known bionomics of the species con-
cerned. For this purposec Anopheles jeyporiensis and A. pallidus will be utilized,
the former in all the Sakleshpur areas and the latter in the low rainfall arca. The
reasons for this choice are twofold. Tirst, the species were both found to occur in
sufficient abundance in the areas mentioned to lend themsclvess to study on a
monthly basis, Secondly, the adults were attracted to the collecting stations
and remained within them during the daytime in good numbers, so that a fairly
valid notion of adult abundance was obtained. Christophers (1933) states of
A, jeyporiensis that it is ** commonly taken in houses and cattlesheds ”, while 4.
pallidus exhibits similar behaviour but with special attraction to stables and cow-
sheds. As for larvee, those of A. jepporiensis were also taken in significant numbers
in the three areas, but only few A. pallidus larve were encountered even in the
stronghold of this species in the dry region. This scarcity was only apparent
since breeding areas in ricefields and channels afforded opportunity for wide
dissemination of the larval population. Since habitats of this species were exten-
sively searched, the data on larva, although numerically small, probably reveal
comparative population levels.

Anopheles jeyportensis is found by such analysis to exhibit sharp difference in
the three areas. [Its larva-adult ratio 1y Jowest, gencrally speaking, in the high
rainfall area, reaching its minimum after the southwest monsoon. At this time
there is plenty of water for breeding. Although the rains have ceased, the region
is still wet ; humidity is relatively high and temperatures are moderate, Later in
the autumn and through the winter and spring, breeding arcas dry up, the
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Figure 4. Monthly larva-adult ratios of two anopheline
species
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temperature rises and atmospheric humidity progressively decreases. Concomi-
tantly the larva-adult ratio rises.

TasLe IX.

Monthly lurva-adull ratios of two anepheline species. {Western Mysore State.)

Anopheles jesporiensis. © Anopheles pallidus.

Rainfall area. T
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September L aroy a4 ; 18 obis 005
Oretoher 0ozl Gy : vy 10005
November g [ IS 160 OOOTT
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In the arca of intermediate raintall there is a similar reaction of the larva-
adult ratio to the monsoon, although it is somewhat delayed, since full monsoon
effects are felt earlier west of the Divide than in the intermediate rainfall area. The
phenomenon of desiccation is more marked bere than to the westward, heing
especially pronounced in the hot months of April and May, when the larva-adult
ratio attains a high peak.

'The area of low rainfall experiences the lowest humidity and the highest
temperatures of these three regions, with fewer cxtreme variations during the
course of a year. Larva-adult ratios are correspondingly higher and more
uniform than in the two more wesiern regions. The peak in September, 1951,
was associated with the termination of the southwest monscon.

Christophers (1933) indicates that A, jepporiensis is generally distributed over
the cast and south of the Indian peninsula, but adds that it is common in the
Jeypore Hills at 2,000-3,000 feet and on the Nilgiri Plateau at 6,000 feet, 'This
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would suggest that the species is adapted, although not restricted, to arcas of
moderate or high rainfall.

The conclusion may therefore be drawn that the seasonal variations of larva-
adult ratio of 4. jeyporiensis within the three Sakleshpur areas, as well as the contrast
observed among the three areas, result from variations in adult longevity as con-
trolled by atmospheric humidity, adult life being longest at maximum saturation.

If we now compare larva-adult ratios of A. jeyporiensis with thoseof A. pallidus
in the low rainfall area (Table IX and Figure 4), we find an interesting contrast,
Anopheles  pallidus seems to behave in an opposite manner to A. jeyporiensis, reach-
ing a minimum ratio when 4. jeyporiensis 15 at its maximum and more or less
finctuating in reciprocal fashion throughout the year.

Christophers (1933) says of 4. pallidus that it has a wide distribution but
makes special mention of its relationship to ricefields in Central India. It may
therefore be presumed to be adapted to plain regions, which are notoriously hot
and dry. Adult longevity in this species may therefore be less dependent on the
humidity factor than in the case ol A. jepporiensis.

A direct corroboration of these findings can be derived from a glance at
‘Yabte I in which it is seen that A. jeyporiensis adults were taken abundantly in the
high rainfall area but in decreasing numbers in the progressively drier areas.
The ratios are roughly 8 : 5 : 1. Anopheles pallidus, however, was captured with
opposite frequency, its ratios being about 1 :46 : 174,

But farval catches did not exhibit such wide differences.  In the case of 4,
Jeyporiensis they may be reduced to the approximate ratio of 2:2:5, For 4,
pallidus the larval ratio is 1 : 7 :15 Thus it would appear that the aquatic
environment of non-stream-breeding species such as these is inclined to be some-
what constant, whereas it is in the adult state that mosquitoes have most difhiculty
in adjusting themselves to varying external physical conditions.

In conclusion, in the two examples given, there appears to be cvidence
that larva-adult ratios are positively related to the longevity of adult mosquitoes.
When future collections provide sufficiently high numbers of adults and larve of
other species, similar analyses will be attempted in order to learn whether this
manipulation of data gives valid information in all cases.

Adult and larval population curves.-—According lo accepted polions respecting
mosquite populations, a large output of larva ordinarily precedes a large output
of adults by a period of one to three weeks, 1f we plot the monthly per man-hour
captures of 4. jepporiensis larvar and adults in the high rainfall area on a graph
{Figure 5), we find that this is not invariably the case. In fact there are two peaks
of adult abundance, one of which is accompanied by alarval peak, and the other of
which is not. Referring to Figure 4 and to the discussion of larva-adult ratios,
we can say that the peak in February-March, when both stages were caught in
abundance, occurred at a time of short adult longevity owing to the dry season.
Although larve were common, they could not push adult prevalence to a higher
figure because the adults died at almost the same rate as that at which larve were
being produced.
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But in the case of the adult peak which reached its height in November,
the lowest larval population of the year was nevertheless able to produce a second
peak in adult abundance. At this season the weather was cool and damp, and
adult longevity must have been at ity maximum,

Figure 6 presents comparable information about A. jeyporiensis in the inter-
mediate rainfall area. Adultabundance exhibits an almost perfectly smooth annual
curve in relation to two seasons, the hot dry months of April and May, and the
vool weather following the southwest monsoon and extending into the light north-
cast monsoon. Larval densities are marked by three peaks, none of which affects
the smooth adult curve. As in the case of 4, jepporiensis in the high rainfall area,
one Jarval peak coincides with a period of minimum adult population, although
in this case it is in the dry period during April-May. Likewise in October and
November the adult peak of the year is accompanied by the year’s lowest larval
densities. In this case, however, the adult peak has been preceded by a larval
peak. Since these two maxima are separated by three months, they are not likely
t0 be related in an immediate biological fashion, that is, the November mosquitoes
are not solely August’s metamorphosed larva. It appears more likely that the
larval peak in August 15 only incidental, and that the adult peak in November
represents principally a lengthened span of life of more recent imagines that are
emerging from the current sparse larval population,

Figure 7, showing adult and larval per man-hour captures of A. jepporiensis
i the low rainfall area, repeats only some of the foregoing observations. A
larval and adult peak in February, followed by a drop first 1n larvae and then
m adults in the two succeeding months, has the appearance of a conventional wave
of mosquitoes following a period of larval abundance. However, the subsequent
larval peak during the hot month of May is unable to produce a comparable increase
in the adult population. But the adult peak in October i3 again related to an
antecedent peak of larval prevalence. Since it has already been suggested that
this region is not optimal for 4. jeyperiensis, there being the shortest adult longevity
here, it is probably to be expected that adult peaks must be more closely related
to larval abundance here than in situations more {avourable for the prolongation
of adult life,

Turning now to Anopheles pallidus in the low rainfall area, we find (Figure 8)
that there is first of all a baffling situation resulting from the extreme disparity
between per man-hour captures of adults and larvee, It is nevertheless possible
to observe that during the first five months of the year there is a rough parallel in
the fiuctuation of the two populations, but after this the trends are in opposite
cdirections. Since this region has been assumed in the foregoing discussion to be
favourable for A. pallidus, it is now not unexpected to ohserve that a low larval
density from August through November is able to support the major adult peak
of the year. Since this is the very time when 4. jeyporiensis attains a peak in the
same arca only by virtue of maximal larval abundance, the contrast between the
adaptation of these two species to a region of low rainfall is again emphasized.

As for the assumption that A. pallidus is adapted to less humid conditions
than A. jeyporiensis, the evidence is not as clear in Figure 8 as it is in the depiction
ol Jarva-adult ratios in Figure 4. It is to be observed that there is a minor adult
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peak during the hot weather of April and May, a season when adulc 4. jeyporiensis
populations are depressed to their lowest levels in each of the three Sakleshpur
regions. The highest peak of A. pallidus adults, however, occurs in the post-south-
west monsoon period, more or less in coincidence with peaks of 4. jeyporiensis
adults in the same area and in the two other areas. Therefore A. pailidus may
be adapted to dry climates in the sense that it is able to withstand them more
successfully than 4. jepporiensis, even though increased humidity favours longevity
of 4. pallidus just as in the case of A. jepporiensis. Such a result cannot lead to any
confusion, for it must be remembered that all mosquitoes are essentially similar
in their reactions to heat and humidity, being universally killed at the extremes
of either environmental factor, but mercly reacting in slightly different ways at
various points between these extremcs,

In the hot, dry months of April and May, when several anopheline species
may be detccted as thriving larval populations, but adult catches in man-made
structures are small, it has just been suggested that adult longevity is shortened.
Another supposition should be considered, namely, that during this season the adults
have changed their usual daytime resting places. The interior of cattlesheds
hecome hot by midday, even though humidity may not decline correspondingly
owing to the saturation of the earthen floor with animal urine. [s it possible that
mosquitoes would then fly out in search of more hospitable daytime shelters ?

Only a tentative answer can vet be given to this question. Preliminary
results of night collections of mosquitoes in the Sakleshpur villages indicate little
numerical difference between night and day densities of those anopheline species
which habitually rest in cattlesheds during daytime. Hence the small numbers
of mosquitoes collected by day in the hot season may be presumed to reflect a not
imperfect image of adult densities at that time, Therefore the idea of shortened
adult longevity may still be entertained.

An advance sample of such data, gathered in 1952, may be presented in the
case of A. jeyporiensis in the intermediate rainfall area. Table X and Figure g
show the per man-hour catches of this species effected by : {1} daytime hand-
catching at the designated stations m the villages of this area ; {2) night hand-
catching in the same structures, plus additional hand-catches from animals tethered
immediately outside the structures ; and (3) the conventional weekly larval
survey,

It is scen at once that daytime adult and larval catches follow closely the
pattern exhibited by this species during the hot April-May period in 1951 (Figure 6),
i.e., there is larval preponderance, again suggesting abbreviated adult longevity,

Night catches of 4. jepperiensis within this period, and indeed in the periods
preceding and following, duplicate the daytime adult curve to a remarkable
degree, not only in pattern but in the absolute numerical sense. There can be
no doubt that these figures refer to a homogeneous adult population, rather than
to segregated fractions with different behaviours. It appears, therelore, that at
least in this case the daytime catch within man-made structures continued to
be a valid census method during the hot period of 1952. The uniform one-month
leftward shift of the curve pertaining to night catches, while worthy of future
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Figure 9. Monthly averages of per man-hour col-
lections of A jeyporiensis by three methods in
the intermediate rainfall orea, preceding, during
ond following the hot spring weather of 1952.
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study, is not gerimane to present considerations, since a longer period of time is being
cxamined.

Tasie X.

Montidy averages of per man-hour collections of A. Jeyporiensis by (three
wmethods in the intermediale rainfall area, preceding, during and following
the hol spring weather of 1952 (Western Mysore Stale).

! f
: ADULTS PER-MAN-HOUR,

Maonth, ::n--~—-——v-—--—-~ e e e Ligpese R man-hour,
; Daytime hand ! Night-time hand
I catches. ; catches, ! )
Jamuary o 1 B ann o -; _!— N LS -;.;.i o
Febwuary . ; &% 3 042 : 57235
Marrh 53149 I 1 gbia 4 20750
Aprif L ’ 187y :} L] : 3 n67
May L. 'I 105G { 3248 1t 2
June : 47348 E 12900 1 a 383
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It remains then only to question whether the apparent larval preponderance
during the hot spring period is real. Since water collections are then drying up,
larvee may be concentrated within a relatively few habitats and therefore be collec-
ted in enhanced numbers. This argument can be met rather casily by pointing
out that the even greater peak of A, jeyporiensis larval collections in August 195t
coincided with a period of abundant larval habmats, when the larva might
well be expected to be so dispersed as to appear scarce. A study of Jarval
catches in the other areas (Figures 5 and 7) reveals similar evidence that larval
peaks and troughs cannot be consistently related to the current extent of suit-
able aquattc habitats, No sufficient reason can he advanced, therefore, to
regard the larval census as unsatisfactory in the case of this easily-cellected species.

In summary it may be ventured as a hypothesis that not alt adult mosquito
populations in the Sakleshpur area necessarily exhibit annual population cycles
vomparable to those observed in temperate zones. Adult peaks in abundance
are based not on sudden explosive larva production, but on the existence of condi-
tions favourable for adult survival. The lowest annual larval densities are capable
of producing—or sustaining—the highest annual adult populations.  Likewise
1 low adult density is capable of maintaining high larval populations.

These findings lead to two further observations : (1) The reproductive capacity
of individual mesquitoes is sufficient, even in times of adult scarcity, to ensure
species survival,  {2) Larval mortality must be rather low, since small populations
van nevertheless sustain high adult densities, The latier observation 15 a further
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indication of the tropical character of the ceology of Sakleshpur mosquitoes, for
there is suggestive evidence from other sources that predation may be of a fower
order in the tropics than in temperate regions, f.e., in certain studies on birds and
mammals. A high survival rate i Sakieshpur mosquito larva, plus the fact
that adult longevity is determined chiely by climate, leads to the speculation
that tropical anopheline mosquitoes in this part of India arc not unduly troubled
by predators at any stage of their life cycle. This is not to deny that larvivorous
fish and aquatic insects take their toll of mosquito larvie, bt it does predicate
that these cuemies play onfy a ncgligible part in the regulation of Sakleshpar
mosquito populations.

Influence of rainfall gradient.—While the rainfall gradient may have a deciding
intluence on the frequency with which anopheline larvae or adults are recovered,
namerous instances can be selected lrom the foregoing data in which the incidence
of captures scems to have some other basis,  Of the twenty-two spzcies of Anopheles
recorded from the Sakleshpur arca, only thirteen were taken as hoth larve and
adults from all three study areas. In the high tainfall arca lour of the thirteen
species exhibited the highest larva-adulf ratios encountered ; three species exhibited
the lowest ratios ; and six species exhibited intermediate ratios. In the intermediate
rainfall area the numbers of species exhibiting such maximum, minimum and
intermediate ratios were six, two and five respectively, while in the low rainfall
area the corresponding figures were three, eight and two (Table XI). There is
no discernible trend in these vesults.

Tasrs XI,

Distribution of maximum, inlermediate and minvmum  per man-hour larva-aduit
ratios of thirteen anopheling species which occurred as both larve and adults
i all three areas, excluding data from Teble VIII involving infinity

and zero {Western Mysore Stale).

i HAINRALL ARS.

High. Intermediate,  : Low.
Anophuling species. ' larva-adult rativ | Larva-adult ratio © Larva-adalt ratio
level, tovel. ievel.

Max_{int. | Min. | Max.| Tnt. Min. : Max. Int. | Min,
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Amnularis U | X o *
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Famest - x | : »o- %
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Karwnri I x ! X
Pallids N oox X
Subpieius Pox ®o ; X
Tessellatus l X i ! P X ;
Vagus | -I)( ! o I o e

Totan ... 4 i G| 3 5 1 5 ; B 3 2
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Considering the species from the standpoint of their occurrence in all three
arcas as larva or adults, but not necessarily as both, it is found that six species
consistently appeared predominantly as adults and cight species as larva, while
four species were inconsistent in this respect (Table XII). This division appears
to display some degree of rationality ; but the interpretation to be placed upon
it cannot be one involving rainfall but must be concerned with Jarval habitats
and adult behaviours,

TasLr XII

Anapheline species in which the laroa-adull ratto was above or belsw 1 2 1 tn
all three areas (excluding zere) (Western Mysore Siate).

Preponderance of adults in | Preponderance of larve in Adult oc larval prepon-

al! areas, i all areas. !! derance mixed in the arcas).
Annulariy } Aitkeni ; Amm:'!us
Culicifaries ' Rarbirgstris ; Fhusintitis
Paltidus Hyreanus E Fevporiensis
Subfrctur s Insnlzfloram E Karnmi
Tessellatns 1 Famest |
Fagus Lewcasplyras J
Splendidus ;

| Varuna ':

4 species, I 8 species, 1 species,

One of the remarkable findings of this analysis is that not more of the species
disptayed a regular decline or increase in larva-adult ratios correlated with the
rainfall gradient, and moreover that there were three spedies that showed an
increase in the ratio with increasing rainfall while an equal number showed a de-
wrease {Table XTII). Of the remaining species for which sufficient data for
analysis were available, no less than ten were inconsistent from this standpoint.

Since there is little virtue in the tabulation of data without their interpretation,
one js tempted to essay a few remarks on these fundamentally unsatisfying results.
Of course there is even less virtue in guesses that cannot be verified.  But it would
scem inescapable that the three Sakleshpur areas must be regarded as small
macrocosms or large microcosms in themselves, Rainfall exerts its influence
10 be sure, but apart from that force there are local conditions that modify findings
profoundly. This conclusion is not to be regarded with astonishment, however,
for the region, with its twenty-two species of Anopheles, is obviously typical of
s removal only thirteen degrees from the equator, and Darwin has long since
clarified the relationship between multiplicity of inches and abundance of species
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Tasni NILEE,

Anopheline species showing regular decline or increase n lurva-adull ratws in
correlation with the rainfall gradient {(Western Mpysore State).

; f
Paerease of farsa-adady ratio | Decrease of larvasadude rate | Inconststen spegies,

witly inereasing rain. with increasing rain. '
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{ exsedlaing
Vagny

3 Apeuies, 4 Speries. : 13 species,

in such ropical lattudes. With only small inorements of migration by popula-
tions of the tropics, the sedentary majorities are prone to muke strong local adapta-
tions 1o conditions within limited environments. This question is taken up in
the case of 4. fuviatilis and the distribution of malaria in ancther paper (Malaria
Investigation Centre : Report on studies on 4. fusiatilis).

Tt has long heen suspected that various anopheline species populations in
Tudia wmay comprise sibling species such as are exhibited by the .Inopheles maculipennis
complex in Furope. Studies designed to differendate these cryptic species in
ludia have been successful in very few cases and failures in others, It has then
been postulated that distinct specics may nevertheless exist as biological variants
despite their morphological homogeniety. The present study may lend support
1o the laxter conteption in a more hair-splitting degree than has previously been
considered.  There may well be populations of given species of Anopheles in
south India, living within a few miles of one another, but so far removed by
ecological barriers as to live essentially different lives and to approach mutual
reproductive isolation.

Comments on rare species.—Some anopheline species were taken so infrequently
in the Saklcshpur region that their status cannot be analyzed on the basis of
numetical records. Their very scarcity in routine coliections s of interest, how-
ever, for one wonders whether they arc really rare or whether the collecting methods
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are at fault in these cases. [f it is a matter of collecting methods, then one would
like to know what techniques would disclose the species in their true abundance.
If it js a matter of actual rarity, then one is curious to know how a species can exist
from year to year in such small numbers.  Quite probably some of the Sakleshpur
records are concerned with one type of rarity and some with the other, that is
with both apparent and real rarity.

A rare species in a general region might be expected to appear in collections
fit a sporadic manner in both time and space. [Fach small subdivision of the
segion might be populated by the species in some years bt not in others.  There
might be continual extinction of isolated populations and continual reinvasion of
trmerly populated territories. The region as a whole, then, would be the scenc
of constant shifting of small population groups, so that a map showing the local
distribution of the species would have to be equipped with a batiery of small
electric lights which blinked on and ofl constantly in an jrregular way.

A species is rare throughout is range in some cases, resulting in a situation
that may be most difficult to understand. More often rarity results because of
lack of suitable environment in a given location, the species being abundant
somewhere else, In the case of mosquitoes the needed environmental factors in-
clude those that may influence requirements at any or all stages of the annual
cycle. Thus some of the Sakleshpur records demonstrate that high rainfall may
be necessary to a species, which s therefore rare in the low rainfall area, and
vice versa. But when a species is rare in all three areas, the riddle becomes more
obscure. The lack of intraspecific competition that may be presumed in cases
ol rarity would suggest that there is no barrier to an increase of the species popula-
tion. Possibly there is difficulty in finding mates, or perhaps swarms of males,
if required for mating, cannot congregate in sufficient density to attract females.
It must not be forgotten that rarity, as used in the present context, refers only to
vopulation densities as determined by entomological collections. In some cases a
species may be more abundant than is suspected, and apparent yvarity may then
be at variance with other known facts about the species.

In any event it appcars that the rare species continue to survive in the general
area. Anopheline surveys were conducted for two decades at Mudigere, some
twenty miles northwest of Sakleshpur, and the twenty-two species of Anopheles
Jdiscussed in this paper were taken without exception also in the Mudigere region
{Sweet and Rao, 1933). Preliminary results of continued work at Sakleshpur
during 1952 indicate that the rare species encountered in 1951 will again all be
vollected, not merely in the gencral area but in the same vilage groups as before.
‘Thus there appears to be a highly potent force uniting a rare species to its environ-
ment, and the distributional map with its flashing lights may be an inexact figure :
the Hghts may burn constantly, or only infrequently blink here or there, This, in
fact, accords better with the concept of sedentary populations in the tropics.

Comments on individual species.—While the tables and fgures mcluded in this
paper give information as to the distribution and abundance of twenty-two
anophcline species in the Sakleshpur region, a few comments should be made to
cspand the bare data. This will now be done briefly in the cases of those species
which have not already heen more thoroughly discussed.
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b dnopheles acomitus Dormite. While this species mwust be classified as rare
in the high rainfall area, its virtual absence is inexplicable. Christophers (1933)
records it as widespread in the Oriental Region, while Puri {1941) lists it from
all the subdivisions of the Indian peninsula.  Christophers adds that it *° normally
oecurs at moderate altitudes ; recorded by Mangkoewinoto in Java at 2, 800 feet 7,
it would thus appear to be adaptable over a wide range of habitats,

The reputed readiness with which 4. aconitus enters man-made structures
and feeds on animals or man, and the lack of specialized larval habitats, probably
account for the fact that adults and larva were taken in fairly comparable numbers
in the intermediate and low rainfall areas.

The chief evidence for an annual cycle in the populations of this species is
found in the absence of both larva: and adulits from collections in all three areas
during the hot season in April and May., It would thus appear likely that adults
are sensitive to high temperatures and low humidity,

2. Anopheles aitheni James.—The sporadic caprure of adults is in accord with
the statement by Christophers (1933} that 4. autkeni ** is a wild and shy species,
not frequenting houses or cattlesheds ”.  The more profuse larval captures reflect,
at least in part, the special thoroughness with which streams were canvassed for
barva,

This species also has a wide distribution in the Orient, but it favours hill
regions, being * very abundant in the Nilgiris at 6,000 leet ”, while at Shillong it
oceurs * especially toward the end of the cold season 7 {Christophers, 1933). The
capture of most of the Sakleshpur larvae in the area of high rainfall coincides with
the first quotation, while the concentration of captures during December and
Jamuary suggests that the population of 4. aitkeri has an annual cycle in this area
that i also correlated with cold weather,

3. duapheles annularis van der Wulp,—The larva-adult ratio of this species
in the three Sakleshpur arcas is of the ** pailidus  type as in the foregoing discussion.
This probably is a reflection of the wide variety of habitats in which larva will
develop freely, as listed in Christophers (1933). It may aiso represent a concentra-
tion of the adult population in man-made structures, for the same author citey
many references to the strong attraction of A. annularis toward cattle.

Like Anopheles pellidus, furthermore, this species exhibits a predilection for
the fow rainfall area. The peak of its annual adult population cycle fails earlier
in the year, however, occupying the late winter months preceding the hot weather
of April and May. Densc larval populations in the latter perind are not accom-
panied by comparable numbers of adults, so that longevity of the imagines must
then be drastically abbreviated.

The maximum seasonal prevalence of . emmdaris dues not coincide with the
period of rice cultivation in any of the Sakleshpur areas. This finding is parallel
to that of Chang, Watson and Chow {1950} in southern Formosa, although they
found a peak of abundance of the species in autumn rather than in spring.

1. Anopheles barbirostris van der Wulp.—-Regarding . barbirostris, Christo-
phers {1943} states that *in the Indian area it is not a common house species .
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Preliminary results of recent night hand-catching and window-irapping cxperi-
ments at a cattleshed in the low rainfall area of Sakleshpur indicate that 4.
harbirostris enters to feed and then leaves the shelter. In three selected tests, g3
mosquitoes of this species were caught in the window-trap at night, two were
taken in night hand-collections, but none was encountered in day collections.
The 33 specimens constituted 7-25 per cent of the total anopi;c]mcl catch in the
(rap. However, during the one-year siudy period covered in this paper, the
incidence of this species in daytime collections was only o7 per cent ol all the
anophelines caught. These findings suggest that Christophers’ remarks probably
apply te daytime collections of mosquitoes.

The high larva-adult ratio is in accord with a low rate of daytime resting
indoors. On the other hand there are some special reasons why larve were
rollected in such abundance. The breeding places are easily accessible to larva
soltectors, and despitc Instructions to concentrate on strcam collecting, the
collectors were often tempted to dip in the stagnant margins of a conveniently
located tank or other collection of still water. This was not only casier but more
likely to result in greater collections so that the cmployee could make a good
showing.  Furthermore 4. barbirostris larve are Jarge and conspicuous, so that
they were not likely to be overlooked,

Therc is some concentration of records of this species in the high rainfall
area, but it is not marked. Annual peaks of adult populations are not readily
surmised from the data, but the evidence in the case of larve would suggest that
the species flourishes in greatest abundance during the latter six months of the
year with a peak in September-October. Anopheles barbirosiris would thus fali
into the category of mosquitoes reacting unfavourably to heat and low
hamidity.

5. Anopheles culicifacies Giles.—Christophers (1933} characterizes this ano-
pheling as being ** ordinarily a plains species . Its scarcity in the high rainfall
.Malnad) area of Sakleshpur may be attributed to this trait. It is probable also
that suitable larval habitats are less frequent in hilly terrain, for therc is less
opportunity for the collection of guiet pools or slowly moving bodies of fresh water
in such well-drained areas.

The larva-adult ratio is again of the ' pallidus > type, and widely dissemi-
nated larvae and zoophilic adults are again the cxplanations of the phenomenon.
However, we observe in the case of 4. aulicifacies a distinctly diflerent pattern in
e annual cycle of adult populations. The hot period in April-May, the bugaboo
uf so many other anophelinc species, scems to leave adult A, culicifacies populations
ot only untouched but actually enhanced. Peak levels in the intermediate
vainfall area oceur from February through May, and about a month later than
this in the low rainfall area. Seasonal larval abundance is somewhat better
correlated with the status of aduilt populations than in most of the foregoing species,
s that a more characteristic *“ temperate zone ™ curve is exhibited.

Adult longevity is not demonstrably affected during hot weather., The
vhicl hazard to be faced annually by this species would appear to be a serious
decimation concomitant with the southwest monsoon, possibly as the result of
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the flouding out of farval habiuas, Whatever its cause, the depletion is so gieat
that adult pepulations are not appreciably resiored until early in the following
year.

In the absence ol actual fickd readings of temperatore and humidity, it i
impossthle to compare the foregoing suggestive cvidence regarding longevity of
A, ewdicifacies 1n the Bakleshpur region with the experimental results obtained by
Rajindar Pal {1943) and by Russell and Rao {1042}, But there does appear to
be a discrepancy helween the Sakleshpur experience and the report of the latter
investigators, who found the shortest survival time of this «pecies in an outdoor
vage to be related to high iemperature and low humidity.  Possibly their results
would have heen more in accord with those presented here if they had kept their
cage in an occupied cattleshed, ospecially since A culicifectes characteristically
rests in such shelters during the day.

Furthermore in none of the Sakleshpur arcas can . cuficrfacies prevalence,
achull or larval, be correlated with the annual practices of rice caltivation, since
the major incidence of the species occurs in the months when paddy ficlds are not
nnly fallow but also devoid ol standing water. This phenomenon is probably
related to the fact that irrigation does not cxist on a large-scale hasis such as in
some of the extensive river and canal schemes clsewhere in India.  For example
Russell and Rao {1941) observed a parallel between rice caltivation and the
abundance of A. culicifactes in south-eastern Madras, a yegion where irrigation was
widespread for eight months of the year. The lowest aduit densities were seen
during the remaining four months, **{rom April to early func”, when most of
the habitats were dry. Tt would seem that conditions at Sakieshpur are totally
different and that the single annual rice crop dependent on the southwest monsoon
is 1oo small a factor {0 influence the hionomics of the species in this region.

8. Anopheles fluviatilis James.-—The status ol this species in the Sakleshpur
areas will be discussed at length in another paper (Malavia Investigation Centre »
Report on . fluviatilis). Suffice it to say here that iv displays irregular larva-adult
ratios in the diflerent areas, bat that in no case is there a wide departure from
parity.  However, since larvie of this species were searched for muost intensively,
this ratio should probably be lowered to put the species in proper contrast with
its sister anophelines.

It is in the case of 4. fluvdatilis especially that the questiou of daytime resting
places muost be raised in connection with adult collections made exclusively n
man-made structures.  This factor wili not be discussed here except to point out
that adult densities may be considerably greater than indicated by the data under
review in this paper.

The correlation hetween seasonal Iarval deusities and adult populations s
goad in the intermediate and low rainlall areas.  Total annual abundance was
greatest in the low rainfall arca, which is contrary to the gencrally accepted notion,
well expressed by Christophers (1433}, that 4. fuviatilis is distributed ““ especially in
foothill areas and hilly or rocky tracts ™,

The annual peak of aduit populations, in the arca as a whole, is from the
first of the year through at least March., The April-May hot spell is attended by
decreased but persisting adult catches ; hence, il these catches reflect truly the
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refative abundance of the species, some ability of the adults to withstand desicea~
tion ts apparent. The most striking feature of the annual cycle of the species in all
ity stages in the high and intermediate rainfall areas is its virtual disappearance
following the onset of the sowthwest monscon and its continued absence through
the remainder of the year. This phenomenon has been recorded also at Mudigere
iSweet and Rao, 1933), and may be attributed, at least during the monsoon, to
the flushing of stream habitats.  Where such flooding is less extensive, as in the low
rainfall area, .1, fluviatilis populations may be detected, although in lowered denstties,
during the monsoon and post-monsoon periods.

7. Anopheles lyreanus var. wigerrimus Giles.- -The larva-adult ratio of this
species s shmitar to (hat of A, harbirestris, owing 1o the infrequency with which
adults are collected in man-made structures and, again, to the distribution of the
conspicuous larve in eastly accessible habitats,

Seasonal prevadence of adults and larva is also closely similar to that of
A. barbirestris, and correlation of larval with adult populations during periods
of abundanee is generally possible. The number of adults collected is too small
fo permit a statement as to their reactions o heat and dry weather. There is «
remarkable absence of adults from Febeuary tlhrough August in all three areas,
although lnrve are scarce or absent only from April through June.  Adult and
tarval peaks appear to occur in general from September through December, with
their maximum in Qctober-November,  However, these peaks are seen somewhat
carlier in the high rainfall area than in drier terrain.  Since rice cultivation aiso
is begun svoner in the wettest region, there is an indication that in Sakleshpur
A. hyreanus also ** breeds especially in association with rice-fields  (Christophers,
1933). Indeed many of the larva were obtained from this habitat.

8. Anopheles insuleflorum Swellengrebel and Swellengrebel de Graall—This
is a mysterious species in that no adults were recognized, although it is possible
that females might have heen mistaken for A, aitheni. A further peculiarity lies
in the fact that larva:, ahthough taken in all threc areas, were found almost
exclusively in May, June and July. Puri {1941} notes that larve of A. insule-
fovum and A, aitkent are both found in *shady pools along forest streams ™. In
the Sakleshpur areas this description is apt in the case of A, aitkent, but 4. insule-
florum larvie were usually taken along the cdges of streams more in the open, often
not far from larval habitats of A, furiatiles and A, varuna.

The feeding behaviour and anpual pepulation cycie of A, tnsuleflorum remain
unknown, although the detection of this species tn all three study areas, with their
diverse chimates, suggests that this may be a widespread mosquito,

0. -lnopheles jamesi ‘Theobald.--The breeding of this species in ™ tanks
aid seepage pools with grass growing along the edges 7, as expressed by Puri (1941},
was confirmed in the Sakleshpur arcas. Christophers (1933) is able to cite only
vne reference to adult behaviour, #iz., * Found in houses and stables (Ramsay ;
Sweet) . The preponderance of larval over adult captures suggests that A. james:
either enters houses infrequently or else does not utilize structures as daytime
shelters. '[his impression s sustained by results of window-trapping and night
hand-catching. In the preliminary experiment already mentioned, 39 4. jamesi



C. Brooke Worth. 175

were taken in the trap at sight, 30 by the night hand-collectors, but only tour by
the daytime hand-collectors.

Annual prevalence of larval and adult populations of this speciexs s marked
by two seasonal peaks as shown in Figure 2. The months of April and May arc
accompanied by a decline of both segments of the population. The southwest
monsoon period it marked by increased prevalence of larvae, although a corres-
ponding adult population develops only in the low rafall area.  September and
October are the time of a second general decline of the species, but after this there
follows a five-month period of steady prevalence.

The annuval cycles are remarkably similar to one another in the three
Sakleshpur areas. Tt would scem that 4. jamesi must be well adapted to the region,
Similarity of the three cycles would suggest that local populations exist, each of
which has adjusted its inberent specific traits to the annual climatic conditions
that prevail in the given areas.

o, Anopheles jeypioriensis Jumes—The type torm of this species has already
heen discussed.  The finding of 4. Jjeyporiensis var. candidiensis Koidzumi, 1924,
in the high and low rainfall areas of Sakleshpur s of importance cven though
only three specimens were recognized, Where such a variety is outnumbered by
the typical form to the extent exhibited here, one is tempred to suspect that the
varicty is not in any sense a race, but onfy an uncommon recessive genctic com-
bination. It then becomes intercsting to read that * all specimens from eastern
India, as distinct from the Peninsular avea, showed the palpal markings as described
for the variety ’, while specimens from South India resembled the type form
{Christophers, 1933}). Here we seem to have an instance in which the genetic
potentialities for evolution within a species are being expressed in one region but
not in a contiguous region, and in which the evolutionary change is based not on
mutation hut on mendeliun selection.  'This sort of evolution would not lead
rapidly to reproductive isolation and might, i fact, cventually be aullified by chance
merging of the typical and variant populations.

It is likely that the term, ™ varicty 7, as now used by students of mosquitoes,
cuvers a number of categories, ranging from a simple uncommon recessive genetic
character to an almost complete biologic departure from the main stock, z.e., the
threshold of identity as a new species.

11, .dnopheles karwari James.—The rarity of A. karwari in the Sakleshpur
areas has no demonstrable basis. This is a wide ranging species in the Oriental
Region, with South India as part of its stated range (Christophers, 1933). Purl
{1941) indicates that larvae are found in *seepage pools wnd small fresh water
springs with vegetation along the edges 7', a statement that has heen verified in
the present studics. ‘There is no fack of such habitats in the Sakleshpur arca.
Christophers (1933) reports that adults have been found in houses and cowsheds
and will feed on man. -

Why A. kerwari should then exhibit such erratic patterns of prevalence
{Figure 2) is a puzzie. That it was lound as both larve and adults in all three
arcas indicates that it is adapted to all types of the local climatic conditions.  But
adults and larve were not found in the same seasons. In all threc areas adults
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appeared in July and August, tapering off through September in the intermediate
vainfall arca and through October in the fow rainfall area. Larva, on the
contrary, were found only in February in the latter two areas, while in the high
rainfall area they occurred from December through March.

The larva-adult ratios were inconsistent in 1the three areas, but total numbers
i’ hoth stages collected were so small that this is not significant. It may he
questioned whether A, fawwari is as domestic in the Sakleshpur region as one js
fed to assume from Christophers” sketchy comments, for it were, it would probably
he more abundant here,  One suspects that the species may have wome other
specialized reguirement which is not satisfied in this part ol India.

12, Adnopheles leucosphyrus Dinitz,~-The classification of this mosquito as
+ wild jungle species (Christophess, 1933) is applicable at Sakleshpur. The
paucity of records renders a discussion of annual cycles impossible. Tty capture
m all three areas js significant from the standpoint of distribution and adaptability
1 diverse climates, but its rarity precludes the possibility of malarizd vectorship
as displayed by the species in Borneo (unless revised collecting methods at Saklesh-
pur alter the present belief in its scarcity there).  Possibly different adult collecting
imethods wowld reveal it as more abundant than hcre shown, but this is not likely
sitee the farval survey shoutd in that case have made such a disclosure,

13.  Anopheles maculatus Theobald.---Although A. maculatus is reputed to
have a wide distribution, it occurs in peninsular India “ notably in the Nilgiris
and is * not commonly found in the great alluvial plains 7 (Christophers, £933).
Hence its rarity in the Sakleshpur region may indicate that the areas studied are
not sufficiently montane in character. The two adult records, and five of the
six larval records, occurred in the four relatively cool months from November
through February, Although 4. maculatuy was not collected in the intermediate
rainfall arca, its presence in the two others indicates that it is a generally distributed
hat sparse mosquilo in the region,

4. Anopheles majidi McCombic Young and Majid.~-Sakleshpur is in the

Known Himited range of this species in southwest India, but 4. mapdi must never-
theless be classified as one of the rarest species in the region studied.  The absence
of adults in collections suggests that it may not enter or remain in man-made
structures.  Since only seven larva: were found during an entire year, however,
it may be dangerous to draw such an inference. Al the larve were taken from
january through March, three in the high rainfall area, four in the intermediate
area and none in the low rainfali ares. Hence A. magjidi may be characteristic
+ rool and more humid regions.

5. Anopheles pallidus Theobald.— Populations of this species have already
heen contrasted with those of A. jepporiensis in the low ramfall arca (Figures 4, 7
and 8). It was propused in the accompanying discussion that 4. pallidus adults
are able to survive hot dry periods with a measure of considerable efficiency.

It is therefore of interest to note the sharp gradient in the reduction of annual
Ao pullidus populations as one progresses to areas of higher rainfall (Figure 2). In
the intermediate rainfall arca there is a peak of adults and larvae that bhuilds up
and declines from September to January, coincident with the single rice crop
dependent on gradual run-off of surface and scepage water after the southwest
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monsoon.  In the high rainfall area, ron-off i so rapid that rice is cultivated during
the monsoon itsel, when all mosguito breeding is drastically limited by the rapid
movement of all waters. Hence po favourabe time occurs during the vear for
AL pallidus larve in the heart of the Ghats,

There is a minor indication that conditions are also less favourable [or adults
of A. pallidus in areas of higher rainfall than in drier regions, for a rise in the larva-
adult ratios toward moister zones is seen, indicating progressively shorter adult
tongevity (Figure 3).  If this is significant, it means that . pallidus is not merely
able to tolerate decreased humiditics but is positively adapted to some degrec
of that condition. Such an adaptation would indeed fit it for life in the Indian
plains.

16.  Anopheles philiptinensis Ludlow.--Although adults of A, philippinensis
have been found ** in houscs , cattlesheds and stahles ”* (Christophers, 1933}, only
larvee were cncountered during the Sakleshpur studies. 'The ones in the mter-
mediate rainfali area were taken abundantly from a small tank ¢close to houses and
cattlesheds, so that the absence of adults in collecting stations in this village signifies
their reluctance o enter or remain m such shelters.  Possibly the species feeds
on pigs or other animals that are not carefully housed at night.  In line with what
has been said about larva-adult ratios in relation to adult longevity, the absence
of adults of this species in collections may also reflect a highly abbreviated span
of imaginal existence, although il this were the only factor involved, one would
expect to have recovered at least one or two adults from shelters.

The seasonal peak of A, philippinensis larvee in this willage in September,
with a decline through the next three months, corresponcded with gradual depletion
and stagnation of wafter in the small tank.

The absence of 4. philippinensis from the high rainfall area is probably related
10 the lack of suitable collections of s1ill water for tenure by larva,

Larvae were 100 rare in the low rainfall area to give an indication of the
local status of the species, aithough they were found at a time contemporancous
with farval prevalence in the intermediate rainfall aren. Since records of A.
philippinensis are rather scattered in India and the Ouiental Region, it is possible
that this mosquito is distributed patchily in response to the need for some peculiar
environmental requirements that exist in suitable combination only here and
there.

17.  Anopheles splendidus Koidzumi.-—The classification of this species as
*u northerly Oriental form” and its distribution from * extreme northwest
India} to Upper and Lower Burma and South India ” (Christophers, 1933}
would indicate adaptation in at Jeast part of its range to arid or semi-arid climates.
The prevalence of A. splendidus in greatest concentration in the low rainfall area of
the Sakleshpur region, plus its maximum abundance there during the hottest
season of the year, tend to confirm such an impression.  Christophers (1g33) states
that adults are * found, usually in small numbers, in houses, outhouses, cowsheds,
erc.”. In the brief window-trapping experiment already alluded to, there was an
indication that this species normally utilizes outdoor resting places, for ten
mosquitoes were found in the trap, two were taken by the night hand-collectors,
but none by the day hand-collectors. Thus Christophers” ™ small numbers” in
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shelters, and the acutal paucity of adult specimens in the year’s study at Sakleshpur,
may be at least partially accounted for.

The rather sparse collections of A. splendidus in the whole area, as well as its
decline along a gradient of changing climate, arc characteristic of a species at or
near the edge of its range.  In this case the inference is that A. splendidus should be
found more commonly in the adjacent plains, unless its entire hold on South
India is only tenuous.

18,  Anopheles subpictus Grassi~The geographical and seasonal distribu-
tion of A. subpictus in the Sakleshpur region is rather uniform, as may be seen in
Figure 2. Larva-adult ratios are low in all three areas, no doubt owing to the wide
dispersal of larve in almost all sorts of habitats and the readiness with which
adults enter houses and cattlesheds (Christophers, 1933). In northern Indiath is
species is uncommon before the monsoon, whereas in South India it is said to
perur “more or less throughout the year ” (Christophers, 1933). While the
jatter statement is technically correct when applied to the Sakleshpur region, the
data indicate that there is a late winter and early spring peak of abundance,
with 2 maximum in February, in all threc areas and that adult populations are
sharply reduced during the rest of the year.

Some ability of A. subpictus adults to withstand lowered humidity can be
ubserved in the high and low rainfall areas during April, but populations decline
in all the areas during the ensuing hot month. This species must be regarded as
an adaptahle one, considering its wide range ; its adjustment to divergent climates
at Sakleshpur is therefore not remarkable.

19. dnopheles tessellatus Theobald.——Christophers (1933) is of the opinion
that d. fessellatus is a more or less domestic species, although he cites one investiga-
wor, Stookes, who ““ seldom found it in houses, even though larve were abundant .
The low larva-adult ratios in all three Sakleshpur areas tend to support Christo-
phers’” view. But window-trapping results in the low rainfall area of Sakleshpur
tend to confirm Stookes’ observation : 153 specimens were taken in the trap, 2g by
the night hand-collectors, and only five by the day hand-collectors,

The wide range of this species through India and the Orient indicates its
adaptability to various conditions, but a rather strong predilection for the low
rainfall -area of Sakleshpur is nevertheless shown, Here A. tessellatus achieves peak
adult abundance during the southwest monsoon, prevailing at lower levels there-
alter and disappearing in the hot pre-monsoon months of April and May. A
secondary adult peak occurs in November, possibly this time in relation to the
northeast monsoon.

In the intermediate raiofall area A. tessellatus likewise exhibits an adult peak
during the southwest monsoon, although this Is of smaller magnitude. The
secondary November peak is discernible here also. In the high rainfall area the
surnmer peak is altogether wanting, if one may judge this on the small numbers of
specimens collected ; only the later annual up-swing is represented.

This type of yearly and distributional c¢ycle is unique among the twenty-
two anopheline species of the Sakleshpur region.  Other species that are most
prevalent in the low rainfall area experience peaks of adult population at times
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of the year when the benelits-—1 such they are-—of a dry climate may be more
obviously utilized, It appears contradictory for a species te adapt itself to the rainy
season of a dry arca when rain is to be had in greater profusion in adjacent terrain,
Nevertheless a suggestive paragraph in Chang, Watson and Chow (1g50) may
point to the explanation of this behaviour. In southern Formosa, these workers
also noted peaks of prevalence of A. fessellatus during the rainy season, apparently
hecause of the requirement of pools by larve,  When the rains stopped, the pools
dried up and adult density diminished. In the Sakleshpur areas, pools develop
and are maintained better in rolling lands on the fringe of the monsoon than
among the drenched hills, Christophers (1933}, however, lists numerous alter-
native larval habitats, so this may not be the whole story. A need for studies
of the ecology of A. fessellatis populations is apparent.

Larval habitats listed by Christophers (1933) and Puri (1941} are varied.
In the Sakleshpur area larva were found so incounsistently that it is not possible
to generalize as to their habitats. Therefore no conclusion as to adult longevity
can be drawn from larva-adult ratios. The seasonal Juctuation of adult popula-
tjons nevertheless indicates relatively low tolerance for heat and drypess,

20, Aunapheles turkhndi Liston.--The collection of only two adult specimens
within an cntire year reflects the uncommon status of this species at the southern
timit of its range. Christophers (1933) implies that it is characteristic of, although
not restricted tn, plains regions, Hence its occurrence in the low rainfall area
at the beginning of the hot season is logical. However, as already mentioned,
A. turkhudi has been recorded at Mudigere (Sweet and Rao, 1933) ; this is an area
of Wgher rainfall.  Since adults are said to be caunght in houses (Christophers,
1933}, the scanty records from Sakleshpur probably reflect troe rarity of the
species.  The failare 1o detect larvee in the region is further confirmation of such
slatns,

This is an outstanding example of the puzzle preseated by a rare species.
1t will be of interest to learn whether 1. furkhudi continues in the future 1 present
isell in the form of isolated specimens, and if o, why.

21, dnopheles vagus Donitz.- —This mosquito, like . subpictus, has a wide
geographical rauge in India and the Orient, as well as a wide variety of larval
habitats.  Like .. subpicius, it also scems well adapted to the three Sakleshpur
areas. But in a study of Figure 2 it is possible to conclude that A. vagus is the
hetter adapted of the two species, particularly as annual rainfall increases. This
is apparently a resukt of the ability ol 4. pagus to withstand the hot weather of Apnil
and May, when its adult populations actually reach their peak in the two more
western areas despite the dry weather at that time.  In the low rainfall area the
species has greater difficulty, for desiccation is more extreme, but it is still able
to maintain respectable aduolt densities compared with many other local
anophelines,

Adult annual population cycles in the three areas present an almost uniform
appearance. Minor differences consist of two variations in the low rainfall area
where the summer peak is reached a month later than in the mopisture zones and
where a rxecondary peak in November fails to appear,
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Varva were collected in only small numbers.  While their ocourrence seemed
ai times to be correlated with adult prevalence, at other times the reverse associa-
tion obtained. The only statement that can be made concerning larva-adult
ratios is that they reflect, again as in the case of A, subpictus, the diversity of niches
accupied by hrve and the frequency with which adults coter man-made
structures.

22. .dnopheles varuna lvengar.—The species is rather puzzling because of
irs apparently discontinuous prevalence in the Sakleshpur region.  Obviously
the data arc imcomplete.  Its occuvrence in all three areas indicates a general
distribution, but the records themsclves suggest either scarcity or only localized
abundance, Further work is required to establish the status of 4. varuna in Saklesh-
pur,

Other species.—1t is likely that other anopheline species will be recorded
froan Sakleshpur, sinee A, mintmus and . stephenst are known [rom Mudigere, while
A. anngndalei was found recently in the north-western part of Mysore State. The
Western Ghats at their highest clevations in Mysore have not been surveyed for
anopheline mosquitoes,  Presumably such species as 4. gigas ancd possibly .
indesapi exist there, and any of these might eventually appear as stragglers in
Sakleshpur, particularly in the high rainfall area. Such events would only add
to the Tist of vare species of this region.  The invasion of hitherto unrecorded species
irom the plains, however, might lead to saccessful colonization of the fow rainfall
area.

As facilities for travel and ithe number of travellers in India increase over
the next few decades, the transport of mosquitocs over long distances may hecome
rommonplace.  Mechanical translerence of this sort could involve not only the
appearance of new specics in a region but also the introduction of rew strams of
alrcady indigenous species.  The concept of sedentary tropical papulations,
existing as reproductively jsolated groups, would then become obsolete,  Perhaps
iie fist indication of the admixture of genes from such new strains would be a
departure from cstablished annual population cycles. A formerly rare species
wight be cnabled to hecome common, or a species that was formerly not anthro-
pophilic might assume a form of hehaviour leading it to become a malaria vector.
The nreed for foreknowledge of the bionomics of currently rare or non-vectorial
anophelines can he stressed on this theoretical basis in addition to the more practical
reasons mentioned here and therve in the preceding pages.

SUMMARY,

1. The anopheline fauna in a hill region of western Mysore State, India,
was surveyed from the middie of March, 1951, to the same date in 1g52. Three
areas near Sakleshpur were chosen for study hecause of the sharp rainfall gradient
ong which they were situated.

2. Entomological methods employed were the conventional ones utilized
in malaria rcconnaissance, namely the daytime collection of mosquitoes from
houses and cattlesheds in villages and the recovery of larvae from adjacent aquatic
habitats, Records of both types of captures were reduced in so far as possible
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to a per man-hour basis.  Although this was an adinittiedly rough way of collecting
and manipulating data, the uniformity of field methods and mathematical treatment
resulted in the possibility of making a number of revealing correlations.

4. Twenty-two species of Anopheles were encountered in the region.
Analyses of the annual cycle of cach species were made from the standpoints of :
larval prevalence and habitats ; adult prevalence and doytime resting places ;
ratio of larval to adult abundance on annual and seasonal bases ; relation of the
species to intensity of rainfall ; relation of the species to the dry season ; and
significance of the combined findings in relation to the status of the species in the
region and in its several climatic subdivisions.

4. The bulk of the findings was presented in the lorm of suggestions, since
there were no experimental data beyond rainfall readings and the date and place
of collection of individual larval and adult mesquitoes. Numerous patterns in
the findings recurred sufficiently constantly 1o lend the suggestions considerable
nterest,

5. The larva-to-adult ratio of per man-hour captures, when reduced to
monthly averages and plotted against the year’s climatic cycle, suggested that some
anopheline species are characterized by adults that have greater ability to with-
stand desiccation in hot weather than those of other species.  This ratio was found
to be applicable to various species with known predilection respectively for both
dry and moist climates.

6. The use of the larva-adult ratio as an indicator of Jongevity of adult
anopheline populations in areas sprayed with residual insecticides was advocated.

7. The gencrally non-migratory characteristics of tropical populations
were thought o be exhibited by some ol the anopheline species enconntered.
This attribute was reflected in the lack of a wave of larval abundance as the
invariable precursor of a comparable eruption of adults,  The larval population
remaining essentially constant, a wave of adults was then considered to result from
i (hangc in environmental conditions favouring ncreased adult longevity,

8. The implications of sedentary tropical anophcline populations in relation
to the cevolution of local genetic strains was discussed.  The significance of rare
species was also considered.
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Recent advances i different groups have been arranged in the order
of (i} introduction, (i) chemical studies and relationship of their chemical
structure to biological activity, and (iii) stodies on drug mctabolism and other

physico-chemical observations.

INTRODUCGTTON.

Pasmaguing (plasmoquine) (111}, the first synthetic remedy for malaria was

discovered in 1926 and was followed by mepacnine (atebrin} (II) in 1931,

Till

1939, the tcmpo of work on synthetic antimalarials was lcisurely and even mepa-
crine and pamaquin had only received limited trials, During the World War 1L,

*Revised to includs publications availalide up to June 1933.

(183 )
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rhe German workers had pushed their work on guinofines to resochin (X
{chloroquine) and sontochin, and both these drugs werc being clinicaily tried.
During the same period American workers cxamined about 14,006 compounds,
out of which nearly hundred drugs, derived from various chemical groups, were
rested against human malarias {Wisclogle, 1946 ; Bami of al., 19474). This was
apari from their extensive pharmacological, parasitological and  biological
investigations on various aspects of malarta chemotherapy.  Thesc studies revealed
the true potentialities of mepactine, confirmed the utility of pamaquin as a curative
drug, and established chlorogiine as a suppressive antimalarial of high potency.
Amongst drugs similar to pamaquin, pentaquin and isopentaquin proved equally
active and relatively less toxic. The British investigators studied nearly 1,700
compounds belonging to hitherto unexplored fields of pyrimidines, guanidines
and biguanides. Their extensive studics till 1947 resulted in the discovery of
M3349 and paludrine (proguanit) {XII} {Curd and Rose, 1946 ; Bami o al.
1g47a ; Rose, 1951 ; Davey, 1g51).

This short account of work does not adeguately summarise the total chemical
aned biological data obtained but most of the work indicated above has been
published and well reviewed apart from the fact that new drugs discovered tll
1447, have been chinically evaluated and cither accepted or rejected according to
their merits {Coatney and Cooper, 1048 ; Coggeshall and Craige, 1049 ; Field,
1949 ; Cooper, 1949 ; Fairley, 1949 ; Jaswant Singh, 1949 : 1950 ; Davey, 1951 ;
Findlay, 1951 and Coatney ¢ al., 1953). The object of the present paper is to
review the latest developments in the ficld of antimalanals from 1948 to 1952
from chemical, physico-chemical and certain blochemical aspects.

The new entrants to the field of synthetic antimalarialy during the period
onder review are camaquin (XI), primaguin (VI), daraprim (pyrimethamine}
(XVI) and lapinone (Ma23zo) (XVIH). Camaquin, a drug structarally similar
10 chloroquin (X) has been confirmed as a potent suppressive antimalarial while
primaguin has proved 1o be highly curative with very low toxicity when compared
tr  other  8-aminoguinolines, like pamaquin, pentaquin  and  isopentaquin
Edgecemb et al., 1950}, Daraprim, a new 2 : 4~ diaminopyritnidine derivative
XVTI), is being introduced as a suppressive with low toxicity but it is toa early
10 give a final opinion about #s utlimate utility for the treatment of human malaria
Hitchings ¢ al., 7952 ; Jaswant Singh, Ray, Basu and Misra, 1952
and Jaswant Singh, Ray, Basu and Nair, 1952). Extensive chemical and bio-
logical investigations on naphthoguinones by Tieser, Berliner ef al., {1948) resulted
i the discovery of lapinone (Ma2gr0) {XVII1) which has not utlimately competed
so well with other well-known antimalarials (Fawaz and Haddad, 1951). FLatest
development in the feld of natural drugs is the discovery of a highly active alkaloid
from a common garden plant hydrengea {Baker, Schaub, Mclivov and Williams,
1952} whose chemical stracture is identical with that of lebrifugine (1), an alkaloid
from Dichora febrifuga Lour (Koepfli, igno; Baker, McEvoy, « al, 1953a).
Chemical and pharmacological investigation on chemical structures allied to
paludrine, chloroquine, daraprim, mepacrine, lapinone and febrifugine have not
sffered a compound so far which could compete with the parent drug at clinical
level. However, during these studies many interesting observations have been
wade regarding the relationship of biological activity with chemical structure,
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The synthess of pew anibnalirial remedies has been more or Jess cnipirical,
i sphte of the fact that existing knowledge regarding relationship of cheinical
structure o activity was of considerable ln*ip Tt was thought, therelore, that a
better understanding with regard to mechanism of drug action and route and
manner by which Iiwy are degraded in vive, could be helplud to the synthetic
chemist in by quest for better antimalarials,  In this connection  degradative
studies with pamaquin have estabbished at least one of the possible routes of 1ty
breakdown n rive | Josephson, Taylor «f al, 1951 Josephson, Greenberg, e of.,
rgptY, wlile similur studies with paludrine have olfered highly active triazine
ompowls {XINY (Carvinglon ef al,, mr ; Crounse, 1951 . Crowther and Levi,
9535 Synthesiz of pentaquin IV fabelled with radio-active isotope N'S at
different positions (Fiderfield of af., 1053 1 Blatt and Gross, 1953) has been accom-
mlished and degradative studies with radio-active matertals ive yielded interesting
vesults (Llderfield and Smith, 19531, Tt mav be mentioned that p-bromo analogue
of paludrine {bromoguanide) labelled with radio-active bromme hias also been
wsed incertain absorption and excretion studies by Crowther and Levi {1933).
Naphthoquinones, acridines, and  g-aminoguinolines have also been similarly
studied with varying degree of suceess.

Study of phvsico-chemical propecties of various anthimalarials in relation to
their biological response usually gave inconclusive results /Gage, 10404 1 10495 -
rg4ac ;s Hammick and Mason, rogoa @ 1g506}.

The progress i the fields of tssue cultire of plasmodia ij'\limw-'i(ing, 1951}
and metabolism of malaria parasites (Gieman, 1948 5 Fulton, 1951} has been
well reviewed.  These two aspects could also give clues for the sy nthf‘&ls of potential
antimalarials based upon chemical structures of the nutsitional requirements of
the parasites but the progress in this dircction has been slight. Discovery of a
rodent malaria parasite P. berghet {Vincke and Lips, 1043) aroused considerable
mierest regarding iy use as a test parasite lor new  potential  antimalarials
“Goodwin, 194 1 Thurston, 1930),  Resuits obtained with P, berghel usually vary
from those obtamed with other strains but its utility for rapid  screening  and
conlirmation of the data obtained with otber plasmodia s vow well estabiished.
Recent discovery of pre-erythrocytic stages of various huntan and experimental
malaria parasites has been a norable achievement which has greatly helped 1o
anderstand the chemotherapy of malaria from this backgreund (Shortt, 1930).

The problem of drug resistance in malavia chemotherapy has inecrcasingly
come inte promimence. Although it has been easy to produce drug-resistant
straing of various plasmodia in the laboratory, acquiring of resistance to well-
knownt drugs h\' human parasites in the field has neither been easy nor frequent

dishop, 1951}, Another interesting aspect of resistance has heen the discovery
of cross-resistance hetween various dlufrs such as paludrine and daraprim to a
particular malarvia purasitc which conld be explained on the basis of structural
dmilarities and hence simitar mode of action of drugs involved. A relieving
teature of the phenomena of resistance and cross resistance ws that pabuedrine and
daraprim resistant stradus, which are comparadvely casilv prodoced, can be treated
with drugs of acridine and quinoline groups satislactorily { Jaswant Singls, Ray,
HBasu and Noor, 1g52 0 Schmidt and Genther, 1531
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Considering the amount of work done during the last five years it could
be said that degradation studies on various antimalarials still remain to be completed
and deserve vigorous tackling. As regards synthetic investigations, pyrimidines,
triazines, higuanides and quinolines can be fruitfully further investigated in the
light of what has already been achieved.

ALKALOIDS AND RELATED COMPOUNDS.

In spite of greater emphasis on synthetic antimalarials, cinchona alkaloids
and alkaloids derived from various other vegetable sources have been successtully
investigated during the period under review. Alkaloids obtained from an ever-
ureen Chinese shrub © Chang Shan 7 (Dickroa febrifuge Lour | indigenous to South
Western China and India) have been extensively investigated and recently febri-
fugine (I) (Koepfli, 1950), the active principal of this plant, has been found to be
chemsically identical with the alkaloid obtained from commion garden plant
hydrengea (Baker, Schaub, McEvoy and Williams, 1952 ; Baker, McEvoy ¢ df.,
1953a}. This alkaloid (I) has shown high antimalarial activity but low chemeo-
therapeutic index, which limits its usefulness (Hewitt et o, vg52). For instance,
{ebrifugine is hundred times as active as quinine but probably three hundred
times as toxic, when tested against P. cynomolgi, while in the case of P, stvax even
low dosages were too toxic to be of any practical value {Coatney ¢f al, 1950}
Total alkaloids as obtained from cinchona tree have been found to be equal or
superior to quinine while percentage of quinine in this mixture did not appear to
determine the activity as various alkaloids mutually acted as synergisis (Baranger
and Filer, 1948). This fiading is of special interest to under-developed countries
growing cinchona who can produce much larger amounts of “total cinchona
alkaloids » for their needs as against purc quinine.

Chemical studies—Chinese investigators obtained three isomeric alkaloids
from D). febrifuga Lour, which they tentatively called alpha, beta and gamma
dichroines {Jang et al, 1948 ; Chou ef al, 1948 ; Yang, 1g51). Gamma-di-
chroine was found to be highly effective against avian malarias (Henderson el
al.,, 1949). Similarly Kueh! ef al. {1948) after examining six hundred plants,
obtained two antimalarial alkaloids, I and II, from D. febrifuga. Further derailed
cxamination of the same herb by Koepfli ¢t al. (1949) resulted in the discovery
of two interconvertible alkaloids febrifugine and isofebrifugine, the former dis-
playing good antimalarial activity, Koepflt ef al. (1949) attempted to reconcile
all the above findings by different workers and concluded that isofebrifugine,
Kuchl’s alkaloid I and alpha-dichroine were identical, while beta and gamma-
dichroine and Kuehl’s alkaloid II may correspond to febrifugine, which is dimorphic
in character. There was also a general agreement in all the above cases as regards
a molecular formula of C,gH.gO,N, for these alkaloids and a g-quinazolone
structure substituted at g-nitrogen (Jang et al., 1948 ; Chou e/ al., 1948 ; Koepfls
ef al., 1049). Finally Koepfli (1950} assigned configuration (1) to febrifugine and
gamma-~dichroine which has been recently confirmed by Baker, McEvoy o af,
(19530},
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4= [beta~keto-gama- (3-hyvdroxy-z-piperidyl) propyli-j-quinazotone.

Dispiay of high activity in the case ol {I} prompted examination ol other
plants, Eventually, hydrengea, a common garden plant, offered a crystalline
alkaloid which resembled febrifugine as regards its chemical and biological
properties (Ablondi ef al., 1952). This fact was further confirmed by degradative
studies {Hutchings ef al., 1952) and in order fo determine the chemical structure
of this alkaloid a comprehensive study of the functional derivatives of 4-quina-
zolones with g-substituted side chains was undertaken (Baker, Querry, Kadish
and Wiiliams, 19524 ; Baker Querry, Schaub and Wilkams, 1952}, QOut of
cighty such functional derivatives studied, only g-[-beta-keto-gamma-(2-piperidyl)
propyl]-4-quinozolone was found to be one bundredth as active as hydrengea alka-
loid and equal to guinine activity {Baker, Querry, Schaub and Willianis, 1952 ;
Hewitt et al., 1952). Further extension of the same studics (Baker and co-workers,
rg52) finally resolied in the synthesis of hydrengea alkaloid (I} which is 3-{beta~
keto-gamma-{g-hydroxy-2-piperidvl) propyll-4-quinozolone having cis configura-
iion in the piperidine ring {Baker, Schaub, McEvoy and Williams, 1952 ; Baker,
McEvoy et al., 19534). Mediocre chemotherapeutic index in casc of (1) (Hewitt
el al., 1952) prompted the study of its analogues where the benzene ring in the
parent structure {I) carried one or more halogen, alkyl, nitro or alkoxy substituents
(Baker, Schaub, Joseph e al., 19520 ; yo52¢ ; Baker, Joseph, Schaub éf al., 1952).
The eifect of such substitution and alterations on the biological activity of the
molecule has been summarized below (Hewitt ef al., 1952) :(—

fa) Substituents in position 5 of structure (I) increased the antimalarial
activity while substituents in position 6 gave compounds with lower
chemotherapentic index (Baker, Schaub, Joseph ef al., 1952¢).

'b) Extensive investigations regarding substituents at position 5 revealed
that 5-flouro derivative was as good as chloro apalogue although their
replacement by iodo group resulted in a compound of lower activity,
Amongst 5-atkyl chains, the activity was inversely proportional to the
Jength of alkyl chain. As regards chemotherapeutic index, 5-trifluore-
methyl analogue of (I) was the best although the quinine co-eflicient
came down from 100 to g5 (Baker, Schaub, Joseph et al., 1952¢).

1¢} Substituents in positions 7 or 8 gave compounds which had lower
activity or chemotherapeutic index or bhoth. While 6- or y-substituted
derivatives of {I) were inactive {Baker, Schaub, Joseph e al., 1g52¢).

{d) Similarly (5, 8) {7, 8} {5, 7) or (6, 7} disubstituted derivatives of {I)
having two identical substituenis were found to he less active.  However,
3, 5, O-trisubstituied derivatives showed apl ncrease in activity by 30
pey cent {Baker, Schaub, Joseph ef «ol., 1o528).
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‘e} 5-chloro-6-methyl analogue of (¥) was only as active an its 5-chloro
analogue while certain dichloro substituted compounds though maore
active have shown lower chemotherapeutic index {Baker, Joseph,
Schaub ¢ al., 1g52).

1} Hydrengea alkaloid (I} can be considered as a 5, G-substituted-4-pyri-
midonc derivative and consequently quinazolone moicty of (I} has been
replaced by various g-aryl-g-pyrimidones. The resulting compounds,
however, had very low quimne co-cllicient (Baker, Schaub, Joseph,
el al., 1953). Similarly a thiophenc isoster of (I} was alse studied
{Baker, Joseplh, Schaub e al., 1953).

In order o study the effect of replacement of quinoline ring of quinine by
ssoquinoline,  j-isoquinolyl-g-quinuclidyl  ketone  has been reported but the
hiological data was not given (Clemo and Popli, 1951). Alkaloids from Feonotis
nepetagfolin have been investigated and only the seeds displayed some antimalarial
activity (Asenjo of al., 1948).

Bivlogical studies and physico chemical observations.—Quinine is degraded in the
system. to a 2-hvdroxy  derivative which was  positively inlerior 10 (uinine as
regards specific antimalarial activity {Marshall and Rogers, 1948) and in order to
block this mode of detoxication, various 2-altkylamino-quinolines were prepared but
i test report is available (Luthy of al, 1949).

ACRIDINES.

Mepacrine (atebrin) (11, the well-known antimalarial of this [amily has not
heen surpassed in activity by any other acridine derivative built on jts pattern.
studies have been conducted on the degradative metabolism of acridines but the
results were inconclusive, while attempts to correlate biological activity with
vhysico-chemical properties have also met with little success.

oy CHy
NH.CHI(CH,) 5 N(C. Hs)a N.CH. (CHa) 5 N(CaHs)
0CH; QCH5 2
A N oL N
H
Mevacrivg (110 Mrraciane (Resonance hybrid) (1fa;

{2-Methoxy-Gechlorg-y-{ gdiethvlainino-l-methylbutylamine) acridine. |

Chemical studies—A number of active 2-methoxy-6-chlorv-g-dialkylamine-
alkylamino-acridines have been reported (Eli Lilly & Co., r948q¢ ; Pervine and
Sargent, 1949} while various g-alkyi- {or arvl-} -amino-acridines having different
substituents in the two benzenoid rings were usually found to be devoid of activity
Grigorovskii and Terenteva, 1947 ; Kshatriya and Nargund, 1948 ; Parke Davis
& Co., 1948 ; Singh and Singh, 1948 ; Singh and Ahmed, 1949 ; Kshatriya e
., 1950 ; Tamemasa, 1951}, Out of 5- and 8-chloro isomers of (IIY, the latter
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was found to be less active than the parent drug (Dauben, «g48), Replacement
of the mepacrine side chain with a g-diethylammocyclohexylamino group offered
a compound which was only slightly infertor to mepacrine when tested against
human malara with no unpleasant side eflect or skin coloration {Asano ef 4.,
1950}. Certain. 2-mcthoxy-6-chloro-g- (diethylamino-methylphenyiene-alkyla-
mine} acridines have been found to possess high activity (Stavrovskaya, 1951)
while 1-{1, 1, 3, g-tetrahydromethyl) butyl-4-methoxy-g-{dialkylaminoalkylamine)-
acridines and theiy 6-chloro analogues were all inactive when tested against P.
lophure (Nieder! and Hundery, sggo). Cerfain 3- andjor 6-chlore-2-nitro-g-
dialkylaminoalkylamino-acridines (Shah and Nargund, 1g41) and various salts of
atebrin {Eli Lilly & Co., 1948h ; Steck et al, 1952) have also been reported.

The activity of certain pyridoacridines, prompted the study of a number
of 8-chitoro-benzoacridine derivatives having a mepacrine side chain at position
3-.  Their antimalarials’ screening tests revealed that, position 1o which the extra
ring is attached to the acridine group, is of importance while the nature of the ring
isell” is of little consequence (Nobson o al., 1948). Similarly certain 4-{dial-
kylaminoatkyl-amino)-p-phenanthrolines, velative to  above mentioned pyri-
doacridines, displayed some antimalarial activity {Douglas and Kermack, 1944).
Certain open models of mepacrine viz. g4-diatkylaminoalkylamino-3-phenylquino-
lines and their 6-chbloro analogues have been prepared as 3-phenylquinoline was
previously [bund to be active {Adam and Hey, 1950),

Out of certain amino-carbinols derived from dihydroacridines, x-2-diethyl-
amino-1-hydroxyethyl}-ro-acetyl-g : 10-dihydroacridine gave best results against
P, gallinaceum while its dialkyl analogues also displayed feeble antimalarial activity
‘Sargent and Small, 19488). However, Linnell and Sharp 1950} were unable to
condense an  alkylamino chain with 4 : g-dichloro-1 @ 2 : 3 : g-tetrahydro-
acridine,

Metabolic studies and  physico-chemical data~The study of basic cxcretion
products of mepacrine (IT), by spectrographic methods revealed that diphenyla-
mine derivatives, and acridanes are Jlikely possibilitics (King ef al,, 1946). How-
ever, relatively Jow stability of acridanes made their presence in the urine or urine
extract very improbable, more 50 when the acid extraction of urine could not he
applied to acridanes as they are acid insoluble. Further spectrographic evidence
has completely ruled out acridanes as possible metabolic products but compounds
of the type, 5-chloro-4-methoxy-diphenylamine-2-carboxylic acid are very likely
1o be the breakdown products of mepacrine (J1) (Tarncky, 1g30}.

Similarly, study of absorption and distribution of g-aminoacridines similar
to aichrin revealed that a neutral acridone (without the side chain) has been
produced but in this case also no conclusive proofl of its cxistence was available
‘McChesney and McAulif, rgq49).

g-amino-acridines were found to have the greatest proton accepting strength
! basicity) which is due to the resonance of the donor {NH,) group. The resonance
hybrid in such a case is a benzenoid-quinonoid structure {11s} for whose existence
additional experimental evidence has been provided by Irvin and Irvin (1950).
Schonhofer {1942} had previously attributed the activity of mepacrine to such a
guinonoid structure {Tla). Mepacrine has also been resolved into its optically
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active isomers with d-4 1 6 1 4': 6'-tetranitrodiphenic acid {Brown and Hammick,
1948).
7 )No definite correlation between antimalarial activity and cither basicity
or reduction potential could be observed in the case of mepacrine and its analogues.
Lipoid partition co-efficients, surface activities and protein affinitics of g-amino
acridines also failed to give any definite relationship between antimalarial aciivity
and physico-chemial properties or chemical structure {Hammick and Mason,
19508}, These results could be justificd on the ground that a drug must traverse
the cellulor tissues of the host as well as that of the parasite before reaching the site
of action where the factors governing the enzyme inhibition may be different from
those made available outside (Hammick and Mason, 19504). g-aminoacridines
have been found to inhibit the oxidation of diamines by diamine-oxidase and
study on these lines has also failed to give a suitable relationship between chemical
configuration and hiological activity {Mason, 1950}, The distribution of acridine
isomers between two solvents by counter-current technique, revealed thatr the
impuritics have a different partition ratio than the pure compound (Craig ef al,,
+948). This technique has been used with advantage in various metabolic studies
on antimalarials (Titus e al., 1948 ; Crounse, 1951},

8-SUBSTITUTED QUINOLINES.

Curative properties as displayed by B-aminoquinoline drugs with ar without
the simultancous administration of suppressive antimalarials, ts the most outstand-
ing featore ol this group. Pamaquin (III), pemtaquin {IV), isopentaguine (V)
and primaguin (VI) are the outstanding members of this series which differ from
cuach other i the nature of terminal alkylamino chain attached to 6-methoxy-8-
aminoquinoline group.

CHy0 _ CHyD
I N
H.(;.H-(CH;)a.N-(Czﬂs)a H. CRgys.NH.CH (CHs)z
CHy
Pasaguin {Prasmoguing (FIY Penraguin (1V)
Hemethoxy-B{4-diethylamino-1- g-meihoxy-8 {3-isopropyiamine.
snethylbulylaming )-quinoline, amylamino)-quinaline,
CH,0, CHy0
N
NH-CH.(€Hz). NH.CH (CHy), NH-CH=(CH2) 5. NP2
CHy CHy
. 150?1;:."1‘,\911:1\; (V3 Privauin (VI
t=octhoxy-8-( 4-isopropylaming-1- fi-pnethoxy-8-(4-amino- t-methvl-
methylbutylamino.quinoline, Lutylamine)-guinoline,

) Pentaquin is about half as toxic as pamaquin and twice as active, while
isopentaquin is about half as toxic as pentaquin and equally active (Alving, 1948).
Primaquin {V1) first studied by Alving (1948), has recently proved to be most



. L. Bamn. 191

active and considerably less toxic than the rest of the drugs of this series.  lts
chemotherapeutic index is 10 when compared to that of pamaguin and isopentaquin
whichare 1 and 275 respectively, Unlike ITI, IV and V primaquin maintained a high
prophylactic and curafive ratio when given in safe therapeutic deses without the
simultaneous administration of any suppressive antimalarial like paludrine, quinine
{Edgecomb «f al., 1950}, The curative properties of these compounds {(or perhaps
their metabobites) are due to their action an late exo-erythracytic stages of malaria
parasites. This action was fwrther potentiated by the simultaneous presence of
suppressive antimalarials, which otherwise have no action on the exo-crythrocytic
torms.  Toxic manifestations m case of these drugs are a sevious handicap for their
unsupervised general use.  Primaquin appears to be more promising in  this
respect but it is too early to give a definite opinion. Studies with pamaquin
have revealed a possible mode of s degradation {Josephson, Greenberg e¢f al.,
1951) while similar studies with radio active pentaquine have also been of consi-
derable interest (Elderfield and Smith, 1953).

Chemical studies.—~Commercial pamaquin was found to contain an isomer
which was due to the contamination of 1-diethylamino-g-bromo-pentane with its
3-bromoisomer during the course of its manufacture,  Considering this difficulty,
reductive amination reaction involving 6-methoxy-8-amino-quinoline and 1-die-
thylamino-pentanon-4 was successfully tried as an easier method for the manu-
facture of pure pamacquin {Elderfield ef al., 1948 ; Barber ¢ al., 1948}, Elderficld
and Ressler (1950} have verified the chemical structure of pamaguin and plasmoeid
{6-methoxy-8-(3-dicthylaminopropylamino)-quinoline) by amine degradation
method, wherein the side chain is cleaved by oxidation and later chemically
identificd. Newer mcthods for the svathesis of pentaquin {IV) have also been
investigated by Green (1g571).

Synthesis of a number of $-methoxy-8-aminoquinolines allied to pamaquin
and having primary or secondary alkyl-amino side chains, has been reported
‘Cope of al., 1949, Similarly in continuation of their work on pentaquin, Drake
et al., {1949] studied a namber of analogues compounds but none was found to he
less toxic than pentaguin itself,  Antimalarial properties of 1, 2, 3, 4-tetrahydro-
pamaquin, 1, 2, 3, 4-tetrahydropentaquin and 8-(3-amino-propyl-umino)-6-
methoxy-1, 2, 3, 4-tetrahydroquinoline were compared with those of their simple
quinoline isomers and tetrahydro derivatives were 2 10 4 times as active although
the toxicity was also generally higher {Gray and Hill, 1949}

5 : 6-dimethoxy-6-dialkylamino alkvlamino-guinolines {Eiderfield and Head,
(949 : Tatsuoka ¢f al., 1940a) as well as 5, G-alkylenedioxy-8-dialkylamino alkyla-
mino quinolines have been reportod, owt of which the latter group has shown good
activity against avian malaria {Lott ¢f al., 1048). Similarly a number ol com-
pounds based upon pamaquin stracture such as G-methoxy (or hydroxy)-8-(dial-
kylamino  alkviamino}-g-methyl-quinolines  (Campbell, 1950} ;1  6-methoxy-5-
amino-8-(dialkylaminoaltkylacetamido}-quinolines  {Tatsuoka et «l., 1950); 6-
methoxy-8-[ {2-hydroxy-g-disubstituted amino) propylamino] quinolines (EB Lilly,
1948¢) ; 6-hydroxy analogue ol pamaquin {Steck and Boemhe, 1952) and 8-(2 : 5-
dimethyl-r-pyrryl} quinolines (Sen ef al,, 1953} have been prepared as potential
antimalarials,
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2-p-chloroaniline-8-beta-diethylaminoethylamino-quinoline and wther analo-
gous compounds, as extension of the previous work on simifar Pyrlmtf_imes, have
Been investigated but nonc of them had any significant antimalarial activity
iBennett ¢f al., 1949).

Study of 8-quinolyl-alpha-dialkylaminoalkyl carbinols has not vyielded
proinising results (McCoubery and Webster, 10486); Topchiev and Tekhli, 1948)
while quinolyl-biguanides and quinolyl guanidines have been discussed under
biguanides (pp. 199-200). Sulphuric, g : 5-dinitrobenzoic and 8-hydroxy-5-quinoline
sulphonic acid salts of various 6-methoxy-8-dialkylamino-alkylamine-quinolines
have been investigated (Tatsuoka ¢f al., 19494), while 6-methoxy-8-aminoquinoline
was also diazotised and coupled with stovarsol and the resulting dye was devad
ol activity {Giral, 1948).

Metabolic studies—1'herc appeared to be no correlation between plasma con-
centration of pamaguin and its antimalarial activity (Berliner ef al., 1948} while
pamaguin and its homologues had very little activity i wifre although they werce
highly active invive (Gieman, 1948; Greenberg, Taylor and Joscphson, 1951}, These
iindings were indicative of the fact that pamaguin might be exerting its therapeutic
action through metabolic degradation product{s). The toxic ¢ifects of pamaquin
include production of methemoglobin and occurrence of acute hemolytic anemia
but no such reactions were ohserved i vitro unless the concentration was far greater
than that obtainable in plasma with therapeutic doses. Possibly, the toxicity
was also exerted through a metabolic product (Brodie and Udenfriend, :g950).
Pamaguin and other 8-aminoquinolines were rapidly degraded in the system
‘Zubrod et al., 1948 ; Hughes and Schmidt, 1950) and considering the above facts
extensive mvestigations have been undertaken to elucidate the pathway of their
mectabolism,

Hughes and Schmidt (1950} studied the metabolism of pamaquin 11},
sopentaguin (V), pentaquin (IV), primaquin {VI} and certain 2-methoxy-8-
dialkyl-aminoalkylamino-guinolines in monkeys and it was found that each of
them is degraded to a varying extent, to an alkli soluble, cthylene-dichloride
insoluble acid derivative. However, the chemical nature of these products remained
shscuore,

Brodic and Udenfriend {1950} imvestigated the alkaline degradation products
of pamaquin and 6-methoxy-8 (3-diethylamino-propylaminoe)-quinoline and in
rach case, iwo metabolites were obtained.  One of them was an unstable compound
which could produce methemoglobin and lyse erythrocytes in 2ty while the other
was a stable fluorescent compound. Considering the high i vitre activity of 6-
hydroxy-8-amino-quinolines and 5 : 6-dihydroxy-8-aminoquinolines  [Greenberg,
Taylor and Josephson, 1651) it was argued that pamaquin was converted into a
j-hytdroxy-derivative (VII} which then acted as a methemoglobin tormer through
reversible conversion to quinonimine (VIII) (Blanchchard and Schmidt, 1946 ;
Brodie and Udenfriend, 1950). However none of these products could be actually
vhemically identified.
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Josephson, Taylor, ef al. {1953} observed that concentrates obtained from
blood, tissues and droppings of the chickens treated with pamaquin, possessed
antimalarial activity in vitro, which could not be accounted for on the basis of
pamaquin present in these concentrates. Previous unfinished observations (Brodie
and Udenfriend, 1950 ; Hughes and Schmidt, 1950) and the above findings led
to an extensive examination of this problems,  Fventually a metabolite of pamaquin
was obtained {Josephison, Taylor ¢f af., 19511 which differed from those obtained
previously, but was closely similar to a quinolinequinone obtained by uitra-violet
irradiation of pamaguin (Flderfield and Werble, 1950), as regards ultraviolet
spectrum, inability to couple with diazotised sufanilic acid, antimalarial activity
in witro and methemaglobin forming properties.  The structure of the irradiated
product and that of the new metabolite was found to be identical wiz.
8-(dicthylamino-1-methylbutyl- amino)-s, 6-quinolinequinone (IX} and this
compound was 16 times as active as pamaquin in vitre { Josephson, Greenberg,
Tavior and Bami, 1951},

tdentification of a pamaquin mectaholite {IX} established one point in the
route of pamaquin degradation. Taking an analogy from the g-aminoquinolines
{Titus ef al., 1948) and pentaquin degradation {Elderficld and Smith, 1953),
the terminal alkyl chain cleavage could give rise 10 other similar quinolinequinones,
none of which has however been identified so far. On the other hand pamaquin
{H1) when converted into (1X), must have passed through two intermediate stages,
vamely (VIT} and (VIL]) { fosephson, Greenberg, Taylor and Bami, 1951). These
findings experimentallys ubstantiate Schonhofer’s 1942 hypothesist hat 6-methoxy
-8~ aminoquinolines are degraded through hydroxyguinolines to quinolinequi-
nones. Tt would be interesting to rccord that metabolite (IX) failed to show anti-
malarial activity in vive in spite of its high iz vitro activity {Schmidt, 1951).

Drake and Pratt (1951) studicd synthetically a few quinones and hydroqui-
nones related to pertaquin (IV) and in this case also, quinonoid product like (1X)
having a pentaquin side chain instead, was found to be highly active in vitro when
compared 1o pentaquin {Greenberg, Taylor and Josephson, 1951). These results



194 Recent Advances in Synthetic Antimalarials 1948-1g952.

further confirmed the above findings, that position §- of 6-methoxy-8-aminoquino~
lines was most vulnerable to oxidative degradation.

Clonsidering that 8-aminoquinolines labelled with radio active isotopes could
be studied with advantage as regards degradation metabolism, Elderfield # al,,
{1933) synthesised pentaquin (IV) labelled in quinoline ring with N'S,  Similarly
pentaquin with Iabelled nitrogen in the terminal amino group of the alkyl chain
as well as pentaquin having radio active nitrogen at the §-amino group were also
synthesised (Blatt and Gross, 1953). {7 vizo degradative studies with the last two
compounds revealed that the alkyl-amino side chain was easily and completely
removed in the system, subsequently de-aminated and its components sxcreted with
the normal body metabolites. This work has been of considcrable interest but
no definite metabolite of pentaquin could be isolated (Elderficld and Smith, 1953).

4-SUBSTITUTED QUINOLINES.

Amongst g-substituted quinolines, chioroquine (resochin} {X) and camoquin
‘cam-aqi) {XT) are the two outstanding suppressive antimalarials, Chloroguine
fias received exhaustive clinical trials a3 a suppressant while camoquin which was
discovered in 1948 (Burckhalter et al., 1948) 15 fast coming into promincnce as a
prophylactic and suppressive antimalarial {Jaswant Singh, 1950 ; Davey, 1951 ;
Bertanga, rg51 ; Hitchings e al., 1952 ; Jaswant Singh e ol., 1953). Major chemical
work has centred round synthesis and examination of clasely allied 4-amino-quinoline
structures but in no case, a better antimalarial could be found. Metabolic studies
on these drugs involving demethylation of alkyl-amino chain have been of consi-
derable interst (Titus ef al,, 1948).

CHs :
NH.GH,(CH,) 5 N-(CaHS), H oH
o Gy MG M),
N &
N
CuporoQuine {Resocuin) [X) Camoguin {Cam-s) (X1}

j-chloro-g-(4-diethylamino-1-methyl- y-chlorg-g-{3-diethylaminomethyl-g-
butylamine}-quinoiine, hydroxy-aniline) quinciine,

Chemtical  studies.—Hydroxychloroquine, 7-chloro-g-{4-{N-cthyl-N-B-hydroxy-
ethylamine}-1-methylbutyl-aminoguinoline, was found to be § to 7 times more
active than mepacrine when tested against P, lophure (Swrrey and Hammer,
1950) while single dose therapy was likely to be effective against an acute attack
of P. falciparum (Longhlin ¢t al., 1952). Replacement of the terminzl alkyl radical
of chloroquine with a pyrrolidyl group yielded a compound whose activity and
toxicity were analogous to that of chloroquine (X)) when tested against P. gallinaceum
{Reitsema and Hunter, 1g94g). Similarly introduction of aryl groups between
the two amino radicals of the chloroquine alkyl side chain also offered active com-
pounds (Sterling Drug Co., rg50). Various g4-dialkyl-amino-atkylamino-quino-
line derivatives having 2-{e-furvl) (Andrisano and Modena, 1950} ; 5:8-, 5:6-
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and 6 : B-dichlore {Surrecy, 1951), G-hydroxy (El Lilly and Co., 1948¢) and 2-p-
chlorophenyl (Bachman et al,, 1950} substitucnts in the quinoline ring have been
reported.  While chemical data on 4-(4-dicthylamino-t-methylbutylamino) quino-
tines having poly alkyl andjor halogen substituents in the quinoline ring have been
reported {Steck ef al., 1948), their activities have been listed previously {Wiselogle,
1940). A study of a number of chloroguine type of compounds has revealed that
7-chloro radical is optimal for activity while introduction of 3-methyl group {(this
compound s known as sontochin or nivaquin) lowered activity and 5 :8 di-
methyl group completely destroyed the acuvity {Gray and Hill, 194g9).  g-nitro
and 3-amino analogues of chlorogquine were also found to be less active than the
parent drug (Surrey and Cutler, 19513, Various methods for the manufacture of
chloroguine have been worked out and recently an improved synthesis has been
offered by Johnson and Buell (1g52).

The hydroxy group in the benzene ring of camoquin {XI) has been replaced
by Huoro and methoxy radicals and the resulting fluore analogue was considerably
tess active than the parent drug {Sveinbjornsson and Vanderwerf, 1951). However,
the methoxy analogue of (X1) showed high antimalarial activity which could
probably be due 10 its demethylation ir woe into the active parent drug
{Burckhalter, 1949}, Chandran ef al. {1951} reported 4-{7-chloro-8-amino-4-
quinotylamino)-alpha-diethylamino-s-cresol - which  displayed  some  suppressive
action in experimental malaria. Methods for the preparation of camoquin have
also been investigated (Burckhalter ef al., 1948 : 1949 : 1950).

A number of other 4-aminoquinoline derivatives namely 2-arylamino-4-
ialkylamino-alkylamino quinelines {Curd, Landquist ef al., 1950} ; 4-alkylamino-
4 : 8- dimcthylquinolines (Eichinger and Struckwisch, 1949 ; 2-furyl-6-methoxy-
4-(4-diethylamino--methyl-butylamino} quinoline {Andrisann, 1950) ; 4-(3-di-
ethylamino-propylamino) 2- andfor 4-methyl-quinolines, their 6-methoxy and
7-chlora analogues {Wiselogle, 1946 ; Wheeler & al., 1949 ; Landquist, 1951} ;
t-{diatkylaminoalkylamino}  quinofine-(§ : ¢-2 : 8)-quinolines  (Kermack and
Storey, £951) ; 2- or 4-{dialkylaminoalky] thie-butylamino)-quinolines (Gilman and
Plunkett, 1949) ; and 4-phenyl-2-(4-diethylamino-1-methylbutylamino)quino-
lines {Reynolds and Hauser, 1950) have been reported as potential antimalarials.
Certain pyrido-{4-3-b) quinolines have been found to be devoid of activity
iBachman and Barker, 1949}.

King and Wright (1948) have investigated alpha-{aminomethyl)-2-phenyl-
6 : y-dimethyl-4-quinolinemethanol and its NN’-dibutyl, diamyl- and dihexyl-
analogues. They were ail found to be superior to quininc when tested against
avian malaria but the experimental evidence did not prove that riboflavin anta-
gonism is the mechanism of their action, Similarly 2-aryl-alpha-dialkylamino-
methyl-4-quinoline methanols with halogen substitutions in the quinoline ring
{Becker, 1949 ; Lutz e al., 1950} and beta-diketone analogues of g-guinoline
methanol (Shivers and Hauser, 1948) were also studied. Considering the biological
activity of g-hydroxy-quinoline, 3-alyl-4-hydroxy-2-methyl-quinoline and hundred
other closely aflied compounds were examined for antimalarial activity. This
led to the discovery of endochin (3-heptyl-g-hydroxy-7-methoxy-2-methyl
quinoline}, which though very active against avain malaria failed to give satisfactory
results in clinical trials (Salzer ef ol., 1948).
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Metabolic studies and physico-chemical observations.—Chloroquine (X, 4-{3-diethyl-
amino-1-hydroxy-propyl-amino)-7-chloro-quinoline (SN 8137) and 4-(3-diethyl-
aminepropyl-amino}~7-chloro-quinoline (SN 9584) were studied for their degrada-
tive metabolism in human beings. By using counter-current method of purifica-
tion (Craig et al., 1948), in each of the above cases, a corresponding demcthylated
product having onc terminal methyl group removed, was obtained (Titus ef of,
r948). Thesc findings are apparently not in confirmity with those obtained in
the case of pamaquin (Josephson, Greenberg, Taylor and Bami, 19515 Greenberg,
Josephson, Bami and Taylor 1951} and pentaquin (Elderficld and Smith, 1953}
Ultraviolet irradiation of 4-amino-y-chlorogquinoline derivatives and study of their
breakdown products did not reveal new products (Price of al., 1948).

A number of g-dialkylaminoalkylamino quinolines as well as their y-chloro
analogues have been studied as regards their absorption spectra and degree of
fonisation. It was concluded that essential pre-requisite for activity in these cases
consisted of an amino-nitrogen para to the protonised heterocyclic nitrogen atom,
both of which share the cationic charge. This hypothesis was only applicable to
mepacrine, aminopyridines and aminopyrimidines (Gage, 10444}, and supported
the previous suggestions put forward by Schonhofer {1942). Basic alkylamino
side chain in the above cascs had its own effect on electron distribuiion while the
terminal nitrogen displays its conductophoric properties separately but both of
rhese were essential for activity and could not be considercd separately.  Notable
uxeeptions to this view are quinine, quinoline carbinols and pamaquin which
are not tonised at the physiological pH while the first two do not have nitrogen
atom opposite the ring nitrogen.  Chioroquine (X) has been resolved into its
optically active form which showed significantly different antimalarial activity
against avian malaria {Ricgel and Sherwood, 1949).

BIGUANIDES, GUANIDINES, ETC.

Simplicity of chemical structure coupled with high antimalarial activity
and low toxicity of biguanide derivatives, has prompted numerous investigations
on substituted biguanides, The well-known member of this class siz. paludrine
iproguanil} (XII) has been thoroughly investigated at clinical level (Cooper, 1949 ;
Jaswant Singh, 1950 ; Davey, 1951 ; Findlay, 1951) and has established ftself as
a routine prophylactic and suppressive with fow toxicity. When compared to
mepacrine, chloroquine and camoquin, paludrine is rather slow acting like dara-
prim. Development of sesistance io paludrine both in the laboratory and field
ts a serious drawback but Juckily paludrine resistant strains of malaria are suscep-
tible to other antimalarials Jike mepacrine, chloroquine, ete. {Bishop, 1951 ; Findlay,
1951 ; Jaswant Singh, Ray, Basu and Nair, 1952 ; Schmidt and Genther, 1953).

aONH—%—NH—g—- NH.CH{CH ),
NH NH

Pavvipring {Procuane) {XIT)
Ni-p-thlorophenyl-NS-jsopropyl-Liguanids,
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Extensive chemical and bio-chemical investigations on necarly fourteen types
ol biguanides allied to paludrine, have not s far yielded a compound better than
the parent drug {XII}. However, bromoguanide {p-bromo analogue of paludrine)
{ Jaswant Singh # al., 1949 : 1950} and 3§ : g4-dichlorophenyl isomer of plaudrine
Curd, Davey ¢t ¢l., 1950 ; Chaudhuri ef af., 1951 : 1952) did show high antimalarial
activity but they were both more toxic than paludrine. Search for metabolites of
paludrine und final isolation of an active metabolite i wwe (Carrington ef al.,
1951 ; Crowther and Levi, 1953) bas been of greal interest.  Recently bromogua-
nide labelled with radio active bromine has also heen prepared and used for
excretion studies {Crowther and Levi, 1953).

Chemical siudies.—Using four basic routes for the synthesis of higuanide
derivatives (Rose, 1951), numcrous N'-aryl-N3-alkyl (dialkyl or cycloalkyl)
biguanides including plaudrine have heen reported by 2 number of workers
Fernandes and Ganapathi, 19483 ; Curd, Hendry #f al,, 1048 ; Ashworth ef al.,
1949 ; Bami and Guha, 19492 ; Hart and Vanderwerf, 1949 ; Birtwell & al,
1949 ; Curd and Rose, 1949 ; Crowther, Gurd, Davey e al, 1951 ; Crowther,
Curd and Rose, 1951 ; Guha and Guha, 19524 : 1952¢). Majority of these com-
pounds have shown some activity and (rom this data the following relationship
hetween their chemical stracture and biological activities has been drawn —

{a) Introduction of any substituent into one or both ortho positions of the
phenyl ring detsroyed activity (Crowther, Curd and Rose 19571 ;
Rose, 1951).

(b} Introduction of halogen at the meta position resulted in active com-
pounds (Bami ¢ al., 1949; Jaswant Singh ¢ al., 1949 ; Crowther ¢f 4l.,
1949)-

(¢} Replacement of para-chloro radical of (XII) with other halogen atoms
such as bromo, jodo and fluoro gave active compounds with compara-
tively higher toxicity (Ainley ef al., 1949 ; Bami ¢! al., 1949 ; Jaswant
Singh o al., 1949 : 1950) e.g. p-bromo somer of paludrine (bromo-
suanide) was as active but move toxic than paludrine, { Jaswant Singh
ri al., 1949 : 1650}, '

(d) Amongst dihalogen analogues of paludrine, 3 : 5 dichloro isomer was
stightly active while a similar bromo derivative was as active as paludrine.
However, g : 4-dichloro analogue of the parent drug was 3 to 10 times
as active and considerably more toxic (Curd, Davey et al, 1950 ;
Crowther, Curd, Davey ¢f al., 1951).

{¢} N'-3 14 : g-trichlorophenyl-Ns-alkyl (or dialkyl)-biguanides have shown -
good antimalarial activity generally but they are also more toxic
(Crowther, Curd, Davey ¢ al., 1951).

ff) Isopropyl group at the terminal nitrogen always offered compounds

with maximum activity in any given series. Propyl isomers are a little

less active while the methyl group in place of isopropyl radical completely
destroyed activity, In short, increase or decrease in the length of
isopropyl alkyl chain, always resulted in the decrease of hiological

activity (Rose, 1951).
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'g) N'-aryl group is essential for activity and if an additional aryl group is
introduced, the activity is greatly lost. For instances N* : N*-diaryl-
Ns-alkyl-biguanides (Ashworth ¢ al, 1949 ; American Cynamide
Co., 1950} as well as N'-6-hydroxy-8-quinolyl-Ns-isopropyl-biguanide
{Bami, 19536) were all inactive.

‘h) Introduction of additional alkyl group to the N-ary!}-Ns-alkyl-biguanides

also gave compounds of low antimalarial activity. N'-aryl-N* . Ns-

dialkyl biguanides (Crowther, Curd, Richardson and Rose 1948 ;

Crowther, Curd and Rose, 1951) Ntaryl-N*: Nt: No-tralkyl

biguanides and N'-aryl-N+ : No-dialky] biguanides (Ashworth ef ol,

1949 and Crowther, Curd and Rose, 1951) were either devoid of activity

or 3t was of a very low order,

(i) Shifting of N3-alkyl group to N* position, as in the case ol N'-ary[-N*
biguanides, offered compounds with moderate activity (Bekbli ef al,
1047 ; Ashworth ef al., 194g), while N :N®: Ns-trialkyl-biguanides
were completely inactive, {American Cyanamide Co., 1g50).

1} Any alteration of the basic biguanide molecule (i.e. replacement of one
or more nitrogens with sulphur or oxygen atoms) in any manner results
in complete loss of activity (Birtwell, 1949 ; Curd, Davey and Richardson,
1949 ; Curd, Davey, Richardson and Ashworth, 1949).

Gupta and Guha (1949) and Guha and Guha (19526} made various un-
successful  attempts to synthesise substituted polyguanides, but under certain
conditions, the formation of melamines could only be detected {Gupta and Guha
1949). Various N'-benzyl-Ns-aryl or alkyl biguanides have also been reported,
as potential antimalarials {Tendick and Burckhalter, 1950 ; Funke and Korn-

mann, 19471,
R an—g-—nn-q——NHO S0, NHX
NH R

R=H, Ci, Br, CHy() cre.

X=H, Heterocyclic

Fonenamovanmpes {XITT}
N-aryl-N{p-sutphonamido)phenyl-biguanides

A number of arylalkyl-biguanides have been discussed previously but the
mtroduction of therapeutically active chemical structures into the basic higuanide
molecule was ulso considered of interest. Consequently Bami 2 al. {19475 :
19486) commenced studies on a number of sulphabiguanides of the type (XIII)
wherein a number of well-known sulpha drugs have been linked to any aryibiguanide
chain, Sulpha-drugs studied in this manner were : sulphanilamide, sulpha-
thiazole, sulphadiazine (Bami e ol., 19470}, sulphamerazine, sulphamethazine
:Bami et al., 19480), sulphapyridine (Bami, 1g50}, sulphapyrazine 'Gupta, 1g52),
sulphabenzamide {Gupta and Guha, 19502) and 3 : 5-dibromo sulphanilanilide
{Gupta, 1952). Sulpha biguanides derived from metachloridine (SN, 11437}
were also studied in a similar manner {Bami ¢f al., 19482}, Amongst all these
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compounds the activity was generally low whenever present {jaswant Singh ef
al., 1949 ; Bami ¢ al., 1949) which could be attributed to the absence of terminal
isopropyl group, which has invariably been associated with high antimalarial
activity {Rose, 1951). Conscquently @ number of N'-p-sulphonamidophenyl-
Ns-isopropyl biguanides {N'-isopropyl anralogues of XIII} have been synthesised
and some of them have displayed good antimalarial activity against P. gallinaceum
{Srinivas e al., 1953 ; Bami, 1953¢). Nagy (1948) had also patented certain
similar type of compounds but biclogical testing data is not available. Certain
Newarylsulphonyl-Ns-alkyl (or aryl) biguanides {Funke und Kornmann, 1947 ;
Bami 19534}, N'-aryl-N3-phenylarsenic acid biguanides (Roy and Guha, 19505)
and 4-4-di (N'-arylbiguanido) diphenyl sulphides and sulphones (Roy el al.,
1950) have also been reported but the first mentioned were devoid of activity
{Bami, 19534a).

High antimalarial activity as displayed by quinoline group of drugs stimulated
researches in the field of quinoline biguanides. A number of N'-aryl biguanides
carrying a 8-chloro-s-quinelyl {Gupta and Guha, 1948q), 8-quinolyl {Gupta
¢ al., 1948) ; 7-chloro-8-quinolyl (Gupta, 1952 ; Sen, Riachaudhari and Basu,
1952) ; 5 : 6-dimethoxy-8-quinolyl (Sen, Ray and Basu, rg52a) ; 5-chloro-8-
guinolyl /Gupta, 1952) and G-methoxy-8~quinolyl (Basu, rgsz} groups at the Ns.
position have heen reported. Out of these N’-aryl-Né-{5 : 6-dimethoxy-8-
quinolyl} biguanides were both active and toxic {Sen, Ray and Basu, 1952a)
while N'-p-anisyl-N5-(6-methoxy-8-quinolyl) biguanide showed encouraging
activity against experimental infections (Basu, 1952).

Other heterocyclic systems studied in case of N'-aryl-Ns-heterocyclic-bigua-
nide were : s-acridyl {Gupta and Guha, 1950b) ; 2-chloro-y-methoxy-g5-acridyl
{Gupta and Guba, 1951) ; 2-pyridyl Roy and Guha, 19504} ; 6-substituted-2-
henzothiazolyl (Guha and Guha, rgs52d); and 2-thiazolyl (Bami and Guha,
19495).  Acridy} biguanides were devoid of antimalarial properties (Sirsi e al.,
1gro) and so were N'-p-chlorophenyl-No-2-thiazolyl biguanide (Bami o af.,
1949) and N'-aryl-N3-benzothiazolyl biguanides (Guha and Guha, 1g52d).
‘fetra- and tri-arylbiguanide substituted derivatives of g-phenylchelidenic acid
and g-phenylchelidamic acid respectively also displayed only limited suppressive
action against P. gallinacenm {Neelakantan et al., 19526},

Paludrine was found to be de-aminated into N-p-chlorophenyi-N-isopropyl-
guanylurea by long standing in hydrochloric acid, Study of similar N-aryl-N-
alkyl {(or NN-diaklyl) guanylureas showed them io be only modcrately active
against erythrocytes of P. gallinaceum and completely inactive against the exo-
erythrocytic forms. While isomeric 1\L-isopropyl-N-p—chlomphenyl guanylurea,
r-p-chlorophenyl-g-alkyl (or dialkyl) biurets (Curd, Davey and Richardsom,
194g) ; and certain t-aryl-g-atkyl-isodithio-hiugets (Curd, Davey, Richardson
and Ashworth, 194g) were found to be devoid of activity. Replacement of the
terminal guanidine group of paludrine with s-isepropylisothiourea or an amidine

group also resulted in complete loss of activity (Birtwell, 1949).

Various N7:N%-aryl {andjor) alkyl guanidines {Gupta and Guha, 19480) ;
sulphuryl-bis-guanidines (Sur et al., 1932} ; N' : N3-bis (p-sulphonamido phenyl)
cuanidines (Guha e al., 1953) ; N'-aryl-N3-(7-chloro-8-quinelyl) guanidines (Sen,
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Raichaudhuri and Basu, r1952) ; Nt-aryl-Ns.p-phenylarsonic acid-guanidines
{Guha ef al., 1952) and N‘-aryl-Nﬁ (6-methoxy-8-quinolyl) guanidines {Chandran
et al., 1952} have been synthesised as potential antimalarials and the last two groups
failed to reveal any activity, Toxicity of 8-aminoquinolines is influcnced by the
type of altkylamino chain attached and this led to the synthesis of N*-(5-(6-methoxy-
$-quinolylamino)-amyl} gaunidine (DR. !5526) and other related compounds.
Although DR, 15526 was sixteen times less toxic than paludrine, it failed to show
any curative action against P, ¢womolgt and P, vivay (Drake and Garman, 1949},
Clertain 2-guanidino-quinazolines (Theiling and Mckee, 1g52) and 2-guamchno—
benziminazoles, embodying the paludrine skeleton have been synthesised but the
later type was devoid of activity (King ef al., 1948). Srinivas ef al., {1952} studied
a number of substituted hydrdzudlcarhonamldlncs as potential antimalarials,

Studies on degradation and physico-chemical data.—Hawking and Perry (1948)
suggested that paludrine ttsell is not active but is converted into an active meta-
bolite in vive.  Fraser and Kermack (1951) tried to explain this by the assumption
that paludrine combined with a normal metabolite of the body, such as, aceto-
acetic acid (an intermediate product of fatty acid metabolism). However, con-
densation products of proguanil with acetoacetic ester and acetic arhydride were
cither inactive or only slightly active, Chase et al. (1g51) strongly suggested the
possibility of a cyclic structure for paludrine metabolite due to the polyfunctional
nature of the biguanide chain and the structural resemblence between paludrine
{XITa} and highly active 2 : 4-diamino-pyrimidines, such as daraprim {(XVI)
(Falco, Goodwin ef al,, 1951}, Birtwell (1952) suggested that oxidation being a
common mede of detoxication, paludrine may be transformed into (XI'V) which
has stil} greater structural resemblence with daraprim (XVI). Mecanwhile {rom
the urine of the monkeys receiving paludrine, Crounse {1g51) was able to isolate,
p-chlorophenyl higuanide and an mactive triazine, piz. 2-amino-g-p-chloroaniline-
6 : 6-dimethyl-1 : 3 : 5-triazine (XV). It was suggested that compound (XTV)
could also be formed but under their experimental conditions it could not he
isolated (Crouse, rgg1). It may be added here that inactive triazine (XV) was
previously synthesised (Birtwell e al, 1948 ; Birtwell, 1952} and found 10 be
nactive,
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Carrington ¢f al. (1951) and Crowther and Levi (1953) were able to isolate
the active paludrine metabolite (XIV) as well as the inactive compound
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isolated by Crounse (1g51) from rvabbil {zces and human urine, It was shown
that {XIV) was readily converted into #ts inactive isomer (XV) which in turn
was hydrolysed to p-chlorophenyl-biguanide. Crounse (1951} was thus only able
o isolate two inactive products due 1o the labile nature of (XIV), Paludrine
metabolite (XIV) was ten times more active than paludrine when tested against
P. gallinaceum (Carrington et al., 1951} while six times as active as quinine, twice
as active as mepacrine or paludrine and half’ as active as pamaquin when tested
against P. lophure {Modest ¢f al,, 1952). A 3 :4g-dichloro analogue of (XIV)
has heen ivolated us a metabolite of N'-3 @ g-dichlorophenyl-N-isopropyl biguanide
while radio-active bromo analogue of paludrine has heen used In excretion and
absorption studies (Crowther and Levi, 1y53). A p-bromo analogue of (XIV)
has also Deen isolated as a metabolic product of bromoguanide {Bami, igs53b).

Schimidt et al. (1952} have observed recently that paludrine is 2-4 times as
active as its metabolite (XIV) wheo tested against P. ¢yromolgi in monkeys. These
findings were not in confirmity with the previous screening results in avian
malaria and perhaps inherent differences in susceptibilities of the two strains or
differences in the physiological disposition of the metabolite were responsible for
this disparity.  However, comnsidering that P. omomelgi is a better indicator for
clinical usefuluess of a drug, metabolite (XIV) may not ultimately prove to be
better than paludrine. Naturally more work would be needed to settle this point,
but these results do explain partly the failures encountered by Crounse {(1951)
when P. cyramolgi alone was being used for screening the paludrine metabolites. It
has also heen observed that paludrine and its metabohite {XIV) were both feebly
active in vitro against P. gallinacewn (Taylor ¢t al., 1952) which is specially surprising
in case of {XIV) which is supposed to be an active breakdown product of paludrine.
Is it that high in vitro antimalarial activity of the serum obtained {rom experi-
memntal animals receiving paludrine {Hawking and Perry, 1948) was not due to the
presence of (XIV) but some other factors ?

Paludrine and sulphadiazine potentiate each other’s amtimalarial action,
although their toxicity has also heen additive (Greenberg et al., 1948 ; Greenberg,
19494 : 194096). Similarly cross resistence between sulpha drugs and paludrine
has been noted in the case of P. gallimacenm (Bishop and McConnachie, 1950).
These findings cannot be explained on the basis of the structural similarity or a
similar mode of action, because unlike paludrine, the antimalarial action of sulpha
drugs can be inhibited by para-amino benzoic acid. A satisfactory explanation
of this observation is not yet forthcoming (Bishop and MeConnachie, 1951).
Studying the eflect of paludrine on the respivation of P. gallinaceum in vitro,
Srinivasan and De (1951) observed that unlike mepacrine, paludrine did not bring
about the inhibition of respiration hy affecting the flavo-proteins like d-amino-
acid oxidase.

A number of arvialkyl biguanides, aryl-guantdines and amidines (s biguande
irageents) were studied for their pK values but this physical data could not he
satisfactorily correlated with anitmalarial activity, Out of the three possible
configurations of the biguanide ions, the one responsible for activity could not be
singled out {Gage, 1949h). Recent physico-chemical data and extensive investiga-
tions on substituted biguanides, have prompted the rejection of earlier hypothests
voncerning the relationship of activity with chemical structure, which was based
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apon potential tautomerism within the active biguanide molecule {Curd and Rose,
1946). The same question has now been considered in the light of properties of
the amidine group based upon resonance energies. According to this, all active
molecules must have an amidine or a vinyloguous structure, associated with either
aromatic or alkyl or both groups and so influenced by relevant substituents that at
physiological hydrogen ion concentration, they are largely present as the amidi-
niuro jon (Gage 19494 : 19496 1 1949¢). A chlorophenyl residue, associated huat
not necessarily in conjugation with an amidine or extended clmldll'l( system and
in a structure that provides the nccessary cationic functions, would give more
often than not, active antimalarials. The intensity of action and toxicity, however,
cannot be predicted by this rule (Rose, 1951) and it also cannot explain the cause
of activity in the case of quinine, pamaqguin and guinoline-carbinols.

TRIAZINES AND TRIAZOLES.

Numerous substituted triazines had been investigated previously {Wiselogle,
1946 3 Curd ¢l al., 1947) bul activity whenever present was feeble.  The discovery
of triazines as degradation products of paludrine (for details see page 2o00)
stinulated interest in this field. A number of active triazines allied to (X1IV)
have been prepared and found highly active against avian infections. Close
similarity of this class of compounds (XIV) to lghly active biguanides (XIla)
and 2 : g-diamino pyrimidines (XVI} warrants further chemical and hiological
investigations,

Chemical studies—A 4 : g-dichloro analogue of (XIV) wniz., 2! g-diamino-
& : -dimethyl-1 : 6-dihydro-1- (3 : 4-dichlorophenyl)-1 : 3 : 5-triazine was hundred
times as active as paludrine agatust P. gallinacenm (Carrington et ol,, 1051).
Against P. cynomolgi, this compound was even less active thap paludrine, although
more active than (X1V) (Schmidt ¢! al., 1952). Recently it has also been obtained
as an i wve metabolite of g : 4-dichloro analogue of paludrine {Crowther and
f.evi, 1953).

1-p-bromophenyl-2 : g-diamino-1 : 6-dihydro-6 : 6-dimethyl-r : 3 : s-triazine
was found to be 256 times as active as quinine and twice as active as {XIV) when
screened against P, gallinaceum while its 6 : G-diethyl isomer was completely inactive
‘Bami, 19536). Study of p-ethoxyphenyl, phenyl, p-methoxy-phenyl and 2 : 4-
dichiorophenyl analogues of triazine (XIV) revealed that the first two compounds are
devoid of activity {Modest ¢f af., 1952} while the remaining twe are only as active as
quinine when tested against avian malaria (Bami, 19536). Basu ef al., {1952) have
vepuried a p-sulphonamidophenyl analogue of the active triazine (XIV) but the
biological testing results are not indicated, In case of all the above triazines,
weatment with alkali easily converted them into respective ¢-amino-2-anilino-6 : 6-
diatkyl-r : g : 5-triazines which were invariably devoid of activity (Crounse, 1951 ;
Carrington e al., 1951 ; Basu and Sen, 1g52 ; Crowther and Levi, 1953 ; Bami,
19535). Birtwell e al. {1948) had also previously synthesised the inactive type of
iriazines (XV).

Cuthberston and Moffatt {1948) prepared a nwmber of 2-{G-methoxy-8-
yjwnolylaming}-4- amino-6-chlorojor amino-1 ¢ 3 1 5 wiazines, 2-{diethylamino-1-
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methylbutylaminoj-g- amino-o-chlorajor methoxy 1+ :4: 5 triazines and 2-(p-
chloroanilino)-4-iso-propylaming-6-chloro-{methyl or wnsubstituted)-1 : g : 5-
iriazines. Qut  of these, only 2-(p-chloroasiline)-4-isopropylamino-r : 3 : 5-
triazines showed some activity.  Similarly a possible metabolite of paludrine ziz.,
2-p-chioroanitino-6-methyl-g-isopropylamino-1 : § : 3-triazine was devoid of anti-
malaria activity (Fraser and Kermack, 19513,

A nuamber of 3 5-dianmino-r-aryl-1 @2 | g-triazoles were studied ay anti-
malurials but the activity was lacking in all the cases {Thurston and Walker, 1952).
Simijarly 3-p-chloroanilino-5-isopropyl-1 : 2 : 4-triazole and other analogous
compounds, although embodying the patludrine skeleton, were found to be inactive
‘Curd, Pavey, Richardson and Ashworth, 1949).

PYRIMTDINES.

Antimalarials of the pyrimidines series were imtroduced s precursors of
patudrine {Curd and Ruose, 1946} and further variations in this group have resulted
in the discovery of daraprim  (pyrimethamine) (XVE which is 2 2 : g-diamino-
5-p-chlorophenyl-6-cthyl-pyrimidine (Falco, Goodwin et al,, 1951 ; Russell and
Hitchings, 1951). This drug has been found to be highly active against avian,
simian and rodent malarias (Falco, Goodwin ¢f el., 1951 ; Jaswant Singh ¢ al,,
1951 ; Hitchings ¢f al., 1952 ; Jaswant Singh, Ray, Basu and Nair, 1952 ; Schmidt
and Genther, 1953) and clinical trials with daraprim sofar have proved it 1o be a

od suppressant with low toxicity (Hitchings ¢f al., 1952 ; faswant Singh, Ray,

asu and Nair, 1952 ; Jaswant Singh e al., 1953). It is similar to paludrine as
regards slowness of ity action, low toxicity and acquiring of resistance by various
strains of malaria {Rollo, 1952 ; Jaswant Singh, Ray, Basu and Nair, 1952 ;
Hitchings # al., 1952 ; Schmidt and Genther, 1953). Uross resistance between
daraprim and proguanil in the case of human and cxperimental malarias shows
a similarity of mode of action of these two drugs (Schmidt and Genther, 1954 ;
Jaswant Singh e al., 1951 ; Jaswant Singh, Ray, Basu and Nair, 1952 ; Robertson
el al., 1952 ; Hitchings et al., 1952).
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Chemical stwdies.— Paludrine and 2 ; g-diamino-5-p-chiorophenuxy-pyrimidine
were not only structurally similar buv alss powerful antagonists of pteroylghutamic
acid in cultures of Lacto bactllus casei {Falco ¢ al., 1949). Considering the high
potency of paludrine, it was thought that the above 2 : 4-diaminopyrimidine might
also display antimalarial activity. This was found to be so in the above case
{Falco ¢t al., 1649) as well as in the case of its G-methyl homologue {Goodwin,
1949). However, the antagonism between these pyrimidines and pteroylglutamic
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acid was not proportional to the antimalarial activity (Falco ¢t al., 194g). These
results encouraged further studies and consequently a number of 2 : 4-diamino-5-
aryloxyl-6-methyl (or 6-unsubstituted)-pyrimidines (Falco, Russell and Hitchings,
1951} ; 2 : 4-diamino-5-benzyl-6-alkyl (or 6G-unsubstituted)-pyrimidines {Falco,
DuBreil and Hitchings, 1951) ; 2 : 4-diamino-5-aryl-6-alkyl (or aryl)-pyrimidines
Russell and Hitchings, 1951 ; Chase ef al., 1951) and 2 : 4 : G-triamino-g-alkyl
(benzyl or aryl) pyrimidines (Russcll and Hitchings, 1952) werc synthesised.
Many compounds of the above series showed high antimalarial activity against
P, gallinaceum in chicks and P. berghet in mice and the general relationship of chemical
structure to the biclogical activity could be summarised as follows -

{a} 2 : g-diamino group was essential for good activity in this class of com-
pounds and substitution of either or both of the amino groups resulted
in considerable loss of activity.

b} 2 : 4 : 6-triamino-5-substituted pyrimidines were only slightly active
{Russell and Hitchings, 1952).

ic) 2 :4-diamino-6-alky! pyrimidines with 5-phenyl substituents were the
most active followed by 5-benzyl and 3-phenoxy isomers respectively.

td) Electro attracting halogen and nitro groups at para position of the
s-phenylring yielded active compounds whilesimilar substituents atortho
and meta position gave compounds of much lesser potency.

‘e) p-bromo-phenyl and p-fiuoro-phenyl analogues of daraprim (XVI)
were less active than the parent drug.

(f} 5-(3 : g-dichlorophenyl)-6-alkyl-z : 4-diamino-pyrimidines were equally
active though more toxic than their corresponding 5-p-chlorophenyl
analogues (Hitchings et al., 1952) {¢f : g : 4-dichloro-pheny!l analogue of
paludrine).

‘g Alkyl group at position 6- is also essential for good activity and in the
5-aryl series {Russell and Hitchings, 1951), peak activity was obtained
with ethyl group. Longer alkyl chains at 6-position offered compounds
with low activity.

Curd and Rose (1946} had previously reported a number of active 2-
arylguanidino-g-dialkylamino aklylamino-6-methyl-pyrimidines and further varia-
tions in the nature of different substituents did not yield better results (Cliffe ef af.,
t1948). Changing of the guanidino group in the above type of compounds, into
urcido or thioureido group did not give significantly active compounds {Ashworth
et al., 1048). Various 4-arylguanidino-2-dialkylaminoaikylamino-6-methyl-pyri-
midines and g-arylguanidino-6-dialkylaminealkylamino-g-methyl-pyrimidines  dis-
played activity in contrast to their inactive anilino isomers, which was probably
due to the introduction of a guanidino linkage between the aryl and the alkyl group
i the former two types of compounds (Crowther, Curd and Rose, 1g48).
However, when the aryl group in the above active pyrimidines was replaced by
B-quinoly]l {Gulland and Macey, 1949} or 6-methoxy-8-quinolyl radicals, the result-
ing compounds were inactive (Sen, Ray and Basu, 1952¢). Number of other
pyrimidines such as 4-dialkylamino alkylamino (or pyridylamine)-2-arylamino
‘or 2-pyridylamino)-6-alkyl pyrimidines (Curd, Graham and Rose, 1948 ; Moffatt,
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1950) ; 4 : 6-bis:{diatkyl-aminoalkylamino)-2- anilino-pyrimidines (Moffatt, 1950);
¢ - diethylamino - propylamine - 2 - p - methylsuiphonylphenyl-6 - methyl - pyrimidine
{Forrest and Walker, 1948) and 6-beta-diethylaminocthylamino-4 ; 4’ : 6-tri-
wethyl-2 : 2’-dipyrimidylamine {Curd, Graham and Rose, 1948) were investigated
but the antimalarial activity if present, was very feeble,

Biolagical investigations and physico-chemical observations—Schmidt et al. (1953}
have extensively studied the absorption, distribution, degradation, excretion and
toxicity of daraprim {XVI) and it has been found to be half as toxic as paludrine
and omne third of chloroquine toxicity. Daraprim was excreted as a non-basic
closely allied metabolite whose true chemical nature has not been revealed
{Hitchings e al., yg52 ; Schmidt o al., 1953). Furthermore, in vitre inactivity of
daraprim also indicated its possible degradation in thesystem prior to its exerting
the therapeutic action {Taylor ¢t al., 1952). Daraprim is remotely structarally
related to folinic acid and has been found to be antagonist of folicfolinic acid family
of vitamins (Hitchings e al., 1952). Greenberg and Richeson (1950) observed
that like paludrine, 2 : 4-diamino-g-phenoxy-pyrimidines potentiated the action of
sulphadiazine on P, gallinaceunt which made it likely that these were acting by
involving the same metabolic system probably those mediated by pteroylglutamic
acid. In spite of the fact that antagonism to pteroylglutamic acid and antimalarial
activity in the case of pyrimidines and paludrine did not run parallel, they may have a
similar mode of action due to similarities of chemical structures and biological
responses { Jaswant Singh ef al., 1951 ; Jaswant Singh, Ray, Basu and Nair, 1952 ;
Hitchings ¢t al., 1952 ; Schmidt and Genther, 1953).

Physico-chemical measurements ke, ultraviolet spectra and electrolytic
dissociation constants, in the case of number of pyrimidine derivatives, have failed
to offer a satisfactory correlation between chemical structure and biological activity.
It is argued that heteracyclic nucleus and the side chain must be ionised at the
physiological pH for the specific antimalarial activity to be exhibited (Gage, 1949¢;
Ruose, 1951},  However, biological activity is more closely related to the distribution
ol charge on the molecule than to its basicity per se (Hitchings ef al., 1952).

NAPHTHOQUINONES,

In 1943, several hundred random samples, when put w0 antimalarial screening,
reveated that simple siructure like hydrolapachol {XVII) and related quinones
were aclive.  This was ol particular significance because {XVIE), unlike all the
vest of antimalarials, did not contain either nitrogen or sulphur. These findings
prompted extensive chemical and biological investigations on substituted naphtho-
quinones under Dr. Ficser at Harvard and Dr. Leffler at Abbott Laboratories,
which resulted in the evolution of lapinone (Mz3g0) (XVIII} (3-(8'-hydroxy-
S-diamyl-methyloctyl}-2-hydroxy-1 : g-naphthoquinone (Fieser, Berliner ef l,
1948 ; Fawaz and Fieser, 1950). Lapinone is the most active member of this
group and has shown some promise In clinical trials {Wiselogle, 1946 ; Fawaz
and Haddad, 1g51). Extremely poor absorption of this drug by the oral route,
makes it necessary that it should bc given Intravenously, which is a serious draw-
back.
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2-hydroxy-1 :g~-naphthoquinans,

Chemical studies.—Chemical investigations mostly centred around modification
oi the 3-atkyl chain of hydrolapachol (XVII). Nearly three hundred derivatives
of the type g-substituted-2-hydroxy-1 : 4-naphthoquinone were synthesised, mostly
by peroxide alkylation of hydroxy naphthoquinones and by Hooker oxidation
reaction in certain cases (Fieser and Fieser, 1948). While ¢ : 4-naphthoquinones
themselves have been prepared by an improved dienc synthesis using butadiene
and benzoquinones (Ficser, 19484). Some of the substitutions tried at g-position
were atkyl isoalkyl, cycloatkylalkyl, g-cyclohexycyclo-hexyl, cycloalkyl, arylaikyl,
aryl, and alkyl chains comtaining nitrogen or halogen (Fieser, Berliner ot al., 1948 5
Zaugg ef al., 1948). A number of similar naphthoquinones with substitution in
the benzenoid ring as well as replacement of 2-hydroxy group with chlore, amino,
groups, ¢ic,, were also prepared and tested (Fieser, Berliner e al,, 1948). Cram
{1949) further studied derivatives similar to lapinone, especially with regard to
presence of oxygen in the g-alkyl side chain while methods for the separation of
naphthoquinones have also been worked out (Fieser, 1948¢c). Some important
relationship hetween biological activity and chemical structure in this class of
compounds {XVIIT) are suimmarised below {Fieser and Richardson, 19413).

‘a} In the case of normal, iso and branched alkyl chains at position 4- of
2-hydroxy-1 : 4~ naphthoquinone the activity against P. lophurae n-
creased. upto Gg and then fell ofl.

b} g-alkyl chains containing onc or twu alicyclic rings gave peak activities
at G,~Cy, and G,,-C,; respectively, while ary] substituents produced
a still greater shift.

¢} Presence of substituted aminomethyl groups {LefHer and Hathaway,
1948), aryl (or alkyl)-mercaptoalkyl groups {Moser and Paulshock,
1g50) apd aryloxyalkyl groups (Paulshock and Moser, 1950} at posi-
tion g« of 2-hydroxy-1 : g4-naphthoquinone, offered compounds with
low antimalarial activity,

‘d} The quinonoid 2-hydroxyl group secemed indispensable as its replacement
by any other group invartably resulted in the loss of activity (Fieser,
Berliner & al,, 1948).

1¢) Substitution in the benzenoid ring of naphthoquinone mastly destroyed
activity (Fieser, Berliner ef al., 1948).

:f} Presence of a halogen, double bond, nitrogen or oxygen in the g-alkyl
chains up to C,, completely destroyed the activity, but C,-C,, side
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chains contaming a tertiary hydroxyl group wave highly potent drugs
like (XVIH).

Metabolic, biochemical and physico-chemical studies. - Neadly tweney 2-hydroxy-
gealkyl-1 : g-naphthoquinones were siundied for their degradative metabolism i
rive both in man and animals and it was observed that a rapid oxidation of g-alkyl
chain accurred with the production of hydrophilic compounds.  These degradative
products were isolated and charactlertsed as secondary or tertiary alcohols or
carboxylic acids (Ficser, Chang ¢ al., 1948). Naphthoquinunes having a hydro-
carbon side chain terminating in a ring, on degradation gave weckly active pro-
ducts hydroxylated in the ring {Fieser, Heymann and Scligman, 1948). Similar
metabolism studied with lapinone {XVIII) have shown that it was considerably
more resistant to degradation, hence so very active, Metabolic studies were usually
conducted with blood and urine samples but in certain cases, it way found that this
procedure was not applicable as very little of the drug was excreted in the urine.
Consequently the rate and extent of degradation was measured by using i sitro
respiration inhibition technique (Tieser, Heymann and Seligman, 1948 ; Heymann
and Fieser, 1948a}.

Metabolic oxidation involving the side chain and not the nucleus can be
synthetically reproduced using chromic anhydride.  In this case also, the pro-
ducts were quinone acids, ketones and alcohols {Fieser, 19485}  Ettlinger (1950)
has also been able to show a photocatalysed autoxidation in ether in the case of
these compounds,

Naphthoquinones were not only active against bloud-induced avain malaria
but also against three sporozoite induced avain infections (Wiselogle, 1946,
Clarke and Theiler, 1948). Walker and Richardson (1948} found that 3-beta-
decalyl(cis)~propyl-e-hydroxy-1 : 4-napthoquinone (Mz2279) potentiated  the
surative action of pamaquin. Most of the naphthoquinones were tested by in
mitro screening procedure based upon inhibition of respiration of parasitized red
blood cells drawn from a duck infected with P. lophurae ‘Heymann and Fieser,
1948e ; Fieser and Heymann, 1948 ; Fieser, Heymann and Seligman, 1948).
Compounds with peak potency were mostly antagonised in decreasing order by
human, monkey and duck plasma proteins and most likely these drugs acted by
combining with a respiratory enzyme which resulted in the deactivation of the
jatter (Fieser and Heymann 1948). The extent to which these drugs were
suwcptnble to protein anraqomsm {as measured by the depression of the inhibitory
action of the naphthoquinones on the respiration of parasitized cells), varied with
the type of serum and drug involved (Heymann and Fieser, 1948a). Similarly
no correlation could be established between inhibition of respiration ol succinate
oxidase and antimalarial activity i vive (Heymann and Fieser, 1g485}.

Extensive studies of distribution characteristics of naphthoguinones revealed
that a halance between lipophilic and bydrophilic characteristics was requirved for
optimum activity in any given series of hydroxynaphthoquinones (Fieser, Ettlinger
and Fawaz, 1g48). It has also been observed that these drugs rapidly get oxidised
into hydrophilic compounds of low potency, hence for optimum activity it was
necessary that the 3-alkyl side chain should carry such substituents which made
it resistant to degradation, as well as offered suitable balance between lipophilic and
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hydrophilic preperties. In the case of fapinone (XVIII), introdution of a hydroxyl
group to Ce-alkyl chain, blocked the metabolic degradation and further lengthening
of the alkyl side chain counterbalanced the hydrophilic properties conferred by this
hydroxyl group (Fieser, Heymann and Seligman, 1948).

SULPHONAMIDES AND SULPHONES,

Tt has been well recognised that antimalarial activity ol sulpha drugs is due
to their antibacterial propertics. Previously sulpha drugs have shown only limited
promise against human malarias (Wisclogle, 1946 ; Findlay, 1049 : 1¢51), although
their action against avian and stmian malarias has continued to play an important
réle in the development of new antimalarials and better understanding of the existing
ones. During the period under veview, no outstanding advance has been made
in this field although problems of cross resistance and potentiation. of antimalarial
action between sulpha drugs and other antimalanials, have been of conviderabie
terest.

Chemical studies.—A number of 4-amino-3'-5'-disubstituted -berzene sulpha-
milides have been studied, out ol which Bemural (XIX) {4-amino-3'-5'-dithromo-
henzene-sulphanilide) has shown optimum activity (Behmisch, 1948 ; Wiselogle,
1946).  In the above type of compounds, g-amino group was essential for activity
while replaceraent of halogens by other radicals always decreased the activity
Behmisch, 1948). Bemural (XIX) and sulphaguanidine were diazotised and
coupled with N-(4-diethylamino-i-mtchylbutyl) aniline and the resulting products
showed some activity against simian malaria (Tan e o, 1950).

By
HaN S0.NH

By
Brmorarn (XEIX)
Jramino-3* : 5" -dibromo-benzenesulphanifide.

A number of heterocyclic substituted sulphanilamides such ax N4-{2~-methoxy-
O~chloro-g-acridyl)-sulphanilamide (Mivatake 1953), 2-metanilamido-pyrazine ;
2-metarmiiamido-5-chloro-pyrimidine {metachloridine-SN11437) {American
Cynamide Co., 1948) ; 2-sulphanilamido-quinoxalines ; 2 {or 4-}-sulphanilamido-
yuinazoftnes (Wolf, 1g949) and  N{p-sulphonamidophenyl)-4-{p-aminophenyl-
sulphonimino}-3-phenylpyridine-2 : 6-dicarboxylic acid {Neelakantan of al., 19524)
have been reported to be usually active, An interesting series of sulphabiguanicle
derivatives have alrecady been discussed on pages 198-199.

Amongst sulphones, various 6-quinolyl-p-amino-(or nitro}-phenyl sulphides
aned their sulphones (Gilman and Gainer, 1949) as well as certain 4'-g-di-
‘arylbignanide) diphenyl sulphides and solphones {Roy e al, 1950) have been
reported as potential antimalarials.

Biochemical studies.—1t has becn revealed that P, gellinacenm strain resistant to
sulphadiazine was also resistant to paludrine though not 1o mepacrine. Such a
cross-resistance could not be explained on the grounds of structural similarity or
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similar mode of action of these compounds {Bishop and McConnachie, 1gso :
1951). Another intercsting observation has been the potentiation of antimalarial
action of sulphadiazine by paludrine {Greenberg el al., 1948 ; Greenberg, 19458),
2 1 g~diamino-pyrimidines (Greenberg and Richeson, 1950} and certamn pterins
{(XXTI} (Greenberg, 1949¢) which was also accompanied by addative toxicity
of the two drugs involved {Greenberg ef al., 1948). These findings cannot he
explained on the basis of structaral similarity between sulphadiazine and rest of
the drugs,

MISCELLANEOUS,

A variety of chemical structures, usually hetrocyciic rings with nitrogen,
displaying all xhades of antimalariai activity have been described in this chapter.
Some of the promising leads could be further developed with advantage. General
failare of antibiotics against malarial infections is also noteworthy,

Chemical studies.——-Haworth and Robinson (1948) studied a number of substi-
tuted 3-dialkylaminoalkylamino-quinosadines and amongst these 2 @ 6-dichloro- 3-
beta-dicthylaminoethylamino-quinoxaline (XX} displayed -good antimalarial
activily against P, gallinaceum. Increasing the complexity of the side chain and
removal or replacement of 2-chloro radical in this compound (XX} resulted in
feebly active compounds. Similarly 2-chloro-g-dialkylaminoalkylamino-quinoxa-
lines were also only slightly active (Crowther et al., 1949). Further variation in
2-chloro-6-substituted-4-diatkylaminoatkylamino-quinoxalines did not offer a highly
active compound except for 2 : x-dichloro-3-beta-diethylamino-ethylamine-6
{or 7)-methoxy-quinosalines (Curd, Davey and Stacey, 1949). Similarly various
substituted 6-amino-quinoxalines {Gilman and Broadbent, 1948} ; 2-aryl-4-arylamino-
guinazolines {Curd, Landquist and Rose, 1g48a ; Dass et al, 1952} ; g-(or
2)-dialkylaminoalkylamino-2-(or 4}-arythio-quinazolines {Curd, Hoggarth e ol
19434) ; and 2-p-chloro-anilino-4-beta-diethylaminoethylamino-quinazolines {Gurd,
Landquist and Rose, 1948) were prepared as potential antimalarials out of which
the last two groups when tested, were found to he inactive,

Nj NH. CHy. CHa. N (CpHs) 2
s of

CQranoxal bng (XX}

2 Balichioroe-j. B-ditthylaminocthylamino-guinoxatine,

NHR |y N N
3 s
cr e T

N CH;

N
NH,
Quinsnpenes (XX} rern (P r37g0) (XXIT)
t 2-substituted-amino-2 sg-dihyrro-Beguinindene, £:4-diamine-6 vp-diphenyl-pyrimido (4, 5h)

pyrazine.
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Definite prophylactic activity as displayed by g-chloro {or mecthoxy}-re-
hydroxy-2 : 3-dihydro-beta-quinindencs {Stephenson ef af., 1947) prompted further
studies in this group and Chadha et al. (1951a : 19515) synthesised a number of
12-{arylaming or dialkylaminoalkylamino)-2 : 3-dihydro-beta-quinindenes (XX}
as well as certain r2-hydroxy-2 : 3-dthydro-beta-quinindenes having mono substi-
tuents at position 7-, 8-, g~ or 10~. These compounds were generally inactive
when screened against P. gallinacenm (Bami, 19538).

Ceertain substituted 1-dialkylaminoalkyl-isoquinolines {Haworth and Robin-
son, 1948) : g-amino-1-dialkylaminoalkylamino-phthalazines (Haworth and
Robinson, 1948} and 4 : 5-dihydrogiyoxaline derivatives (James and Turner,
1y52) have been found to be inactive, Noreldrin (1951) has clinically tried a new
drug “Abadol” (amino-2-thiazole) but it was found to be less active and more
toxic than chloroquine.

Benziminazole dertvatives substituted at 1, 2, 4, 5 and BG-positions were
nsually inactive except for certain 1-{2-pyridyl-aminomethyl} benziminazols which
displayed some activity (Hall and Turner, 1948 ; James and Turner, rg52). A
number of 2 : 6-bis-{glycolylamino)-3-substituted pyridines {Lott and Brenstein,
t949) and N-a2-pyridylalkanolamines were also prepared, out of which the latter
group was devoid of activity (Weiner and Kaye, 1g949}. Amongst pterins,
2 1 g-diamino-6 : y-diphenylpyrimido {4, 5b) pyrazine (DR1i57gr) {XXI1} showed
activity as good as quinine in P. gelfinaceum and resembled paludrine, as regards
potentiation of its antimalarial action by sulphadiazine (Greenberg, 1949a).
Both activity and its potentiation could be attributed to the presence of a biguanide
linkage in this pterin (XXIT). Certain pantoyltauramides {Mill and Roblin,
1949) and iscalloxizines {McCoubrey and Websters, 19484) have also been reported
but results of their antimalarial screening are not indicated. Thiopegene-g,
4-one (Narang, 1943} has been found to be as active as quinine when tested against
. gallinaceum.

A number of substituted ketones viz., 2: s5-diphenyl-3-turyl amino-ketones
(Lutz and Rowlett, 1948) ; alpha-beta-dimorpholinyl ketones (Lutz «f al., 1949)
and substituted acetophenones {Mathicson and Newbery, 1949) bave been studied
as possible antimalarials but the activity has been usually very feeble. Amino-
varbinols obtained from acetylphenantherene (Sargent and Small, 1948¢) and
4~(g-diethylamino-propylamino)-i-ethoxy-naphthalene  (Belotsvetor, 1949) werc
tound to be devoid of activity when tested against avian malaria. FLeffler and
Matson {1948) studied a number of substituted carbamates but the activity was
usually moderate, the best compnunds ol this series being p-carbobutoxyphenyl-
p'-methoxy carbamate (SN1og8) and p-sulphamylphenyl-p’-methoxy-carbamate
‘SN4178) (Wiselogle, 1946}.

Antibiotics have been conspicuous in their ineffectiveness against malaria
parasites but in spite of this, Imboden ef al. (1950} tried several of the new antibiotics
against P. vivax infection for evaluating their curative and prophylactic action.
Auvreomycin and chloromycetin showed some prophylactic activity but they were
not curative, while penicillin and dihydro-streptomycin were completely inactive.
In short, antibiotics in general have practically very little use in the treatment of
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malaria {Findley, 1951 ; Coamey ot al,

1. Bami.

1953)-

21y

A recent monograph by Coatney

el al. (1953) details the screening results of 2 number of miscellaneous compounds.

The author’s sincere thanks are due to Lt.-Col. Jaswant Singh, Director,
Malaria Institute of India, Delhi, for his encouragement and valuable suggestions

during the preparation of this review.
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ABSTRACT,

A FURTHER NOTE ON GONCOTROPHIC DISCORDANCE
IN 4. AINNULARIS.*

BY
V. VENKAT RAG
AND
A, V. ANNAJL RAO,
{as su; 1433 )

In discussing the phenomenon of * Gonotrophic discordance ’ described by
the senior author {Venkat Rao, 1g4y), Muirhead-Thomson {1g31) observed that
it should have been ascertained whether the wild caught female Anopheles used
in these experiments were fertilized or vot as 4. anmdaris, ir particular, is one of
those anophelines in which the development of ovaries after a blood meal takes
place irrespective of fertilization.

This criticism was rcoognised as valid but, owing to the absence of the
seior author in Burma, he requested the junior author to carry out further
observations in aenmedaris to clarify the issue.

Accordingly, a number of anmularis Q@ showing evidence of gonotrophic
discordance were coltected from the Khurda Road area of Orissa for these observa-
tons. Out of them, 34 survived 1o oviposit and their cggs hatched as larve in
about the normal time, indicating ferttization in every case.

REFERENCES.

Mumuean-Fnomsons, R G csyge; ,'rioiaqm'!o Behuvinus, p. 14, Bdward, Arnold & Co.,
amdon.
Visnar Rao, V. {1947} o dwde FooMel 3, pp. 3-r0.

€Tl original manuscript (§ typeseript pages) hias Leen placed in the tibrary of Malaris Institute of
Iocdia, Pethi, and s avaitable on loan 1o workers who may wish to read 1.
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OBITUARY.
Dr. M. A, BARBER.

It is with profound regret that we have to record the death on January 15,
1953, of Dr. Marshall A, Barber, at the age of 8s,

Dr. Barber is perhaps best remembered for his discovery of Paris Green as
an anopheline larvicide in tge1.  He also discovered the gametocidal properties
of pamaquin (Plasmochin) during the carly days of the use of this drug.

He developed the use of the micropipette for isolating single microscopic
organisms in 1gr4, for which he received the Theobald Smith Medal. He was
also awarded the John Scott Medal, and the Mary Kingsley Medal from the
Liverpool School of Tropical Medicine. He developed a rapid method of examin-
ing the salivary glands of mosquitoes for malaria infection. Dr. Barber is also
the author of the technique to determine food preferences of mosquitoes.

After 1929, when he left the U.S. Public Health Service to become associa-
ted with the International Health Division of the Rockefeller Foundation, he
travelled extensively, visiting Brazil, Africa, Tndia, and parts of the Near East.

Dr. Barber was a man of cnormous ingenuity. Much of his philosophy of
life, and interesting side-lights on his chosen work, are contained in his “ 4
Malariologist in Many Lands ”, published in 1946 by the University of Kansas
Press.

We convey our deep sympathy to the bereaved Jamily, and his friends all
over the world.

JS.
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STUDIES ON PLASMODIUM BERGHE!I N. SP. VINCKE
AND LIPS, 1948.

*XII. Effect of gincose, biotin, para-aminobenzoic acid and methionine
on the course of blood-induced infection in starving albino rats,

BY
8. P. RAMAKRISHNAN,
SATYA PRAKASH,
A K. KRISHNASWAMI
AND
SHANAN SINGH.
(Malaria Institute of India, Delhi)
¢ July 17, L0533

MeKeg and Geiman 11g48) reported that when experimentally inoculated
tnonkeys were starved for 24 to 48 hours during differcnt phases ot P, knowlesi
infection, the course of parasitemia was strikingly ameliorated.  They also found
that administration of sucrose and PABA, sucrose, methionine and vitamin O,
and sucrose in combination with methionine, PABA and vitamin C during pro-
longed starvation, enhanced parasitc growth, Ramakrishnan {1953) reported
that starvation of albino rats rendercd conditions inhospitable to P. berghet and
concluded that it was probably due to deficiency of some nutrients essential to
the parasite. This paper deals with the administration of a few chemically pure
nutrients and their effects on the course of parasitemia in starved infected rats,

MATERIAL AND METHODS.

A strain of 2. bergheit maintained by binod passage in albino rats was used
i these experiments,  The dose of inoculim was invariably one million parasites
per rat given by the intraperitoncal route. Thin blood smcars of all animals
*Financed by a grant [rom the Indian Council of Medicai Research,
FReceived in 1952 through the kind eourtesy of Brigadier J. 8. K. Boyd of the Burroughs Welcome
Laboratories, London.
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226 Effect of glucoess, biotin, PABA and methionine on U. herghel.

were ¢xamined daily and when positive, parasites were enumerated aygainst 10,000
erythrocytes. Slides were declared negative when no parasites were seen in at
least 100 oil immersion fields.

Thirty albino rats of both sexes approximately six months old were used,
The animals were housed in special individual cages and had no access to their
excreta at any time.

Although the preliminary observations reported by Ramakrishnan ({os, cit.)
had sbown that normal rats can tide over a period of about 20 days of storvation
it was limited in this case to 10 days from the day of inoculation. The animals
were divided into four experimental groups and four control groups of which one
was on standard® diet. All of them were provided with water in bottles. Rats in
cach of the experimental groups, received daily, during the 1o days of starvation,
one of the following chemically pure nutrients in one to two c.c, of distidled water.t

Nuirient Quantity Route of adminis-
per day. tration,
PABA 2'75 my. Intraperitonecal.
Biatin o' 05 mg.g .
Methionine ... e 72T0 Mg Subcutancous,
Glucose e 1270 gm. Oral,

‘The quantities of vitamins and amino acid were based on the daily require-
ments for rats (Williams ef al., 1950 ; Parris and Griffith, 1949) and that of glucose
was calculated on the daily calorific requirements.  Atiempts to fecd methionine
orally on the first day were not completely successful ; so on subsequent days it
was injected subcutanecusly on the lateral side of hind Icg.  In the course of two
to three days, injections gave rise to Jocal punched out ulcers in majority of the
animmals, lollowed in a few cases by transient paralysis. Two of the control groups
received normal saline and distilled water respectively through the intraperitoneal

route.
RESULTS.

Average daily parasitemia during the ten day starvation period in the four
experimental and three control groups is shown in Tables I and IT respectively,
Growth of parasites in starved animals was extremely poor and confirmed previous
results reported by Ramakrishnan (loc. ¢if.). The trauma of injection in
Groups 2 and g of Table II which received distilled water and normal saline res-
pectively, did not appear to influence the multiplication of parasites as compared
with the parasitemia in starving amimals without any interference (Group r of
'Table 1I).

" #Standard diet s—

Whole wheat Hour e 72 paris

Skimmed milk powder e 25
Brewers yeast (dry) e 3y,
Calcium carbonate .. 1 part
Clommeon salt U

F(lucose was served in a cup as paste made with about 1o c.c. of water,
l}jR{:portl:d daily requirement o' oos-0° 003 mg. per rat. A larger dose was given to ensure adequate
aupply.
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Tasne 1.

Effect of some essential nutrients on the daily average parasitemia in siarved albing rals.
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228 Effect of glucose, biotin, PABA and methionine on P. berghei.

Of the four nutrients administered to infected animals during starvation,
shicose and biotin did not in any way influcnce parasitic growth, as it was similar
to that in starved controls. Administration of PABA during starvation resuited
not only in slightly increased parasitemia as compared to thc controls, but
it remamned patent almost throughout the period of observation.

The group on methionine showed significantly increased parasitic growth
as compared to the controls.  Unfortunately the animals died before the tenth day
probably due to ulceration caused by methionine but there was an indication
that methionine was one of the cssential nutrients to P. berghei, which was not
available to them when rats were starved.

CONCLUSIONS.

Results of these investigations on albino rats and P. kerghet conlirmed some
of the observations of McKee and Geiman (loc. cit.) on P. knowlesi in monkeys,
Starvation of the host scemed {0 deprive the parasites of nutrients like PABA and
methionine essential for their growth.

Tt appeared that glucose alone administered during starvation was not
sufficient for growth of P. berghei in rats.  Similar results were observed by MceKee
and Geiman (loc. ¢t} with reference to P. knowlesi in monkeys fed with sucrose
and vitamin C during starvation. The fact that administration of methionine
alone during starvation resulted in increased growth of parasites, indicated that
glucose ‘was probably available in the plasma of starved animals.

Four chemically pure nutrients namely glucose, biotin, PABA and methionine
were administered to starving albino rats infected with one million parasites.
Glucose or biotin did not in any way influence parasite growth in starving animals.

In animals given PABA or mecthionine during starvation, cnhanced growth
of parasites was seen as compared to that in controls.  The growth was appreciably
higher in the methionine series.

Tt appeared that during starvation of host, essential nutrients like PABA
amt iethionine were not available to parasites.
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STUDIES ON PLASMODIUM BERGHEI N. SP. VINCKE
AND LIPS, rg48.

*XIV. Reaction of blood-induced infection in albino mice o
proguanil and dihydrotriazine metabolites.

BY
A, K. KRISHNASWAMIL,
SATYA PRAKASH,
H. 1. BAMI
AND
5. P RAMARRISHNAN,

\Malaria Institite of India, Delhi.)
{ Jub 13, 1953.)

Sivce the discovery of proguanil {paludrine ; N*-p-chiorophenyl-N-isopro~
pyl-biguanide) (Curd et af., 1945}, there were strong indications that perhaps this
drug has a mode of action quite dissimifar from those of other potent antimalarials.
In vitro studies by Hawking and Perry (1948) and Madinaveitia and Raventos
(1949) suggested that high antimalarial activity of proguanil is probably due to
its conversion into an active metaboliic in the host.  Stimulated by these results,
Crounse (1951) studicd the metabolic fate of proguanil in monkeys, but all the
producis isolated by him were completely deveid of any antimalarial activity.
Carrington et al. (1951} and Crowther and Levi (1953) have successiully isolated
from the urine of man and rahhit a degradation produact of proguanil said to be
ten thmes more active than the parent drug against P, gellinaceum, This active
metabolite is 2 : g-diamino-1-p~chlorophenyl-1 : 6-dikydro-6 : 6-dimethyl-1 1 3 : 5
triazine (designated * .1’ in the current trials) which is casily converted into an
inactive form previousty isolated by Crounse {(loc. cit.). Modest et al. (1952}
tested this against P. laphure and found it to be six times as active as quinine, twice
as active as mepacrine or proguanil and half as active as pamaquin. On the
contrary, screening against P. gynomolgi in monkeys, Schmidt ef af. {1952} observed
that the proguanil metabolite * .47 is only half to one quarter as active as the parent

*The investigations wrre partly financed by the Indian Counei of Medical Research,
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230 Reaction of P. berghei to proguanil and dikydrotriazines.

drug. These findings are not in conformity with those obtained in avian malarias.
Tnherent differences tn susceptibilitics of the plasmodia or variations tn the physio-
logical disposition of the metabolite may be responsibie for this disparity {Schmidt
el ol., 1952).

L N »w/“'\rﬂa w“i‘\t/“\xnuz
&O’l‘l H/Lu aC}".E(% e N
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Proguanil Proguanil active metabolite <47 Metabolite ‘B~

During the course of extensive investigations on paludrine-like compounds,
a 3 : 4-dichloro analogue of plaudrine (N'-3 : g-dichlorophenyl-N3-isopropyl-
higuanide) was found to be several times more active, but unfortunately also
more toxic than proguanil both in experimental {Curd ef al., 1945 ; Crowther
et al., loc. ¢il.) and human malarias (Chaudhurl ¢t al., 1951 @ 1952), Studies with
the above compound on the lines similar to those of proguanil, led to the isolation
of an active metabolite viz., 1-(3 : g-dichlorophenyl)-2 : 4-diamino-6 : 6-dimethyi-
1 : 6-dihydro-triazine {called * B’ in these studies), This is a g : g-dichlorophenyl
analogue of ¢ 4’ (Crowther and Levi, loc. ¢it.), and was found to be 100 times as
active as proguanil and ten times as active as ‘ A” when tested against P. galtinacenm
{Crowther and Levi, loe. cif.; Carrington e al, loc. cit). Against P. ¢ynomolgi,
however, * B’ was even less active than proguanil, although more active than
paludrine metabolite ‘ 4’ (Schmidt & al., loc. cit),

Suitability of P. berghei as a test parasite for the screening of antimalarials
has been well established (Goodwin, 1944 ; Thurston, 1950 ; Ramakrishnan ef al.,
1951). The above conflicting results in avian and simman malarias led to the
studies reported here to see how this plasmodivm would respond to these metabolites
when compared to proguanil.

METHODS AND MATERIALS,

'Vhe strain of parasites and the albino mice were from the same source as
reported before (Ramakrishnan and Satya Prakash, rgso), Estimation of dose
and route of moculation and methods of drug administration were the same as
reported previously {Ramakrishnan ef al,, 1951 ; Jaswant Singh, e al., 1952).

The dose of proguanil and dihydrotriazines “ 4 and * B’ in every case was
calculated in terms of base content. All thesc three compounds were white
crystalline solids soluble in water. Their aqueous solutions were administered
orally, Metabolites * 4’ and * B* were first obtained in small guantities through
the courtesy of Messrs, Imperial Chemical Industries but later on these compounds
were specially synthesised in the Chemistry Laboratory at the Malaria Institute,
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The M.E.D, for Class 1, Il and III effects were determined in each case.
A contrel group of animals was invariably maintained and the natural course and
intensity of infection were similar to those already rcported (Ramakrishnan ef

al., 1951},
RESULTS.

Details of Class I, T} and T1I effect of proguanil and wmetabolites © 47 and
" B " have been presented in Tables I, IT and ITT respectively,  MLE.D, of the three
drugs as also of other antimalarials reported earlier (Jaswant Singh et al., 1952}
for all the three classes are given in Table IV, TFor Class T effect, metabolite A4 °
was found to be 25 times as active as proguanil while metabolite * B’ was 20 times
as active as © .1’ and 500 times as active as its parent drug., For Class If and 111
effects, metabolite * 4’ was almost just as active as proguanil while metabolite
* B’ was 500 times and 33 times respectively more cflective than metabolite

oy
- TanLe 1.

Leffect of peludrine on the course of . berghet infection in mice.

v 4y - H
%aﬁ nEo E g AVERAGE DALY PARASIITE cOUNT IR 10,000 R B.C. on :
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g—d - '3:'5 !.._d-_.._{.........._., P . — ;__.h.___i
BE %] o 2 * s e sy 6] 7] 8] 9 | 0
o-008l 3 | ozaed saz | 223 | 162] 8240 spz 0 421 5030 633! 836 | Class ¥ effect in
; 5 [ : I all animals.
wost o l 312 248 124 K1l 250 hsl [ 7 Gid | 688 j 825
| |
0L 4 | M6| B3] 61] 52 1267 641 | o10] 640 l 657 | 765 |
H | ; i : ! i
02 | 2 | 309 mai (ul a0 39 37 TH 336 dne ! a3
g3 ¢ &l osa7] w7 49 561 144 450 | 1360 [ 1222 1770 | 1140 |
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30 01 324 108! g ONE TH o! o. 3!
| § : ' i : i
1.5 5 | 26 L g2 6 0 67 &l 0 oF o 0 Class ITT effect. Sub-
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! } : | ) ¢ tive in all animals.
: | ! i
$0 5 4 3041 1537 42 0. 9 0 o] o] o! 0! Subinoculation
i ? i i : ! done jn one anj-
! ! ; i f : : mal enly, nega-
: | ; | ; : i tive.
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O

Tasir II.

Effect of Metabolite < 4° on the course of P. berghei in mice,

oge g, g i
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Tasre I1Y.

Effect of Metabolate * B’ on the course of P. berghel in mice,
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Tanre IV,

M. . D. of some antimalarialy against P. berghei in mice.

M.E.D. (M. /K6, BoDY wEIGHT),

Drug. —
: Glass T | Chass I, : Class ITL
Quinine ... e et 1700 4800 | > 6000
Sulphadiazine : [ G . [
Darapesn .. L 080005 | 6-0005 40
. Paludtine ... BRER. 300 1256
Metabolite * 47 .. s 250 100°0
Metabolite < B° . L 0-00i 0-05 3-0

In Tabhle V, quinine and sulphadiazine equivalents of the drugs under investi-
gation as well as that of daraprim from carlier trials {Jaswant Singh ef al., 1952)
have been listed.

Taree V.

Quinine and sulphadiazine equivalents of antimalarials againsi 1. berghei.

_ CUANINE BQUIVALEAT, SULPITABIAZING KQUIVALENT.
s Class . | Clas IT. | Clas L . Class Il | ClasTIL.
Quinine o f e D a1z 00012 <00t
Sulphadiazioe ... ! R0 i &0 ;
Daraprim ... | 2,40,00,100 | 96,00,000 | 130,000 12000 15
Paludriee :- 430 ! 240 06 5 03 0-48
Metabolite © 47 P2,000 I‘ 92 15 F 024 , s
Motaholite * f#° 240 000} ‘| 113,00 300 E 120 ;l 20
' i

Metabolite * B° was 20 and 500 times as active as ‘4’ for Class 1 and 11
effects respectively, It was also evident that metabolite ‘4’ and ‘B have anti-
malarial activities {(both Q.F. and sulphadiazine equivalent} lying somewhere
between those of proguanil and daraprim. Comparing the doses required for
radical cure, dihydrotriazine  B* was 20 times as active as sulphadiazine, while
daraprim was 15 times as effective. Proguanil and metabolite * 4° were less
active than sulphadiazine,
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DISCUSSION.

P. berghei and P. gallinaceum were cqually sensitive to proguanil (‘Thurston,
1g50). In its sensitivity to sulphadiazine, P. berghei resembled the malaria parasites
of monkey and man {Ramakrishnan ¢ al., 1951), Daraprim has alse been found
to be highly effective against P. berghei (Jaswant Singh ¢/ al., 1952). Daraprim
has some structural resemblance with proguanil while the metabolites ‘A’ and
“B? are very much akin to daraprim chemically (Crowther and Levi loc. cit. ;
Jaswant Singh et al, 1g51). High antimalarial activity as displayed by these
metabolites is, therefore, to be expected. However, it is significant that as regards
the action of these compounds on P. berghei the results were more similar to those
obtained with the avian plasmodia, namely P. gallinaceum and P. relictum than
with P. cynomolgt or P. knewlest in monkeys.

Metabolite * 4’ though more active than proguanil itself, is considerably
jess active than its g : 4-dichloro-analogue * B’. This can probably be explained
on the basis that the proguanil itsell 1s considerably less active than its 3: 4~
dichloro-analogue. It is interesting that while the dose of mectabolite * B
required for temporary suppression is 100 times more than that of daraprim for a
similar effect, the dose of the former drug for radical cure is slightly less than
that of daraprim, their sulphadiazine equivalents for Class ITI effect being 15
and 20 respectively. This is contrary to expectations where even a comparatively
lower dose of a less active drug was sufficient for a Class 111 effect as compared to
the dosc for Class II effect.  Apart from the factors like drug metabolism, absorp-
tion and excretion of a drug as was discussed by Jaswant Singh ¢ ol (1952),
another factor may be that the range of cffective dosage of compound * B’ is much
narrower as is to be expected from compounds of higher toxicity. The parent
compound of this metabolite * B’ is alrcady reported to be more toxic than paludrine
{Chaudhuri ¢t al., 1951 : 1952 ; Curd ¢t al., 1945 ; Crowther ¢f al., 1951} and it is
probable that the toxicity of the metabolite is in proportion to that of the parent
drug.

SUMMARY.

1. Chemotherapeutic studies with paludrine, its metabolite, and that of
4 1 g~dichloro-analogue of paludrvine against P. berghei are reported.

2. The metabolites were more active than paludrine.  The metabolite
of dichlero-analogue was morc active than that of paludrine.
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TOXNIC MANIFESTATIONS OF REPEATED DOSES OF
PYRIMETHAMINE IN RHESUS MONKEYS,

BY

Ligvr.-Corongl. JASWANT SINGH, m.n., ch.s.(Bdin.}, e (Eng.),
p.r.M. & H.{London),

AP RAY, saps.,
B. G. MISRA, v.ymr, Lors (Call)
AN
P. G BASLL an,
{ Malaria Institute of fndia, Pelhi.}
{ Seprember 1, 193, )

Dugong carficr investigation on pyrimethamioe against sitdan malaria
rhesas monkeys, Jaswant Singh e @f. {1951} bad observed that the compound was
four times as active as proguanid against P. keowles: but in doses higher than the
therapeutic level, it was four times as toxic.  Tissues of monkeys which died due
to single heavy doses of 50 mg. kg, or above of the drug, showed degenerative
changes in the convoluted tbules of kidneys and cloudy swelling of the parenchyma
cells of Liver,

Puring the present investigation, the authors have vecorded their observa-
tions on the general health and histopathological changes in kidneys and liver
of rhesus wonkeys when pyrimethammine was administered in varying doses for a
period of 1 to § weeks.

MATERIALS AND METHODS.

Twenty-four rhesus monkeys were used for the chronic toxieity test. To
determine the elfect of the drug on the general health as indicated by loss of body
weight, the animals were weighed before commencing the treatment and once
again after completion of the course. r

Monkeys were closcly obscrved every day for any untoward toxic mani-
festations like anorexia, rapid emaciation, diarrhoea, vomiting, ireitability or
depression, convulsive seizures, etc,

{ 257 )
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Biopsy materials were collected from monkeys which survived the course,
while immediate postmoriem examination was carried out in those which died
during treatment. Tissues were removed only from those animals which did not
show lesions due to other discases itke tuberculosis, septic conditions, etc., and
were fixed in 10 per cent formal saline.  After necessary processing, sections
were stained with hematoxylin and eosin.

FINDINGS.

Effects of pyrimethamine in doses of 5 to 40 mg.fkg. for periods varying from
t to 6 weeks were observed as per Table I

TasrLe I,

Effects of pyrimethamine.

P S P e
! L
] 1 Number |Changes
Schedufe | Dosage | Duration [Numbor of survived | in body
wunsber, mg.fkg. | in weeks, | animals. | the period | weight Remarks.
of in kg,
olwervation. l{average)
k. {a) : 5 3 3 2 0-9 One died after % days due
: to extension afliary tuber-
culous Jesion.
8 5 B 3 3 402
! i
il. ‘a) n kK ; G ! 3 -~ 3 Posimorieyn cxamination
; ! of the one which died
h} Hy G | 6 2 —-07 Lrefore the petiod showed
! i broncho-prieumonic con-
i dition of hoth fungs.
s | f.
HINE) 26 T 3 3 T
18) 20 s 1 N ¢ A1l died by the 11th day,
1 H "
V. 30 1 : 3 1 —04
v, 40 i i i %—0'8
..... [ AN U SV S S I

it will be observed from the table that with doses of 30 or 40 mg./kg., four out
ol six animals died within a week. Similarly with 20 mg./kg. dose under Schedule
I11(5), all the three animals died by the r1th day. In all these cases, anorexia
was & common feature, later associated with general depression.  Prier to death
a certain degree of irritability was noticeable and this was followed by convulsions
similar to those obscrved during acute toxicity studies. In cases which survived,
there was loss of weight varying from o4 to 06 kg.

The threc monkeys placed under Schedule III{a) survived the dose of
20 mg./kg. for a peried of three wecks though there was some degree of anorexia
and loss of body weight (04 kg. average}.
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Under Schedules I{a) and I1{a}, seven out of nine monkeys survived a period

of three weeks. The one which dicd a few days after the commencement of treatment

showed extensive tuberculous lesion of the miliary type.  Although certain degree

of anorexia was observed in animals under Schedule 11{a), there was no appreciable

loss of body weight. None of the three monkeys under Schedule I(4) suffered

{rom any ill-effects and there was no loss of weight at the end of six weeks. On the

contrary, a dose of 10 mg.fkg. for six weeks caused considerable anorexia in both

the animals which survived. They were emaciated and there was considerable loss
of body weight (07 kg. average}.

HISTOPAYHOLOGICAL FINDINGS.

Tissues colleeted from animals under Schedules 11 to 'V soon alter death
or by biopsy from those which survived, showed cloudy swelling ol the cells of the
convoluted tubules of the kidneys and the parenchyma cells of the hiver. The
lesions appeared to be somewhat similar to those observed during acute toxicity
studies reported carlier,

The swelling was considerable in respect of the cells of the convoluted tubules
of kidneys from the animals placed under 10 mg./kg. daily dosage schedule for
six weeks (I18). The swollen cells either narrowed or completely occluded the
lumen of the tubules. Oeccasionally fatty globules in the cytoplasm of cells was
detectable.  In some cases the debris of the degenerated cells were found in the
Jlumen. Various stages ol degencration of nuciel were observed and infrequently
they had disappeared from some cells.

Changes observed in the liver were striking in that general hepatic architecture
scemed to be lost and the Jobular arrangement in some was no jonger detectable
on account of necrotic changes. The cells of most of the lobules appeared
swollen, and fatty infiiration was detectable in many. Varyimg degrees of nuclear
degeneration was also present.

In contrast, lesion in the tissues of animaly ireated for three weeks {11a)
shiowed very shight swelling of the ecells of the convoluted tubules of the
kidney and of the parenchyma cells in the liver.  Comparatively the changes
observed were milder under this regime than those described earlier.

Sections of tissues removed from the animals placed under Schedule I{a)
or {#) showed no detectable changes cither in the kidneys or liver.

PISCUSSION.

Goodwin {1952} reported thar & rhesus monkey receiving 53 myg. kg, of pyri-
methamine for five days every weck for six weeks did not show any toxic symiptoms
as reflected on its general health, appcetite and blood picturc.  In the present series,
somewhat similar observations were made. None of the six animals died due 10
toxic effects of the drug, nor was there any loss of body weight. Further, histo-
pathological studics of liver and kidney did not reveal any lesion. But with
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1 mg.fkg. dosage, the overall mortality rate was 50 per cent.  Pathological changes
of liver and kidneys were severe, particularly in those cases where drug administra-
tton was continued for six weeks. The type of lesions observed was similar to that
siudied by Schmidt et al. (1953). They also reported of serious lesions in the
spleen, lymph nodes, adrenal cortex and bone marrow.

With doses higher than ro mg./kg., the monkeys did not survive heyond
seven fo £1 days and the lesions in liver and kidneys were similar to those ohserved
in animals treated with a single massive dosc of 50 mg.fkg. or above as mentioned
varlicr by Jaswant Singh et al. (1951},

SUMMARY.

‘Y'wenty-four rhesus monkeys were treated with daily doses of pyrimethamine
varying from 5 mg. to 40 mg. for periods of 1 to 6 weeks. In 5 mg. dosage
administered for 3 to 6 weeks, there was neither any loss of weight nor any
apparent bistopathological changes.

There was shght loss of body weight in monkeys treated with 1o mg. dosage
for three weeks as against a significant loss in those treated for six wecks., While
in the former group histopathologial changes were of mid nature, in the latter
damage to the convoluted tubules of the kidneys appeared to be considerable.
(thanges in the liver were striking as the parenchyma cells were found to be in
different stages of degenerative process and the portal space was interrupted by
the reticular tissue.

In the subsequent schedules, the drug administration could not be continued
ior prolonged period. Most of the animals died within the observativn periods of
i to 2 weeks, There was considerable loss of weight in those that survived.
Histopathological changes in kidneys and liver comprised mainty of clcudy swelling
but not of such a pature as was observed under 10 mg. dosage tor six weeks.  This
is clue probably to the shorter course of treatment under Schedules 111 to V atthough
the dose of pyrimethamine was much higher.
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AND
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Jaswant Singh o al. (1949} observed that in P faswlesi infection in rhesus
monkceys, parasite clearance was attained quickest after administration of chloro-
yuine or amodiaguin (comogquin) as compared to mepacrine, proguanil, aphacrine
or metachloridine,. In a subsequent study { Jaswant Singh, Ray et al,, 1951,
1t was reported that chloroquine diphosphate (Winthrops’) and resochin (Bayer’s)
were more or less of equal value both against P. knowlesi in rhesus monkey and P,
vivax and P. faleiparum in man. TIn these investigations, the chief criterion of acti-
vity was the rate of clearance of purasites from the peripheral cireulation.

During the present studies, antimalarials of the g-aminoquinoline series like
chlorequine (diphosphate), a product of Winthrops & Co., U.B.A., nivaguine
(chloroguine suiphate} of May and Baker ; amodiaquin (camoquin) of Parke,
Davis & Co., and avloclor (chloroquin diphosphate) of Imperial Chemical In-
dustrics, were assayed against P. eynomolgi in vhesus monkeys, and their guinine
vquivalent and M.E.D. were determined for evaluation of their relative erits,

METHODS AN} MATERIALS.

Monieys.~—1312 healthy rhesus (M. mullatia mulaita; vaonkeys, weighing between
25 and 6o kg, were utilized {or thesc investigations, including 5 for comparison
studics. They were all subjected to the rontine procedure of blood examination
and tuberculin tests (Jaswant Singh, Bulbir Singh e al., 1951 ; Nair and Ray,
1953) as adopted in these laboratories,

{241
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At least three monkeys were placed under each treatment.

Parasite—A strain of P. cynomolgi isolated by Sinton and Mulligan {(1933)
and maintained through blood passages, was used.

The dose of inoculum was calculated on the basis of 5 X106/kg. and injected
intravenously in all cases,

Blood smears, thick and thin, were stained with J.8.B. stain (Jaswant Singh
and Bhattacharji, 1944) and parasitcs were counted against 10,000 erythrocytes.

ANTIMALARIALS.

Chloroguine and avloclor, the diphosphate salts of chloroquine, are avail-
able in the form of 0’25 gm. base* per tablet and 0'15 gm. base (0°25 gm. salt) per
ablet respectively., Nivaquine, the sulphate salt of chloroquine, is available in
the form of o 15 gm. base {02 gm. salt} per tablet. The basc content of amodia-
quine 1s 0°2 gm. per tablet. Quinine was used in the form of suiphate salt,

Treatment was commenced in all cases when parasitemia was between
o'1 and o2 per cent cell infection. The dose of the antimalarial was calculated
in milligramme per killogramme of the body weight and administered orally once
a day for a period of seven days through a rhyles tube attached to a 10 c.c. record
syringe.

Criteria of activity.—A dosage schedule was considered to be active only when
there was complete clearance of parasites from the peripheral circulation by the
day following the administration of the last dose of drug, a procedure adopted
zarlier by Jaswant Singh, Misra ¢ al. (1951). At least one hundred fields of
thick films were examined before recording a negative finding.

. The minimum doge of an antimalarial which produced parasite clearance
by the day following the last dose, viz., Class II effect of Shannon {Wiselogle, 1946},
was taken as the minimum effective dose (MLE.D.). The quinine cquivalent of a
drug was determined by dividing the M.E.D. of quinine by the MLE.D. of the test
compound. The dose which caused complete sterilization of the blood-induced
mfection, as determined by follow-up for a period of three to four weeks and
aplcnectomy thercafter, was taken as the M.E.D). for Class I effect of Shannon
{Wiselogle, 1946).

OBSERVATIONS AND RESULTS.

Comparison group.—The course of parasitemia in uncontrolled infection in
five monkeys has been demonstrated in Chart 1 which shows that after inocula-
tion {O-day), patency was established within 2 day or two. As a rule, cell infec-
ton of 0°1 to 0’2 per cent was rcached by the second or third day and the peak
was attained in most cases between the eighth and tenth day when cell infection
rcached between 13 and 175 per cent. While one monkey died on account of
extreme anemia on the ninth day, the inlection became chronic in {our others with
periodical recrudescences,

"me a sample or:gmally received ; in 194,6
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Experimental group.—The effect of quinine sulphate in doscs varying {rom
3 to 32 mg./ke. is shown in Table I, from which it will be observed that there was
complete clearance of parasites in all the three monkeys under Serial Numbers
ITL TV and V during the course of drug administration. On the other hand, a
dosagc schedule of 8 mg.fkg. proved refractory while only one out of the three
responded to 16 mg. kg dosage. Thus the ML.E.D. of quinine was considered to be
20 mg.fkg.  Class ITI effect was not observed in any of them.

Tastn 1.

Effect of quinine sulphate in P. cynomolgi.

i . : :
i Dosage i Nusmbe " Number ¢ Recrudescence . Number
Sevial . schedule | “MFT O showing ! ;i showing
mnhber, | in i of i Glass 17T - Number " Class I Remarks.
| mgJkg. | monkeys. | Cier of Days, | effect,
% ‘ animals, i
H i E | 3 : Nil : Parasitemia porsisiod || Nil Inactive.
i | i !
H : 16 t 3 ' I i I : 7 Nit Deccleration
' i i fCIass T effecr)
| : . pin 2
161, 30 : 3 . 3 . 3 . -1 Nil CMLED.
¢ : ! ! :
1V, 24 G E s T 2 0 -2t ¢ Nl
: | ; . ;
v, 32 i I R Nit !

' ; i ! j
The cffect of the g-aminoquinolines on the plasmodium is showa in Table 11
fromn which it will be observed that g2 monkeys were placed under aine different
dosage schedules ranging from o°25 to ¢ oo mg./kg. Al the four antimalarials
were assayed under Schedules o725 to 2:5 mg./kg.  But with regard to amodiaguin
the dosage schedules were increased up tn 40 mg.fkg. as its M.E.D. was found to
he higher than the other three.

In Serial Numbers T and II {Schedules 0-25 and o3}, in majority of the
vases the drugs proved ineffective, though in a few there was deceleration in the
suurse of parasitemia. But complete clearance of parasites was never aftained
on the day following the last dose. Similar results were also observed in Serial
Nurabers 1IT and TV in respect of amodiaquin,

On the other hand, in Serial Number IIT (Schedule 10 mg./kg.), Class TI
cllect was observed in respect of all the five monkeys treated with avlocior. Thus
this dose was considered to be its M.ED. (Class IT effect). The M.E.D. for
chloroquine and nivaquine were found to be slightly higher {15 mg./kg.) as shown
under Serial Number IV. But complete clearance of parasites in 1!&pemphcral
Mood in animals treated with amodiaquin was not observed until the dose was
raised to 3°5 mg. (Serial Number VITI).

Thus, M.E.D. of quininc being 20 mg./kg., the quinine equivatent of avioclor,
v himm}um(‘, nivaquine and amediaquin was determined to be 20, 19°3, 1373 and 57
respectvely,
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Class I1I effect could be observed in eight out of nine cases treated with
avloclor in doses ranging from 1°5 to 25 mg. Under chloroguine and nivaquine,
simnilar effect was observed in 33 to 66 per cent of cases when treated with doses
between 2'0 and 2'5 mg. On the other hand, even with a dose of 4 mg./kg.,
complete sterilization was not autained in any of the monkeys treated with
amodiaquin.

DISCUSSION.

Working with P. galfinacenm tn chicks, Jaswant Singh ¢ ¢/, (1952} reported
that rthe MLE.D. for quinine, mepacrine, proguanil, chloroguine and amodiaquine
was respectively 16, 04, 0'1, o't and 0'05 mg. per 50 gm. body weight of the
chick. Quinine equivalents (G.E.) of these compounds were thus calculated to
he 1, 4, 16, 16 and 32.  Compared to chloroquine, amodiaquine was found to
be twice as effective. The reverse seems to be the casc against P, ¢ynomolgt in the
present series as the Q.E. of amodiaquin was observed to be 57 against 133 in
respect of chloroguine or nivaquine. It is well known that a drug may act
differently against different species and even different strains of plasmodia (Findlay,
1951). It 1s then not surprising that these drugs act differently against P.
gallingceum and P. cymonolgi. On the other hand Jaswant Singh, Ray and Misra
{1953} demonstrated that in P. falciparum infection, both chioroquine salts (resochin
and pivaquine) and amodiaquin were of equal value for all practical purposes,
However, the results observed duaring the fiest 24 hours showed that action of
amodiaquin was somewhat faster. The present investigation confirms the view
that eflicacy of the diphosphate and the sulphate salts, as deterrained by the
parasite clearance rate, is morc or less the same.

But surprisingly the better results obtained with avioclor are unexplainable
as structurally it is similar to chloroquine or nivaguin.  This has been {urther
reflected in its effect in causing the sterilization of blood-induced infection, With
avioclor, Class IIY effect was produced in 88 per cent of the monkeys in doses
varying from 2°0 to 2'5 mg., as against 66 per cent with chloroquine and 33 per
cent with nivaquin. Thus it would appear that, against P. cynomolgi infection
amodiaquin is the least effective out of the four compounds whereas avioclor gave
the best results ; chloroquine and nivaquine being the two intermediates.

SUMMARY.

One hundred and twelve monkeys were utilized for evaluation of the relative
merits of the four g-aminoquinoline compounds. The minimum effective dnses
{MLE.D.) of chloroquine, nivaquine, avloclor and amodiaquin were found to be
5, 1'5, 1'0 and §'5 mg. and their Q.E. was determined as 13’3, 13'3, 200 and
57 respectively.

Class TIT effect was produced in eight out of nine monkeys treated with 'y
w 25 mg.fkg. dosage of avleclor, whereas none was scen in those treated with
amodiaquin in doses up to 4 mg./kg. With nivagquine and chloroquine, 33 to 66
per cent of monkeys were completely frec from infection {Class J11 effect).
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AVIAN PLASMODIUM IN INDIAN BIRDS (£ POLARE).
Pare 1.
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M, G NARAYANDAS, nsc.{Hons.).
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AND
G. R. CHANDRASEKHAR, wm.n.8.5

{Serecning of Antimalarial Drugs Scheme, Counctl of Scientific and Industrial Research at
the Malaria Institute of Indin.)

{ Scptember 1, 1953, }

ManweLL {1936) described a species of plasmodium P, polare obtained from
1 ol sparrow {Petrocheliden luniforns Iwngforns Say).  Later he detected this
plasmodium in three other birds of same species but subsequent search in about
thousand birds belonging to filty different species (including 41 swallows of four
uther species) proved a [failure (Manwell, 1935 : 1936).

Rarly this year, during routine survey of blood smears from commonly avail-
able birds in the vicinity of Delhi, Ray ef af. {1953) and Ray and Bhatnagar (1953)
reported their findings of twospecies of plasmodia in the common Indian partridges
i Francolinus pondicerianus interpositus, Hartet), locally known as ‘#iter’ (Hindi).
Out of 62 partridges, P. rouxi was detected in one, while a second species resembling
P, polare was found in a1,

In the preseut paper, the authors have described the maorphological characters
and iransmission experiments with the sccond species.

MORPHOLOGY.

All stages ol the asexual forms of the parasites are detectable in the peripheral
blood. The characteristic features of this parasite arc that the gamctocytes are
clongated and rarely displace the host cell nuciei, and larger trophozoites and
schizonts are invariably at one end (polar} of the nuclei which are not displaced.

( 249 )



250 Avian Plasmodium in Indian Birds.
TROPHOZOITES.

The carly forms appear as rings or occasionally as solid bodies. The chroma-
tin is proportionally large. The parasite Is usually situated lateral to the nucleus
of the host cell but rarely in apposition to it.

Some of the larger trophozoites are seen either lateral to the nuclel or near
one end.  The chromatin is fairly prominent and a few brown pigment granules
are visible,

SEGMENTERS.

The segmenters nearly always assume a polar position, Quite often the
parasite embraces one end of the nucicus (which i3 not displaced) in a V shaped
manner.

Although many of the schizonts appear compact, some appear to he
pecadiarly scattered and the chromatin bodies attached to one another with strands
{Plate TII, figures r4-20).

The pigment granules arc large, usually clumped in one to three masses.
‘The average number of merozoites was found to be 10 with a range from § to 16,

GAMFETOCYTES.

The micro and macro gametocytes are clongated and quite often broaden
near one end.  In some cases, the end is hooked or blunted. They are situated
1o the iateral side of the nucleus of the host cell which is seldom displaced.  Some
of the gametocytes are apparently found to be apposed to the nuciens. Quite
frequently, they bend round the nucleus in a semi lunar manner and both ends
of the parasite hook round the poles.

In macrogamectocytes, the pigment granules are usually found o be dark
and clumped at one end, while in microgameiocytes their number vary from
four to ten.

TRANSMISSION.

Blood passage.—2 c.c. of blood from a partridge showing scanty infection of
the plasmodia was inoculated intravenously to two fowls, cach receiving 1 c.c.
of infected blood.  While extremely scanty infection was detectable in one fowl
After four days, infection was well established in the second one in two to three days,
The parasitemia reached a maximum of only two to three per cent cell infection,
Subsequent passages in fowls did not alter the situation appreciably, though
during later sub-passages the percentage of cells infected increased somewhat,

When the strain was passaged to scven to ten days old chicks, the intensity
sf inlection was higher and in most cases 20 to 30 per cent of crythrocytes were
found to hec parasitized. At this stage majority of them succumbed. Sub-
passages from chick to chick resulted in increased infection rate up to ahout 50 per
cent,
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Subscquently the strain was inoculated to two ducks and two guinea fowls.
Although transient parasitemia of very low degree could he detected for two to
three days in onc of the ducks, the other three birds remained negative throughout,

SPOROZOITE-INDUCED INFECTION,

Laboratory hatched Adedes qg ppt2 from the colony were fed on the partridge which
served as the donor (o the two fowls mentioned earlier.  Odeysts were detectable
on the sixth day and sporozoites appeared on the ninth day.

After the sudden death of the partridge on the second day after the Aedes
were fed, another lot of freshly hatched dedes were fed on a fowl which showed
somewhat moderatc infection.  Both oocysts and sporozoites were detectable afier
five and cight days respectively.  When sporozoites were inoculated to fowls ar
chicks, patent parasilemia was cstablished in all of them.

DISCUSSION.

From the clongate type of gametoeytes, non displacemant of the nuclei of
host cells and the position of the parasite in them, it was evident from the beginning
that the present plasmodium belonged to group I of avian parasites as described
by Giovannola {1939). As the average number of merozoites in mature schizonts
always exceeded six, P. rouxi and P. hexamerium could be casily excluded. The
{ormer has always the fixed number of four mcrozoites while the latter has six as
a rule, As more often than not the number of merozoites in mature schizonts
was more than eight and the parasite was fairly large, it was evident that it differed
very much from P. vaughani which has four to cight, but usually four merozoites
per schizont, and a little larger than P, rouxi (Manwell, 1938). Further detailed
study showed that the distinguishing features of the parasties were similar to P.
polare described by Manwell (1935).

From the characteristically polar position of the parasite and the peculiar
“ stranded ” appearance of many of the schizonts in which the chromatin dots are
attached to one another with connecting strands, as described by Manwell (1935)
and Hewitt (1946}, the identity of the present plasmodium could be well established
as P. polare,

Manwell {1935) reported that although infection with P. palare in one cliff
swallow was moderately heavy, parasite level was always low in canarics when
inoculated with a large dose of infective inoculum {(Manwell, 1938). In this
respect the low grade infection detected in fowls in the present scries appears to be
similar, But chicks appeared to be more susceptible particularly afier repeated
sub-passage. On the other band the ducks and the guinea fowls proved almost
refractory,

The transmission of the species frum partridge to fowls through dedes agppit,
as demonstrated during the current studics, brings to light the problem which one
is likely to encounter during investigations on country fowls which may acquire
infection from nearby wild partridges. Further it is considered that during such
studies repeated blood examination of normal fowls would be essential before
undertaking any investigation.
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L Effect of milk diet on blood-induced infection.
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{ September 30, 1953 )

MarorAITH ef af. (1952) have observed that white rats infected with blood
lorms of P. berghet when fed on milk (cow’s or human or reconstituted Australian
dried milk or Ostermilk) developed low parasitemia as compared to the rats
fed on stock diet. Ramakrishnan e af. (1953) working independently on similar
lines have also reported that the course of P. berghei infection in rats fed on an
exclusive milk diet, was milder than in those on milkless diet as well as those on
diet which included some milk. Bray and Garnham (1953} rccord a similar low
grade parasitemia in blood or sporozone-induced P. eynomolgi infection in rhesus
monkeys kept on milk diet. Hawking {1953} in a preliminary report on his experi-
ments using milk diet has found that para-aminobenzoic acid when added to milk,
could produce the usval virulence of P. berghei and P. ¢ynomolgi in their respective
hosts. The present paper records the results of an investigation dealing with the
cffect of mitk in 8. rhesus monkeys infected with the blood forms of a recently
isolated highly virulent (Nuri) strain of P. knewlest (Jaswant Singh el al., 1953).

METHODS AND MATERIALS,

Fourteen adult S. rhesus monkeys weighing 3§ 1o 5 kg. were selected for the
experiment.  Of these, 3 served as controls and 2 were utilized for subinoculations

¢ 253 )



254 Studies on Nuri Strain of P. Knowlest.

from the cxperimental ones during the course of the experiment. The control
monkeys received the usual normal diet* throughout the investigation. Two
monkeys were starved both before and after inoculation. The preinoculation
starvation in one case was for one day, and three days for the other. Effect of
milk diet was observed in seven monkeys divided into two batches. Three mon-
keys in onc batch were preconditioned by giving them milk diet exchuively, for
cight days prior to inoculation. Three out of the four monkeys in the second
batch were given milk from either the day of inoculation or subscquent to it, and
the remaining one received normal diet plus milk from the day of inoculation.

The milk powder used in these investigations was Cowlac dried full cream
mitk ‘whole milk powder) at the rate of 1} oz. three times a day per monkey
itotal of about 671 calories a day per monkey), Each ounce of the milk powder
was well mixed in about 10 ounces of water and was administered by means of a
stomach tube,

Fach animal was inoculated intravenously with the Nuri strain of P,
funelesi { Jaswant Singh et al., 1953) using a standard inoculum of five million
parasitized RUB.Cs, per kg, body weight.  Thick and thin blood smears were taken
from these animals twice a day at 8-00 and 17°00 hours {or parasite counts, The
stain used was J.S.B. (Jaswant Singh and Bhattacharji, 1944). The density of
narasiles was estimated in terms of the numbers of parasitized R.B.Cs, per 10,000
cells, A smear was declared negative only if no parasites could be detected m
about 100 fields of a thick film.

The criteria for the assessment of results were based on the various parasi-
tological considerations such as (1} the incubation period, (2) duration of para-
sitemia, (g) average daily parasitemia, {4) peak parasitamia, (5) day of peak,
and (6) day of death of the animal as compared to the control scrics,

Tn some cases when the monkeys did not show any patent parasitemia after
inoculation, they were subjected to splenectomy or super inoculation,

RESULTS,

The course of infection in the experimental and the comparison groups are
showa in Table T and also in Charts 1, 2 and 3. In Chart 1, the effect of milk
on the three preconditioped monkeys (Numbers 3631, 3632 and 3633) is given.
Chart 2 shows the results obtained in monkeys (Numbers 3629, 3630, 3700 and
3737) which reeeived milk diet cither solely or inclusive of (he siandard diet,
from the day of, or subsequent to inoculation. Chart 3 gives the course of para-
sitmia in the comparison, starved, and subinoculated monkeys (Numbers 3621,
4624 'and 4628 which were fed on standard diet ; 3797 and 3840 that received
uo diet ; and 3682 and 3683 that rcceived subinoculation from 632 and 30633
respectively).

*Normal dict copsisied of gram 168 grammes, wheat flour 22°4 grammes and vegetables or fruit
2352 yrammes ( a iotal of 767 calories per monkey per day. )
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Lffect of milk and standard diet against Nurt strain of P. knowlesi mfection in S, rhesus

mankeys.

A, Gourse of parasitemia in exclusively milk fed monkeys which were preconditioned prior

to woculation and in the ones that were submomt’af{d Jrom these.
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Studies on Nurt Strain of P. Knowlesi.

Nuraber 3631 showed a very low parasitemia for 3 days after an inocula-
von peried of 18 days.  The parasizemia staried eleven days after cessation of
wilk diet. Seven days later, super inoculation with a homologous strain of parasite
wsing the same dosage of inoculation as on the first occasion, resufted in the mani-
festation of a very high infection resulting in death.

A similar low parasitemia {or a brief period of two days, occurred in Number
qU34, onee, cleven days after, and for the second time 34 davs after the disconti-
nuange of milk diet. Numl)or 2682 which was subinoculated with 10 c.e. blood
Jduring the period of milk dict to Number 3632 (nine days after it was inoculated
with blood forms of parasite), showed no parasites in its peripheral blood for a
period of 14 days after which it developed a very high infection and succumbed
it .

Removal of spleen from Number 3632, 45 days after the cessation of milk
diet, produced an extremely mild infection for a period of 4 days within a weck
after the operation {(not depicted in the Chart).,

Number 3643 was cxclusively [ed on milk diet for » period of 34 days after
it way inoculated.  On the 215t day when it was still on milk dict, splenectomy
was performed.  No patent parasitania was observed m ity pLuphLml hiood
while it was recciving mitk but transient parasitwroia occurred for a period
of two days and one day, respectively, one and eight days after the cessation
of milk dict. Number 3684 which was subinoculated twice lvom Number
3693, nine and twenty days respectively from the day of inoculation of the
tier, after a long prepatent period of thirty days, developed a severe infection
and died on the fourth day of parasitemia,

Number g700 which was placed on milk dict on the fourth day after inocula-
tiont at the time of g per cent cell infection, had no change in the course of para-
silacria as compared 1o control and it died two days later,

Parasitemia did not exceed 0°8 per cent cell infection in Number 4747
whaen it was placed on an exclusively milk diet about 15 hours after s inoculation,
I’his monkey, however, died on the sixth day of inoculation at a time when para-
sitemia was on the decline due to an intercurrent discase,

Number 3629 which received milk for eleven days in addition to the standard

dict had an initial infection for 5 days during which period the highest parasitemia

recorded was only about one per cent,  When milk was withdrawn, it relapsed

two days later and developed a chronic infection, parasitemia persisting for the

entire pertod of about two months’ observation period., The maximum coumnt

secorded was 12°5 per cent on the third day of relapse, and the average cell infec-
won during the whole period being less than 098 per cent.

An exclusive milk diet for o period of eleven days from the day of inocufa-
uon produced more or less the same initial infection in Number 3630 as in
Numbcr 3629, with the difference that in the former a higher degrec of parasitemia
way recorded than in the latter. When milk was discontinued, that monkey
solapsed cight days later and died of severe infection within six da},’b.

Numbers 3621, 3624 and 3628 which were fed on standard diet became
wositive within 48 hours after inoculation and died four days later with high
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parasitemnia.  The highest parasitemia vecorded before death was go to g2°5
per cent cell infection and the daily average count 206 1o 3472 per cent.

Starvation for one day {Number 3797) and three days {Number 3840} prior
to inoculation and subsequent to that, did not change the course of parasitemia
as compared to that of the controls which reccived standard diet.

DISCUSSION,

The inlection caused by the Nuri strain of P, inowlesi in 8. rhesus monkeys
inoculated intravenously with 5 million parasitized cells per kg, body weight
and kept on a standard dict is characterized by the rapid growth of parasites and
death of the animal in 5 to 6 days with a peak parasiteria of more than go per
cent cell infection (Monkey Numbers 3621, 3624 and 36281, There was no clear
indication of any alteration in this virulence of the parasite or the time of death
of the animals when they were kept starving one to three days prior and for the
entire period subsequent to inoculation (Numbers 3797 and 3840).

McKee and Geiman (1948} found that by starving monkeys for 24 to 48
hours, parasite infection caused by P. knowlesi was strikingly amcliorated and if the
starvation was continued for mare thap cight or nine days before the animals were
given food, there was spontancous control of the infection.  Similarly Ramakrish-
nan {1953) found that P. berghei infection was almost totally suppressed in starved
rats. The anthors’ present findings do not confirm these but since the number
of fasting animals nsed in the present series is not Jarge, final conclusion should
await further trials, In the meanwhile, it leads onc to speculate whether the
difference in behaviour of P. knewlesi in the same species of animal host hes in the
Nuri strain being different physiotogically and immunologically from the original
P. knowlesi (Sinton and Mulligan, 1932) strain that was in common us¢ undl
recently.

Milk administered from the day of inoculation or 3 hours after, was not
able to stop the appearance of a patent phase of parasitiemian but the infection
that was indtiated was spontancousty controlled within 5 10 6 duys. Return to
normal dict, cleven days after itk diet, ended in a fatal breakthrough.  Milk
in addition to standard diet behaved more or less in the same manner as the one
exclusively on milk diet but i this case, the breakthrough that occurred after
stopping milk, took a striking course of long prolonged chronic infection.  Milk,
thercfore, when enntinued with the standard diet appearcd 1o help the production
of premunition but mitk by itsell could not bring abous this eflect.

Preconditioning of the animals before inoculation prevented the infection
from becoming pateat during the entire pariod of milk dict.  Fhere was, however,
no complete cure of the infection hecause the subinoculated monkeys took up the
infection. though afler an unusually long prepatent perind. Moreover alt the
three monkeys showed a transient parasitemia of iwe days, one to cleven days
after switching over to standard diet.  Bray and Garnham (1953} obscrved a similar
offcet of mitk on P. gmomelei infection in monkeys with the diflerence that in thor
case, suppression was never complete. Ramakrishnan e ol (1953}, Hawking
11953) and Rditorial of the Ruitish Med. Jour. {1953) are more in {avour to believe
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that the mechanism responsible for this control of parasites is as a result of milk
heing deficient i nutrients required by the malaria parasites than due to the pre-
sence of any special antiplasmodial substance or substances in the same. It is
well known that nutritional requirements of all species of plasmodia arc not the
same.  Further, the relative importance of any of the special nutrients common
10 all, also may vary with individual plasmodial species. These periaps explain
why milk was able to control P. knowlesi better than P. eynemelgi iiection.

The eifect of milk on parasitemia in preconditioned monkeys in the present
vxperiinents was o such an extent that, in one case (Number 36371) superinfection
with the homologous strain of parasites after stopping milk, resulted in acute
infection followed by death, showing thereby that no immunity had devcloped in
the animal as a result of the previous infection, In another (Nuraber 3633},
splenectomy towards the end of a five weeks milk diet, did not produce any re-
markable parasitemia even after return to normal dict,  In the third monkey
:Number 4632} though one or two parasites appeared in the thick flm after milk
was withdrawn, the subsequent removal of spleen did not bring about any appre-

ciable infection.  Further trials may indicate whether milk diet given over a longer
period prior o inoculation could be effective in bringing about (umplt'tc prevention,
of the mfection with this strain of the parasite.

SUMMARY.

The effect of milk on the course of blood induced Nuri strain of P. kngwlesi
was studied using 14 monkevs for the investigation.

'The course of parasitemia in the monkeys on standard diet is given.

Monkeys, exclusively fed on milk diet both before and after bload tnocula-
ton, were free from patent prasitemia during the period,

Milk diet given from the day of inoculation or soon after it, though could
ot prevent the appearance of patent parasitenia, was able to control the infec-
tion within the course of four to five days, Tasting had no effect on the amneliora-
i of the infection.
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EFFECT O MILK TDIET ON PLANMODIUM GALLINACEUM
INFECTTION IN [TS VERTEBRATE AND INVERTEBRATE HOSTS,

By
3. P RAMAKRISHNAN,
V. N, BHATNAGAR,
SATYA PRAKASH
AND
B, . MISRA,

{Malaria Institute of India, Pelli.)
thepledser K, 1955}

(e man's wead 1 oanother’s potson .
Fustish Proverh.

INvESTIGATIONS On Plasmwdinm berghet tn albino vais by Maegraith, Decgan
and Jones {1952) and Romakrishnan e al. (1953 have revealed that milk s
deficient in some cssential nutrilite or nutrilites required by the parasite, with
the consequent result that parasite multiplication in rats on mulk dict is poor as
compared to that in controls. Similar results were observed by Jaswant Singh
et al. {1953) in monkeys on milk diet, infected with Plasmodium knowlesi. Hawking
(1953} 1n experiments on P. Berghet in rats has conclusively shown that PABA
is one of the factors deficient in milk and that this deficicncy is responsible for
resiricted parasitc multiplication.

Bray and Gambam {1953) have observed that Plasmodium cynomolgi shows
restricted multiplication in monkeys on milk diet as compared to their controls
thongh multiphication was not totally absent as in case of Maegraith’s cxperi-
ments.  Further, they concluded that deficiencies in a milk diet did not affect
the pre-erythrocytic development of parasites but their oflects were most pronoun-
ced on mmmature schizonts in erythrocytes.

As the physiological charactenstics of the different species of malaria
parasite are known to vary, it was considered that investigations simifar to the
above on an avian malaria parasitc may be of some interest.  The present report

( 261 )
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deals with the effects of milk dict on sporozoite as well as blood-induced infections
of Plasmoditm gallinaceum in fowls and on the sporogony cycle in the insect host.

EXPERIMENTAL DETAILS.

Tleven adult (Rhode Tsland Red) fowls weighing twa to three pounds each
were used in this investigation.  Six were put on milk, and the rest on standard
stiet,  OF these, two scrved as controls for blood and three for sporozoite-induced
infections.

A balanced standard dict for the control birds, E. 596, 606, 615, 643 and
H52, was as prescribed by the Government Poultry Expert, and did not contain
any mitk.  Its calorific value was approximately 53 calories per ounce. Preli-
minary observations revealed that on an average a bird consumed about seven
vunces of the food or about 375 calories during the day. The average consump-
tion of milk per bird per day was determined to be equivalent to 36 gm. of desic-
cated whole milk {Nespray).  In order to ensure that the diet of buth experimental
and control birds were isocalorific, cach control bird was given g'5 ounces of the
siandard diet, calorifically equivalent to approximately 36 gm. of milk powder
{188 calories}.

The pre-conditioning period on milk for the experimental birds, prior to
inoculation, was two days in cach case except 598, for which it was prolonged
to four days. Fach bird was given 18 gm. of milk powder dissolved in two ounces
of water twice daily by means ol a pipette.

The dose of inoculum for blood-induced infection was one million prasitized
cryihrocytes per kg, weight of recipient fowl.  For sporozoite infection, cach fowl
was inoculated intravenously with four mosquite equivalent of positive gland
dissections carried out in normal saline. Thin blood smear of cvery fowl was
examined daily and when positive, parasites were enumerated per 10,000 crythro-
rytes.

Three lots of laboratory bred .Fdes egypti mosquitoes were fed on suitable
gamcioeyte carriers.  Each fot of fed mosquitoes were divided into two baiches
and stored in the insectary where the average maximum and minimum temper-
unres were 86%and 83° UL, respectively, and the refative humidity was between 75
and 8o per cent.

Three of the batches of mosquitoes were on a maintenance feed of 5 per
cent gluense dissolved i fresh hulfalo’s milk daily and soaked in cotton wool.
The remaining three batches served as controls and were on maintenance feed of
3 per cent glucose solution in water.  Disscction of the mosquitoes was carried
suf from the 5th to 10th day ol infective feed.

RESULTS.
No loss in weight of birds either in the experimental or control group was

shserved daring the obsarvation period of 20 days, and the birds showed no signs
of undernourishment,
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Milk diet to fowls seemed to provide al the notritive requirements of
parasite, Blood-induced mfection in three fowls on milk diet (Table 1) showed
i high degree of multiplication of parasites m blood, Indeed, the parasiternia
mn the experimental birds was much greater than in their conirols and resulted
in the death of the hosts on 6th, 7th and 8th day of infection respectively, while
the two control birds were able to overcome their parasitamia and survived with
latent infections.

Tanre 1.

Daily parastiemia in fowls with blood-induced infection an milk and standard diets.
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The course ol sporozoite-induced infection (Table II) in the three control
birds was similar and n all of them it became Jatent after 8 to 12 days of patency.
None of the birds died from acuie infection.  Bach of the three birds on milk dier
showed a much higher degree of prasitemia than any of the controls and succumbed.

Tagre 11

Daily parasitamia in fowls with sporezoite-induced infection on milk and standard dicts.
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Milk diet to the infected fowls did not seem to affect gametocytes, as their
density was about equal in the blood of cxperimental as well as control fowls.
Laboratory bred female 4des egppii mosquitoes were fed on F. 598 which was fed
throughout on milk diet. 55 per cent of the mosquitoes showed gland infection
on the roth day, and 16 mosquito-equivalent of the sporozoites injected intra-
venously into a clean fowl fed on normal diet established a patent infection on
the gth day,

The quantity of milk consumed by the experimental mosquitoes was an un-
known variable. Considering this lmitation of the experiment, milk diet to
mosquitoes did not seem to influence in anyway the sporogony cycle of the para-
sites in them (Table ITT). Diflerences between experimental and control mosqui-
toes in respect of oseyst and sporozoicte rvates are too minor to require any
comment.

Tasce Jil.
Effect of milk diet to Ades mgypli on sporagony ¢yele of Plasmodium gallinaceum,

l- MAINTERANCE FEED.

g .

Experi- Five per cent glucase in waler. Five per cent glucose in fresh buffatow’s milk,
nurtlnl;;:i’:'. Number _ENumber with [Number with | Numbee Num[w:r_\:trﬁ;;);; .\:r‘ilw_l;l__
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*§ mosquito-equivalents moculated inteavenously into a clean fowl resulted in a patens
eryihrocytie infection eight days fawer,

DISCUSSION.

The results of this experiment showed that P. gallinacewm i fowls on milk
dict was not affected in any way similar to P. berghes in rats or P. cynomelgi and
P, knowlest in monkeys in the experiments quoted carlier, On the contrary, P
salling eum infection was considerably more intense in fowls on milk dict than in
their controls. Milk as a sole dict to rats and monkeys was found deficient in
s¢ far as their respective malaria parasites were concerned, but it was not only
not deficient in any requirements of P. gallinaceum in fowls, but apparently provided
better nourishment to it than a balanced diet without mitk.  The results more than
confirmed the specificity of physiology of individual plasmodial species.

Physiological specificity as a characteristic of individual plasmodial species
in all probabihity is applicable to their individual biological strains also. In the
experiments on P, berghei quoted earlier, Ramakrishnan ¢f al. (loc. cit.) found the
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multiplication of P, berghel less in milk-fed rats than in their controls. But the
parasitemia in their experimental animals was considerably more intense than in
those of Maegraith, Deegan and Jones (loc. cit.) It is possible that the difference
was due to the physiological variation of the parasite strains employed in the two
investigations.

The physiology and metabolism of different hosts may also be factors in
determpining the eflect of any diet on their respective parasites.  In this connection
it has 10 he borne in mind that milk is an unnatural diei 1o hirds and mosquitocs
anlike to monkeys and rats which are mamimals,

It is noteworthy that although the cffect of milk on tie asexual erythrocytic
phase of P. gallinacewm in fowls was in contrast to similar phases of P. berghei, P.
cynomelgi and P. knowlest in rats and monkeys, respectively, the effect of milk was
tdentical on the pre-erythrocytic phase as well as gametocytes of both avian and
mammalian parvasites. Gametocytes of P, gallingceum in the blood of milk-fed
fow] E.598 were infective to mosquitoes as were gamctocytes of P. cynomolgi in the
caperiments of Bray and Garnbam {loc. eit.). Further the sporogony cycle was
complete in mosgaitoes maintained on milk after the infective feed and the
sporozoites in ihem were found to be infective.

SUMMARY.

The course of blood as well as sporozoite-induced infections of Plasmodium
gallinacenm was found to be considerably more severe in fowls on milk diet than
in their controls,

Gametocytes were not affected by mitk diet in fowls, and were infective to
mosquitoes. A similar diet to Fdes egypts did not influence the sporogony cycle
of the parasite in them.

The difference in the cflect of milk diet when fed to the respective hosts
of P, berghet, P. cynomolgt, P, knewlest and P. gallinaceum emphasised the well-known
individuality of physiology of the dilferent plasmodial species.
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3.5 B.STAIN--ITS PREPARATION IN THE POWDER FORM
AND THE STAINING TECHNIQUE.

BY

Lizvr.-Coronel. JASWANT SINGH, sz, ch.s.(Edin.}, n.p.H.(Eng.),
p.r.M. & u.(London),

A, P RAY, mos.s.
AND
¢, P NALR.
(Malaria Instituie of Indin, Deihi.)
{ September 36, 1953 )

Jaswant Singh and Bhattacharji {1944) introduced a water soluble stain
(J-8.B.) for the rapid staining of malaria parasites. This stain has been found to
be equally comparable to the standard ones lke Leishman or Giemsa which have
been completely replaced by J.8.B. in these lahoratories for the last ten years, In
summarizing the utility of this stain, Manwell (1945) concluded that this stain
was found to be superior in most respects to any of the other commonly used
processes for the staining of blood and blood protozoa. 'To quote in his own words
“'The technigue is simple and the staining process can be completed in less than
two minutes for thin smears and in less than one minute for thick films. The
staining solutions are not difficult to make up, are relatively inexpensive and keep
well for weeks or months, even in hot weather. Preparations stained by this
process appear very much like those made by Geimsa’s method, cytoplasm and
chromatin of blood cells and parasites being differentiated with equal clearance
and having similar colour values. ].8.B. preparations are somewhat less resistant
to fading but will stand much more exposure to light than they would ordinarily
receive .

Russell e al. {1944} described various stains and staining technigues in-
cluding J.S.B. Subsequently, Russell (1g52) in discussing the diagnosis of malaria
parasites mentioned of only two stains important for microscopic diagnosis of
malaria parasites, Thesc are Giemsa and J.5.B.

In this note, a short aceount is given of certain modifications that have been
mtroduced in our laboratorics in recent years in the preparation of ].5.B. stain
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and its staining technique with the hope that the utility and advantages of this
stain are furher enhanced.

PREPARATION OF THE STAIN SOLUTIONS I AND II.

J.8.B. stain solution I can now be prepared conveniently in powder form.
For this o5 gm. medicinal methylenc blue is thoroughly dissolved in 500 c.c. tap
water in a flask and 3 c.c. of one per cent sulphuric acid added to it. o5 gm,
of potassinm dichromate is then added. A heavy amorphous purple coloured
precipitate of methylene blue chromate forms., The resulting mixture is heated
cither (1) over gentle flame of a spirit lamp or (2) over a very low flame of stove
or (3} in water bath or (4) in an autoclave. To prevent cxcessive evaporation, a
reflex condenser or a long glass tubing fitted to the cork of the flask is recom-
mended.

The duration of heating is always guided by the appearance of deep blue
colour and not by any fixed time factor. Sometimes though the solution may
uppear blue while boiling, it may turn greenish on shaking or cooling. In that case
the solution should be boiled again for a further period. The indication that the
solution has been heated properly can be had by finding a blue filtrate on filtering
4 few c.e. of the boiling solution. The same can also be ascertained by drawing
the boiling solution in capillary tubes and finding whether blue colour of the
solution is retained when the tubes are cooled. The end point is mostly reached
after 3 to 4 bours of heating in an autoclave, 4 to 6 hoursonastove or i spirtt Jamp
and 5 to 6 hours in a water bath, Tor small scale preparations, spirit lamp will
be found convenient, While using autoclave for preparation of large quantitics
of this stain, care should be taken 1o maintain the temperature from 100 to
109"(L, and pressure 0 to 5 Ibs,  Tf temperature is allowed to rise akove 110°C,,
onidation. of methylene blue may be carried too far and in that case solution will
turn violet purple.

When the solution turns decp blue, the flask is cooled at room temperature
and liltered.  The precipitate on the filter paper is dried in 2 petri dish at room
temperature or in a vacuum dessicator.  The precipitate 15 carefully collected from
the filter paper, mixed and powdered thoroughly with 1°75 gm. of disodium hydro-
gen phosphate (Na,HPO,, 2H,0) in a glass mortar and stocked in small specimen
tubes.  Whenever required, the powder in the specimen tube is dissolved in 450
te /00 c.c. distilled water and used after allowing to mature for 4 to 7 days. The
vield of the powder (without disodium hydrogen phosphate) from differant batches
varics from 035 gm. o 0’5 gm. When only small quantitics of the stain are
required, it is preferable to mix 1/5 of the stain powder with 035 gm. of disodium
hydrogen phosphate and dissolve in 100 c.c, distilled water.  The dried powder
keeps well.

In experienced hands, the filterate after addition of 2'5 gm. of disodinm
hydrugen phosphate, and allowing to mature for about two weeks, can be used as
Solution I.

For preparing J.8.B. stain Solution II, 1 gm. of water soluble yellow eosin
15 dissolved In 500 c.c. of ordinary water.
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STAINING TECHNIQUE.

According o the new method of staining, the smear is first dipped in the
coplin jar containing solution II (Eosin solution) for i to 2 seconds. Excess of
cosin stain is removed from the smears by dipping slides in a jar containing wash
water (pH 6-2 to 66). It is then immediately transferred to solution I and kept
for 40 to 45 seconds, After this, it is finally washed by dipping in the same wash
water 3 10 4 times, For obtaining uniformity in the staining, a buffered wash
water is preferable to acidulated water. For this o'22 gm. of disodium hydrogen
phosphate (Na HPO,, 2H.O} and o074 gm. of pot. acid phosphate are dissolved
in 1,000 c.c. distilled water, This is kept in a green bottle (preferably Pyrex botile)
and used whenever required.  One coplin jar full of wash water is enough for one
day’s use without changing and will suffice to stain about 50 blood smears,

DISCGUSSTON,

Since describing this stain in 1944, Jaswant Singh and David {1949) used
it for staining odeysts in the midgut of mosquitoes and sporozoits in the salivary
glands.  Use of this stain bas been  advocated for staining organisms such as
Toxoplasma gondid, Hemoproteus columbe (Ray, 1949}, microfilaria (Raghavan and
Krishnan, 1949}, trypanosomes, Tripenema anserinum Hepatazoon (Nair and Basu,
1950), Leishmania donovant (Manwell loc. i), Pasteurvella septica, P. pestis, spriochactes,
and anthrax (Das, 1953). Ramaknishpan and Satya Prakash (1950} obtained
stippling in cells infected with P. berghet to a great extent in smears stained by the
1.8.8. method than with Giemsa.

The fact that the stain solution can now be prepared in the powder form
s an additional advantage to the workers in the field.  Preparation of the stain
powder more ov less on the same lines as practised here, has also beea described
by Mapwell and Feigelson (1948). The powder is not difficult 10 make and the use
ol the stain with all the modifications suggested, remains still an inexpensive one.
To quole a concrete example, the approxtmate cost of Giemsa stain sufficient
epough to stain 100 shides comes to 15 annas, whereas to stain an equal number
of smears with J.5.B., the same comes only to 0'22 annas. J.S.B, stain, therefore,
is about 50 times cheaper than Giemsa, TFurther, by following the modified
staining technigue it is now possible to stain a smear in less than onc minute and
at the same time obtain highly satisfactory results,

o1 of the water used for staining and washing blood smears is an important
factor with alt Romanowsky stains.  While with Giemsa or Leishman a ncutral
or slightly ajkaline pH is required for staining as well as washing, wash water with
a pH of 62 to 68 is considered the optimum for J.5.B. stain. This variation in the
#H range required for staining with these two different types of stains is due to the
differences in the pH of the respective stock solutions and, therefore, has nothing
to do with the particular dyes that are wsed for the preparation of the staivs.

Recently, Nair (1953) has found that in the species identification of intestinal
amaehe, plain pH solutions or the casily available basic dyes such as methylene
blue and pyronine, gave results as good as or better than those obtained with com-
ofex dyes like Velat’s or Quensel’s provided the pH of the solution was maintained
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a awr optimum.  This is an indication that in the morphological study of all
proloZoan parasites, a basic undu&t.mdmg of the sensitivity to particalar pH ranges
by the different species of parasites is an essential pre-requnsite,

While simple acetic acid can be used for acidulating the wash water for
1.5.8. stain, it cannot be expected to give a constant result under all circumstances
unless there is facility to estimate the exact quaniity of acetic acid that is required
tu bring down the M of the local water supply to the required level.  But this
difficwdty is easily overcome in the present modification of the staining technigae
by using buffered salts which have the property to maintain the pH level when
acdded in suitable proportions.

SUMMARY.

An account ts given ol a stimple method of preparing [.8.B. stain solution 1
m powder form and also of a modifted staining technique by which simears can be
sunned with Detter results and greater speed.
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PRELIMINARY REPORT ON LIVER INJURY ASSOCIATED
WITH MALARIA*

BY
A, P. RAY, m.n.Bs.
(Malarte Institute of Indig, Delii.)
{ Septeber 30, 1453, )

Rerorts on the funciional and pathological lesions of the liver in malaria
have appeared earticr.  Although at one time it was believed that repeated attacks
of malaria caused diffuse hepatic fibrosis in the tropics (Findlay, 1951), so far
no definite co-relation between the incidence of fibrosis and prevalence of malaria
could be established (Himsworth, 1950}, Wahi and Arora {1951) reported that
in human malaria the structural changes are confined to the reticulo-endothelial
proliferation and patchy necrosis and that “ extensive destruction of liver paren-
chyma and fibrosis of the extensive diffuse hepatic fibrosis type are never seen ™.
Maegraith (1951) observed that hepatic leston like centrilobular necrosis occurs
in malaria and the pathogenic factors résponsible for such changes are due to
intralohular blood flow.

However, conditions like ditfuse bhepatic fibrosis arc often encountered where
there i3 poverty and malnutrition (Himsworth, foe, eit.). Hill {1951} observed
that fibrotic liver disease amongsi Jamaican children s commonly associated
with low protein dict. Histopathological studies of such cases revealed fatty
metamorphosis in some, while fibrosis in others.  Similar evidence has been put
forward by Cayer (1951} who reported that in all his series of cases with fatty
wrfiltration or fibrotic changes in the liver, therc wus cvidence of low protein
dietary conditions, Himsworth (loc. ¢it.) reposted that in experimental animals,
withdrawal of lipotropic factors from diet caused fauty infiliration of the liver
and that prolonged fatty infiltration, irrespective of the cause, produced nutritional
hepatic fibrosis.  The hpotropic factors commonly present i human diets are
inositol, choline, choline precwrsors, betaine, methionine and proteins (Atrom,
1951).  Further, Hartroft and Ridout {19351} recently demeonsirated {atty infil-
tration resulting in fatty cysts in the livers of rats fed on choline deficient diets,

*These studies form a part of a thesis.

(271 )
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In the current series of investigations, the effects of malarial infections on
liver of rhesus monkeys under different dietary conditions are being studied, and
this contmunication refers to only some aspects of such experimental observations.

At the initial stage the effect of acute infection with graded doses of inoculum
‘blood-induced P. cynomolgi) was compared to the normal Liver structitre.  Subse-
quently hiopsy materials were collected from uninfected monkeys kept on low
protein diet for varying intervals. Some of these animals were then inoculated
with P, cynemolgi with a single dose, while in some others it was repeated at intervals
with higher doses of inoculum, The others served as the comparison group.

Unlike in P. knowlesi infection lesion due to P. ¢yromolgi is negligible, Apart
{rom some degree of cloudy swelling, no other changes could be found in the Liver
of the uninfected monkeys kept on fat-free low protein diet for periods varying
from 6 to 12 wecks. But when such animals were inoculated with P. gyromelgt,
liver materials collected after the peak of mfection had attained, showed marked
fatty infiltration with formaton of characteristic fatty cysts. After reinoculation
with a heavier dose, infiltration and cysts were found to be cxtensive (Plate I'V,
Figs. 1-3). Silver impregnation showed that besides fatty infiltration in certain
areas there was condensation of the reticulin framework ol the hepatic lobules,
But there was no apparent collapse of any part of the hepatic lobules.

Further details will be reported later.
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CHOICE OF METHOD OF MALARIA CONTROL FOR
RURAIL AND URBAN AREAS.

BY
B. ANANTHASWAMY RAO,
M. 1. BHATIA
AND
S. P. RAMAKRISHNAN.
(Malaria Institute of India, Delhi.s

(Sepremiber 30, 19535

Rusiian insecticides are powerful weapons for the control of malaria.  The
great advantage accrued from them lies in the fact that spraying operations need
be carried out only at extended intervals against the adult mosquitoes. As a
result, the contro) of malaria jn vast rural aveas has now become cconomically and
technically feasible,

Among the new insecticides, D.D.T. has so far given the most outstanding
performance.  There is no doubt now that the use of this insecticide can be relied
on as a basis of a wide-spread attack on malaria. Tts effectiveness has been
demonstratcd against anopheline vectors of malaria with widely different habits.
Time is ripc now to give serious thought to probleins of cost of control. A country-
wide programme of D.D.T. housc-spraying depends on the budgetary facilities
of any country. Tt is more so with India which is a poor country whose malaria
problem covering vast arcas is interlinked with many other developmental projects
ol vital importance.

Methods available for malaria control are mainly anti-adult or anti-larval
which may further be classified as permanent or recurrent measures. In practice
generally, indoor residual insecticide spraying is considered the method of choice
for adult controf in rural areas while ant-larval measures are recommended for
urban arcas. Also in the latter case, permancnt anti-larval measures have defi-
nitely minimized the cost on recurrent measures,

(273 )



duedise ostrwd of Maiosingy, 9, %, Sepiamie 15,

Prave IV,

P, b Pauy changes,

P, 20 Dainer Sty ovsis,

Mo, ¥ Farre changes-Staimed with Sudan Black.



274 Choice of method of Mularia control for Rural and Urban Areas.

As alrcady mentioned, the advantage of D.D.T. lor anti-adult measures
mainly Jies in the Fact that it requires repctition only at cxtended intervals, Its
use as a larvicide, however, aflords an advantage of a different nature. It does
not exert any appreciable residual action but brings about a reduction in cost by
minimizing the large quantities of oil otherwise required for the control of larve.

It is the purpose of this note to examine the criteria for the choice of specific
mcasures in a given area ; it is particularly important in an under-developed
country where the process of urbanization is gradually evolving in a large number
of municipalities occupying a border line position. between rural and urban areas.
"T'he most importantconsideration in determining the method of choice will naturally
he the cost of effective control.

Tn making a decision, the underlying principle to be burne in mind in a
general way is that the cost of anti-larval measures is inversely propertional to the
density of population in an area, whereas, that of anti-adult measures is directly
proportional to it. The fundamental requircment for a proper answer to the
problem is therefore to determine a reasonable population figure to denote a line
of demarkation between urban and rural areas,

Cost of larval control in relation to population.—1. Trends of cost of anti-larval
measures in relation to population, as demonstrated by Sweet and Rao {1934} by
employing recurrent application of Paris green, were as follows -—

Range of population Range of cost per cepita
Village of 500-2000 Rs. 6/- to Rs. 2/-
» 2000-5000 Rs. 1/8/- to Re. of12/-
” 00010000 Re. 1/- t¢ Re. of6)-
Cities above 10,000 As. 6 to pics 6

The cheapest control was obtammed in Bangalore City wlich had a popula-
tiun of about 179,600. The cost was under 6 pies per head and well under 1 per
cent of the normal reccipts of the mumcipality.

2. Covell and Alvidi {1939) adopted recurrcnt anti-larval measures viz.
tarvicides, removal of vegetation from breeding places, minor levelling and drainage
aperations, and arrived at the following Bgures for the Delhi Urban Area :—

Range of populatton, Cost per capila.
486,074 (in 1938} 2 annas

4. Covell (1941} estimated the capital cost of permanent enginecring works
for malaria control in Delhi, in relation to a population of joo,000 {1941}, as
Rs, 3-8-0 per head. This seems high but it does not represent recurrent expenditure
on antt-larval plus anti-adult measures,  This is computed at about annas 475
per head per annum, the residual spraying, however, being limited o the riverain
iract. Collateral benefits derived from it in the form of general improve-
ment 1 santtation of the place and consequent reduction in fiyborne diseases in
itsclf yields colossal dividends. In many instances valuable land has been reclaim-
«d for building sites and value of property has been greatly enhanced. It is also
of value from an msthetic point of view, as it beautifies the place,
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g Viswanathan (1946} in his consideration of control of malaria in Haliyal
by recurrent larvicidal measures by clean-weeding of streams and copper cyaniding
paddy fields, gives the cost per capita in relation to population as follows (~—

Range of population. Cosi per capita,
7,000 8 annas

Cost of anti-adult control in relation to population.—TFigares for cost of successful
antisadult DT, measures in relation to population give the following picture :—

Tapre I.

3 L

Cost per . Number of rousily) Range of pogu- Aunthor.
capita, of spray. : lation of .
; [ corpmunities.
Rs. as. p. :
0 1 % 2 rounds. [ 288 {Actial), . Benior White (Jeypore Hills), 1945,
0 2 4 2 rounds 1000 {Average) ' Alridi and Bhatia [Baluchisian), 1947,
0 ox 6 Tarily 2 1048 (Average)  Afridi and Dalip Stngh (Delbi Viilages),
C Partiy | P37
LIRS (L Y TR 11050 {Average) | Jaswant Singh and Dalip Singh {Dethi

i villages}, M.

041t reuands, B0 (Average) Viswanathan and Ramachandra Rao

! {Kanars and Dharwar, Bembay),
| 137,
% B Greater part 3 o 37500 (Actund) ) Viswanathan and Parikh, {Bombay},
Plesser 2and 4 488 {Average) 1944,
rouneds,
woguog % pounds. TR {Averaged  Ramakrishnan o of {South Kanara,
! Madras}. thds,
(LR U 1 3 rounds., - 7192 (Acmal) !jaswant Singh andl Kartapa {Mercara,

| : : Coorg), 1949,

It is true that there are a number of variables in the calculations of costs in
different parts of the country by different authors.  But in the examples cited above,
there is a fair amount of homogeneity in the sense that in all of them only recurring
charges for materials, labour and transport are taken into account excluding salaries
and expenses of public health persennel in permanent service of the governments
concerned.  These figures on the whole do show that higher the population of a
community, higher will be the cost per capita for anti-adult measures. It will
he seen from the above figures that the eommunity with highest cost of about
annas 10 per capita has a population of about 7102 {Coorg). The question arises
how much above this limit of population one could stil emnloy anti-adult measures
cconomically,  Viswanathan {1950} arbitrarily fixed the limit at 40,000 population
as the dividing line.  The senior author of this paper on the other hand after the
advent of vesidual insectivides at an carly stage considered a limiting figure of 20,000



276 Choice of method of Malaria control for Rural and Urban Areas.

as more appropriate. Communities above this lmit were to be regarded as
suitable for anti-larval and below for anti-adult measures. Available data {rom
Mysore State furnishes some information for a direct comparison of costs of the
two methods applied to given communities. It is briefly as follows :—-

{¢) Mandya Town occupying approximately half a square mile area has a
population of about 40,000. Equally effective malaria control could be brought
about by either anti-larval or anti-adult measures with modern insecticides. 'The
1otal annual cost on apti-larval measures is about Rs. 6,800, whereas for anti-adult
measures the estimated cost is Rs. 30,000 which is a remarkable difference in
favour of amti-larval measures. The anti-larval measure employed was B.H.C.
{P. 520) onc ounce in a gallon of water disbursed at 15 gallons per acre. The
estimated cost of anti-adult measure is based on two sprays of D.D.T. wettable
powder, applied at 100 mg. per sq. ft.

ib) Same measures in Dodbalapur with a population of 18,000 cost about
Rs. 4,800 on anti-larval and Rs. 9,000 on anti-adult measures.

The expenditure expressed in terms of cost per capita in the two communities
can he compared as follows -

Commnunity Cost per capila
Anti-adult Ann-larval
40,000 Re. 0-12-0 Re. 0-2-g
]85000 » O- 8-0 » 0-4-3

Inferences to be drawn from these broadly are that when the population of
the community is about 40,000 the cost on anti-adult measure is about 4 times
that of anti-larval. On the other hand, when the community is about hall that
strength #1z., about 20,000-18,000 the cost on anti-adult measures comes down
to about twice the cost of anti-larval measure. It is, therefore, fair 10 assume
rhat in a stil smaller community representing a population of about yo,000 the
cost on anti-adult or anti-larval measure wiil become almost equal. In other
words a community with a population of about 10,000 would appear to represent
the border line where anti-adult or anti-larval costs will be ulmost equal.

Further definition.—The scquence of gradual change from rural to urban
conditions which take place have been iitustrated in Figs. 1-6 to show the evolution
of the latter from the former,

A rural community comprises a small population group living in a cluster
of discrete houses. More often the houses are widely scattered. Such a commu-
nity, depends primarily on the produce of their lands. Its occupations are essen-
tially agriculture, poultry farming, dairy and cattle rearing. The land, #f in
malarious belts, is traversed by streams or a net work of canals or irrigation
channels and fallow fields which collectively present clear water surfaces, moving
as well as stationary, ideal for abundant breeding of anopheline mosquitoes,
Human habitations are sparse but larval habitats are many,
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Urban communities on the other hand are concentrated populations in
Hmitted arcas.  The houses arc of various types, situated in close proximity to
ane another. Occupations of the people arc predominandy trade, commerce and
industry and their interest in land is mainly in its exploitation for constructing
huildings, workshops, shops, factories and warchouses, with only patches of orna-
mental gardens of limited dimensions, Water supply and drainage are gencrally
controlled in a fully developed urban community.

An urban community seldom springs up suddenly de nove. It is generally
evolved from rural surroundings on account of development of trade and industrial
enterpriscs. The conditions that present themselves in the transitional phases in
the course of development of an urban community, arc diagramatically represented
by Figures 1-6 on page 279.

Fig. 1 shows a rural community composed of a few lundred people and cattle
distributed in scattercd houses indicated by symbol * X’ in a given arca, 8’
shaped lines represent the primary waters which may be taken as minor rivers,
irrigation chanoels, streams, canals or any other type of clear water surfaces such
as Tallow fields which breed vector anophelines,  The circle is the outer boundary
of the half a mile zone beyond the periphery of houses up to which anti-farval
measurcs must be extended. At a glance one can see that water surface which
implies the extent of anti-larval effort is many times greater than the number of
houses which require treatment by anti-adult measures. The relative difference
in effort is better appreciated if one remembers that anti-larval measure nceds
to be repeated at short intervals while residual anti-adult sprays are to be applied
al extended intervals,

ig. 2. shows the community to have grown alittie with increased population
{anima! or human} and in consequence adding a few houses. No change has
taken place in vector breeding water surface.  Cost of control on anti-larval
measure remains the same as before, but the work requited on houses (anti-adult)
is increased a little although still remaining many times cheaper than anti-larval,

Fig. 3 represents a still further stage when more population and houses are
added to the old community. Concentration of population starts usually in one
or more focal points which are more or less in the centre of the arca. Hardly any
change has taken place at the periphery and the half mile zone surrounding the
peripheral houses, thercfore, continues to remain in the old places for application
of anti-larval measures il adopted. Towards the centre of the area a great change
is taking place in vector breeding waters which comein close proximity to habitations.
Quite a good part of them begin to get polluted or interfered with by man and/or
animal in many ways and become unfit for vector breeding. The ends of °S”°
shaped lines converging towards the centre of the area are for this reason shown
to be fading. While considerable reduction in veetor breeding water surfaces is
taking place in this way, conditions are no doubt being created for abundant
production of culicines and non-vector anophelines in the polluted waters.  Very
often, waier courses which were originally streams carrying clear water, have be-
come nothing more than haphazard drains of foul smelling highly polluted waste
water. Here and there new types of clear water collections also crop up to some
extent i the form of depressions and borrowpits created during the process of



278  Choice of method of Malaria conirel for Rural and Urban Areas.

building roads and houses. These are the secondary water collections which
vield in some cases vector species, but in most others, non-vector mosquitoes, and
are shown as small “ o’ (circles) in the Figure. Anti-larval measure ({for malaria
control) on the whole still entails much higher expenditure although of a lower
order than it was in the first two stages (Figs. 1 and 2) and anti-adult measure
continues to be cheaper.

Fig. 4 shows the community to have grown to such a stage that its popula-
tion has risen to about 10,000 people. The primary vector breeding waters have
become significantly abiered so as to present only very small parts of them suitable
for vector breeding. Seccondary water collections have increased a Little more but
from the point of view of control of malaria carrying species, the work required
on anti-larval measures has decreased significantly and there is a corresponding
increase with scope for anti-adult measure due to further increase in the number of
houses. Peripheral houses have moved further out and in consequence the half
a mile zone embracing the habitations for anti-larval measure is correspondingly
moved outwards. Further, the cost of operation is being distributed over a larger
number of people bringing down the per capita cost. Now a condition has reached,
when the cost of anti-larval measares is about the same as that on anfi-adult
measures.

Figs. 5 and 6 show further concentration and expansion of the community
consisting of more than ro,000 people. The half a mile zone around the peripheral
houses has been shifted out more and more. The primary vector breeding waters
in the interior of the community have been reduced te a very low state and the
institution of proper drainage and sanitation have come into existence, therehy
the hitherto haphazard watercourses are properly trained and maintained. Thus,
many of the secondary water collections have been eliminated, with the result, the
water surfaces to be treated for anti-larval measures are far less than the house
surfaces to be treated by anti-adult mecasures. In other words conditions have
been reversed making anti-larval measures cheaper.,

An appropriate example of what has been described above is to be found in the
fatest planning of malaria controlon a country-wide basis in the Philippine Istands.
In that country the concentration of population even above 1,000 in a comrmunity is
reported to bring about such a change in malariogenic conditions that it is no longer
regarded malarious although no deliberate effort was made by man to reduce malaria
from such communities. On account of this reason majority of communities (Barrios)
with a population above 1,000 are excluded from the operational areas for residuval
spraying against adult mosquitoes. This perhaps is an extreme example and
may be regarded specially applicable to Philippine Islands where there is only
unc predominent vector 4. mnimus var. flavirostris which breeds mainly in slow
runming clear water streams with grassy edges. In India, however, communities
with much higher population do exhibit malaria hyperendemicity and a line has
te be drawn to choose between anti-larval and anti-adult measures not only from
sthe point of view of economy but also from collateral benefits that may accrue.

The question that now arises is to determine the upper limit of population
for anti-adult mcasures taking all aspects into consideration. Obviously, fixing
an upper limit of 10,000 merely on grounds of comparative cost of malaria control
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only would not do, as there arc large areas in this country where fremendous colla-
teral advantages are to be derived from residual spraying in the control of other
insect-borne diseases such as filariasis, sandfly fever, dengue, plague, and fly-borne
diseases as enteric, etc, Poona City, for instance, has a population of approximately
600,000 which far exceeds the limit {or the adoption of anti-adult measures. It
has nevertheless been found to be cconomical to undertake anti-adult measures
an account of co-existence of plague and other insect-borne diseases (Viswanathan,
1950). Although anti-larval control of malaria here costs only about Rs. 64,000
a4 year, higher expenditure on anti-adult residual spray costing about Rs. 300,000
per year {caleulated @ 8 annas per head—Viswanathan, 1953) is considered
worthwhile. Justification of this may to some extent be gauged from the fact
that Poona City Municipality in the past has been bearing an annual expenditure
of Rs. 100,000 on plague control alone without achieving fully satisfactory results.
In fact, Viswanathan {1953) gocs to the extent of supplementing anti-adult residual
spray with anti-larval measures in special areas of this city. Comobined anti-
larval and anti-adult mecasures have been practised with a view to obtain maximum
collateral benefits in Delhi urban arca from 1947 and more recently in the larger
municipal areas in Mysore State.  An integrated programme for the control of more
than one insect-borne disease by a common measure when practicable is, therefore,
hound to be cheaper and more effective in the long run.

When the aim of control is to eradicate malaria, anti-adult residual spraying
needs to be combined with anti-larval measures irrespective of whether a communi-
ty is rural or urban. It would, therefore, appear that while it would be more
economical to control malaria only by anti-aduit measures for population perhaps
upto 10,000, taking other collateral eflects into consideration, such measures would
sull be reasonable in population groups between 20-40 thousand, anti-adult measures
heing recommended upto 20,000 as a routine and for population between
20-40 thousands each case heing examined individually in rclation to the incidence
nf other insect-borne diseases and a combination of both measures tosuit individual

needs, is suggested.

Another circumstance under which an urban community {cxceeding the
limit of 10,000 population) may he protecied from malaria cssentially by anti-
adult measures, is during a year of epidemic. The control of malaria during an
epidemic in any community is a point on which the authors of this note wish to
focus the attention of the public health worker. A view Is often put forward that
pyrcthrum space spraying 1s the method of choice during an epidemic bt eritical
analysis of the information on the subject makes onc hesitate to accept it as such.

Senior White (1945} has shown that malaria contrel by D.D.T, residual
application s 20-25 times cheaper than pyrethrum space spraving. He also states
that in a given village where D.D.T. residual application brings about 8¢ per cent
reduction of A. eulicifacies, pyrethrum space spraying twice weekly reduces the
density of the same species only by 49 per cent. He further explains that pyrethrum
as 2 method of protecting population from malaria is useless when 4. fluviaiilis, A.
saruna and A, mmmus are the vectors, Twice weekly space spray with pyrethrum
of Chatikona Village did not arrest the high infectivity rate among these species,
Covell (1948) also is of opinion that during epidemic years in areas where
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A. culicifacies s the vector, space spraying by pyrethrum to be effective, must be
vepeated daily.  Viswanathan ef al. (1944) bave concluded from their observations
i North Kanara on 4. fluviatilis that, when this species has a gonotrophic cycle
of 48 hours, 60 per cent of the females leave the houses every night and when the
cycle takes 72 hours, 40 per cent of them leave every night. The result of this
is that during various pyrethrwmn space spraying inicrvals, certain percentages of
females keep escaping the effects of the spray. They assert that with an eflicient
vector like A. fluviatilis, cven a very low escape rate is sullicient to maintain malarial
hyperendemicity. Senior White ¢ al. (1945) have further confirmed this finding.
In Kanara District, space spraying with pyrethrum cven 4 times per weck failed
to stop transmission of malaria by A. flusatilis (Viswanathan, 1946).

Tt is truc that pyrethrum has quick knock-down cffect on mosquitoes but
this aspect would appear to be over-stressed i one bears in mind that all anti-
adult spray operations whether residual or space spray are usually carried out during
day time when malaria vectors scidom bite.  As such it makes no difference whether
the mosquito takes ten minutes or three hours 1o die.

The vital need under such a situation is to complete the residual spraying
ol houses and catilessheds in the shortest possible time, A suitable organization
should be mobilized to cover the entire affected area in as short a time as possible
by putting more spraying squads into the area. The space spraying of houses by the
residents themselves as an additional measure of protection might be cncouraged
while the concerted effort of reinforced spray squads finish the D.D.T. residual
application in record time.
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METABOLIC STUDIES WITH BROMOGUANIDE *.
BY
H. L. BAMIL, pl.p., sapsc,
cMalavia Institute of Tndie, Delhi.)
(Seprember 30, 1993.)

Brovocuanine (1) a p-bromophenyl analogue of proguaml was synthesised
to ascertain the effect of re placement of chlorine with bromine in proguanil molecule
{Bami and Guha, 1948 ; Curd et al,, 1948 ; Aincly el al., 1949). Preliminary studies
against P. gallinaceum and P. knawiesi have revealed that br omoguanide possesses
high amtimalarial activity (Bami ef al., 1949 ; Ainely e al., 1949 ; Jaswant Singh
ét al., 1649) and this led to a further cxamination of this polenrn[ antimaiarial hy
Jaswant Singh et ol. (1950) against avian and simian malarias. According to
these investigations, the comparative efficacy of bromoguanide in terms of time
tiken for clearance of all stages of parasites, was in the following order of increasing
magnitude, P, gallinaceum, P. eynomolgi, P. imii and P. knowlesi,  The antimalarial
activity itself was generally equal to that of proguanil but bromoguanide was
definitely inferior to proguanil as regards acuic toxicity and prevention of relapses
in these strains of plasmodia. It was, however, observed that in certain cases
there was no correlation hetween its dosage and the biological response, which
could be explained on the basis of toxicity of bromoguamde andfor dune to particular
ntechanism of its absorption and degradation iz mpa.

Proguanil had very little ir sitro antimalarial activity but the serum obtained
from aummals treated with proguanil was found to be active against . gallinaceum
in vidro { Tokin, 1946 ; Hawking, 1947 ; Hawking and Perry, 1948).  Thesc observa-
tions and studies on adenosine dnttgonmn in vitre (Madinaveitia and Ravcntos,
1949} led to the beliel that proguanil is converted mto an active metabolite prior
to exerting its antimalartal activity.  Certain hypoihetical metabolites of paludrine
have been suggested (Fraser and Kermach, 1951 5 Chase el al,, 1951 5 Britwell,
1952} but Crounse (19513 first isolated two inactive meiabolites from the urine of
monkeys recciving proguanil.  One of these compounds was simple p-chloro-phenyl-
biguamde while the other was an inactive triazine (II, R-=Cl}, which had

*Bromoguanide is a p—l;mmu-ph: nyl au.xlt;gu( of pmguaml 2., N'-p-hmnmphmyl l\];. |sopr0pyl-
inguanide, hydrochloride,
{ 983 )
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previously been synthetically preparcd by Britwell ¢t ¢l., (1948). Further investiga-
tions in rabbits and human-beings by Carrington ef al., (1951) and Crowther and
Levi (1953), led to the isolation of a highly active proguanil metabolite viz,, a
dihydrotriazine (III, R==Cl), very much similar and easily convertible to the
inactive triazine (1I, R =Cl). This active metabolite (IIT, R=Cl) proved ten
1imes as active as proguanil in P. gallinaceurn (Carrington ef al., 1951 ; Crowther
and Levi, 1953}, while six times as active as quinine, twice as active as mepacrine
or proguanil and half as active as pamaquin when tested aguinst P. lophure
(Modest el al,, 1952). Against P. berghei, it was almost as active as proguanil
: Krishnaswami et al., 1g53) while against P, ¢ynomolgi in monkeys it was only half
to quarter as active as proguanil (Schmidt ¢ ol., 1952).

The disparity between the action against avian and simian malarias indicated
abuve, suggests that this may be due to inherent differences in susceptibilities of the
two types of sirains andjor differences in the physiological disposition of the
mctabolites itself. However, as the metbolites isolated by Crounse (1951) were
suly screoned against P. cynomolgl, it is argued that hopeful results were missed
Schmidt e al., loc. cit.). Easy convertibility of the active dihydrotriazine (I¥1)
into inactive triazine {IT) with exposure to heat and alkali, may have been respon-
sible for failure to isolate the active metabolite, as Crounse’s technigue involved
rsore infensive exposure of the metabolities to alkali.

e
™ T \|C|_NH2 “2“'*0";“\%:—"“’ RONvaN ~NH
B,_< >NH /N l & i \‘ﬂ a
‘é‘ 8 ON\\C y; Hfu\\t /N

™~ VAN P
“x‘v/ CHy HsC  CHy ™
Bromuguanide. (1} Iihydrotriazine {11} Friavanre (11}
{Active  proguanil (Toactive proguanil
metabeolite; Rx=Cl) metabolite R=01}.

{ “Bromoguanide”
merabolite; R=Br).

In other words, the active metabolite of progaunil could not be isolated
trom monkeys, an animal more readily available and nearer to man. Considering
the high antimalarial activity of Bromoguanide (I} and other interesting observa-
uons discussed before, it was though worthwhile to study its metabolic degradation
in vive using monkeys, in order to determine if similar active metabolites are
produced in monkeys and what is their relative biological ellicacy. The choice
of general technique was one, adopted by Crowther and Levi {1953), asitinvolved
least exposure of the metabolites to heat and alkali.

A number of experiments were carried out using at least two healthy rhesus
monkeys each weighing about five to ten ibs, In preliminary experiments a dose
of 40 mgs. base per kg. body weight was administered orally in the form of aqueous
sohution of bromoguanide hiydrochloride but in some amimals severe symptoms of
vhronic toxicity were noticed. The dosage was then reduced to half and was well
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tolerated by all animalds.  The drug wis adwministered once daily for 6 to 10 days,
and the urme collected over chloroform.  The urine was neutral in reaction and
was prescrved at o-5° G, It was treated as early as possible to avoid further
decomposition.

The active mctabolite viz., 1-p-bromophenyl-6 : G-dimethyl-2 : 4-di-amino-
i 1 6- dihydro-1 : 3 : 5-triazine (I, R =Cl) was ultimately isolated as a picrate
and this product was found to be identical with the picrate of the same compound
prepared syuthetically by the awther.  Yield of pure metabolite from the monkey
urine on the basis of proguanil was 5 per cent, About 25 per cent of the bromeo-
guanide {1) was recovered as such during the separation while the inactive triazine
‘1], R=Dr.) could not be detected. [n one case during the course of isolation,
the active material got excessively exposed to heat and alkali and consequently
ihe final picrate was found to be a mixture of the picrates of etabolite (111, R =Br)
and its modified triazine form (I, R =Br).

The active metabolite of bromoguanide (III, R =Br} was found to be four

as proguanil when screened against P, gallinocoum in young chicks {Bami, 1953 ;
Jaswant Singh et al, 1953). However, preliminary trials against P, knowlest
/Nuri strain} in rhesus monkeys, indicated that bromoguanide metabolite (III,
R=Br) was probably a litde less active than even proguanil {Ray and Nair,
personal communication).

EXPERIMENTS.

Two monkeys weighing 5°5 kg. cach were put in a metabolic cage and given
orally oace a day 20 mgs. basc per kg, body weight of bromoguanide (1) in the
form of a 0°4 per cent aqueous solution, by means of stomach tube. Drug ad-
fministration was continuid for six days, the urine collected over chloraform daily
and preserved. Total urine (1,000 ml) was finally pooled and worked up as
below t—-

Isolation of  1-pechlorophenyl-2 : g~diamino-1 : G-dihydro-6 . Gedimethyl-1:3: 5-
iriazine (117, R =Br}.—TLead acetate was added to the urine {1,000 ml.} till further
addition caused no precipitation. The mixture was filtered through kieselguhr
and clear solution extracted with butanol three times (400 ml., 200 mi. and 200 ml.)
using a mechanical shaker. The total butanol extract was concentrated under
reduced pressure at room temperature and near the end, the butanol phase was
displaced with water (by repeating the dilation of the concentrated butanol extract
with water and evaporation in vacue twice). 'The aqueous phase (50 ml.) was made
faintly acidic with N-hydrochloric acid, the precipitated lead chloride filtered,
and the clear filtrate treated with hydrogen sulphide when all the remaining lead
was precipitated. ‘The suspension was filtered and the clear filirate acrated for
10-15 mibutes to remove excess of hydrogen sulphide. The aqueous solution at
this stage was cooled to 0°C. (small pieces of ice were also added to solution itself)
and basificd with dilote alkali. The alkaline solution was then extracted with
cther three times {100 ml.,, 50 ml. and 50 ml.} and total ether extract kept aside
for later examination. The aqueous alkaline solution, was neutralized in cold
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and again extracted with butanol three times {100 ml.,, 50 mi. and 5o mb). This
butanol extract was shaken with onc per cent sodinm hydroxide (15 ml), the
coloured aqueous Jayer removed, and organic as well as aqueous phase again made
neutral.  The ncutral butanol extract was separated and cvaporated in vacuum.
The organic phase was replaced by water as described before and the final agueous
solution (15 c.c.) treated with alcoholic picric acid {2-3 mL). A crystalline yellow
precipitate was obtained which was filtered after 24 hours and crystallized from
aleohol twice, as long vellow ncedles of 1-p-bromophenyl-2 @ g-diamino-1 : 6-
dihdro-6 : 6-dimethyl-1 :3 : 5-triazine picrate with m.p. 201® G luncorrccted).
Mixed m.p. with an authentic synthetic sample was 201° C.  (Found (, 386, H.3'5,
N e1. 2, 2.18, G, \H,,N; Br., GH,O,N, required C 388, H. 3'2. N, 21'3 per cent.}.

Recovery of bromoguanide and other malerials.—The ether extract obtained above
was cvaporated in a current of air and the residue titurated with dilute hydro-
chloric acid (10 mL). The acid solution was filtered and made slightly alkaline
with ammonia. On cooling and scratching a white crystalline precipitate was
obtained which was filtered, washed and dried. This was identified to be bromo-
guanide hydrochloride m.p. 249° C. (mixed m.p. with synthetic saraple 249° C.).
Flie filtrace at this stage was basified and treated with ammoniacal copper-sufphate.
A simall amount of copper complex of bromoguanide was obtained, which was
filtered and the product regenerated. The clear basie filtrate was acidified and
treated with hydrogen sulphide to remove the excess of copper ions.  After the
removal of the precipitated copper sulphide, the clear solution was treated with
alcoholic picric acid but no other product was obtained.

DISCUSSION.

Iselation of an active metabolite (IIT, R=DBr) from monkeys receiving
hromoguanide indicates that mode of degradation of this drug is parallel to that
of proguanil in rabbits and human beings. Thus monkeys can be profitably used
for such metabolic studies as these results may well he applicable to human beings
satisfactorily. It also confirms that fallure to isolate an active metabolite (11,
R =Cl) of proguanil by Crounse {1951), was mainly due to experimental technigues
involved. Production of this active metabolite may be a reason for high anti-
malarial activity of bromoguanide, but this being less active than proguanil when
tested against P, knowlesi 1o monkeys Is somewhat surprising. Against P. galli-
naceum, however, bromoguanide metabolite i3 32 times as active as proguanil and
above disparity in screening results may be explained due to different physiological
disposition of these products or inherent differences in the susceptabilities of different
strains (Schmidt et al., 1952}, Considering, that metabolic degradation processes
its case of bromoguanide, proguanil and § : g-dichlorophenyl analogue of proguanil
{Crowther and Levi, 1953) are the saroe in different animals, differerces in suscep-
tability of various strains of plasmodia to these metabolites may be more likely
possibility.  Structural similarities between pyrimethamine (daraprim) (Falco
+ al., 1951 ; Russel and Hitchings, 1951 ; Jaswant Singh e al., 1951) and these
active metabolites (type 111} also do not justify great disparity between the results
of simian and avian malaria screening.
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A g g-dichlorophienyl analugue of proguanil metabolite bas also been
uhtained fr0111 the urine of rabbits receiving N*-3 : g-dichlro-phenyl-Ns-isopropyl-
bnguamdc (Crowther and Levi, 1953). The above metabolite was ten times as
active as proguanil metabolite (I1J, R==Cl) against P, gallinaceurn while bromo-
guanide metabolite {I1I, R==Br) was only four times as active as proguanil meta-
bolite {ITI, R=Cl). These resuits are explainable on the basis that the parent
compounds viz., § :4- -dichloro-analogue of proguanil (Curd et ol., 1950, Crowther
et al., 1651} and bromoguanide are also usually more active than proguanil. Thus
the activities of these metabolites are generally paraliel to those of corresponding
higuanides with the exception, that simian malarias do not respond to these meta-
bolite satisfactorily.

SUMMARY.

Metabolic  studies with bromoguanide  (N'-p-bromophenyl-Ns-isopropyl-
biguanide) in mmlkey:, have led to the iselation of 1-p-bromophenyl-2 : g-diamino-
6 : 6- dimethyl-1 : 6-dihydro-y : 3 : s-iriazine from the wrine. "This metabolite
has heen found to be 32 times as active as proguanil and 4 times as active as
proguanil metabolite against P. gallinaceum.

Thanks are due to Dr. B, L. Iyer, acting professor of Organic Chemistry
at the Indian Institute of Science, Bangalore, for micro analaysis,
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AND
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{Mataria Institute of India, Dellu.)
(July 12, 1953.)

Sinron e af, {130) established antirclapse properties o’ a combined dosage
schedule of quinine and pamaquin but the regime has not heen followed extensively
in India due to the toxic nature of the compound, Further, as extensive mosquito
control measures had not been undertaken before, re-infection after cure was quite
frequent, thus defeating the object for which antirelapse treatment was instituted.
But in view of the nation-wide control measures about to be launched throughout
India (Jaswant Singh, rgs3) it has now become imperative to take up the problem
of radical cure in P, vivax infection. Prevention of relapses would automatically
cut down the carrier rates and would thus minimize the possibility of further
transmission.

In view of the highly toxic nature of the compounds of the 8-aminoquinolines
like pamaquin, during recent years several compounds of the same series, but less
toxic, have been synthesized.  These are pentaquine (Drake e al., 1946}, isopenta-
guine and primaquine (Elderficld ef al., 1947}

This preliminary report is based on observations made on 45 cases of P.
vivax infection treated in two hospitals in Delhi.  Twenty cases were treated with
quiniplex* (Schedule II) and a similar number with primagquine {Schedule T).

*Each tablet of quiniplex contains 156 mg. {2:25 grains) of cuinine and $5 mg. (50 mg. base}
pentaguine.

{ 269 1



2¢O Preliminary Studies on 8-Aminoguinolines.
For comnparison § patients received a course of quinine and pamaquine (Schedule

TI1). During the first two days the daily dose of quinine under Schedules 1T and
11 (Table I} was brought upto 20 grains. For the rest 5 days it was 10 grains only.

Tasrz L

Daosage schedules.

i ] [ :
scluxlufe. | Number | Antimalarials. ; Dosefday. Duration
Number | of cases. | ; {dars},
L ’ 20 | Primaquine 10 mg. {base) ; g
JL 20 {i) Quiniplexy} Pentaquine 0 mg. (base)) ;
. 2 tablets Lo o
b.d. J Quinine G grains  } i
| (i) Quinine P10 grains ' 2+
1f. 5 Pamaquine | 20 mg. (base)
Ciinine: ‘ 10 grains ki
! " i 10 grains ; 2%

* 11} grains for the first two days concurrently with guiniplex or pamaquine-quinine,
thus making the total dose during this period upto 20 grains a day.

The study on the relapse pattern was made during an observation period
from 6 months to 2 years. In addition, speed of clearance of parasites and relief
of clinical symptoms during the course of treatment were taken into consideration.

Tables 11 and IIT below show the relative merits of the differen: schedules
in relieving clinical symptoms and in clearing parasites, asexual and gametocytes,
from the peripheral circulation.

Tasre I1,

Climical response to lreatment.

RELIEF OF GLINIGAL SYMIYOMS {1IOURS],
Schedule « Number - J : —
Number. | of cases. | P48 T2 R If Remarks,
J. g 1 1
wo e B
i : 20 e e P
. B0y (95) Cogon
E H v 1,
, 9 s 3 i 2
1 T | —_— —— i
i @s @ | (0 . (w0
i ' ] H
: L2 T J
uL b — ] = ] =
! (40} i (80) | (100) i
f r P

{ Figures in bracket rcpresc;f: ;:»ercentage. )
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Response to treatment appears to be satisfactory under all schedules as go
to 100 per cent of the cases were afchrile within 72 hours. Further, at least 40
to 50 per cent of cases were relieved of clinical symptoms even within 24 hours
{Table II}. In this respect the results achieved with primaquine as per Schedule 1
are more striking than the others as clinical cure was attained in gg percent of the
cases within 48 hours, against 75 and 8o per cent under Schedules 1T and I1I
respectively.

Tanre ITI
Effect on paresitemia.

;j : 0_,’: PPARASITH CLEARANGE (WITHIN HOURS).
R
A j,; I Asexual. Gamelocyles,
‘BN | ; [ | | !
g P g ! l\iymber| i ! !
p Voog R & v of Cases = i ! - t
% - B 48 72 l W ithgam-| ¥ 8 1 T2 ; 86
; '| Z | ; alytes, I [ i
i 5 T 4 | _ 3 i 9 6
! :oa0 — e 18 I e —_
; (25) CONREN I : (06:6) oGy | 100y |
I 5 51 4 R 2 4
nm ;20 | — ] — | L I R T T B
L) L o) | 0y L(en L0y ey | (80 | (100)
b o e | Poe by
H S | 5] ! — R 3 1 amees S
i | (a0) £80) ‘_ @68) | (100) !
i ! |

m(hf"igurcs in hracket represent percentage.)

Although clearance of asexual parasites occurred in all cases under the three
schedules within g6 hours, parasites were not detectable beyond 72 hours in those
treated under Schedules T and I15. In 8o per cent of cases under the last two
schedules, parasite clearance was attained within 48 hours, against 60 per cent
under Schedule IT (Table 11T,

The rate of gametocyte clearance appeared to be slow during the first 24
hours in cases treated under Schedules I and II, but within 48 hours speed of
clesrance was increased 4 fold {Table ITI). Surprisingly the clearance rate was
remarkably slower in those treated with quiniplex as only in 60 per cent of cases
there was complete clearance within 72 hours as against 100 per cent in the other
schedules,

RELAPSES.

Out of 45 cases treated, 40 {88°8 per cent) were under obscrvation for periods
varying from t to 2 years. The rest five were obscrved for over 6 months. Out
of the former group there have been only three cases of relapses so far.  One case
under Schedule I relapsed after 2 wecks while two under Schedule IT after 7 and
8 weeks respectively,
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Untoward side effecis—1In noneof the cases was any of the untoward side effects
observed. There was no evidence of cyanosis or gastrointestinal disorder in any
of the cases,

DISCUSSION.

Pamagquin was used extensively in the past for its powerful gametacytocidal
action {Green, 1929 ; Aimes, 1930 ; Clemesha and Moore, 1930) but gametocyte
prophylaxis did not meet with much success (Senior White and Adhikari, 1937 ;
Field, 1939} mainly because prolonged use of this drug produced toxic manifestations.
Subsequent to the detailed investigation by Sinton and Bird (rg28) and Sinton
¢t al. {1930), the main use of the drug was restricted to anti-rclapse treatment
under strict medical supervision preferably under hospital conditions.

In view of the potentialities of this compound, a few more of the
g-aminoquinolines like pentaquine, isopentaquin and primaquine have been
synthesized and claimed to be less toxic than pamaquin. Primaquince is considered
ro he the least toxic of the series.

The relapse rates observed in the present series were 5 per cent under
primaguine regime and o per cent with quinine and pentaguine {Quiniplex),

These observations are in conformity with those reported by Edgeomb ¢ al.
{1951} in respect of primaguine, and by Alving and Coggeshal! {1947}, Loeb ¢f al.
1946), Spicknall and Terry (r048) for quinine and pentaquine regime.

None of the five cases trcated with quinine and pamaquin had relapsed.

The redeeming feature was that no togic manifestation of any kind was
detectable in a single case even in those treated with quinine and pamacuin,  This
may he due mainly to the much smaller doses administered in the present series
than are usually recommended. With regards to pamaquin, Sinton ¢ al. (1930)
observed that a daily dose should not exceed 40 mg. and even 30 mg. or less
should be effective without causing much side effects.  As such it is not surprising
that no ill effeets were observed after 18 mg. of pamaquine a day for 7 days. Toxic
manilestations like cyanosis and mild abdominal discomforts have been reported in
cases treated with 60 mg. pentaquin daily (Findlay, 1951) butin the present scries
ihe dosc was only onc sixth. Even for primaquine the dosc was lower {10 mg.}
than recommended (15 mg.) by Alving {1952).

It had becn the common practice to administer quinine concurrently with
munaquine (Sinton ef af., 1930) and peotaquine (Alving and Coggeshall, 1947 ;
Alving, 1952}, This is because firstly these latter compounds are poor schizonticidal
drogs-and thus act slowly during an acute attack. Moreover quinine is believed
re act synergistically with 8-aminoquinolines and also reduces toxicity of these
compounds. But Alving (1g52) considers that primaquine in 15 mg. dosage is
adequate for the purpose without any addition of quinine.

In view of this, while quininc was administered along with pamaquine or
pentaquin, in the present series it was not so done in respect of primaquine. But
yet it may be observed that within a period of 48 hours relief of clinical symptoms
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was attained in g5 per cent of the cases as against 8oand 55 per cent of cases under
quinine and pamaquin, and quiniplex respectively.

From these observations it would therefore seem that primaquine in addition
to its anti-relapse properties has also rapid schizonticidal action.

If these results are substantiated in large scale field investigations, the future
role of 8-aminoquinolines, particularly primaquine, becomes quite obvious more
s0 as concurrent administration of a schizonticidal drug may be wholly unnccessary.

SUMMARY,

Forty five cases were treated with anti-relapse drugs, viz., 20 cases with
primaquine alone, 20 with quinine and pentaquin (Quiniplex) and 5 with quinine
and pamaquin.

There were g cases of relapses, one under primaquine and 2 under quiniplex,
during an observation period of 6 months to 2 years.

The rate of asexual parasite clearance with primaquine alone was more
rapid than the other two regimes even though 20 grains of quinine was administered
daily for the first two days along with pentaquine or pamaquin. Primaquine scems
to have a future.
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Indign fournal of Malariology, T, 4, December 1953,

SYMPOSIUM ON PYRIMETHAMINE (DARAPRIM, 50-63) HELD
ON NOVEMBER 21, 1953, AT G.R. MEDICAL COLLEGE,
GWALIOR, UNDER THE AUSPICES OF INDIAN
COUNCIL OF MEDICAL RESEARCH.

Tue Chairman, Colonel jaswant Singh, in opening the symposium observed
that pyrimethamine, a new addition to the series of synthetic antimalarials, has
reccived considerable attention both in India and abroad.

In view of intensive studies undertaken during the past two years in this
country, the Chairman hoped that this symposium will not only reveal the nature
and the various aspects on which investigations have been carried out but it will
also throw light in assessing the rale of pyrimethamine in the treatment of malaria
in India.

The papers which were read and those from which swinmaries or extracts
were reported in the meeting, are published in this issuc of the Journal.

(295
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PYRIMETHAMINE (DARAPRIM) AND ITS ESTIMATION,*
BY
H. 1.. BAMI, rh.p., a.LlLsc,
(Malaria Institute of India, Delhi.)
{November 21, F953.}

DararriM, now called pyrimethamine {11} is the outcome of collaborative
¢Horts of two teams of investigators, working on either side of Atlantic. Hitchings,
Falco, Russell and colleagues working in the Wellcome Research Laboratories,
Tuckahoe, New York, developed the idea of 2 1 g-diamino-pyrimidines as potential
antimalarials and synthesised nearly three hundred of these new derivatives.
These compounds were sent for antimalarial testing against P, gallinaceum and P,
berghei at Wellcome Laboratories of Tropical Medicine, London, by Rolle,
Goodwin and associates, Their combined efforts established pyrimethamine as
a highly active antimalarial and stimulated {urther detailed laboratory and field
trials by several research workers all over the world.

High antimalarial activity of sulpha-pyrimidines (sulphadiazine, sulpha-
merzine, sulphamezathine, etc.) agammst avian and  simian malarias and
the importance of pyrimidine ring systems as components of certain nucleo-
proteins {chiel constituents of cell nucleus where changes associated with growth
occur), led to intensive investigations of suitably substituted pyrimidines as potential
antimalarials by a group of Tmperial Chemical Industries workers headed by Curd,
Rose, Davey and associates. These workers epcountered sfight activity in the case
of compound M-2666 (Curd and Rose, 1946a) and further variation in this
pyrimidine molecule led to the discovery of M-3349 from which proguanil was
ultimately derived by replacing the guanidino-pyrimidine system of M-g349 with
a4 substituted biguanide chain (Curd and Rose, 1946f). Thus the discovery of
proguanil (I} was the direct outcame of researches on pyrimidines, In fact the
most active precursor of proguanil viz.,, M- 3349 had 2 :4-diamino-pyrimidine
as its basic structural unit, as in the case of pyrimethamine (11), although in the
latter case hboth of its amino groups are non-substituted. High antimalarial activity
associated with proguanil led to extensive researches on biguanides and pyri-
midines but unfortunately further variations in the pyrimidine molecule offered
little promise in the hands of these workers (Rose, 1951 ; Bami, 1953).

"*This paper was read at the * SYMPOSTUM ON PYRIMITFHAMINE " held on November
23, 1953, at G.R. Medical College, Gwalior, under the auspices of Todian Guuncil of Medical Research.
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Hitchings and his co-workers had been independently interested in a group
of 2 1 4dimino pyrimidines since 1948 which displayed competitive antagonism
towards folic and folinic acids in the growth of Lacto bacillus caset (Hitchings, Elion,
Vanderwerff and Falco, 1948 ; Hitchings, 1g952). Such of the 2:.4-amino-
pyrimidines which carried substituents in position 5- were found to be even better
inhibitors under the above conditions and they also displayed only moderate
toxicity. [t was argued that this class of compounds may offer chemotherapeutic
agents. In fact one such compound wiz., 2 : 4-dimino-5-p-chlorophenoxy-pyrimi-
dine was found to be somewhat structurally related to proguanil and both these
compounds in turn, were powerful antagonists of pteroylglutamic acid (folic acid)
in cultares of Laclo bacillus casei (Falco et al., 1949). Considering the high anti-
malarial activity of proguanil, it was thought that 2 : 4-diamino-5-p-chlorophenoxy-
pyrimidine may also have some antimalarial activity. On screening, this was
found to be true in the above case (Falco e al., 1949) as well as in the case of its
H-methyl homologue (Goodwin, 1949). Tt may be pointed out here that the
degree of antagenism between the above compounds and pteroylglutamic acid
wias in no way proportional to their antimalarial activity (Falco e al., 1949).
However, this offered the necessary [ead for further extensive chemical and bio-
Jogical studics for improving antimalarial activity of the above type of compounds.
‘Three series of compounds wiz.,, 2 : 4-diamino-6-alkyl-5-phenoxy-pyrimidines
{Falco, Russell and Hitchings, 1gg1), 2 : 4~diamino-6-alkyl-5-benzyl-pyrimidines
(Falco, Du Breil and Hitchings, 1951) and 2 : 4~-diamino-6-alkyl-5-aryl-pyrimidines
:Russell and Hitchings, 1951) were investigated and high antimalarial activity was
cncountered in the case of last mentioned group to which pyrimethamine belongs.
Within cacli of the above three types of compounds, the effect of different 6-alkyl
groups as well as that of the different substituents in the 5-benzene ring, on their
antimalarial activity, was studied in detail. Some general conclusions ragarding
the relationship of chemical structure to antimalarial activity, are as follows (Faleo,
Goodwin et al., 1951 ; Rollo, 1952 and Bami, 1953).

(i} 2 : 4-diamino-group in the above class of compounds is most essential
for activity, and substitution of either or hoth amino groups resulted in loss of
activity.

‘#) 2 : 4-diamino-6-alkyl-pyrimidincs with 5-phenyl substituents were
most active, followed by g-benzyl and 5-phenoxy isomers, respectively,

(71) Alkyl groups at G-position enhanced antimalarial activity. In the
case of 2 1 g-diamino-g-aryl-6-alkyl-pyrimidines, peak activity was encountered
in the case of 6B-ethyl isomers while lengthening of the 6-alkyl chain adversesy
affected the activity.

tiv} Halogen and nitro groups at para position of the 5-phenyl ring yielded
most active, compounds while similar substitucnts in meta or para position as well
as other substituents in different positions, resulted in considerable loss of activity.

It was evident that pyrimethamine was the most outstanding compound of
the series and hence, chosen for further extensive laboratory and field trials.
Several 2 : g-diamino pyrimidines comparable to those described above had been
investigated previously by Curd, Richardson and Rose (1946) and Hull ¢ al.
1946 1 1947), and in most of these cases, the two amino groups were substituted
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and a basic alkyl-amino side chain was also considered pre-requisite for activity.
'This is evidently quite contrary to the essentials for activity in the present series of
2 1 g~diamino pyrimidines {IT). Most of the former types of compounds were poorly
active and it is quite likely that their mode of action is different from those
of the 2: 4-diaminopyrimidines ivestigated by Hitchings and co-workers
{Greenberg and Richeson, 1950).

c/ \c- N, HN- c/ \c-N

HN- Hy

cL tH N CLD—N N

O .

cH{ g cns// \CH3
PROGUANIL (1) ACTIVE PROGUANIL

I s METABOLITE (M)
N-p -CHLOROPHEN Y1 - N* 1SOPROPYL.
BIGUANIDE, - CHLOROPHE N'Y L -2:4- DIAMING-
616~ DIMETHYL-E6-DHYDROH:5-TRIAZINE

N
e

CLDC\ /N
¢
HC CHy
PYRIME THAMINE (I)

5-p- CHLOROPHENYL = 2:4. - DIAMING -
6-ETHYL-PYRIMIOINE

C-NHy

Structural similarity beiween prognaunil and 2 @ g-diannno-pyrimidines like
pyrimethamine can be demonsirated by writing the lincar compound (proguanil)
ay aring. Moreover, Carrington ¢ af. (1951) and Crowther and Levi {1953) have
heen able to isolare an active metabolite of proguanil w2z, s-p-chlorophenvl-2 : ¢~
diamino-6 : 6-dimethyl-I @ 6-dihydro-v @ 3-5-tviazine {JT1} which bears a strong
resemblance to pyrimethamine and in fact can be considered as a stractural hybrid
between proguanit (IN and pyrimethamine (11}, It indicates further that although
proguanil and pyrimethamine have developed through seemingly different routes,
their similar mode of action can be attributed to their structural similaritics. These
ideas have received further support from the studies on asymunctrical triazines,
vlosely allied to dihydrotriazine and pyrimethamine, which are antagonists of folic
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and folinic acids as well as displaying rather high antimalarial activity (Hitchings,
1952).
A brief account of the similar biological responses which may have resulted

by virtue of structural similarities between pyrimethamine and proguanil, is given
limited below —

{1} Pyrimethamine and proguanil are slow acting schizonticides (suppressives}
producing clinical cures. They may also serve as causal prophylactics having
himited curative properties against human malarias.

(2) Flat dosage response curve in the case of pyrimethamine and proguanil
timits their usefulness (Schmidt and Genther, 1g53; Goodwin, 1952), because even
if a very small dose is capable of reducing the parasitemia, the dose required to
completely remove the parasites from the blood may proportionately be very large.
The eflective dose regime in the case of pyrimethamine also showed wide variations,
i.e. i a smaller dose is capable of reducing the parasitenna in some, in others a
comparatively higher dosage may be necessary to obtain the same results,

{4) Like proguanil, it has also been observed that repeated dosage of pyri-
methamine will be required in order to achteve the desired therapeutic effects.
‘This is a distinct disadvantage when compared to clinical suppression with 4-amino-
guinoline group of drugs (Schmidt and Genther, 1953}

4. Although the gametocytes of P. vivax are equally affected by both these
drugs, the sexual {orms of P, falciparum are not destroyed by any of the two
drags.

{5} Pyrimethamine and proguanil have been known to interfere with the
nuclear division of malaria parasites which can be explained on the basis that both
these drugs are inhibitors of folic and folinic acid group of vitamins which are
considered essential for neuclic acid synthesis. It is quite likely, therefore, that
these two drugs may be acting through interference with the utilisation of these
essential metabolites during growth and multiplication.

(6) Different strains of plasmodia acquired resistance to pyrimethamine with
the same ease as in the case of proguanil. Tt hag also been observed that a strain
of plasmodia resistant to one of these drugs, may also be cross resistant to the other
{Jaswant Singh ef al., 1952 : 1953). Like proguanil, pyrimethamine is also not
equally affective against various geographical strains of human plasmodia.

{7} Taylor et al. (1952) have shown that pyrimethamine is inaciive against
dividing forms of P. gallinaceum in vitro which means that like proguanil, perhaps
pyrimethamine is also converted into an active metabolite prior to its action.
Recent studies by Goodwin {1952} and Schmidt, Hughes and Schmidt {rgs3)
have also indicated a similar possibility, although no definite active degradative
product has been isolated.

{8} Comparative studics on the tissue distribution of pyrimethamine and
proguanil have shown that at a given dose, tissue concentrations of the former drug
are only slightly greater than those with the fatier. Compared to chloroquine, the
above two drugs are only moderately localized in tissues like lung, Hver, kidney
and spleen (Schmidt, Hughes and Schmidt, 1953).
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In spite of the similarities of biclogical actions discussed above, toxic charac-
teristics of pyrimethamine are wholly different from those of proguanil. Pyrimetha-
mine is comparatively more toxic than proguanil in man and monkeys but in rats
it is only half as toxic. Lower dosage of pyrimethamine when compared to that of
proguanil, however, makes it safe enough, although according to some its toxicity
deserves a serious consideration (Schmidt, Hughes and Schmidt, 1953). To sum up
it can be said that the mode of action of pyrimethamine is qualitatively very similar,
if not exacily identical, to that of proguanil and these two drugs stand as a class
by themselves in contrast to drugs like chloroquine, camoquin, etc.

Considering that laboratory and field evaluation of pyrimethamine was
receiving active attention of the workers at the Malaria Institute of India, Delhi,
it was thought worthwhile to commence studies on the concentrations achieved
in the blood subsequent to oral administration of pyrimethamine. For the present,
the work has been started in monkeys.

“ Methyl orange  method of Brodie ¢ al. (1947) as applied to estimation of
amino-heterocyclic compounds was considered to be a suitable technique and the
experimental details followed were more or less similar to those described by Schmidt,
Hughes and Schmidt (foc. cit.). According to this method, pyrimethamine as
well as its closely related degradation products which have power to combine with
methyl orange, got cstimated jointly and hence “ pyrimethamine concentration ”
in the present case did not necessarily mean the presence of pyrimethamine alone,
This method appeared to be sensitive cnough but considerable care has to be
excercised at every extraction in order to avoid loss, contamination and subsequent
errors in results. After standardisation of the method, the following typical
procedure was adopied for analysis :— '

Two normal rhesus mounkeys (Numbers 3910 and 3850} weighing 475 kg. and
6-0 kg. respectively were given 1o mg./kg. how. dose of pyrimethamine in aqueous
suspension orally by means of a stomach tube.  Blood samples were drawn from
the cephalic vein 2, 4, 8 and 24 hours after drug administration, immediately
centrifuged and plasma preserved in cold storage.  Blood samples were also drawn
from the monkeys, prior (o drug administeation, i order to obtain black plasma
sanples,

A two ml. aliquot of cach plasma sample including blank, was taken into
50 ml. glassstoppered bottles.  To each of these bottles was added one ml. of
0" IN sodium hydroxide and cight ml. of ethylenedichloride which had been pre-
viously treated with charcoal and alkali and then thoroughly washed with water.
‘The mixtures were shaken mechanically for half an hour and centrifuged at 3,000
to 4,000 r.p.m. for 10 to 15 minutes. The aqueous layers were removed by
aspiration and four drops of iso-butanol added to cach of the tubes in order to
reduce the adsorption of drug on the glass surface. Ethylenedichloride extracts
were returned to fresh 50 ml. bottles and 8 ml. of alcholic alkali {200 ml of alcohol
added to 8oo mi. of o'1 N sodium hydroxide) was added to each of them. The
resulting mixtures were shaken, centrifuged and the aqueouns layer removed by
aspiration. The organic phasc obtained in each case was again transferred to
50 ml. bottles and 1'5 ml, of methy} orange solution {Brodie and Udenfriend, 1945)
added to each of them. The mixtures at this stage were shaken and centrifuged
as described above,
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The aqueous methyl orange layer in each case was completely removed by
aspiration with capillary pipette and care was taken not to disperse the aqueous
phase in ethylenc-dichloride. From ecach tube, 2 ml, aliquot of organic phase
was taken into a micro-colorimeter tube containing o2 ml. of acidic ethanol
{z ml concentrated hydrochloric acid in 100 ml. of ethanol}. The contents of
volorimeter tube were well mixed and the color reading taken in a klett-summerson
photoelectric  colorimeter fitted with filter Number 54 and adjusted to zero
with blank plasma sample, passed through the procedure outlined above. The
actual  pyrimethamine” concentrations were read from the reference graph which
was obtained by readings of known quantitics of pyrimethamine subject to the
ahove analytical procedure.

GRAPH \.

PYRIMETHAMINE CONCENTRATION
IN PLASMA {IN MONKEYS)
DOSAGE 10 Mgm/¥g. b.w.

3

N MONKEY Ng 3910 & (6 Kg)
-, ” » BE50 ==+ (4-5Kg)

3
P

Y PYRIMETRAMINE PER
LITRE OF PLASHA
g 3
/
F

o
——
—
——
A o —
-
——
-,
o
———

L T T 1

e 2 4 5 e 24
HOURS AFTER DRUG ADMINISTRATIOHN

¥rom Graph 1, it will be evident that a peak concentration of pyrimethamine
is reached at least two hours after the drug administration and that concentration
rapidly [alls by the end of 24 hours. These results are in conformity with those
reported by Schmidt, Hughes and Schmidt {loc. ¢it.} and 1t appears that the drug
does not accumulate in the plasma to any appreciable extent,

Author’s thanks are due to Mr. Chanan Singh for his valuable assistance
in the present studies,
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THE EFFECT OF VITAMIN B, ON THE TOXICITY OF PYRIME-
THAMINE (DARAPRIM) IN THE MONKEY . *

By
V. RAMALINGASWAM]I
AND
S, SRIRAMACHARI.

{(Nutrition Research Laboratories, fudian Gewuncd of Medical Research, Coonoor,
South India.)

{ November 21, 1953, }

THe metabolic inter-rcfationships of the anti-megaloblastic hemopoietic
substances—{folic acid, vitamin B,, and citroverum factor (CLF.,}—are complex
and litde understood (Girdwood, 1952). Hitchings (1952} discovered that
pyrimethamine behaves as an antagonist to folic acid and G.F. in the growth of
Laciobacillus casei. e also found that liver extract was superior to folic acid and
C.E. in alleviating the toxic effects of pyrimethamine in the rat.  In the present
study, the effect of vitamin B,, on the toxicity of pyrimethamine was investigated
in yvoung rkesus monkeys.  The peripheral blood and bone marrow pictures and
the period of survival of the animals were used as criteria.

Pyrimethamine was given daily by stomach tube to every monkey in the
dose of 10 mg. per kg, of mitial body weight, Six animals were given the drug
alone and served as controls while another five received in addition to the drug,
vitamin B,, by the intramuscular route in doses ranging Irom 50 to 200 Mg All
animals were fed on an adequate stock diet.  The umtreated control animals showed
a progressive loss of weight and granulocytopenia and died between the 12th and
2oth days. Their bone marrow showed a maturation arrest of the myelocytes
with the appearance of large numbers of abnormal giant myelocytes. There was,
however, no anemia and no megaloblastic transformation of the marrow. In the
group receiving vitamin By., neither the survival period nor the blood and bone
marrow pictures were influcnced favourably by trcatment with vitamin B,.
The results suggest that the protective influence of Liver extract is not due to its
vitamin B,, content. They are in general agrecement with our earlier experi-
ence in rats in which it was {found that vitamin B,, exerts no benchicial influence

" %This paper was read at the « SYMPOSIUM ON PYRIMETHAMINE ” heid on November 21,
1983, at G. R. Medical College, Gwalior, under the auspices of Indian Council of Medical Research.
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on the toxic effects of another anti-metabolic of the folic acid—C.F. system—
4-aminopteroylglutamic acid (* Aminopterin*} (Ramalingaswami and Sinclair,
£951).

These observations which are of a preliminary nature are being extended
using larger doses of vitamin B,, and will be described in detail n a future
communication,
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A BRIEF SUMMARY OF TRIALS WITH PYRIMETHAMINE
{DARAPRIM) PREVIOUSLY UNDERTARKEN AT THE
MALARIA INSTITUTE OF INDIA.*

BY
A. P. RAY, M.8.8.5.
{Malaria Institute of India, Dells.)
[November 21, 1953.]

During laboratory invesdgations on pyrimethamine which had been
commenced at the Malaria Institute of India as early as August, 1951, It was
observed that the drug was four times more effective than proguanil against P.
knowlesi (Jaswant Singh ef al., 1951) and sixty-six times more active than
proguaml against P, gallinaceum in chicks {Jaswant Singh, Chandrasekbar ¢t al.,
1953).  Against P. berghei, Class IT and ITI effects were obtained in very minute
doses {Jaswant Singh, Krishnaswami, ef al., 1952).

The drug also proved effective against the sporogony cycle of P. gallinaceum
in Zdes egyptt { Jawant Singh, Narayandas and Ray, 1953 ; Jaswant Singh, Misra,
Sen Gupta el «l., 1953},  In human malaria (P, vivax and P. faleiparum), clinical
cure was attained in majority of the cascs within 72 hours in as small a dose as of
25 to 5o myg. (total}. However, a few cases {F. vivax ¥ out of 6o ; and P. faleiparum
2 out of 80) failed to respond to treatment. Further, in 25 to 50 mg. dosage,
pyrimethamine was found to be an eflective suppressant. These studies were
undertaken in a malarious area in Uttar Pradesh Terat {Jaswant Singh, Ray,
Basu and Misra, 1952 : 1953 ; Jaswant Singh, Ray, Miwa and Basu, 1952 ;
Jaswant Singh, Misra and Ray, 1953).

Although no kind of toxic manifestations were encountered during trials
against human malaria, acute and chronic toxicity tests in rhesus monkeys showed
that in doses higher than therapeutic level, the drug is capable of producing various
types of lesions (Jaswant Singh, Ray, Misra and Basu, 1953).

The author, therealter, gave a summary of present studies on (a) Field
investigation to assess antirelapse properties of pyrimethamine nis-g-vis primaquine,
and (k) Laboratory and field observations on the synergissic action of quinine
and pyrimethamine.

" ¥This papcr was read at the “ SYMPOSIUM ON PYRIMETHAMINE * heid on November 21,
1853, at G. R. Medical College, Gwalior, under the anspices of Indian Couacit of Medical Research.
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PRELIMINARY REPORT ON THE ANTIRELAPSE PROPERTIES
OF PYRIMETHAMINE (DARAPRIM)
AND PRIMAQUINE.*

BY
A. P, RAY,
RAJINDAR PAL,
B. G. MISRA,
G, P NAIR,
M. L. D. SHARMA
AND
B. 5. KRISHNAMURTHY.
{Malaria Institute of India, Delin.)
| Novender 21, 1933, )

Nivgry-IIve cases ol P, mpax were treated with these antirelapse drugs in
a few villages near Shivpuri {(Madhya Bharat) where a field station was established
by the Malaria Institute of India in the autumn of 1933, at a time when malaria
morbidity rate was high. At the time when treatment was begun, the villages
were heavily sprayed with different insecticides, some villages with D.D.T.,
others with D.D.T. and B.H.C., while some others with dieldrin to intercept any
further transmission.

Forty-ning of these cases were treated with a combined dose of quinine-
daraprim tablets {a preparation of Wellcome Laboratories} as initial treatment
during acute attack. For adults, two tablets were given at 12 hourly interval
up to 3 such doses, Fach tablet contained 03 g, of quinine hydrochloride and
5 mg. of pyrimethamine. Proportionate doses werc given to children.

Subsequently the treatinent was followed by a weekly dose of 25 mg. (for
an adult) of pyrimethamine administered for eight wecks.

" “This paper was read at the © SYMPOSIUM ON PYRIMETHAMINE ” held on November 21,
1933, at G R. Medical College, Gwalior, under the avspices of Indian Council of Medical Research.
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Forty-six cases of P. vivax were treated with primaquine. For adults, the
treatment regime consisted of 7'5 mg. b.d. for a period of five days cnly.

Besides these, another series of 61 cases were treated with quinine-daraprim
regime in the Police and the local Jail Hospitals in Delhi.

Clinical response and clearance of asexual parasites from peripheral
circulation were attained in all cases, though such response was somewhat slower
in respect of series treated with primaquine alone, No toxic manifestation of any
kind was encountered in any of the series. Up to the end of December, 1953, not
one out of the total of 156 cases, relapsed. Further observations are being
continued and detailed report would be available on completion of {follow-up for
at least six months.
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SCREENING OF ANTIMALARIALS AGAINST 2 GALLINACEUM*
IN CHICKS.

Part HL+ Synergistic action of pyrimethamine and quinine,
BY
A. P. RAY, m.n.B.s,
B. G. MISRA, r.mr, Lraa{Cal),
G. R. CHANDRASEKHAR, m.B,B.5.}
AND

Lizur.-Coroner JASWANT SINGH, m.., ch.s.{Edin.}, o.r.1n.(Eng.},
p.T.M. & #H.(London.}.

{Malaria Insiitute of India, Delli.)
{(Novewber 2§, 153.)

GREENBERG ¢f al. {1048) observed the efficacy of a combined treatment regime
with proguanil and sulphadiazine against P, gallinacewm in chicks.” 'The dose of
proguanil was reduced to one-quarter of the effective dose, while that of sulpha-
diazine was brought down to a dose ranging from 45 to eth of the effective
dose. This showed that proguanil and sulphadiazine potentiate each other’s
action against this plasmodium.

Synergistic action between pyrimethamine and quinine, against P, gallinaceum
in chicks, as seen in the present studies, is recorded In this paper.

MATERIALS AND METHODS.

One hundred and forty-two 7-day old iaboratory hatched white leghorn
and Rhode island red chicks were utilized for these studies.

*Summary of this papes was read at the “SYMPOSIUM ON PYRIMETHAMINE ” held on November
21, 19453, at G, R, Medical College, Gwalior, under the auspices of Indian Councif of Medical Research,
his work was carried out under the scheme *° Screening of antimalarial drugs » which is financed by

the Council of Scientific and Industrial Research. Paris T'and II of this series have appeared in Indion
Journal of Malarivlogy.

L Appointed on the staff of the Screening of Antimalarial Drugs Scheme, Gouncil of Scientific and Indusirial Research
at the Malaria Institate of Tndia. :
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The dose of infective inoculum, route of inoculation, method of drug adminis-
tration etc., were similar to those reported earlier by Jaswant Singh, Basu and
Ray {1952). The dosage regimc was considered active when the fourth day
parasite count was 25 per cent or less as compared to that of the untreated group,

The dosages adopted were in fractions of the minimum effective dose (M.K,D.)
of pyrimethamine and quinine which had been previously determined to be
00015 mg./50 mg. (Jaswant Singh, Ray and Chandrasckhar, 1953} and 1-6 mg./
50 mg. (Jaswant Singh, Basu and Ray, 1952), respectively. The doses ranged from
L to r/128th M.E.D. of pyrimethamine and quinine in various combinations
similar to those shown in Tables I, IF and HI. For convenience, the M.E.D. of
pyrimethamine has been represented as “a’ and that of quinine as “ &7,

RESULTS.

The investigations were carricd out in the three stages. During the first

a b a b

stage the combined dosage schedule ranged from PR L S
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From Table T above, it may be noted that while average fourth day para-
sitemia in the comparison group was 3,857 per 10,000 erythrocytes, the highest
average count {under Schedule XV1) was 2'6 per 10,000,

In the sccond stage, combination of both drugs in doses ranging from

& b @

a2 +6 0.8 T b were made and chicks were treated similarly (Table H).

128
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Tasre 1%
Pyrimethamine and quinine combined dosage schedules.
s [ 1 i
f Dose or ir ; Average (ourth j
Schedule ! . - | Numberof | day parasite
number. !Pyrimethaminc.a Quinine. | chicks, l‘l counl per i Remarks,
i ; . 10,000,
e=MED. | s=MED. | ! |
ot e : s — - ! ! |
! b =' ! |
i :"fE i Ti E 1 05 | Actve
i ' i |
i f ! i 1
! “ i b ; . {
L T - 3o 254 .
| ! a i 5
i a : b : g | :
1! i i3 ! 61 ‘ 3 |[ A IL Y
i H
i ] 1 |
I o ] 1 I 1| !
'y . iy , %% : 3 3.500 ! Inactive.
i ! § .
| : ! i ;
! : b § .
v 1 a ; Té k1 | 80 Active,
: G4 i | ;
i | 5 |
i a i i " :
VI i Fr | 38 3 ! [ig ! .
i ] !
; a 1 b !
- i 1
V1T |1| w1 1 B 3 i m "
1 I ]
II 4 [ fl 1
VI ‘. i r 2 ; 3 : 4,500 ; Inactive.
j : : i
S e
X : {58 ; % 3 i 3,830 ' T
; | | !
; | :
; a i b . 1 :
X ! 55 ‘ 5 3] 4,000 L
: ! i_
i | :
a . b i .
XI 9% v 3 i 3,000 »
! .
o b .[
XTIt : {98 128 ; 3 i 5,300 : 31
i . : ;
ComparisonGrowp 17 1 a0

These results clearly show that activity of the combinations was retained

i
rven when the doses were reduced to 64 of the M.ED. of both. But when
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further reduction in the doses of either pyrimethamine or quinine was made, the

@

b4 with quinine in 1/16 M.E.D., any increase in the dose of quinine was not

considered necessary.

Therefore, in the third stage the dosage schedules ol pyrimethamine were
fixed at 1/128th of M.E.D. and the dose of quinine was varied at higher range.
Similarly, the dose of quinine was fixed in other schedules as 1/128th of the M.E.I.
{the lowest of the series) and the dose of pyrimethamine was varied accordingly

as shown in Table 111,

Tasie IIL
Pyrimethamine and quinine combined dosage schedules.

regime failed to be active. As activity was retained in combinations of 2 or
2

1

| |

PIoss oF. _ + Average fourth :
i — - il eeeenee= Number of | day parasite
Schedule  Pyrimethamine, Quinine, | chicks. | count per | Remarks,
namber. ; | ! 10,0120,
. a=MED. | b=MELD. : |
e ....—,---‘I.,.“._ - I-_-.... y
T |
! 178 I 3 i a S E Active.
| i i
! : i
a i b ; )
1] rﬁ ! I i i) 2642 .
! ]
: 1 b i i
I . '[;)"E; | * o b R3S : Tuactive,
- : : é I
LAY 3 ) P9k i A : 22 -
| |
. b - o i
v f L 3 S
:!
. 3 . b -
Vi 5 5% 3 2,40 o
4 | b !
VIt ;G ! T35 3 : 2, 320 o
Ciomparisen Group 3 3,856

*For combination regime l_;fé -+

From the above Table, it may be observed that activity was retained even
when the M.E.D. of pyrimethamine was reduced to 1/128th and that of quinine
{0 1/4th the M.E.D. But on the other rand when the dose of quinine was brought

b

—

]

[§

See Table FT.
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down to 1/128th of the M.E.D., and administered concurrently with pyrimethamine
in as high a dose as 1/2 M.E.D., the regime proved ineflective.

The active ranges under the combined schedules have been shown as per
Chart L

CHART 1
SHOWING THE ACTIVE RANGES UNDER THE COMBINED
REGIMES IN VARYING DOSES OF PYRIMETHAMINE AND
QUININE

'ﬂ'

INACTIVE

% §

2

Bl
INACTIVE

QUININE

ACTIVE
RANGE

o’

Mo

e

£ O 32 64 28

PYRIMETHAMINE

& o
z &

%= M.E.D. (0-0015 My/s0gms)OF PYRIMETHAMINE
b=M.E.D. (1-6 m3/50gms) OF QUININE
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DISGUSSION.,

Walker and Richardson (1048) showed that when pamaquine was adminis-
tered along with one of the naphthoquinones (hydrolapachel), the dose of cach
could be reduced 1o 1f1oth of the effective level without interference with activity,
Similar observations were made by Greenberg ¢ al. {1948) in respect of proguanil
and sulphadiazine as mentioned carlier, During the current studies it may be
noled from the chart that although the minimum eflfective doses of pyrimethamine
and quinine are 00015 mg./50 gm. and 16 mg./50 gm. vespectively, when both
the drugs were administered concurrently, a reduction up . to 1/64th the M,E.D.
conld be effecied without reducing the eflectiveness of the regimes. But in the
regimes where further reduction was made in the dose of quiine, they proved
ineffective irrespective of the dose of pyrimethamine. On the other hand when the
dose of pyrimethamine was reduced to as low as 1/128th of the M.E.D. and that of
guinine reduced up to 1/4 of MLE.D., the effectiveness of the regimes was retained.
Thus it is obvious that both pyrimethamine and quinine potentiate the action of
cach other in that a combined regime of 1/641h of MLE.D. of each is effective. But
the synergistic action of quinine failed when it was reduced to 1/r28th the
M.E.DD., whereas in respect ol pyrimethamine it was stifl retained in dosage
of 1f128 the M.E.D. and 1/4 the M.E.D. of quinine. Thus it wouki appear that
even when a very minute dose of pyrimethamine is combined with a sub-cffective
dose of quinine up to 1/4 M.E.D., the regime is still active. Similar synergistic
action in respect of both these drugs against P. falciparum has rvecently been
reported by Jaswant Singh, Ray #f 4. {1953). 'These findings are of great interest
and open up newer lines of study in the field of chemotherapv,

SUMMARY.

One hundred and forty-two chicks were employved to determine synergistic
action of pyrimethamine and quinine.

It was observed that when these two drugs were administered concurrently,
the dosc of cach could be reduced to 1/64th of the MLE.D., without interference
of activity; but further reduction in both proved inactive.

On the other hand, the regime was found to be still active when the dose
of pyrimethamine was reduced to 1/128th of the MLE.D. and that of quinine to
i/4 the M.E.D.

‘That pyrimethamine and quinine potentiate the activity of each other, is
amply proved.
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SYNERGISTIC ACTION OF QUININE AND PYRIMETHA-
MINE IN P. FALCIPARUM INFECTION . *

BY
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p.rM. & H.(Londoga),

A. P RAY, w.B.8.s.,
B, G, MISRA, .vw, LM,
AND
P, NAIR, m.pn

{Malaria Instiluie of India, Delli.)
I November 21, 1853, )

SiNton 2f al. (1930) observed that * The combination of quinine with
plassmoquine scemed to be more effective in the production of both clinical and
radical cures of the disease than plasmoquine alone ”. Further, the toxicity of
pamaquin was lowered under this combined regime. These resuits were corro-
horated by a number of workers (Manifold, 1931 ; Jarvis, 1932 ; Spicknall and
Terry, 1948 ; Ruhe ef al., 1949). Similar results were shown when isopentaguin
or pentaquin was administered concurrently with quinine {Alving, 1948}, Further,
Baranger and Filter (1948) recorded that certain combinatiens of the four main
alkaloids of cinchona in pairs gave more favourable results than quinine, and that
there appeared to be a synergistic action between cinchonidine and quinine.

Similar synergistic action was shown by Greenberg et /. {1648} who reported
that proguani} and sulphadiazine potentiate each other’s action against sporozoite-
induced P. gaillinaceum infection in chicks, in that when the eflfective dose of
proguanil was reduced to one-quarter and combined with 1/32 to 1/64th of the
effective dose of sulphadiazine, protection was afforded to chicks equally well.

Recently Ray, Misra ¢ al. (1953) have observed that in P. gallinaceum
infection in chicks, a combined regime of guinine and daraprim in doses equal to
fractions of their M.E.D. was as effective as the M.E.D. of either of the compounds.

¥Summary of this paper was read at the “SYMPOSTUM ON PYRIMETHAMINE held on November
2f, 1983, at (. R. Medical College, Gwalior, under the auspices of Indian Council of Medical Research.
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The present report records the findings of a combined regime of quinine and
pyrimethamine administered in varying doses against P. falciparum infection in
man.,

Thirty cases of P. falciparum were treated at a field station at Shivpuri,
Madhya Bharat, with a product of Wellcome Laboratories known as quinine-
daraprim, each tablet containing 5 mg. of pyrimethaminc {daraprim) and o0°3 mg.
of quinine hydrochloride. The regime adopted consisted of three doses of two
rablets each every 12 hours which was similar to that reported by Ray, Pal et al,
.1953) for the treatment of 110 P. vivex cascs i.c., cquivalent to a tozal dose of 30
mng. of daraprim and 27 grains of quinine hydrochloride {equivalent to 37 grains of
(juinine sulphate).

These results were compared to those obtained in other seres treated
scparately with 37 grains of quinine sulphate or 30 mg. of daraprim alone ad-
ministered in three divided doses. Some other series received treatment with
both the drugs administered simultaneously but the doses of each varied in the
different serics, The various dosage regimes adopted for treatment of gr cases
are shown in Table 1.

Tanre 1.

Dosage regimes for treatment of ot cases.

b

Regime number . Dosage regimes of quinive saits, | Bavapr ne.
L) Combined . 27 grain quinine hydrochloride I; omg -
| (37 grain quinine sulphate) ,
1 87 grain quininc sulphate
i) o ' 300 mg.
IV Combined k 37 ' " . : 5 -
¥ " é 37 ' - 3 ; i
VI PO - 7 R _ 15
VII O 2 10
VIIT " I A . s 5w
1% T 20,
x . I 0 " . ” l o,
X¥ o i - S : 0
XIT . ‘ W w s,
xmw o, lwo, L, ' o,
XIv n W . | W,

XV ”» ' 5 2 » » wmoo,
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CRITERION OF ACFEIVITY.

The mte of clearance ol asexuad parasites was tuken as the guidance. For
this, at least 50 fields of the thick fiim were searched hefore recording a negative
finding. The serics in which clearance occurred in all cases within 72 hours,
was considered as 100 per cent cffective.

RESULTS.,

The amounts of quinine andfor daraprim administered i cach series have
already been mentioned earlier (Table I). The rate of parasite cicarance and
the efectiveness or otherwise of the regimes under the different series are shown in

Table 1.
Tapre 1l.

Rate of parasite clearance.

. : PARASITE CLEARANCE TN THARS.
Sevial Nuember - - T —— Remarks.
number, ofeases. | 24 ! 48 | ™2 96 E 120 oF ,
| i f i i i over,
[ I H [ : ;
i [ 30 | i ; . I f ’ 180 per cent clearance
: i ! r : : ! within 72 hours.
1 3 ! f L [ z [ 1 { l ! g 7 " L
i :’ r :
1if ) 4 f i 2 j 1 1 1 ! ) » I "
TV . 4 | 1 :F 2 ! 1 ! ! i 10 2 =3 3
v + O { T
VI o R é e L L,
viL - % S T S . S
. i ! i !
V211 IR SRR S S A : T 7
: H i i i :
X = 4 o3 | e L, L L,
. ; ; ! ! :
X @8 l } 2 [ i ! Jloe L,
: i i ; !
)¢ IR S i S A | £ s
1 i |
®il T f' . 2 a0 . "
. ; . : i
Xy 4 i [ z ! : ¢ i 73 » n »
H ! l : 4
XIV | 4 i 2 ! 2 oA 5 ” st
: I i ] 3 :
. 1 : i ! ]
XV - 4 I E 2 l| 1 i 50 » I »
: ' Lo S i , .

*Did not respoud {o treaiment.

From these it would he clear that the best results were obtained under
Regimes I, IV, V, VI, IX and X, under which parasite clearance occurred n
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s00 per cent of cases within 72 hours. The rate was somewhat slower under
Regimes VII, VIII, XI and XITI and significantly so under Regimes II, III,
XTIV and XV.

DISCUSSION.

During their carlier studies, Jaswant Singh ef al. {1952) observed that in a
weries of 8o P, faleiparum cascs treated with 25 mg. pyrimethamine administered
un two consecutive days (50 mg. in 24 hours), the asexual parasite clearance rate
was 742 to 100 per cent within 48 hours and 93'6 to 100 per cent within 72 hours.
further, two cases did not respond to the drug.

The rates of clearance within 72 hours during the current studies are 50
per cent under Regime 111 {30 mg. pyrimethamine), 60 per cent under Regime
I (37 grain of quinine sulphate) and 100 per cent under Regime I {37 grain of
quinine sulphate plus g0 mg. of pyrimethamine). Further in this series (Regime 1),
the clearance rate was ¢6°6 per cent within 48 hours, As such, it is evident that
the results attained onder Regime I are not only superior to those observed under
Regimes 1I and ITI but they are even somewhat better than those treated with
30 myg. of pyrimethamine alone as mentioned earlier (Jaswant Singh et al., 1952},
[Further it is noted that the rates of parasite clearance duc to quinine and pyri-
methamine administered alone and in certain combinations like Regimes XII
ro XV are more or less similar.  In other words, dose of g0 mg, of daraprim alone
gave about the same results as a similar dose of the same drug in combination with
5 to 20 grain of quinine.

Taking 100 per cent parasite clearance within 72 hours as the index of
efliciency, it would be observed that out of the other series the best results were
attained under Regime IV {37 grain quinine plus 25 mg. pyrimethamine),
Regime V (37 grain quinine plus 20 mg. pyrimethamine), Regime VI (g7 grain
guinine plus 15 mg. pyrimethamine), Regime IX (35 grain quinine plus 30 mg.
pyrimethamine} and Regime X {30 grain quinine plus g0 mg. pyrimethamine),
and these are similar to that observed under Regime 1 (37 grain quinine plus go mg.
pyrimethamine},

These findings may be presented as follows :—

37 Q plus 25 P ]

or -.
37 Q plus 20 P }m37 Q plus 30 P.
or {
37 Q plus 15 P ]
Taking the lowest dosage regime, it may be observed that results attained
with 49 Q plus 15 P=37 Q plus 30 P
Simtlarly
35 Q plus g0 F
or =37 Q plus 30 P.
30 Q) plus 30 P |
Taking the lower dosage regime it would seem that results with 30 @ plus 30 P
=37 Q plus go P.
==Quinine P =Pyrimethamine.



Faswant Singh, A, P. Ray, B. G. Misra and C. P. Nair, 323

Thus even when the dose of pyrimethamine was reduced by 50 per cent
of the original dose as in Regime I, the efficacy of the combined regime (as in
Regime VI) was retajined. Similarly, a reduction by 25 per cent of the dose of
guinine did not alter the cfficiency.

These fndings would lead one to believe that quinine and pyrimethamine
potentiate cach other’s action in the doses deseribed above, similar to that reported
by Greenberg ef al. (1948) i respect of proguanil and sulphadiazine, aud by
Walker and Richardson (1948) in respect of one of the drugs of the naphthoguinone
series M. 227g and pamaquine,

SUMMARY.

Out of ninety-one cases ol P Jaleparum infection, five were treated with
37 grain of quinine, four with 30 myg. of pyrimethamine, 30 cases with 37 grain
of quinine along with g0 ing. pyrimethamine and the rest with varying doses of
quinine and pyrimethamine adminstered concurrently,

Tn the series treated with either of the drugs alone, the parasite clearance
rate was sigmficantly slower than that observed with the series treated with both
the drugs {and in the dosage} administered together,

But under the combined regimes it wus observed thut even alter reduction
in the dosage of either pyrimethamine (by 5o per cent} or quinine (by 25 per cent),
the results were as good as the series receiving 37 grain of quinine and 30 mg. pyri-
methamine,  Thus the authors contend that quinine and pyrimethamine potentiaie
cach other.
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During their earlier observaiions, Jaswant Singh ef af. {1951} had observed
that action of pyrimethamine against gametocytes of P, knowlesi was tardy. They
subsequently reported that though the drug was somewhat effective against the
sexual forms ol P. vivax, it had little effect against the crescents (Jaswant Singh,
Ray, Basu and Misra, 1952 ; Jaswant Singh, Ray, Misra and Basu, 1952 ; Jaswant
Singh e al., 1953). Similar observations against gametocytes in P. vivax and P.
Jalciparum were made by Schneider ¢f al. {1952) and McGregor and Smith {1952).

During the present study, the authors have made observations on the
e¢ifects of pyrimethamine on the devclopmental phases of P. gallinaceum in Edes
agypii after the fowls showing gametocytes were treated with various doses of this
antimalarial,

MATERTIALS AND METHODS.

White leghorn fowls weighing 2 to 3 lbs. obtained from the Government
Poultry Farm, Delhi, were used in these experiments. Two fowls were used in
each of the different dosage regimes.

" wAbstract of this paper was read at the “ SYMPOSIUM ON PYRIMETHAMINE " held on Novembes
31, 1953, at (3. R. Medical College, Gwalior, under the auspices of Indian Council of Medical Research.
( 325 )
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The experimental fowls were inoculated intravenously with 50 million
parasitized (P. gallinacenm) erythrocytes per kg. body weight. For gametocyte
count, blood smears were stained with J.S.B. { Jaswant Singh and Bhattacharji, 1944).

Freshly hatched Edes #gypti obtained from a colony maintained in these
laboratories were starved overnight and then fed on fowls showing gametocytes.
Fully feil mosquitoes were then kept in Barraud cages at a temperaturc of 80° to
457 F., with humidity ranging from 75 to 8o per cent. The technique adopted for
fecding mosquitoes has been described carlier (Jaswant Singh, Basu and Ray,
1952).

Batches of mosquitoes were [ed on fowls prior to drug administration for
two consecutive days (referred to as -2 and -1 day in Table I). These served
as comparison groups. Subsequently three batches of mosquitoes were fed at
ghourly intervals on each fow! following drug administration (zero day) and
rhereafter one batch of mosquitoes was fed on each fowl everyday up to the sixth
day. The regimes adopted were calculated in terms of 5, 7'5, 10, 25, and 50 mg.
human equivalent doses, taking average weight of an adult as 70 kg.

Sample dissections of at least five mosquitoes from cach batch were made
from the fourth day following the inlective feed and infeetions of gur and gland
were noted.  Normatly dissections were carried out for a period of 14 days but in
1 few cases up to 20 days. When sporozoites were detected in any batch, two
mosquito eguivalent dose of sporozoites was inoculated in a clean fowl, o deter-
mine viability of sporezoites.

RESULTS.

Details of dissection of Fdes zgypti fed on fowls receiving different human
equivalent doses of the compound are shown in Table 1.

[t will be obscrved that, in all series Fdes zgypii fed on infected fowls prior
to drug administration (-2 and -1 day) showed infection of both gut and glands.

Infection of glands from four hours onwards after drug adminisiration was
observed in Series 1 to I1I, whereas in Series IV no sporozoites were detectable in
rnosquitoes fed eight hours after 25 mg. of pyrimethamine. Mosquitoes fed
subscquently did show infection. But the rate was significantly lower than in those
fed prior to drug administration. In Series V, no sporozoites were detectable in
mosquitoes fed up to 24 hours after treatment, though lower rate of infection
was ohserved thereafter.

In each series, whenever sporozoites were detected, two mosquito equivalent
doses were inoculated in normal fowls, In all such cases, patent infection was
established 7 to 12 days after,

DISCUSSTON.

Foy and Kondi (1952) reported that pyrimethamine was effective in rend-
ering gametocytes of P. falciparum non-infective to A. gambie. The dosage regime
adopted was 20 mg. initally followed by 50 mg. on two consecutive davs. Shute
‘1952) observed that in P. vivax infection, oscysts developed in batches of 4. atroparvus
fed four hours after administration of 2'5 mg. pyrimethamine to 2 gametocyte
carrier but numerically they were {fewerin number as compared to the comparison
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group. But those mosquitoes fed alter 27, 48 and 72 houors after weatment, showed
oacysts and sporozoites comparable to the control series.  The authors concluded
that the effect was merely of a transieat naturc.

Tasrz 1.

Results of dissections of Aides wgypts fed on fowly with different dose regimes
{equivalent to adull fnunan doses).

Dosage - hman equivalent lo forols,

+ 1 ‘ ]
Suwigs 1. | Serius L. 1 Skries 3, L Suwrmy 4, 5' Seiies 5,
3 mg. ; || 1 ing, : 3 mg. l'; M mg, -
—— .._.._....!-..-_,_l_‘.n.. | — ,___..‘...... .:..- e s e !._,-_.._. .!.;';_ _.:...._,_'.__
g SRS T IR IR A £ 0 |y
Foud Sl 208 w5 8- T gl gl 8.3 !gﬁzgﬁi.g Iﬁﬁlg,.\
Tiswe uf Feeding. . BT 1 o < R LAV == N R R A )
P oftondiog: G% BE 15 BIFE 2 gF FTI SE ) E FEINAISE BT G e
LRSI EELE S PRLE T SR M Fh b LS -
2% g8 12 Hgg| T8 R gE 8L 2R mi ST ELgeR
2V 8% |‘5 Rt ] 22 i g Bh-e=| 9-""'|‘6'U:Q“‘"i g
=EE A o S O
-2 days |75 ' Payoin! AR U R TS I T S E PP TR A
) day , ®5 770008 L6058 1 94 5300 35 2EA 4 34 Lo |
: ' Y : X ! - - i .
i ; ! i H ) . ; ] . . :
[ ¢ hours ' T4 f P4 - 2T e L o2 iAo A 25 — =
S ! o : Lo I A
0 Jday € 8 hours LS SR L 1 SR L A S R L M L L T AR - T
; oo ‘ co ! Lo i ' A
LI2 hours (48 1061398 4683 1304 ’I:sﬁ CoBt 4T a2 24| BT e
i F . : 1 : 1
: ) i i | ' . i \
Pday 2800007, 393 R 250 56 T AR R ’lm»:, .
i 1 ' ! ; . : : ) | |
t day 48 21 L4l 6 L N A 1:m-u
1 ] | : -
: § , : : . i
3day o THiI26lazs o8 - oo G0 sz las :231»
! H H : H H
: . : ' : : : [ £
4 day P3¢ . H0-0 [ 264 i_NOI.;knuwnj i:?.‘s:t il - ) A2 i‘l:]'O'-
X ! i ! ! i : :
5day  Fed mosquitoes | - 77 LRSS R i I [ 5
died before [w r.é[ ! ' : [
dissection. | | 2 =} : |2y I (4
$day 130 - ;970 | ! T}i L P i
i H : ! H H H
e LI e — : N VU St

*Gamelocyte count nil.
IFowls were negative for both asexual and sexual parasites.

Yhe results observed during the present sexies would indicate that in human
equivalent doses of 5, 75 and 1o mg. dosage, the drug had no inhibiting effect on
the growth of P. gallinaceum in Aides. With 25 mg., inhibiting eflect was observed
for a brief period as no development was observed in des egypti fed eight hours
after drug admipistration. Normal development occurred in batches fed four
hours after drug administration. When the dose was increased to 50 mg. human
equivalent dose, the inhibiting influence was more pronounced as nonc of the
hatches of mosquitoes fed 4, 8, 12 and 24 hours after treatment, showed infection
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of gut or glands. But even in this dosage, the effect did not last beyond that as
both gut and gland infections were observed in the baiches fed 48 hours after
drug administration. It would thus appear that inhibiting influence is transitory
similar to that reported by Shute (1952).

These results are somewhat different to those observed in respect of proguanil
where the effect was more prolonged as reported by Ramakrishnan el ol (1952).

But on the other hand when #des #gypti were allowed to imbide pyrimetha-
mine or proguanil from drug soaked lint with o'o1 per cent concentration or above,
hefore and after infective feed on fowls, there was complete inhibition of develop-
ment of sporozoites though not of oscysts (Jaswant Singh ef al. (1953).

Thus it is apparent that both proguanil and pyrimethamine have some
degree of inhibiting influence on the sporogony cycle of P. gallinaceum in Ades
#gypti whether the drug is administered to the vertebrate or invertebrate hosts.
This similarity of their action may very well be due to their structural resemblance ;
the only difference between the two being that the inhibitory effect of pyrimetha-
minc, when administered in vertebrate host, is of more transient navure than in
the case with proguanil. This would suggest that concentration of the drug in
the blood is perhaps more rapidly lowered in case of pyrimethamine than
proguanil.

SUMMARY.

t. Different dosage regimes {human e(}:ttﬁvalent) were tried to study the
infectivity of gametocytes of P. gallinaceum after drug administration in fowls.
The dosage regimes adopted ranged from 5 mg. to 50 mg, (human eqivalent)
atdministered in single doses in fowls,

2. Mosquitoes fed on fowls with gametocytes, two days prior to and six
days following drug administration, became positive for sporozoites, which were
viahle,

3. No infection in mosquitoes fed on fowls getting 50 mg. (human equivalent)
was vbserved either on the day of drug administration or on the day loHowing.
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PYRIMETHAMINE (DARAPRIM) IN MALARIA *
BY
R. N. CHAUDHURL
{ Directer, School of Tropical Medicine, Calcutla,)
(November 2§, 1053.)

In the Schoot of Tropical Medicine, pyrimethamine {daraprim) was (ried
fast year on sixty-two patients with active malaria representing P. falciperun,
P. rivax and P. malarie infections (Chakravarty, and Chaudhuri, 1953). The drug
was at first given ina smglc dose of 50 mg. but as this was ineffcctive in some cases,
the dose was doubled and given on two consecutive days.  This, however, did not
anpreciably improve the results. The author had also prcsentcd preliminary
observations thereon at the Informal Meetings of the Malaria Advisory Committee
last yvear, and mentioned that further increase of dosage was apt to produce unto-
ward reactions.

The immediate effect of the drug on the temperature and parasites was
fairly good in a large proportion of cases but slower than that of chloroquine or
camoynin. Approximately 50 per cent of the cases were free from asexual parasites
in two days and 86'6 per cent in three days’ time. The remaining cases took a
little longer time, f.e. four to five days, to get rid of the fever and parasites, One
P. falciparum case did not respond at all to a single dose of pyrimethamine for
six days, but when he was given camoquin in a single dose of o6 gm., it acted
promptly.

The late effects of pyrimeihaimne were, however, not satisfactory. In P,
falciparum infection, carly recrudescences {within one to two weeks) were too
common ; out of 26 cases there were 10 {ailures, including the case just referred to
in which there was no response.

In P. vivax cases, fever and parasitemia were usually controlled within three
days, and in contrast to the P. falciparum cases, there was only one case of early
recrudescence out of 34 cases. It has not been possible to follow up all the cases,
but four cases reported with relapse within four to twelve weeks of the treatment.

Regarding sexual parasites, the vivex and malarie gametocytes were not
seen aftcr ﬁvc days but crescents persisted.

 #This ]}ap-‘r was read at thc “SYMPOSIUM ON PYRIMETH, AMI\JE” held on November 21§, 1053,
a3, R, Medical College, Gwalior, under the auspices of Indian Council of Medical Research.
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Another 10 cases (seven vivax and three falciparum) have been treated this year
with two doses of 50 mg. pyrimethamine with more or less similar immediate effect.
No relapse occurred during the period of observation (average threc weeks). It
is interesting to note that two of the P. falciparum cases had prior to treatment with
daraprim, failed to respond to paludrine, thus suggesting absence of cross-resistance.

Pyrimethamine in the prophylaxis of malaria was also fried. This was
carried out in a malarious village, wherc both jfalciparum and vivax infections have
heen prevalent, the majority being fulciparum. The drug was given in weekly doses
of 25 mg. to the local school boys duringthe transmission period which lasted from
July to November. More than half the boys, i.e., 172 received pyrimethamine and
the remaining 139 received dummy tablets, serving as control. A preliminary esti-
mate of spleen and parasite rates was made. Thereafter the blood of all the boys
was examined once a month, and finally after the conclusion of the trial, both
blood and spleen were again examined,

The resuli was marked reduction of the parasite rate in the daraprim group,
1.6,, from six in July to less than one in November, while in the control group the
rate became almost double during the same period. It was noted that in all the
parasite positive cascs in the treated group, only P. falciparum was seen throughout
the peried. The suppressive effect of daraprim was also reflected on the spleen
rate which showed a decrease of 30 per cent in daraprim group and an increase of
50 per cent in the control group. It was not possible to get accurate information
about the incidence of malaria attacks but enquiries went to show that these were
much less in those who received pyrimethamine.

In conclusion it may be said that —

1) Pyrimethamine like proguanil is slower in action than chloroquine and
camoquin.

#) It is effective in P. vivax and P. malarie infections for the termination of
acute attack, but relapses may occur as with other antimalarials.

411y In P. faliparum infection, it is not a suitable form of treatment as early
recrudescences are frequent and it may fail in a certain proportion of
cases. This failure may not be due to proguanil resistance.

(i) Pyrimethamine may be useful for suppressive therapy among semi-
 immune people in weekly doses of 25 mg.
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A NOTE ON FIELD TRIALS WITH PYRIMETHAMINE
DARAPRIM) AT ARONE (MADHYA BHARAT)}.*

BY
Ligvr~oronen B, N KOLEKAR, moars, uvieH, DA,
{Deputy Director of Health Serviess, Gualior,
f November 20, 1953, )

Untin some vears ago, Arone, a village near Ghanagaon Tchsil {25 miles
from Gwalior} was quite a flourishing village with n population of 5,000. But
curing recent vears, this arca bas had very high incidence of malaria and gradually
the village has becn depopulated and turned into rvuins, At present there ave
anly 700 people. The place is undulating and there are low-lying areas and a
anmber of insanitary tanks in the vicinity.

The spleen rate at the time of commencement of the investigation during the
antumn of 1953, was 54 per cent and parasite rate 32'6 per cent.

Thirty P. vieaxr cases were treated with a combined coumse of quinine-
daraprim tablets.  Two tablets were given every 12 hours up to three such doses.
The total dose of quinine hydrochicride was 27 grain and that of pyrimethamine
g0 mg. This was followed by @ weckly dose of 25 ing. pyrimethamine for ciglt
weeks,

At the inidal phase of the operation, the village was sprayved heavily with
D.D.T. to intercept apy farther iransmission, and thus ehminating chances of
uperinlection.

In most cases, asexual parasite clearance occurred within 72 hours of
commencement of treatment.  Subsequently blood smears were being taken every
10 to 15 days for any evidence of a possible parasitic relapse. This would be
continued up to the end of March, 1954. So far none of the cases developed either
parasitic or clinical relapse during an observation period of about two and a half
months.
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The author wishes 10 express his thanks to the Director, Malaria Institute
of India, for giving an inspiration to conduct this investigation, and for the supply
of antimalarials.

*This paper was read at the « SYMPOSIUM ON BYRIMETHAMINE ™ held on November 21,
1433, at G ]L\) Medicat College, Gwalior, nnder the auspices of Indian Gouncil of Medical Research,
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A NOTE ON CLINICAL TRIAL OF PYRIMETHAMINE (DARA-
PRIM) AND AMODIAQUIN (CAMAQUIN) AT THE MALARIA
FIELD STATION, THIRMALAPUR, NIZAMABAD DISTRICT .*

BY
. D KHATRIL
{Divector, Medical and Health  Services, Hvderabad-Deccan.
AND
R. I SAMUELS.
t Malaria Officer, Nizamabad District, Hvderabad-Deccan.)

s Noventher 28, 19330

Unrin a few vears ago, 3t was possible to get a Jair number ol cases of malaria,
P. malarie infection was quite commien. But lately, due to intensive malaria control
programme, malaria morbidity rates are quite low,

However, a total of 24 cases of P. malarie were treated ; 7 with pyrimethamine
andd 17 with amodiaquin. Besides, 2 cases of P. vivax and equal number of P.
falciparum cascs were also treated with pyrimethamine.

Cascs treated with pyrimethamine received u single dose ol 50 mg. while
those under amodiaquin received o6 gm,

In P. malarie intection treated with pyrimethamine, the asexual forms
disappeared between two and four days. Action of the drug against the
gametocytes was Jound t be tardy as clearance occurred hetween 11 and 22 days.

In P. faleiparum and P. vivax mfections (both forms), parasite clearance was
attained between two and five days and four and five days respectively.

Qut of the 17 cases of P. malarie treated with amodiaguin, seven had asexual
forms while 10 others showed both asexual forms and gametocytes, Complete
parasite clearance occurred between two and four days.

*This paper was read at_the « SYMPOSIUM ON PYRTMETHAMINE  held on November 21,
1953, at G. R. Medical College, Gwalior, under the auspices of Indian Council of Medical Research.
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¥rom these it would appear that as in both series of P. malariz cases treated
with pyrimethamine or amodiaquin, asexual parasite clearance occurred in two
to four days, the action of these two compounds against this species is somewhat
similar, although against gametocytes, pyrimethamine showed comparatively
slower action.

As the number of cases of P. vivax and P. falciparum are very small, no

definite conclusion can be drawn regarding the action of pyrimethamine against
these two species,
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DRUG FEVER, LEUCOCYTE COUNTS, ERYTHROCYTE
SEDIMENTATION RATE AND URINE AFTER
PYRIMETHAMINE (DARAPRIM).*

BY
P. N, LAHA, o Pat.), vaeceiLond, moroee (Bdin, poon(Eng.),
R. N. SINGHAL, m.s.B.s.{Agra}

AN

H. NAVANI], s.nns.(Agra).

{ Department of Medicine, Medical College ond 8. N. Hospiial, Agra, U.P.}

Noveomiber 2, TR

Tue present work was conducied with 2 view to finding the following after
the administration of pyrimethamine : drug fever ; total leucocyte count ;
differential count of leucocytes ; erythrocyte sedimentation rate ; and urine changes.

Ten persons were sefected, out of which six were patients convalescing from
different discases in the wards, and four were healthy young volunteer doctors,

They were divided into two groups, first group was given one tablet of
pyrimethamine of 25 mg. daily for three consecutive days ; and the second group
was given three tablets of pyrimethamine of 25 mg. each in a single dose. The
above-detailed investigations were carried out before the drug was given, and
24 hours after the last tablet in the first group and 48 hours after the three rablets
in the second group. Their temperature was recorded every four hours during
this period.

Results are tabulated in Tabic |

* This paper was read at the “ SYMPOSIUM ON PYRIMETHAMINE ' held on November
21, 1953, at G. R. Medical College, Gwalior, under the auspices’ of Indian Gouncil of Medical Research,
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RESULTS WITH DISCUSSION,
in none among them, drug fever occurred.

No significant change was obscrved in the total leucocyte count, or in the
ditferential counts ol polymorphonuclears, lymphocytes and monocytes.

In the diflerential count of cosinophils, some changes were noted. In
seven persons (70 per cent), there was a rise varying from two to nine per cent, while
in the remaining three persons (g0 per cent) there was a fall varying from one
to six per cent.  No definite conclusion could be drawn from this observation.

Frythrocyte sedimentation rate showed practically no change.
No change, chemical or microscopical, was found in the urine,

MecGregor and Smith {1952) reported that evidence of hamatotoxicity and
renal toxicity was sought but not found. Goodwin 1952) reported that
heematological tests were negative m his trials of pyrimethamine in human
volunteers.

Reactions.-~1In the first group ol persons, who were given one tablet of pyn-
mmethamine of 25 myg. on three consecutive days, there was no reaction,

In the second group of persons, who were admwinistered three tablets of 25 mg,
each in single dose, reactions occurred. Gase Number 6, four hours after the drug,
had severe intestinal colic followed by vomiting, Vomiting and intestinal colic
lasted for six and twelve hours rcspectively, without any rchief to the usual
therapies for them. The authors are of the opinion that pyrimethamine possesses
parasympathomimetic properties. The colic and vomiting were results of increased
tone of the stomach, arising out of vagusstimulation. Case Number 7, 24 hours after
the drug, developed marked bradycardia, pulse and cardiac rides being 38 per
minute, and also increased frequency of micturition without polywia.  An
E.C.G. was taken, which revealed sinus bradycardia. There was no evidence of
past or present cardio-vascular discase. After about 10 days, his pulse and
cardiac rates mounted up to 64 per minute, and the increased [requency of mictur-
tion was also gone. Repeated examination of his uvine during this period revealed
no abnormality. Sinus bradycardia asid the increased [requency of micturition
were most probably the results of the parasympathomimeric action of the drug,
which increased the tonic inhibitory action of the vagus supplying the heart and
stimulated the cholinergic fibres of the parasympathetic nerves which are motor
to the wall of the bladder and relaxant to the sphincter. Case Number 8, two hours
after the drug, developed marked headache, not responding to analgesics and
fasting for nearly 72 hours. The headache could be explained by the para-
sympathomimetic action of the drug, producing congestion of one or more extra-
or intracranial bloed vessels. Case Number g, two hours after the drug, had diarthoea
followed by headache. They cleared away after about 24 hours. These two
symptoms could be explained similarly by the action of the drug consisting of its
stimulation of the parasympathetic nerves. Diarrhoea was due to increased
perstalsis and the headache as explained before,
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SUMMARY.

Drug fever did not occur in any person among the 2 groups.  No significant
change was observed in the total and differential counts of leucocytes, nor in the
E.S.R. and the nrine.

75 mg. of pyrimethamine in single dose produced reactions, while there was
no reaction when H was given in three divided doses of 25 mg., Whether the
reactions were due to hypersensitivity 1o or to toxicity of the druz, the authors
are unable to throw much light. But there were enough clinic al data to lead
the authors to conclude that pyrimethamine possesses parasympathomimetic
propertics,  And the reactions could easily be explained by this property.
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ACUTE MALARIA TREATED WITH PYRIMETHAMINE
(DARAPRIM).*

13
P. N. LAHA, sup.(Pat}, sraebond.), surap (Fdin ), poca (Eng.j,
R. N. SINGHATI, m.B.B.5.{Agra)
AND
H. NAVANL, sus.ms (Agra).
{ Department of Medicine, Medieal College and S, N, Hospitad, Agra, {/.P.}
{ November 2, 1953,

TrHE present work consists of the treatment of acute malaria with pyrimetha-
mine which Is 2 : g-diaminopyrimidine, one of the latest in the family of the new
synthetic antimalarial drugs.

Archibald (1951); Schneider ef al. (1952); McGregor and Smith (1952)
Goodwin (1952} ; Jaswant Singh, Ray, Basu and Misra (i952 : 1953) ; Jaswant
Singh, Ray, Misra and Basu (1952) 1 Wilson and Edeson {1953) ; Chakravarty
and Chaudhuri {1953) 1 Covell, Shute and Maryon {1933) ; and Cameron {1953)
published their observations with regard to the eflfects of this drug in human
malaria,

PRESENT WORK.

Thirty-one paticats were treated.  They were suffering from acute malaria.
The cases were divided into three groups, first being treated with 2 X235 mg.,
second with g x25 mg., and the third with 4 X25 mg. of the drug. The diagnosis
in each case was established by the presence of malarial parasite in the peripheral
blood. Each patient was given the drug as a single dose by one of the authors.
Subsequently, the blood was examined every four hours to observe the clearance
of the parasite. [n no case, the parasitc was declared to have disappeared unless
three subsequent examinations proved to be so. A careful record was kept of
their temperature and other symptoms.

Results are tabulated bhelow,

*This papel; “was read at the © SYI;(E’OSTU M ON PYRIMETHAMINE " heid on November 21,
1953, at G. R. Medical College, Gwalior, under rhe auspices of Indian Gouncil of Medical Research,
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Taarr L

First group, treated with 2 X25 my.

Serial - : ; Bisappear- ' Qlearance
awn-  Name.  Agein years,' Duration ol § Type of 1 ance of of parasite | Reactions
ber. naticnality {fever in days ‘ parasite. ;  [ever in in hours
and sex. | hefore drug, hours after  after drug.
B SR R TE) R 2 Lo Nl
2 32, HM. ) Em’mx 24 12 Nil
RS o2 HM 3 | vivax 1 48 22 N
CoRG L EM Cdisex | T2 as 1 A
¢ AL |15, HM. 3 " vivax w12 M
3 K. I S, TLM. } wivdx 24 : 24 ! Nif
M. D32, HM. 3 vias | 7 4 Nl
5 (Ll 6, HM. | 14 | vivax : 9 0M il
4 V.S, 26, HM. | 2 * falciparum | 2 i1 il
RS, | 80, HM. i Sfalciparum PR Nil
M. 42, HM. 3 | ateiparum | 7| 48 Nt
o EL 235, GF. 2  vivex | a0 } 73 Nl
.!-{I)I“‘,&:;iindu male, C.F. -—=Chriﬂgril female.

RESULTS WITH DISCUSSION.

fw this group of 12 cases, nine weve suffering from acute rivax malaria and
threc from acute falciparum malaria.
Fifty per cent became afebrile within 24 hours, 66 per cent within 48 hours,

and y1-6 per cent within 72 hours.  These resulis were very similar to those obtained
by Jaswant Singh e al. {1953).

In this group, case numbcer 12 did not become afebrile up ww 84 hours,
although the parasites had disappeared from the peripheral blood within 72 hours.
¥rom the clinical point of view, the drug, in 50 mg. dosage, proved ineffective.
So, twe more tablets (50 mg.} were given, and she became afebrile within a total
period of 130 hours,

In 66-6 per cent of the cases, the clearance of the parasite was obramed within
24 hours, in 916 per cent within 48 hours, and in 100 per cent within 72 hours.
These results wercin some aspects different from those of Jaswant Singh ef al. {1953).
Among their patients, who became afebrile within 24 hours, 64'3 per cent had
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previous attacks of malaria during the course of a yeay or so, as compared 1o 4577
per cent without any such previous history.  Their 6473 per cent compares almaost
equally with the autbors’ 666 per cent. This could he explained by speculating
that the authors’ 66:6 per cent cases had subddinical attacks of malaria within
recent years, and thereby had acquired the legacy of partial immunity.

The clinical action of the drug was slow, as evidenced by the fact that in
By per cent of cases fever and other symptoms persisted Ivom. 4 to 56 hours after
the clearance of the parasites from the peripheral blood,

Jaswant Singh, Ray, Misra and Basu (1952) showed that two malignant
tertian cases oul of eighty, proved refractory to pyrimethamine while Chakravarty
and Chaudhuri (1953) reported that one patient with malignant tertian malaria
did sot respond to a single dose of 50 myg.  Three cascs of acute falciparum malaria
in the authors’ present group responded as well as the cases of acute wivax malaria
to & single dose of 50 mg.

Vasrr 11,

Necynd group treated with 3\ 25 g, pprimeifuonoe.
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EARE S L O A EL A 1
) 4y & 8 j2%s |TB8 .
1 : S.1. 23 H.M | virax oM )
2 IS8, AM. 1 wia i 2 1AL
3 i. !_ 34, H.!\‘E.% 2 fdedparsan 12 i AL
. ; ! :
£+ DA 17, H.AL R |_fi1?rf;mrmn AR Al il
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RESULTS WITH DISCUSSION.

In this group of 13 cases, 8 were suffering from acute vivax malaria, 4 from
acute Jalciparum malaria, and 1 [rom mixed acute sivax and falciparum malaria.

A detailed study regarding the therapeutic eficacy of pyrimethamine could
he made only in ten cascs, owing to the occurrence of rcactions in two cases
{Numbers 5 and ¢) for whom guinine had to be resorted to, and the superimposi-
tion of acute bronchitis in case Number 12, in whom the disappearance of fever
could not be observed,

Sixty per cent cases hecame afebrile within 24 hours, 8o per cent within
48 hours, and 100 per cent within 60 hours. These results were superior to those
chtained with 50 mg.

The clearance of the parasite was studied in 11 cases. In go'g per cent,
the vlearance was within 24 hours, and in 100 per cent within 56 hours. Therefore,
the clearance with 75 mg. was earlier than with 50 mg.

The clinical action of the drug with 75 mg. was faster than with 50 mg.,
as cvidenced by the fact that in 6o per cent, the fever and other sympioms dis-
appeared either before or simultaneous with the clearance of the parasite.  Thus,
the lag in the interval of the disappearance of symptoms vis-a-vis the clearance of
the parasite, was observed in 40 per cent as compared to 666 per cent with 50 mg.
This observation is contradictory to the obscrvation of Schneider ¢f al. {1952)
who made special mention of the fact that results were not improved by using
more than 50 mg. in single dose,

With 75 mg., the drug was eflective against 4 cases of acute falsiparum malaria.
The conclusion of Chakravarty and Chaudhuri (1953) that the drug cannot be
regarded as a suitable treatment for malignant tertian malaria, could not be sub-
stantiated. In this conncction, it would be valuable to take into consideration
vhe fact that immunological factors play potent rbles in determinirg the thera-
peutic efficacy of the drug, as 1t is with other synthetic aptimalartal drugs,

Reactions to the drug, were observed in this group. They are heing dis-
cussed N a subsequent chapter.

Tasre I11.
Third group, trealed with 4 X285 mg. pyrimethamine.
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RESULTS WITH DISCUSSICN,

The number ol cases studied in this group was small.  Out of six cases,
five were suffering from acute pivax malaria, and one from mixed acute vivax and
[uleiparum malaria,

In none of them, (he disappearance of fever occurred within 24 hours,
3374 per cent became afebrile within 36 hours, and 100 per cent within 70 hours.
The results were not satislactory, when compared Lo those obtained with 75 and
50 mg.

The clcarance of the parasite was obtained within 24 hours in 66-6 per cent
cases, and within 6o hours in 100 per cent.  The 24-hour clearance in this group
had the same percentage as that in the first group {f.e., with 50 mg.}, and the
100 per cent clearance in this group had almost the same figure as that obtained
with 75 mg.

The clinical action of the drug was definitely slow, as the lag of interval in
the disappearance of symptoms #is-¢-vis the clearance of the parasite was markedly
prolonged.

It was concluded that the overall results with 100 mg. in single dose were in
no way better, rather the clinical response was slower, than those obtained with
75 or 50 mg. Here the authors were in agreement with Schneider et al. (1952}
who, as already pointed out, made special mention of the fact that results were
not improved by using more than 50 mg. in single dose. But this agrecment looks
paradoxical when one reviews the authors’ results with 75 mg., where there was
mmprovement. In four cases {Numbers 1, 2, 4 and 5), after an initial fall of the
temperature to normal, lasting from 12 to 20 hours, there was a second rise of
iemperature, when a very careful examination of the blood of patients did not show
any parasitc.  This second rise increased the total length of the period of the dis-
appearance of fever after 100 mg. of pyrimethamine.  But for this second rise, the
period of the disappearance of fever would have been short, and thus the results
would have been sauperior.  Could this second rise be due to “ drug fever’ ?  The
authors were unable to answer this, One could also argue that the cases (at least
the four referred to above) did not possess partial immunity, and hence the clinical
response was poor, In the absence of any definite data, that argument would
only be within the canopy of speculation.

RELAPSE.

No comment can be made about relapses, since under existing conditions
it is difiicult, rather impossible here, to distinguish hetween refapse and reinfection.

REACTIONS,

References 1 the literatuve, with regard to reactions with this drug, even
where the number of cases studied was large, are conspicuous by their lean
figures, But in the authors’ present series, reaCtions constitute a very important
chapter.



344 Acute Malavia Treated with Pyrimethamine {Daraprim).

In the first group, where the drug was given in a single dose of 50 mg., there
was no reaction.

In the second group, where the drug was given as a single dose of 75 mg.,
reactions occurred in 38°4 per cent cases.  And some of the reactions were of acute
nature. Case number 5, two hours after the drug, developed paroxysmal
tachycardia, which after 12 hours, was converfed into auricular fibrillation, As he
became seriously il and the symptoms were persisting, 7'5 grain of quinine
hihydrochioride was injected imtramuscularly, and tablets of digoxin {euch 025 mg.}
were acdministered orally,  Twelve hours later, by which time he had taken three
tablets of digoxin, the auricular fibriilation disappeared. He made an uneventful
recovery, though the convalescence was somewhat protracted. There was no
evidence of past or present cardio-vascular disease, nor was there any history of a
similar attack in the past.  Casc number 7, four hours after the drug, got hiccough,
which proved completely refractory to the usual therapies for the same. But it
gradually subsided after about 36 hours,

Case number 9, developed sudden, severe, praecordial puin, two hours after the
drag, and this gradually subsided after 15 hours. Owing to the persistence of
fever, quinine was given orally, He was discharged cured. His cardio-vascular
system was normal, and he never had a similar attack in the past.  The skiagram
of his chest was normal

Case number 11.—Four days after the drug, had frank heematuria, every sample
of urine containing blood. The following investigations were done,—Urine—
nycroscopic : red blood cells, leucocytes, no casts ; coagulation fime—{four minutes
35 seconds ; bleeding lime-—one minute 20 seconds ; platelels—1,56,000 per camm. ;
proihrombim concentration—100 per cent ; and no radio-opaque calculus was visible
i plain skiagrams of the urinary tract. He was treated with coagulants and vitamins
with poor response, The hematuria continued for seven days, after which it
stopped  macroscopically, and five days later microscopically, There was no
adstory of hematuria or any renal complaint in the past. Except its being due to
the drog, no other cause could be held responsible. In this manifestation, it
simulated proguanil, which is known to produce hematuria in some odd cases,

Case number 13.~~Four hours after the drug, complained of severe headache,
not responding 1o any analgesic. It Insted for about 72 hours,

In the third gronp, treated with a single dose of 100 mg., there was reaction
i one case out of six (fe., in 166 per cent). The patient (number 5) had
mtestinal colic, vomiting, and palpitation. Among them, the first to occur was
intestinal colic two hours alter the drug, followed by vomiting. The colic lasted
lor pearly 24 hours, and the vomiting for about eight hours. The palpitation had
started four hours after the drug, and lasted for about r2 hours.

PATHOGENESES OF THE REACTIONS,

Fhe authers arc of the opinton that pyrimethamine possesses parasympatho-
mimetic properties, and the immediate reactions were due to them., Whether
these properties are due to hypersensitivity or toxicity, the authors are not in a
position to answer,
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The cardiac arrhythmias, in case number § of Group I, could be explained
on the basis of the stimulation of the vagus nerve supplying the heart, During
the first phase of stimulation, possibly there was what 1s known as * vagus escape’
which was associaied with high pressure in the grea: veins entering the right
auricle. This stimulated the sensory fibres passing up the vagus to the cardiac
centre reflexly to accelerate the heart (Bainbridge or auricular reflex) which was
expressed clinically as paroxysmal 1achycardia.  After 12 hours, during the second
phase, the stimulation of the vagus was more direct, and thereby auricular fibrilla-
tion was produced. Cooke and White (1g40) reported the occurrence of auricular
fibrilation by direct stimulation of the vagus by parasympathomimetic druogs. The
explanation of the pracordial pain in case number g in Group IT, & as {ollows.
The coronary vessels receive constrictor fibres from rhe vagus. Pyrimethamine
by virtue of its parasympathomimetic action, stimulaied the vagus resulting in
diminution of the coronary How, which produced coronary insufficiency whose
clinical expression was the precordial pain. Hiccough, in case number 7 of
Group II, could be due to vagal stimulation, the headache in case number 13
of Group 11, was probahly the result of congestion of one or more extra- or intra-
cranial blood vessels due to vagal stimulation, and colic, vomiting and palpitation
in case number § of Group ITI, were also expressions of vagal stimulation.

The late reaction of hematuria in case number 11 of Group I, could not
pussibly be due to vagal stimulation.  The exact pathngenesis remains obscure,
except to speculate that pyrimethamine had produced selective damage to some of
the nephrons.

SUMMARY.

Pyrimethanine which is 2 : g-dinminopyrimidine, one of the latest synthetic
ancimalarial drugs, had been given a chinical trial in 31 cases of acute malaria, 23
among whom were suffering from acute zivax malaria, seven from acute falciparum
malaria, and onc from mixed acute sivax and faleiparum malaria.

The cascs were divided into three groups, first being treated with 2 X25 mg.,
second with 3 25 mg., and third with 4 X25 mg. of the drug, given in a single
dose.

The drug was effective in all the groups, but the clinical action of the drug
was slow, There were no fatlures in any group in cases of acute falciparum and mixed
acute givax and faletparum malaria.

There were na reactions to the drug with 50 mg. But with 75 and 100 mg.,
reactions occurred.  And some of them were dangerous.

The authors concluded that pyrimethamine possesses parasympathomimetic
properties, and the immediate reactions could be explained by them.
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THERAPEUTIC TRIALS WITH PYRIMETHAMINE (DARAPRIM),
RESOCHIN, AMODIAQUIN {CAMOQUIN) AND QUININE.*

BY
J. R. SRIVASTAVA,
i Depariment of Medicine, (. R. Medicel College, Gwalior,)
f Novembor 24, PG, o
Forry-magHT cases have been rreated so far of which 26 were due w P, falciparum
and 22 due to P. vivax infection. Quimine was vsed by parenteral route in six
cases of subtertian infection which presented symptoms of unconsciousness and
marked tox@min, necessitating emergent treatment.  The remaining 42 cases were
trecated with resochin, amodiaquin and pyrimethamine. The only criteria of

selection was that almost equal number of cases, hoth of wivax and falciparum
infection, be treated by each of the three drugs as under

Cases of P. vivax and P, falciparum treated with jour antimalarials.

Antimalarial, Toral nuniber Poovieas. - P falciparum,
© of cases.
Resoohin . 4 7 7
Anwxdizquin . K ' 3 i $
Pytimethansine... '. I b | 7
I :
DOSAGE.

Resochin, four tablers, was given in a single dose to hail’ the cases, and in
the other half, it was modified as follows @—

First day : Four tablets in the morning and two i the ¢vening.
Second day : Two tablets in the morning.
Third day : Two tablets in the morning.

*This paper way read at the * SYMPOSIUM ON PYRIMETHAMINE  held on November 21,
1933, a1 G. R. Medical College, Gwalior, under the auspices of Indiaa Councit of Medical Research.
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Vhis modified dosage was given only to the group showing heavy infection.
Amodiaquin was given in a single dose of three tablets each of o'z gm. Pyri-
methamine was given as one lablet in the morning and second in the evening,
cach of 25 mg. None of the patients turned up either {or relapse or recurrence
of symptoms.

OBSERVATTONS,

The results of this small group of observations are presented below -

i, Resochin.-—The drug was found to be very cffective in both the vivax
and falciparum infections. The temperature touched normal within 24-36 hours.
Almost complete clearance of parasites was noticed by 72 hours.  Toxic symptoms,
except for nausea and vomiting in two cases, were hardly any.

2, .dmodiaquin.--Lhis drug was found to be equally effective in both the
infections.  The time of clearance of parasitemia was very much <lose to that
abtained with resochin.

1. Prrimethamine~1t was more cffective in the wivax mfection. In two
' virav cases, temperature touched normal within 48 hours.  But in two cases of
heavy subtertian infection, which fell in the lot of pyrimethamine, the temperature
and parasiteraia porsisted for over 96 hours, after which other antimalarials had
to he nsed.  One thing was, however, observed that its action was rather delayed
compared to resochin and amodiaquin. Vomiting was present in two cases.
No other toxic symptoms were observed.

Comparative response of three antimalarials.

Firay inlvation, Faleipavam infection. |
| 5 | ¢ |
Antimatarial g L EE o, SE..
Anvimatarial. g P SEg g g § §E Remarks.
&g 3 ge 3 Bz2 | 843
£8s oo Ege & &h&
2 EE o == il g =
- R, R e
- as |
S . o e e e e R e L I
Resnchia - el 20 N3G To_0 ! Response sa:islactory.
i : |
Anodiaguin 4, 1L 20060 28 T2-U6 0 Response saisfaciory.
. ) [
Perimethamine .., 36-72 T2l 4310 Do~ 120 Twe failures with
i subtertian inlection.
: i Pelayed reszonse,
i ' E
DISCUSSION.,

‘This trial gives an opportunity of comparing the author’s results with others,
who have used pyrimethamine in the treatment of both sivex and falciparum
mfections, '
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ta) Vivax infecizon. - Covell et ol. {1953) gave pyrimethamine to acute cases
using the Madagascar strain of P. sivax, They noted a slow clinical response
even though it was given for five days. Wilson and Edeson {1953) in their series
also observed slow progress in 11 cases of rivax malaria, though no failures were
encountered, Jaswant Singh, Ray, Basu and Misra {1052 : 1953), however,
observed effectiveness of pyrimethamine in sivax malaria, though its action on
gametocytes was slower. The author’s finding of this delayed response is con-
firmed by many workers.

{6) Falciparum infection.—Wilson and Edeson {{oc. cit.) treated 26 cases of
Jalciparum infection giving 300 mg. of pyrimethamine in four days. They noted
seven failures and observed that the climical action of the drug was slow, and that
a third of this group had persistence of fever and symptoms even alfter disappearance
of trophozoites, Bruce-Chwatt and Archibald (1953} in their comparative study
of chloroguine, amodiaquin, pyrimethamine and azacrin in the treatment of
acute malaria, found all the four drugs equally good schizonticides. In the
present trials, two failures were observed in heavy subtertian infection treated
with pyrimethamine similar to thosce reported by Jaswant Singh, Ray, Misra
and Basu (1952) and Chakravarty and Chaudhuri {1g53). Besides, its delayed
action was again noted as with sivax infection,

{¢) Dosage of pyrimethamine.—~Although the dosage of pyrimcthamine, as
recommended by the Malaria Institute of India, was adhered to, yet it is felt
that this has got to be worked out carefully. Since pyrimethamine is a derivative
of diaminopyrimidine group, which belongs to the group of [olic acid antagonists,
larger doses have to be given with caution from the viewpoint of producing granulo-
cytopenia. Other workers who have given larger doses of pyrimethamine, either
on the first day or subsequently spreading for five days, have not found better or
remarkable response.

(d) Whether pyrimethamine can be used effectively for prophylactic use
or a3 a suppressant, has yet to be proved.

CONCLUSION.

The present series arc too smadl to draw any dehinite conclusion,  Probably
the most mportant criteria to 2 clinician in the choice of an antimalarial in the
ireatment of an acute attack is its clinical response,  In the opinion of the author,
pyrimethamine alone would not be the drug of choice, particularly in a heavy
mfection and more so in the faleiparum infection, because of its delayed action.
Probably its only superiority to others is its very small dosage.

ACKNOWLEDGEMENT,

For the present study, pyrimcthamine, resochin and amodiaguin were
kindiy supplied by the Malaria Institute of India, Delhi, for trial. During the
trial of these drugs, almost all the instructions of the Institute, regarding rotation
of groups, dosage, disappearance of parasitemia, ete., were followed.



350 Therapeutic Trials With Pyrimethamine (Daraprim).
REFERENCES.

Bnuoa-(]uwxrr, L. ). and Arcumasp, H. M.
1953

Brit, Med. 7., March 7, pp. 539-641.
CHAKRAVARTY, N. K. and annnma, R.N.

{1853) F. Ind. Med. Assoc., 22, p. 165,
CoveLrL, G., Saure, P G. and M.amrmv M.

(1953) - Brit, Med. J., August, | pp. 238-259.
Jaswant SinoH, Ray, AL T, BASU P.C.and

Misra, B. G. (1952} . Ind. 7. Mal., 6, pp. +35-440.

Idem (1953) ... Brit. Med. 7., June G, pp. 12601261,
Jaswanr Sivon, Kay, A. D, Mtsm, B.G. and

Basu, P. C. {1952} w. Ind. 7. Mal, 6, pp. 441447,

Wi son, T. and Enesox, J. F. B. (19‘:‘5) . Brit. Med, §., Janary 31, pp. 2068-264,



Indian Journal of Malariology, 1, 4, December 1953,

SUSCEPTIBILITY OF BLOOD-INDUCED P. CYNOMOLGI
INFECTION TO PYRIMETHAMINE (DARAPRIM),
PROGUANIIL, AND BROMOGUANIDE *

BY
C. 0. NAIR, mpu.,
A. P. RAY, M85,

AND

Lievr.-Covongr, JASWANT SINGH, m.., c¢h.p.{Edin.}, p.p.H.(Iing.},
DM, & #. (London).

{Malaria Institute of India, Delfi.)
{ November 2F, 10938, }

In laboratory studies, high degree of activity of pyrimethamine has been
demonstrated by various workers against several species of plasmodia ; against
P. gallinaceum by Falco e al. (1951) ; Jaswant Singh, Ray and Chandrasekhar
{1953) and Greenberg ¢f al. (1953) ; against P, berghet by Falco et al. {loc. cit.) and
Jaswant Singh, Krishnaswami ef al. {1952} ; against P. knowlesi by Jaswant Singh,
Misra ¢f al. (1951) and against P. cynomelgi by Falco e al. {loc. ¢it.} and Schmidt
and Genther {1953).

In the present paper, the authors report their findings on a comparative
study based on quantitative evaluation of pyrimethamine, proguanil and bromeo-
guanide against P. cmomolgi in rhesus monkeys.

MATERIALS AND METHODS.

Fifty-eight healthy rhesus monkeys weighing 25 to 5 kg, were used for the
study, All these monkeys showed negative tuberculin reaction prior to these
trials { jaswant Singh, Balbir Singh ¢f al.,, 1957 ; Nair and Ray (In press). The
methods used for testing the drugs were exactly on the same lines as reported in
the earlier publication (Jaswant Singh, Nair and Ray, 1953},

The strain of P. gynomolgi used for infecting the monkeys was the one isolated
by Sinton and Mulligan {1932). The dosage of inoculum in all cases was five
million parasitized erythrocytes per kg. body weight of the recipient monkey
administered by intravenous route. Thick and thin blood smears from these

*Summary of this paper was read at the “SYMPOSIUM ON PYRIMETHAMINE" held on November
21, 1953, at G. R, Medical College, Gwalior, under the auspices of Indian Council of Medical Research.
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monkeys were collected twice daily once in the morning between 800 and goo
a.m. and in the evening between 430 and 530 p.m. up to the last day of drug
administration, and subsequent to that only in the mornings. Parasite densities
were estimated as the number per 10,000 red blood corpuscles.

Drug administration to the amimals was commenced when o1 to o2 per
cent cell infection had been established. The dosages employed were always
in terms of the milligramme base of the drug per kg. body weight of ths animal
given once a day in the mornings for seven days. The drug was given from stock
solutions containing one mg. base ol cither pyrimethamine or proguanil or four
mg. base of bromoguanide per c.c. and kept in refrigerator. The necessary
dilutions were made at the time of drug administration and 5 to 10 c.c. was
administered orally using Ryle’s rubber tube. The dosage regimes employed
varied from 004 to 5 mg. base per kg, body weight of the animal,  One to nine
monkeys were used for testing each dosage regime, but at the minimum effective
dosage levels, at least three monkeys werce utilized,

The minimum dosage that cleared parasites from the peripheral blood of all
monkeys used for a particular regime at least by the day following the last dose of
the drug, was declared as the minimal effective dose *“ Class IT effect ¢f Shannon *
:Wisclogle, 1946). Those that showed significant reduction in parasitemia during
the course of drug administration as compared to controls but without the ultimate
cicarance of parasites within 24 hours after the last dose of the drug, were consid-
cred to exhibit the ““ Class T cffect of Shannon ™. I the course of infection was
not maiferially changed as compared to controls in spite of treatment, the drug at
that particular dosage regime was taken as ‘ inactive”. The blocd smears of
monkeys that became parasite free after the termination of treatment, were
examined daily for recrudescence (relapse) for a period of 30 days and those that
did not become positive up to that time, were subjected to splenectomy and
further blood examination for another period of g0 days. Failure 10 detect
parasites during this period was taken as complete cure of infection in these
monkeys 1.e. Class JTT effect.

RESULTS.

The results obtained with pyrimethamine are recorded in Table I. A dose
of vo5 mg. of this drug was not adeqguate in changing the course of infection in
rwo of the monkeys while o'1 mg. dose produced Class I effect in one out of the
zight monkeys, DPerhaps this is the Jowest dosage in this investigation, helow
which no antimalarial property ot the drug could be measured against this strain,
‘The minimum dosage that indicated a Class 1T effect was o'5 mg. Of the nine
monkeys placed on this regime, in nearly 45 per cent of the animals, there was no
response at all, while Class T effect was observed in 33 per cent, Out of the
remaining 22 per cent., Class 1T and Class IIT effects were observed in cqual
number of monkeys. Somewhat similar results were observed with 06 and o'y mg.
dosages., With 08, 0'g and 10 mg. doses, better results were observed, but Class
1T effect in hundred per cent cases could be obtained only with 11 mg. dosage.
Whereas 2'5 mg. dosage was cffective in producing only 50 per cent cures, the
highest dosage of 5 mg. cured the infection in buth the monkeys tried.
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weight, | used. | (mmllmr]" {number) | {mumber} j days.§ i
1 i ' H
- S - S— o DL S
w05 |2 02 e 4 P
. i. ’. 5 ! i
63 2 32 e :
5 ' ! | i
w2 L2 b ] P s |
3z 2 ! i %
' : i ; !
g ! & i ] 1 I ! ;
b5 4 1 st . 5
S B ; T D4 889,15 MED.
o7 2 | . S B ; A B T
08 3 1 15 12 [ 2 " 45 o

*Among those that showed Class [ effect. 1Since the cessation of treatraent,
1No refapse in two during 4 to 5 weeks observation when they died due 10 intercurrent disease.
$Became negative during the course of drug administration but parasites reappeared again before

the cessation of treatment.
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As could be seen from Table 11, only two monkeys each were placed on dosages
ranging from 0.05 to 0.4 mg. of proguanil. Up to 0*1 mg., the drug was ineffec-
tive in changing the course of infection. Doses of 02 to 0'4 mg., were, though not
cffective in clearing the parasites within the normal peried, enough to change the
course of infection to a milder one than in the controls. As compared to these,
o'5 mg. dosage controlled the infection in three out of four monkeys tried.
With 10 mg., parasites could not be detected in the peripheral Llood of any of
the five monkeys tried by the day following the last dose of the drug. In one, no
relapse occurred during the whole observation period.

Table IIT shows the results obtained with bromoguamde. Out of the three
munkeys treated with 0’5 mg. dosage, one each showed Class 1 and Class T1 effect,
and in the third there was no appreciable effect at all, A dose of 2'2 mg. was the
fowest that was found effective in producing Class 1I effect.

Tapre III.

Response of P. cynomolgi infection to treatment with bromoguanide,

: NATURE OF RESPONSE. RELAPSE, ¥ ,
Dosage  Number | ] : ! Remarks.
g, basef | ol @ Inactive | Class T j Class II | Class TI¥ Interval i
ke i animals ‘ (number). | eflect | effect effect  {Number.! in |
woight.  wsed. ; (number), ; (Rumber). | (number). days.t |
e | o b w
J : | ! . |
O N T SR ] 1 | s |
| .‘- {under observation) | )
ws L3 w2 18
i i : : ;
RUTE. S T T SR OCT B D
vz 2 s j '
s ] 3 ] Loost oo
| : : .
T § 3 3 2 2 . o35 ¢
: X f
22 F 3 ] [ 3. 335 | MED.
: I i :

* Among those that showed Class IT effect.
#From the cessation of treatment.

+One died of intercurrent disease after the cessation of treatment.

iParasites disappeared during drug adminigiration but reappeared hefore the comple ion of treaiment.

DISCUSSION.

The minimal effective dose for Class IT effect in blood-induced P. cpnomolgi
infection was found to be 1'1 mg. for pyrimethamine, 2'2 mg. {or bromoguanide
and 1'0 mg. for proguanil. In a previous communication, Jaswant Singh, Nair
and Ray (1953) recorded the MLE.D. of quinine as 20 mg. Thus the quinine
cquivalent of these three drugs is in the order of 182 for pyrimethamine, g1 for
bromoguanide and 2o for proguanil. Jaswant Singh, Basu and Ray (1g52)
reported that the quinine equivalent of proguanil in chicks infected with Pl
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gallinaceum was 16, Subsequently, Jaswant Singh, Ray and Chandrasekhar {1953)
observed that the quinine equivalent of pyrimethamine against the same specics
was in the region of 1066, As compared to proguanil, pyrimethamine was
reporied to be 30 times more active in £, ¢ynomolgi (Schmidt and Genther, loe. ¢it.),
four times more active in a non-virnlent strain of P. knewles: ( Jaswant Singh, Misra
et al., 1951) and 200 times more in P. berghet (Falco ef al., 1951). ‘These reported
results are in variance with the present observations, It is noted that actually
proguanil is slightly (1°1 times) more active than pyrimethamine in blood-induced
P. oynomolgi infection. The higher value of the minimal effective dose of pyrim-
ethamine obtained in the present investigation is attributed to (a) the © flat”
dose response curve, {b) the slow action of daraprim (Geodwin, 1952 ; Schmidt
and Genther, 1g53), and (¢) the particular standard (Class IT effect of Shannon)
followed for the estimation of M.E.D. in the present studies.

Considering the speed with which parasites were cleared from the peripheral
blood as well as the relapse rate, Jaswant Singh, Nair and Basu (1950) remarked
that bromoguanide was somewhat less potent than proguanil against P, gallinaceum,
P. knowlesi {non-virulent strain), P. ¢ynemolgt and P. mui.  The present investigation
confirms the superiority of proguanil over bromoguanide by finding the minimal
cffective dose of the two drugs against blood-induced P. ¢ynomolgt infection,

SUMMARY.

The comparative cfficacy of pyrimethamine, bromoguanide and proguanil
agamst blood-induced P. cynomolgi infection was determined using 84 rhesus monkeys,

The minimal effective dose of these three drgs was found to be 11, 22,
and 1o mg., respectively. The guinine equivalent, therefore, is 20 for proguanil,
ga for bromoguanide and 18 for pyrimethamine,
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PyriMprHAMINE has been assayed at this Institute against avian malaria
{ Jaswant Singh, Basu and Ray, 1951 ; Jaswant Singh, Ray and Chandrasekhar,
1953), rodent malaria {Jaswant Singh, Krishnaswami ¢t al., 1952}, simian malaria
(Jaswant Singh, Misra, Ray ¢ al., 1951) and human malaria {Jaswant Singh,
Ray, Basu and Misra, 1952 : 1953 ; Jaswant Singh, Ray, Misra and Basu, 1g952).
Further, Jaswant Singh, Ray, Basu and Nair (1952) have reported that P, knowlest
which develops resistance to proguanil, is also refractory to pyrimethamine,
Recently, Schmidt and Genther (1953) observed that a strain of P, ¢ynomolgi which
is normally sensitive to this drug, can be converted inte a highly resistant strain
by repeated treatment with sub-effective doses. Further, when such a resistance
is built up, the strain proved refractory to proguanil also, 1In their studies, pyri-
methamine was adminisicred for a period of seven days.

During the present studics, similar observations have been made with P,
cynomolgi but the course of treatment was much shorter (threc days) as is often
used for treatment of human malaria.

METHODS ANID MATERIALS.

Young adult rhesus monkeys of hoth sexes weighing 2'5 to 5 kg, were used
for these experiments. Prior to their usage, they were subjected to routine blood
smear examinations and tuberculin tests (Nair and Ray, 1953).

The strain of P. ¢ynomolgi used, was originally isolated by Sinton and Mulligan
. X g = ;

{1932) and ever since maintained by serial blood passages from untreated donors.

Summary of this paper was read at the « SYMPOSIUM ON PYRIMETHAMINE * held on November
21, 1958, at G. R. Medical College, Gwalior, under the auspices of Indian Council of Medical Research.

{ 357 )
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The animals were in all cases infected by injecting intravenously with
5 % 108 parasitized erythrocytes per kg. body weight.

For parasite count, Ehrlichs eye-piece adjusted to count roo erythrocytes
per field by the oil immersion lens, was used. One hundred such fields were
¢xamined for estimation of the number of parasites per 10,000 R.B.C. A smear
was declared negative only when no parasites could be detected in 100 fields of the
thick smear. The treatment was initiated when parasitemia reached o1 to o2
per cent cell infection.

Pyrimethamine was given in terms of mg. base per kg. body weight of the
animal, It was suspended in water and given orally in 2 to 10 c.c. volume, using
Ryle’s tube attached to a syringe, once daily for three consecutive days.

Monkeys which showed negative blood smears for a period of three to four
weeks after the cessation of drug administration, were subjected to splenectomy.
If an aninal remained parasite free for a period of four weeks after splenectomy,
it was considered to have been cured.

KNOQWN ACTIVITY OF DRUGS AGAINST THE PARENT STRAIN
OF P. CYNOMOLGL

08 to 1t mg dose of pyrimethamine for seven days cleared all
parasites from the peripheral blood by the day following the last dose of the
drug [Class II effect of Shannon (Wiselogle, 1946)] but on occasions even a dose of
o't mg. for seven days produced some deceleration in the course of parasitemia
{Class 1 effect of Shannon).

Similarly the dosages required to produce Class 11 and Class 1 effect of pro-
guanil were 1°0 and 0'2 mg., and for bromoguanide 2'2 and o-5 mg., respectively
{Nair, Ray and Jaswant Singh, 1953).

Results of the preliminary observations in the Malaria Institute laboratories
on the comparative efficacy of active proguanil metabolite and active
bromoguanide metabolite {Bami, 1953}, M 3349 (proguanil precursor), and
sulphadiazine indicate that approximately 0°2, 0'5, 15'0 and 0'25 mg., respectively,
are required for the clearance of parasites (Glass I effect) in blood induced
P. cynomolgi infection.

PROCEDURE.

Monkey 3084 was treated with a sub-effective dose of o*0or mg. base pyri-
methamine per kg. body weight a day for three days, Two days after the cessation
of treatment, 0°005 mg. was given for another three days, Two days later, the
dosage was again increased to 0'01 mg. After this, Monkey 3144 was sub-inocula-~
ted and treated successively with o-02, 0’04 and 008 mg. of the drug. Treatment
it all the cases lasted for three days and the interval between two successive treat-
ments was one to two days. Monkey 3198 was sub-inoculated from Monkey
4144 after the Jatter had received 0-08 mg. dosage. Further sub-inoculations were
made in this manner up to Serial Passage 4, and the recipient monkey received
double the dose every time. In the fifth serial passage, 5 mg. was repeated in
Monkey 3734- In the subsequent Serial Passages VI to IX, the doses were in-
creased to 7°5, 10, 12°5, 15, 17°5 and 20 mg., respectively, Further increase to
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225 mg. proved wxic o two mookeys treated |

L

the doses reached toxic level.
ployed are given in Chart 1.

Numbers 3945 and 3958).
cach serial passage, the donors were treated similarly with progressively increasing
doses till either there was clearance of parasites or the treatment failed even when
Details regarding serial passages and the doses em-
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ASSESSMENT OF THE DEGREE OF RESISTANCE DEVELOPED.

1t could be seen from Chart 1 that passage of the strain through the first
five monkeys treated with successively increasing doses, made the parasite to acquire
some degree of refractoriness, and during the sixth passage the recipient monkey
showed continued parasitemia in spite of a series of successive treatments with
7'5 10, 12’5, 15 and 17'5 mg. dosage regimes.

Tasre L.

Effect of daraprim on the daraprim resistant strain of P. cynomolgi,

i | : after cessation of treatment.
: ! Recrudescence 4 days after,

1
2 w3 %_g': ‘TOTAL PARAGITE COUNT PER [0,000 R.B.C. on
5‘5‘5 g DAYS FOLLOWING START OF TREATMENT.
35S RE | | ; Remarks,
“ 78 st | ond| 3rd | 4h | Bm | 6 | 7th
3508 | 05| 16 | 120 | 240 | 1200 | 700 { 200| 32 | Infection pessisted.
3523 | 06, 20 } 40 J 240 : 220 | 200 | 340 I 200 | Tnfection persisted.
i ; ! i : .
3519 1-0 ! 100 I§ 740 [ 1600 l 2200 1 1000 5 40 I‘ 80 | Infection persisted.
, | : | \ 1 R
3526 107 80 } 380 | 1200 | 1000 | 1000 | 700 | 600 | Infection persisted.
' - : ! : i
BIL| 23 P o L0 | 100 Te4 i 1000 1+ 1200 | 160 | Infection persisted.
i ! ! ! : )
8626, 25, 60| 106 | 150, 125, 120 | 120 200 © Infection persisted.
I N .
H 1 ! : i |
izl 5, 141 8 6, 2 2 2! Neg. | Temporary clearance, Re-
i ! I | ' !  erudescence 6 days after
; ' ! : ' { cessation of treatment,
a a ; I
EYPI i 8 500 iy : 8t} 14, T =l i Temporary clearance £ days
! 1
i
i

7 ; [
w10 gl wal ogeg 4 700 | 150 ! Died with high parasitemia

of the drug.

i
. , L 1ony
; : | L : ; i | on the fourth day afier the
i ; i 1 i : [ cessation of treatment.
: | ] [ : : [
iz . ki 30 E e | 650 1 800 v e D v | oo | Died with high parasitemia
: ; ) - | ! ! { on the fourth day after the
i l E i i ! i cessation of (reatment,
i . . L : L
3997 5| ] do0| .. | i | - | Died due ta the toxic effect
{ ; ! I I i of the drug.
:sosasj 15§ 35! 400 l' ,‘ i Lo | Died due to the toxic effect
: I i h i ; ; i of the drug.
: ! i
3903 20| 200 1 1000 | 1200 1 . | ... ! Dicd due to the toxic cflect
_— I

When it way observed that a 3-day course with 22+5 mg. {Chart 1} was too
toxic to the animals (Monkey 3945 and 3958), thirteen normal monkeys were
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sub-inoculated from Monkey 3934 (the donor in Serial Passage 12) showing persist-
ent parasitemia subsequent to its treatment with 20 mg, for three days, There-
after two monkeys each in six groups were treated with varying doscs of 05, 1,
235, 5, 16 and 15 mg. base for seven days, The remaining one received 2o mg.
dosage. At the same time, two additional monkeys were inoculated from the
parent strain of P, cynemolgi and treated one each with o' and 0'8 mg., respectively,
for the same peried. The effects of treatment are shown in Tables I and II.
Whercas with the parent strain, clearance of parasites could be obtained two days
after the cessation of treatment with o1 g, the infection persisted in all the
monkeys inoculated with the resistant strain even when treated with ro mg. dosage
{Chart 2). Higher doses than this generally proved fatal.

TasrLe 1f.

Effect of davaprim on the parent stain of P. cynomolgi. -

o :
x PR s i Fovan parssite cotnr prr 10,000 RB.C. on
B8 | gL DAYS FOLLOWING START OF TREATMENT,
ZE | & ‘é" l : : e e ] Remarks.
P [ st f2md | 3ed | 4ch | stk Da | 7o
3580 0 0 b1 40 i 800 638 | 6w | 500! 360 | 180 | Negative 2 days after the
: ! i i i i ; cessation of treatmoent.
i i i ; ! -+ | Transient parasitemia 20
! l é | [ i { days after.
: i : :
Wit o 1w Lo L AEIY O SO | Franstent parasitacmia 7
' § i ; i ! | : " clays after cessation of
i i

] : ! i Ireatment.

RESPONSE OF THF RESISTANT STRAIN TO OTHER DRUGS.

Two monkeys (Numbers 3996 and g057) were infected with the resistant
strain.  Monkey 4057 was given 30 ing. proguanil and the other 15 mg. proguanil
a day for seven days. While the former dosage proved effective, the infection
persisted for scveral days even after treatment with 1735 mg. In Chart 3, the
comparative effect of the drug against the parent and resistant straing is shown.

Bromoguanide.—Response of bromoguanide against the resistant strain was
wied in three monkeys (Numbers 4104, 4080 and 4058). Of these, Monkey
4058 was treated with 30 mg., 4080 with 15 mg. and 4101 with 10 mg. dose of
bromoguanide for seven days. The resuoits, except of Number 1058, are indicated
in Chart 4. Monkey 4058 responded well to treatment.  In Monkey 4080, there
was first temporary clearance of parasites but the infection reappeared again before
the cessation of treatment, The reappearance of parasites during treatment is
probably an indication of the early appearance of resistance to the drug {Cooper
¢t al.,, 1950}, In the third monkey, the infection proved insensitive to treatment
with 10 mg. dosage.
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CHART 4.

EFFECT OF BROMOGUARIDE ON PARENT AND
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Proguanil and bramagumzde metabolites.—QOne monkey each was treated with
15 mg. of proguanil active metabolite-dihydrotriazine, and bromoguanide active
metabolite-dihydrotriazine for seven days. In both cases, the inlection was not
amenable to treatment {Chart 5). Thus it would appear ‘that resistance to pyri-

methamine directly influenced the response to proguanil and bromoguanide and
their metabolites.

Paludrine precursor M 3349.—This drug was administered in 15°0 mg. dosage
for seven days to two monkeys, one infected with the parent strain and the second
infected with the pyrimethamine resistant strain. Both the strains proved to be
equally snsceptible,

Sulphadiazine.—Sulphadiazine in 20, 15, 1°0, 05 and 025 mg. dosages was
administered for seven days to one each inoculated with the resistant strain.
The response was good in all cases and the parasites disappeared within the period
of drug administration. Thus the resistant strain appears to be equally susceptible
1o sulphadiazine like the parent strain,
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CHART &,

EFFECT OF ACTIVE METABOLITES OF PROGUANIL AND BROMOGUANIDE
Ot PARENT AND DARAPRIM RESISTANT STRAINS OF P CYHOMOLG),
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Chioroguine.~--Chloroquine in 1'5 mu. basefkg. dosage which is also the
minimum effective dose of the drug against the normal strain (Jaswant Singh,
Nair and Ray, 1g53), was tried against the resistant strain. Complete clearance
of parasites was obtained within 36 hours. No change, therefore, was evident in
the susceptibility of the resistant strain.

DISCUSSION.

Ohbservations in these lahoratories involving several monkeys show that the
course of parasitemia in untreated monkeys inoculated with five million parasitized
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erythrocytes per kg. body weight of the parent strain, consists in the following order
of sequence.
(1) Prepatent period 24 to 72 hours.
{2) Acute primary attack for about six to ten days.
{3) Parasitic crisis.
{(4) Developed infection with continued low parasitemia lasting a few days
to two or three weeks, interrupted by sharp rise in parasitzmia in some
cases at irregular intervals during this period (Chart 6).
(5) Latency followed by

{6) Several relapses at irregular intervals.

CHART G.

COURSE OF BLOOD INDUCED P.CYNOMOLGI INFE CTION
IN UNTREATED MONKEYS
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In some cases, the animals died due to secondary anzmia, either during the
parasitic crisis or subsegeunt to that
~ The procedure involved in the development of pyrimethamine resistant
strain of P. cynomolgi in the present experiment, consisted of three days consecutive
treatment of P. ¢ynomolgi blood-induced infection with gradually increasing doses
of daraprim and transfer of the strain, successively to fresh monkeys. ‘These serial
passages were done in all cases before the actual clearance of parasites from the



Jaswant Stngh, C. P. Nairy A. P. Ray and B. 5. Misra. 307

peripheral blood of the donors, which occurred either as o result of treatinent or
host’s immunity reaction, as may beevident fromthe course of parasitemia referred
to above, Thus, since starting the treatment with a sub-cflective dosage of 0'001
mg. base/kg, body weight of the monkey, the dosage was gradually worked out to
20 mg. Dosages higher than this proved invariably toxic and hence further attempts
Lo build up the resistance had to be abandoned.

Definite indication of the development of resistance was evident in Serial
Passage 4, at which stage, the donor Monkey 3796 consistently showed parasites in
circulating blood even after treatment with five dosage regimes, consisting of 7°5,
10, 12°5, 15 and 17'5 mg. of the drug, Thus it would appear that even with a
fimited sub-passage, refractoriness could be produced easily.

In the final assessment of the degree ol resistance developed after the
eleventh serial passage, it was found that the resistant strain was refractory to a
treatment with 10 mg. pyrimcthamine for seven days. This s actually about
ten times the amount of drug which is required to clear the infection caused
by the parent strain, by the day following the treatment, and about one hundred
times the amount which causes cither a deceleration of parasites during treatment
or clearance of parasites from peripheral blood within two or three days after the
cessation of treatment.

Schmidt and Gentber {1954) in a similar experiment could cvoke at least
a thousand fold change in response to pyrimethamine against P. ¢ymemolgt by
treating with successively increasing doses and passage of the plasmodia to new
monkeys until a point was reached when the drug in daily dose of 2°5 mg./kg.
had little or no effect on parasitemia.  Thus the degrec of resistance obtained in
their experineni was much more than what is recorded in this paper. But this
can be easily explained by the fact that the experiments in the two laboratories were
done under different methods with significant variation in the dosage of inoculum,
time of treatment, etc. Moreover hfferent criteria are adopted in the estimation
of the minimum effective doscs on the basis of which the degree of resistance
obtained is finally calculated. On account of the * flat ” dose response activity
of pyrimcthamine, the M. E.D. becomes much higher when the method generally
followed by the authors is adopted (Nair, Ray and Jaswant Singh, 1953}

From the figures already given in the preceding paragraphs in respect of the
M.E.D. of proguanil, bromoguanide and the active metabaolites of these two drugs,
and the dosages of these drugs found ultimately refractory to treatment against
the pyrimethamine resistant strain, it is clearly evident that therc 15 cross resistance
hetween pyrimethamine and the above four drugs.  The degree of resistance mani-
tested was found to be fifteen times in the case of proguanil, seven times in the case
of bromoguanide and approximately seveniy-five and thirty times, respectively,
with the metabolites 0? these two drugs.  Schmidt and Genther (1953} also
showed that pyrimethamine resistant trophozoites are equally refractory to treat-
ment with proguanil, Jaswant Singh, Ray, Basu and Nair (rg52) reported that
proguanil resistant P. knowlesi strain needed r6oo times the MLED. of 50-63
{daraprim). The Malaria Institute lahoratories have aiready got a strain of the
virulent P. knowlesi which is highly resistant to pyrimethamine treatment. Several
workers have already reported the cxistance of proguanil resistant strains of
human plasmodia.
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Recently, Hernandez ¢ al. {1953) could induce in the chesson strain of P. zivax
more than twenty-five fold resistance to pyrimethamine. Authentic reports about
pyrimethamine resistant strain in human malaria, under field conditions, are
however yet to be reported.

Resistance to antimalarials is generally worked out in the laboratories by
{ollowing 7-day treatment regimes. But there is the disadvantage that by following
rhis method, the results obtained cannot be interpreted with much confidence,
regarding its applicability to human malaria, as under natural circumstances,
people are reluctant unless supervised to take drugs over such prolonged periods.
On the other hand, the present experiment with the three days treatment courses,
has greater significance in the fact that it parallels to a great extent the irregularities
of dosages in a population and the short term, comparatively small doses, that
are generally recommended for therapeutic and suppressive treatments with pyri-
methamine. The rapid way by which the drug fastness could be produced in the
laboratory in this way should scrve as a warning that such happenings could
happen in human malaria also.

This position, together with the possibility of cross resistance between
proguanil and daraprim and vice verse, will have to be borne in mind in their use,

SUMMARY.

A pyrimethamine resistant strain of P. oynomolgi was develuped in the
laboratory by treating the parent strain with progressively increasing doses of the
drug and serially transforming the infection at different stages of the experiment
1o fresh monkeys. Cross resistance tests showed that this strain was highly
vefractory to treatment with proguanii, bromoguanide and the active metabolites
ol these two drugs but not to M 3349 (precursor of proguanil}, sulphadiazine and
chloroquine.
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STUDIES ON NURI STRAIN OF P ENOWLESI,

II. Therapeutic effect of pyrimethamine, proguanil and guinine.*
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oM. & H.(Lond.).
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{(November 2], {953.}

A straiv of P. knowlesi originally isolated by Sinton and Mulligan {1932)
had, by 1949, lost its former virulence {Jaswant Singh ef al., 1g49a). Working
with this strain, the same workers (19495) reported that in trophozoite-induced
infection, action of proguanil was tardy as compared to that of chloroquine and
amodiaquin (camoquin). Subsequently, Jaswant Singh ef a/. (1951) showed that
pyrimethamine was four times more active than proguanil against the same strain
of P. knowlest.

In the present report, results have been recorded of a similar assay of the
comparative merits of pyrimethamine, proguanil and quinine against blood-
induced infection of a highly virulent strain (Nuri) of P. knowlesi isolated early
in 1953 from a ‘Kra’ monkey in Malaya and passaged to S. rhesus monkeys
{Jaswant Singh, Ray and Nair, 1955 ; Edeson and Davey, 1953}

METHODS AN} MATERIALS.

One hundred and two young normal monkeys weighing 2'5 to 6'0 kg. and
infected with the Nuri strain of P. knowlesi (using a standard dose of inoculum of
five million parasitized erythrocytes per kg. body weight of the animal) were utilized
for these experiments. The inoculaton was given by inrravenous route usually
soon after sporulation had occurred in the donor..

"+ Abstract of this paper was read at the © SYMPOSIUM ON PYRIMETHAMINE * held on November
25,1953, at G. R. Medical College, Gwalior, under the auspices of Indian Council of Medical Research,
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Blood smears (both thick and thin on the same slide) were prepared from
these monkeys both in the morning and evening from the day following the
inoculation up to the day following the cessation of treatment. Thereafter it was
collected only once a day in the mornings. The smears were stained with J.5.B.
stain {Jaswant Singh and Bhattacharji, 1944) and parasite count estimated in
terms of the number of parasites per 10,000 R.B.C. If no parasites could be
detected in 100 fields of the thick film, the smear was considered negative,

Drug administration was commenced at the stage of 05 to 10 per cent
cofd infection. The dosages employed were in terms of milligrammes per killo-
gramme body weight of the animal and were administered orally for seven days
using Ryle’s tube attached to a syringe.

Criteria for the assessment of results were based mainly on the disappearance
ol parasites from the peripheral blood by the day following the last dose—Class 11
eflect of Shannon (Wiselogle, 1946). The minimum dose which produced
such an effect was taken as the minimum effective dose (M.E.D.). Where the
average daily parasitemia and the peak were significantly lower than in the
comparison scries, and the animals survived for three days after the cessation of
drug administration, the result was registered as Class [ effect.  Those animals in
which a Class II effect was ohserved, were kept under observation for a period of
four weeks, If no relapse occurred during this period, they were subjected to
splencctomy and their blood smears examined daily for a further period of four
weeks. If no parasites were observed in the peripheral blood during this period,
the animals were considered to have been completely cured (Class III effect of
Shannon).

Tasre I,

Effect of quinine on P. knowlest (Nuri strain) infection.
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RESULYS,

Quinine.~From Table T, it would be obscrved that a dose of 15 mg./kg,
was ineffective in changing the course of parasitemia as compared to the untreated
series.  No consistant result was obtained with any of the dosages ranging from
20 to 27 mg. base per kg. body weight of the animal.  Of the five monkeys that
recetved 20 mg. doses, one showed Class T effect, two Class 11 effect and one
Class I effect.  In the fifth monkey, this dosage proved incffective.  With 25 mg.
while Class I eflect was recorded in two monkeys, the infection was completely
cured in the other three. However, when a dose of 3o mg./kg. was administered,
parasites were clearcd from peripheral circulation in all the five monkeys within
w2 to 120 hours. This dosage, therclore, represents the M.LED. of quinine.
Three monkeys relapsed within five to seven days after the completion of treatment
but the others remained negative throughout the observation period.

Tasre [1.

Effect of proguani on P. knowlest (Nuri strain) wifection.
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Proguanil. —Results obtained after trecatment with different doses of proguanil
are shown in Table II. None of the monkyes treated with o-o01 or oor mg.
doses responded to treatment but succumbed to infection. With o0-03 mg. dose,
Class T effect was obtained in two out of four monkeys, and in the rest there was
no effect at all. The results obtained with o005 to 017 mg./kg. doses were also
variable. While Class IT effect was attained in some, in others complete clearance
of parasites from peripheral circulation was not ohserved. On the other hand,
parasite clearance was obtained within 48 to 120 hours in all monkeys treated with
o2 mg. or above. Thus the minimum dose which was able to produce Class II
effect was o'¢ mg.j/kg. and this was taken as the MLE.D.of proguanil. While
recrudescence was common in those treated witho'2 or o-3 mg./kg., results attained
with @'5 mg. dose showed Class IIT effect in all the three monkeys. Parasite
clearance in these cases occurred with 48 to 72 hours.

Tasre 111,

Effect of pyrimethamine on P. knowlesi (Nuri strain) infection.
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Pyrimethamine.—The details of the results in the series treated with pyri-
methamine are recorded in Table III. A dose of 6-00001 mg.fkg. did not have any
effect on the course of parasitemia in any of the monkeys treated. The results
obtained in the series treated with 0'0001 to 0'04 mg, were varied. In some cases,
the drug proved wholly ineflective whereas in others it showed either Class I or
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Class Ii effect.  In one anbmal, even Class 11 effect could be detecled with a dose
of orcor mg./kg. But in nonc of the series, complete clearance of parasites in
alt the animals, could be obtained bv the day following the last dose of the drug
(Class II effect) until the dosc was increased to o'05 mg./kg. or above. Thus the

M.E.D. was established as 005 mg./kg. In the latter series, the clearance occurred
hetween o and 84 hours.

DISCUSSION.

Jaswant Singh, Nair, Ramakrishnan and Ray {1953 recorded the course
of untreated infection caused by the Nuri strain of P. knowlesi in healthy S. rhesus
monkeys. Death occurred in these animals within five to six days from the first
appearance of parasites in the peripheral blood with a peak parasitemia of more
than go per cent. For the sake of brevity, details like average daily parasitemia,
peak parasitemia, day of death etc., in some of the treated monkeys in this investiga-
tion are not included in this report, but it may be said that the infection in most
of the animals not affected Dby treatment, ran more or less a similar course. as in
the untreated controls.

In all quantitative therapeutic studies against P. ¢yomolgi and the non-
virulent strain of P. knowlesi, it has been the practice to imitiate treatment when
infection reached o0°1 to o'2 per cent cell infection. But during trials against the
present strain (Nuri) of P. knowlesi, it was experienced that it was hardly possible to
get as close as to 01 to 02 per cent cell infection, on account of extremely rapid
multiplication of the parasites. Therefore, treatment was commenced when
parasitenia reached between the range of 0’1 to 170 per cent cell infection.

The minimum effective doses (MLI.D.) of quinine, proguanil and pyri-
methamine have been found to be 30, 02 and o005 mg./kg., respectively. Thus
the . quinine equivalent {Q.E.} of proguanil is 150 and that of pyrimethamine
Goo. Against P. gallinaceum in 7-day old chicks, it was earlicr observed that the
M.E.D. of quinine, proguanii and pyrimethamine were 16 mg./50 gm. (32
mg./kg.), 0’1 mg.f50 gm. (20 mg./kg.) and oooig mg.fs50 gm. (o003 mg.fkg.)
respectively (Jaswant Singh, Basu and Ray, 1952 ; Jaswant Singh, Ray and
Chandrasekhar, 1g53). Thus the Q.E. of proguanil and pyrimethamine were
calculated to be 16 and 1066 i.e., pyrimethamine is 66 times more active than
proguanil against P. gallinaceum. On the other hand against P. knowlesi (Nuri),
it was found to be only {our times more effective and this ratio is actually the same
as recorded by Jaswant Singh, Misra ef af. (1951} in the case of a non-virulent strain
of P, knowlest, notwithstanding the different results attained by Nair of al. (1953)
against P. cynomolgi where it was observed that proguanil was slightly (11 times)
more aclive than pyrimethamine. Working with the latter species (P. cynomolgi),
Schmidt and Genther (1953) showed that pyrimethamine was more potent than
proguanil. Even in the absenee of a strain difference, such a reversal in the
comparative efficacy of the two drugs is perhaps possible when it is considered that
pyrimethamine has shown a ‘fat’ dose response curve much more than proguanit.

There is one other point which needs some consideration. It was observed
that during treatment with proguanil, some monkeys receiving o'1 to 0°17 mg./kg.
showed a temporary clearance or marked reduction of parasitzmia initially, but
fater parasites either reappeared or increased in number before the actual cessation
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of wreatment. Such reappearance of parasites is generally believed to be an
indication for development of acquired resistance to a drug (Jaswant Singh, Nair,
Ray and Misra, 1953). It may also be noted that such results were obtained only
in dosage ranges approximating the minimum cffective dose of the drug. Similar
results were also observed in a few cases treated with pyrimethamine. It is now
a well established fact that different species of parasites become refractory to these
two antimalarials. In the face of this evidence, one is apt to speculate on the
possibility during the search for potential antimalarial drugs of carly detection,
either during screcning or at subsequent stages, of newer antimalarials readily
producing resistant strains of plasmodia,

SUMMARY.

{Quinine, proguanil and pyrimethamine were tested in 102 5. 2hemus monkeys
infected with the blood forms of the highly viraulent P. knowlesi (Nuri strain) para-
sites following the usual standard techniques adopted in the Malaria Institute
Jaboratories.

The minimum eflective dose of quinine was found to be 30, of proguanil
o 2 and of pyrimethamine o005 mg. base per kg. body weight of the animal, The
guinine equivalent, therefore, of proguanil is 150 and of pyrimethamine 6oo.

It was ohserved that in some monkeys treated with proguanil and pyrimetha-
mine in doses approximating to the MLE.D. of the respective drugs, rhere was a
temporary clearance of parasites followed by their reappearance before the cessa-
tion of treatment.
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iNovember 21, 1953.)

PyriMETHAMINE {Daraprim), the latest of the series in synthetic antimalarials,
has been developed after the last World War.  Though search for effective pyri-
midines had commenced much earlier, Curd ef af. (1945) and Curd and Rose
{10464a : 19466 : 1946¢) synthesized series of compounds hke M-2665 and M-3349.
While M-3349 was the turning point from pyrimidine derivatives to proguanil,
Hitchings ef al. (1948) observed that some pyrimidine compounds were antagonistic
to PGA (Pteroylglutamic acid) in the same way as proguanil. This led finally to
the development of several substituted 2 © g-dimwnopyrimidines, and pyrimethamine
has been found to be the most effective of that series.

After hearing the present discussions, I am prompted to classify the work
carried out into (1) Laboratory studics, and (2) Clinical and field studies. They
include prophylactic, suppressive, therapeutic, curative, biochemical and toxico-
logical aspects in the field of chemotherapy in addition to studies refated to
potentiation tests and the development of acquired resistance in plasmodia.

CAUSAL PROPHYLACTIC ACTION,

Pyrimethamine was lound fo be effective as a causal prophylactic against
P, gallinacewm in fowls { Jaswant Singh, Basu and Ray, 1952) and chicks (Greenberg,
Coatney and Trembley, 1953), but Schmidt and Genther (1953) report that
against P. cynomolgi in rhesus monkeys, it is a suppressant.

In human malaria, Goodwin (1952) and Covell et al. {1953} have shown
that not unlike proguanil, pyrimethamine is effective as a causal prophylaetic
against P. falciparnm. Coatney et al. {1953} observed that in sporozoite-induced
P. vivax infection  the drug is not troe causal prophylachc though evidently the
prepatent perlod is Ieng’thcned to a great extent’

*This paper was read at the « SYMPOSIUM’ ON PYRIMETHAMINE » held on November "I
1953, at G. R. Medical College, Gwalior, under the auspires of Indian Councit of Medical Rescarch,
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ACTION AGAINST ASEXUAL ERYTHROCYTIC FORMS,

High degree of activity of pyrimethamine in small doses against P, gallina-
cewm has becn observed by Jaswant Singh, Ray and Chandrasekhar (1g53) and
P. berghei by Jaswant Singh, Krishnaswami et al. (1952). It has also been said
that it is four times more active than proguanil against P. knowlesi { Jaswant Singh,
Misra et al., 1951). TFalco ¢f al. (1951) and Schmidt and Genther {(1953) report
that it is many times more active than proguanil against P. ¢momolgi infection,
while Nair {1953) reports that the M.E.D. of pyrimethamine for Class IT effect is
higher than proguanil.

Against P. pivax infection, opinions are more or less unanimous that majority
of cases react well with as small a dose as 25 to 50 mg.

From the reports of Chakravarty and Chaudhuri (1953), Srivastava (1953)
Srivastava ¢f al. {1953) and our published work {Jaswant Singh, Ray, Misra and
Rasu, rgs2), it would be evident that action of pyrimethamine in P. falciparum
infection is comparatively slower than any of the g-aminoguinolines.  Moreover
some cases are either relractory from the beginning or recrudescence occurs ire-
quently. On the other hand, Schaeider et al. (1952) and McGregor and Smith
11952) had reported excellent results against P, falciparum iniection.

From Dr. Laha’s observation (Laha e al., 1953%a : 19538), it would appear
that a single dose of 3 X25 mg, is better than with 2 X25 mg., but they state that
some untoward side effects developed in this dosage. With 4 X25 mg., the clinical
response was in no way better than 3x25 mg.

It would seem that at least against certain strains of P. falciparum, the drug,
in doses of 25 to 50 mg., is not as effective in all cases.

SUPPRESSIVE TREATMENT,

From reports available from this country and abroad, it would appear that
it is indeed an effective suppressant in as small a dose as 25 mg. 2 week., In this
dosage, no report of any toxic manifestation has been received so far,

Although we are not aware of the correct price structure, yet it js hikely that
in view of the comparatively small doses required, it would be available at lower
costs than other antimalarials.

At this stage, we have to consider two aspects.  Firstly, there is an increasing
evidence that pyrimethamine is likely to give rise to resistant strains of plasmodia
{see below). Secondly, in view of the large scale malaria control project as envisa-
ged under the National Malaria Control Programme, need of large scale use of
any antimalarial does not arise.

RADICAL CURE.

~ Coatney e al. (1953) reported that in P. vivax infection, if the initial treatment
is followed up by a weekly dose of 25 mg. pyrimethamine for cight weeks, a radical
cure is ‘effected. This has been termed by them as * suppressive cure ”,
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In order 1o determine whether such a regime i really cffective under field
conditions, similar studies have been taken up at eight centres in India, In addi-
tion to pyrimethamine, some cases have been placed under primaquine for com-
parative studies.

Preliminary reports appear to be encouraging,
TOXICOLOGY.

From laboratory investigations it would appear that pyrimethamine is four
umes more toxic than proguanil {Jaswant Singh, Misra e ol., 1951) and when the
drug is administered daily in comparatively large doses, there is considerable
damage to the liver and kidneys {Jaswant Singh, Ray, Misra and Basu, 1953).

Hitchings (1952) reported that in prolonged, uninterrupted daily dosage
{large) of pyrimethamine, toxic manifestations were seen in rats which are
analogous to dictary deficiency syndrome observed after deprivaton of folic
acid and its congeners. Ramalingaswami and Sriramachari {1953} arc now
studying the effect of vitamin B,, on the toxicity of pyrimethamine in rhesus
monkeys.

During trials against human plasmodia, no toxic manifestations have so far
been recorded in 25 to 50 mg. dosage, However, Laha et al. (19534) observed
several cases of untowad side cffects attributed to pyrimethamine in 75 to 100 mg,
single dosage. In some, the condition was severe enough for prompt medical
attention.

ACQUIRED RESISTANCE.

Although sufficient evidence relating to developmeni of acquired resistance
to pyrimethamine in human malaria is not available at the moment, laboratory
studies have shown that high degrec of acquired resistance can be built up in
P. gallinaceum (Wilson et al., 1952), P. cynomolgi and P. knowlesi, and that a strain
resistant to pyrimethamine Is tross resistant to proguanil and proguanil analogues
and wice versa {Jaswant Singh, Ray, Basu and Nair, 1952 ; Schmidt and Geather,
1953 ; Jaswant Singh, Ray, Misra and Nair, 1953). Further, it has been shown
that a strain of P. gallinaceun which has developed resistance to pyrimethamine,
retains its character even after mosquito passage (Jaswant Singh, Ramakrishnan
o al., 1952).

SYNERGISTIC AGTION,

The observations receutly made by Jaswant Singh, Ray, Misra and Nair
(1953} and Ray el al. {1958) in P. gallingcewn and P. faleiparum that quinine and
pyrimethamine potentiate the action of cach other, are interesting and open newer
lines of studies.
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SUMMARY.

To sum up, therefore,

‘ay the drug has causal prophylactic action against some species of
plasmodia like P. gallinaceum and P. falciparum.

(b) Ttis a good suppressant and is effective for suppressive treatment in small
weekly doses of 25-50 mg.

(¢) Tt is effective in small doses in most cases of acute infection due to any
of the three human plasmodia but its action is somewhat slower than the 4-
aminoquinolines. A few cases of P. falciparum have heen found to be refractory, and
carly recrudescence has been observed in a few others. It is yet to be seen how far
pyrimethamine can be regarded as a suitable drug against Indian strains of P.
falciparum.

(d) Some workers have labelled pyrimethamine as having the potentialities
ol being a dangerous drug. But majority of the investigators failed to disclose any
toxic manifestations attributable to pyrimethamine administered in 25 to 50 mg.
dosage. It has also been reported that pyrimethamine has antirelapse propertics.
Large scale investigations are now in progress in the country, and definite opinion
will have to await their completion.

() Development of acquired resistance to the drug in a few plasmodia has
been observed in the laboratory, and this is no doubt disturbing, But it must be
said that the process has taken some time after the hosts had been treated with
sub-effective doses for a prolonged period. It would, therefore, be interesting to
know whether under natural conditions similar resistance could be developed in
human cases.

(f) Some new light has been thrown regarding the action of quinine and
pyrimethamine when administered concurrently, and further studies should be
undertaken on these lines.
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