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Plasmodium berghei: in vitro Microtechnique for
Preliminary Screening of Antimalanals

S SINHA' A. GAJANANAL VIJAY KUMAR SINGH: and AN, RAT CHOWDRHURI

I vitre miceoiechnigue for testing antimalanals using short-term cultures of Plavmadiunr herghei has been
described. The inhibition of maturation was the hasis for assessing antimalarial acuvity, Dose-response curves
for chlarnguine, guinine and mefloguine were determined. Fxperiments with mefloquine resistant strain
indicated utility of the test in comparing the effect of drugs in normal and resistant strains.

INTRODUCUTION

Search for simple and reproducible in virro tests
for screening large number of compounds eco-
nomically has assumed importance with growing
interest to synthesise new antimalarials. Earlier
studies using Plasmadium berghei for screening
compounds in vitre have been based on bio-
chemical methods {Cenedella and Saxe, 1967,
Richards and Williams, 1973), This paper
reports a simple in vitro microtest where inhin-
iion of maturation te schizont was the basis for
testing antimalanals,

MATERIAL AND METHGDS

Medium — RPM1-31640 complete medium (Ras
Chowdhuit #r ol 1979 adjusted to pH 7.5 with
505 sodium bicarbonate was used.

Antisnaiarials— Stock solutions of chloroquineg
phosphste (Baver's Resochin, 30 mg base; mb
quining bihydrochioride (Bengal Immunity, 240
mg hase;ml} were injectable solutions. Stock
sohition of mefloguine hydrochlaride (8.9 mg
hase /ml) was prepared in the laboratery, steril-
ized by filtratonand stored ai 4° C. The dilutions

devepred for priebliceton. 3 ebraan 1982,

- National Institule of Communicahh: Diseases,
32, Sham Narh Marg,
Dyeihi- 110054,

were prepared from stock solutions in complete
medium and used in the test,

Parasites— NICD strain of Plasmodium berghei
susceptible to chioroquine, quinine and meflo-
quine {Ramakrishnan e af., 1957, Kazimer al,
1979} was maintained in adult albino rats. This
strain iy designated as normai strain (NS).
Weanling rats inoculated with a mefloguine res-
stame strain {MRSY iKazim er al. 1979 of
Poherghei were received from CDIRI Toucknow.
In vitro microtest— Blood was collected in
nepanin (20 LU fmi) from donor rats with [ to 2
per cent parasitaemia, Tests were put upin sterile
mutti well polysterene plates {Laxbro, Pune)
with 6x10 mm flat bottom wells. essentially by
the method of Rieckmann o7 al., {1978). Gach
well received 100 mel of complere wedium with
aest) or without fcontrol) drugs and 10 mel of
parasitised hlood. Duplicate wells were used for
zach drug concentration as well 28 controls. The
plares were incubated at AP C for 16-18
.except for those used in time-course cxperi-
menzs). Thin smears were prepared from pre-
-ncubation samples and from each well after
-neubation, stained with Giemsa: JSB stain and
asifferential counts of 100 asexual parasites from
sach ymear were recorded The number of schi-
zunts i drug samnoles was cxpressed 3s peregn.
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rage of conutrals, The eftective dose was the
lowest concentration of the drug which inhibited
maturation by greater than 90 percent (ED>>90).
(oncentrations of drugs have been expressed as
ng per mcl of bleod in culture.
REELYS
Time sovrse studies— In order to determine the
optimum period of incubation, smears prepared
irom cultures of NS at 12, 16, 20 and 24 hours
were examined and the mean values of matura-
ton of 9 expeniments were 39, 76, 90 and 95%
respectively. In 24 hours” samples many mature
schizonts rupsured while preparing smears which
nterfered with counting, Therefore, in subse-
guent 735 different experiments cultures werg
‘noubated tor 1610 18 hours asa standard proce-
dure. Resutlts {Fig. 1) showed that the mean per-
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Fig. 2 Dose response curves {or chioroquine, gunire and
mefloquine against P borghei (NS) n vine (Each
puint represents mean saiues of 9 and 2experiments
with chintoguine and mettoguine respectively and |
saperiment with guinine. “umbers denme standand
2ITOTS. Y

Dose response studies~ in the tirst series of
expenments the effect of 10-foid increasing con-
wentrations of chioroquine, quinine and meflo-
quine against NS was studied (Fig. 2). EDD>%)
were 3, 24 and Y ng respectively. A further 10-
toid increase beyond these drug conventrations
did not bring about appreciable difference ("tail-
mg off effect™). Further experiments with narrow
ranges {Fig. 3) showed that the ED>9%0were 3,12
and 2.2 ng respectively. Effect of mefloguine
against MRS and NS given in Fig. 4 indicated
that ED>9} of MRS (500 ng) was 100 umes
grreater than that of NS (Y ng).

Comparison of maturation and infectivity of
P.berghei (NS) rreated with chinroguine in
sitro— Cultures were set Jp in pormal medivm
and medium containing 1.3 and 3.0 ng of chioro-
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Fig. 3 P.berghei (NS) in vitro: Effect of antimalarials.(Each

point represents mean values of 22, 9 and 5 experi-
ments with chloroquing, quinine and mefloguine
respectively. Numbers denote standard errors.)

quine using 4 wells for each concentration. After
incubation for {6 hours smears prepared from
two wells under each catepory were examined lor
schizonts. The contents of other two wells were
pooled and washed once with .85% saline. The
cells after resuspending in 0.5 m! of saline were
inocuiated in equal quanuties to groups of 3 mice
each. Results {Fig. §) showed that there was a
dopse-related inhibition of growth and corres-
ponding dose-related prolongation of pre-patent
perinds.

DISCUSSHON

Since P.berghei follows an asynchronous multi-
plication in vive {Garoham, 19686), it was essen-
tial to collect blood at a specified time from
daonors a few days in the beginning of parasita-
ernia to ensure maximura number of rings and
trophezoites, ED>90 was taken as the end point
because of the “Tailing off” effect seen in dose-

*----e MRS

‘\:o.s
900

MATURATION TO SGHIZONT ;°/ OF CONTROL

MEFLOQUINE ng/mcl BLOOD

Fig, 4 Susceptibility of NS and MRS of £.berghei to meflo.

quine i vitra, (Each point represents mean vaiues of
3 experiments, Numbers denote standard errozs.)

response studies. This might be due to presence
of a small percentage of late trophozoites and
early schizonts in the inocula which grew to next
stage before the action of drugs.

Richards and Wiltiams (1973} reported that in
Pberghei the concentration of chloroquine
which irhibited 3H-leucine incorporation by
290% (MC 940) was about 60 mcg/m! medium which
was squivalent io 43 ng/mcl of blcod in their
culture systemt. Cenedella and Saxe (1967 used
0.5 to 5 mM concentration of guinine as stapd-
ards for demonstrating reduced metabolic activ-
ity. But -in our studies the ED>90 for
chloroguine was 3 ng/mel of blood and for qui-
nine it worked to be 0.03 mM, The resuits sug-
gested that the test is quite sensitive. Further it
was interesting ta note that these concentrations
represented approximately the blood levels in
rodents attained after administration of thera-
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tig. 4 Effect of chloroguine o P.berghei (NS) in virro.
Comparison of Schizonl maturation and pre-patent
nerind in mioce {Each point represents mean values of
1 experiments. Numhers denote standerd ercors.)

neutic doses (Thompson ef al., 1967, Mu et af.,
1975). However, further work may be needed to
compare relative sensitivity of different methods
using the same strain of P.berghei.

Differences hetween NS and MRS in susceptibil-
ity to mefloquine in vifro is in agreement with the
i vive studies (Kazim er al., 1979) where the
minimum effective dose of meflogquine for MRE
was abaut 60 times greater than that for NS,
thus the test can be used for characterization of
resistant strains.

‘The dose related inhibition of maturation and
corresponding dose related prolongation of pre-
patent periods in mice (Fig. 5) suggested reduced
sumber of viable parasiies. A similar observa-
san has been made by Richards and Williams
£§973)

The in vifro microtechnique described m this
communication thus offers a simple, economical

and reproducible method for evaluation of
antimalarials.
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Impact of DDT Spraying on Malaria Transmission in
Villages with Resistant Anopheles culicifacies

VP OSHARMA: ILC, UPRETY', NUTAN NANDA', V.K. RAINA' S.K. PARIDA/ and V.K. GUPTA'

Tmpact of DT spraying on malara ransmisston wits evaluatad in Haryana villages with DDT resistant
Anopheles culicifaries. Spraying resulted in marked reduction of vector densities And the incidence of malaria.
There was no difference in spraying of villages with DIDT at 2dose leveisi.e., 1 gand 2 g per m2, as monitored by
the entomolépicat and epidemiological mdices. The study also revealed that A. subpictus was the most
deminant species followed by A. culicifacies. and Plasmodium falviparunt infection rate in the community was

extremely high.

INTRODUCTION

The first report of increused tolerance to DDTin
4. cudicifacies came from Gujarat in 1957 (Rah-
man e al., 1959). In the decade that followed
DT resistance in A cwldicifacies had become
widespread (Raghavan e/ 4/,1967). Duning 1967-
69 there were 96 units under persistent attack
phase and in 44 units tested, 4. cuffeifacies was
resistant to DT in 35 units and ¢o DDT and
HCH in § units (Rao, 1970}, Focal outbreaks
ocourred during these vears which became more
serious and extended vear after vear. During
1068, ontt of a total of 393,25 units, 71.385 units
involving & populatton of 91 million were
reveried to spraying (Madhak, 1967). The prob-
ey of DDT resistance was tackled by HCH
spraying, and when resistance to 07T and HCH
develnoped. control was achieved by malathion
spraving. The total guantities of insecticides used
in J9B0-R1 under NMEP were 15250 mt {75%)

Accepied for publicarion: 2 April 1982,
! Malaris Rescarch Centre (JCRMR},
21, Sham MNath Marg,
Delhi-$1) 054,

? indian Council of Medical Research,
Anseri Nagar,
MNew Dethi-] 10 054,

DT, 2500 ma (50%) HCH and 11890 mt (25%)
malathion. Malathion requirements of the
NMEP have increased considerably and may
further increase in the coming years. Change of
insecticides is a costly proposition. Spraying of
DT so cover 1€ 1akh population costs Rs.14.01
lakhs and with HCH 28.20 lakhs (2-fold
ncrease) and with malathion Rs,177.02 lakhs
{12.6-fold mcrease) and the cost of newer insecti-
cides is many times more. Use of malathion has
resufted in triple resistance ie., to NDT, HCH
and malathion in ceriain areas {Roy er al. 1979
and Rajgopal, 1977), and a change of insecticides
i¢ indicated. Also the choice of replacemem
insecticides is imited. Therefore, eptimum use of
the available insecticides is indicated hoth scien-
nficelly and ecoromicaliv,

With chis background, in some pars of india
{though WHO recommended tests show high
degree of resistance) the insecticides are heing
used as they are considared to have epideminiop-
ical impact, It has been reported from the fieid
that in some areas after the spray there was
decline of cases while in others the impact was
questionahle. As the cost of insecticides is about
50% of the NMEP’s operations, judicious use of
imsecticides is indicated. Therefore a study on the
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true impact of DT spraying on the disease in
areas showing resistance is of great importance
m the present context. Results of this study are
reported in this paper.

MATERIAL AND METHODS

Villages of district Faridabad (Haryana state)
were selected for this study. The entire district
was spraved with HCH in 1978, State insecticide
susceptibility data in 1979 showed that the vector
species was resistant to DDT ie., in Ballabgarh
block there was 13.30; mortality of A. culicifa-
cies on 4% DT papers in | hour. There was no
spray in 1979, During 1980, HCH was sprayed
selectively in high incidence areas. In 1981, mala-
thion was sprayed in some areas to contrel the
disease. Therefore villages of Ballabgarh block
with a2 history of high DDT resistance were
selected for spraying and villages of biock Palwal
were held for comparison purpases. These vil-
lages are situated at about 50-80 kms south from
the MRC office and fall under the jurisdiction of
Kurali & Dudhola PH(Cs. Villages with total
papulation of approximately 13,000 (sections 16,
17, and 18} were selected for spraying with the
usual dosage used under NMEP for sprayingi.e.,
tzim2 A second set of villages with a total popu-
iation of approximately 13,000 (sections 27, 28,
and 29} was selected for spraying with the double
dosage ie., 2g/m?. A third group of villages with
4 total population of approximately 14,000 (sec-
tions 45 and 46) was held as control 1.e., withou
spraying {Fig. 1}.

All nozzies and spray pumps were checked
before spraying. First round of spraying started
on Ist June, 1987 and second round on I7th
Augusi, 198! The experimental villages were
sprayed in about 3 weeks, In order to achieve
2gim? surface deposits. every structure was
sprayed 2 times e after spraying the entire
vitlage it was :prayed second time:. All spraying
operations were done under the 'strict supervi-
sion and gwdance of the study team,
inseclicide susceptibility tests were carried ot
hefore the start of the experiment and at 6 week
intervals, Adults were exposed on 4% DDT

impregnated papers for | hour and held unde
controlled temperature and humidity conditions
for 24 hours before recording mortalities { WHQ,
(980).

Entomological data was collecred from the fixed
statiens (| living room and 2 caitlesheds) from
each village on monthly intervals. The following
methods were used.

{a} Hand catch index: (i) Early morning 2 insect
collectors made anophelinz collections from
cach sprayed and control village, Man hour
density was calculated from the actual time
spent in the collections. (i1} Mosquito collec-
tions were made from ¢ ’M to 5 AM at |
hourly interval for 15 minutes duration.
Actual time of collection was calculated i.e.,
20 minutes and the density per man hour
was calculated.

(b} Total catch: Early morning pyrethrum space
spray collections were made from the
sprayed and control villages. Before spray-
ing all openings of the rooms were sealed and
a white bed sheet was spread. A commer-
cially available preparanion FINIT was
sprayed using a hand flit gun. After 15 min-
utes, knockdown mosquitoes were collected
from the bed sheet and identified.

Parasitological investigations were carried out
by the MRC staff. Independent active surveil-
lance was carried out every day for the duration
of the study. Blood smears from the spraved and
unsprayed sections were prepared from as many
fever cases as possible. §t was nat considered
necessary to collect blood from all fever cases in
the study areas. Fever cases after the preparation
of blood smear were given presumptive treat-
ment at the rate of 600 mg chloroguine adult
dose and proportionate dose to the children,
Slides were stained with JSB stain and identified
under the microscope for the presence of malaria
parasite.

RESULTS AND [INSCUSSION

Insecticide susceptibility tests reveaied that 4.
culicifacies was resistant to DDT. A 1otal of 105



SHARMA et al.: IMPACT OF SPRAYING ON MALARIA TRANSMISSION

HARYANA STATE

Himachal
Pradesh

radesh

= 0.
Delhi

Faridabad

—

DELHI

7Sprayed

Faridabad Secttons

1g/m?
Sprayed- AN (?opulqtion
Seft mg . 12642
g
Population

12838

Unsprayed
N S)FSECUOﬂS
. « Population

S

Palwal

Fig. 1. Study arems in district Faridabed



o INFHAN } MALAR, vOI 19 JUNE 1982

vabie 1-Density of Anopheles rulicifacies i the expenimental villages

Sprayed village {ig; m*)

Spraved villages {2 m?)

Unspiaved viliages

tian howr density Tatal  Man hour density Total Man hour density Total
Monch aoyming Night catch  Morning  Night catch Mornng Night catch
iur;“ - .3,4 = 23 0 4] iy 1
Byly 13 3.32 293 LR |66 333 210 525 1.5
Augusi 3126 18.60 273 1.5 4.16 930 121 2375 137.5
September L1k 0.82 H4.0 55 LR 4.0 13 10.75 85
“ictober n 65 un 3 032 0.7 125 1.56 IRR¢
Navembar 0 10 f n16 0 19 1.} 1.4 4.0

adult females were tested in 4 tests at an interval
of 6 weeks. The average mortality was 1424,
icorrected mortality usiag the Abbott’s formula
was 1 1.53%). There was J00% mortality of A.
~uficifacies on 5% malathion papers in | hour,
fruring spraving efforts were made to maximize
=yverage, Tt was not possible to achieve complete
voverage for various reasons. The coverage var-
ted from 65 to B0% with an average of 750

Emomological indices collected during the study
period are given in Tahle |, The threeindices wiz.,
morning and night per man hour density and
rotal catches showed decline of vector popuia-
tinns in all the sprayed villages as compared to
the unsprayed villages (see Figures 2. 3 and 4).

%er man hour density revealed that first round of
sprayimg resulted in marked reduction of vector
Aensities in single and doutic dose sprayed vil-
tages. During the same period there was upward
wend in the unsprayed villages (Figore 2). A
amilar ‘rend o the redocion of A cuficifacies
was ohserved in per man hoor collsction dusing
night and total catches {¥1g. 3 and 4). The second
round of spraying coincided with the patural
reduction in vecior populations. There was much
areater reduction of vector populations in the
sprayed viltages to that almost negligible number
o A culicifacies were found in the sprayed vil-
mges in the months of Ociober & November

During the same period, low densities of 4. culi

zifacies were still observed in the unsprayed vil-
iages (see Figures 2, 3and 4). A notable feature of
the emnmological cvaluation was that there was

no ditterence in the response of vector popuia-

tians to the single dose (fg/m2) and double dase
(2g!m?) of DPDIT spravingy.

Relative abundance of different anophelipes viz
A. cwlicifacies, 4. subpictus and A. annularis
was calculated from thetntal catches (see Table 2
& Figure §). It was ievealed that 4. subpictus
was thz most dominant species of the area fol-
lowed by A, culicifacies. 'opulations of A. armme-
laris were Tound in small numbers with a peak in
August, Spraying of DD T resuited in the reduc-
tian of 4. subpictes and o4 ardaris, and pop-
fations of these anophelines behaved in a way
similar to A, cuficifacies. 1t may however be
pointed out that populations of A. subpicius
were extremely bhigh throughout the study
period, and they may he responsible for most of
the nuisance. Recently it has been incriminated
as vector of malaria ncar Pondicherry (Panicker
et al, 19811 but no evidence of its rale in malaria
tragsmission has been found in north India.

Results of the parasitolozical investigations are
gives i Table 3 intheinitial stages ie., Mavto
August, surveillance was not good as most of the
staff was being recruied snd trained Therefare
data in table 3 has been shown from September
to November. The slide positsvity rate (SPR ) was
reduced to abowt half in DIXT sprayed villages
(sprayed with Ig or 2g, m2 DDT), whereas 5PR
remained ai abou! ithe same level in the
unsprayed villages. There was therefore u defi-
nite reduction in the incidence of the diseasc as a
result of spraying. Parasitological results sub-
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Tabie 2 — Dominant Anophelines found in pyrcthrum space spray collections®

Month Sprayed areas Unsprayed areas
A. annularis A culicifacies A, subpictuy A. amnularis A, culicifacies A.subpictus
June i.33 21,6 59.5 & 1.¢ 576.0
July 0.33 L3 646.0 10.0 84.5 17805
August 6.65 90.566 T05.16 655 137.5 365.0
Sepiember 16.66 215 1715 22.0 78.5 676.5
October i.66 0.5 471.66 6.5 11.0 418.0
November o 0.5 40 16.0 14,0 418.5
* Average collection of mosquitocs per village. Dats includes total number of mosquitoes collected from 1 room and 2
cattleshods.
Table 3 - Epidemiological situation in the study areas
DDT dosage  Scction Population Seprember October November
B.S. 5PR BS 5.PR B.S. S.P.R.
Examined Examined, Examined
{g/mt 16 4766 92 6.3 120 50 15t 132
17 3516 142 15.6 {44 7.4 gl 6.16
18 4160 66 4.5 61 8.30 123 11,38
Total 12442 300 133 425 6.3% 355 5.97
g/ 27 5535 196 343 9 20.65 119 294
28 s 51 36.7 w5 40.65 132 25.00
pal 3480 437 42.1 X9 10 165 9.0
Total 12838 1356 7.9 213 1829 416 19.94
Control 435 7030 506 45.4 H 41.56 8% 41.75
{No spray} 46 7358 410 482 242 14901 - —
Total 14388 916 46,72 39 47.03 285 4175

Note: Ist round of DDT spraving started from 1-6-81 and second vound from 17-8-81
The imsecticide coverage varied from 65 to BOS; with an average of 750
B.5. = Blood smear
SPR = Slide positivity rate



T

stapiared the sninoicgieal JBservaiions that
smere was no difference in villages sprayed at twr.
gose levels. Studies zlso revealed a high inci-
denee of P fulciparum malaria in study villages.
# taleiparunt rate in the sprayed and control
willages poaied logeither was 19.3% in July (24
gt of 125 cases), 52,491 August (292 out of 408
cuses, 51.6% in September (605 out of 982 cases)
4266 in October {365 cut of 442 cases) and 78%
in Movember {174 out of 223 cases}.

The siudy clearly brings out the usefulness of
DT in the resistant areas. A good coverage
would provide adequate epidemiological impact
40d reduce the morhidity at a much jower cost
chan covisaged by the use of replacement
msecticides,
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Rlockime of Malarial Transmission by a4 Gametle Vaccine Against
B

Plasmodivm berghet NK-65

NOK KALSHIK D SHBRANBMANTYTAM ™ und 8, SEHGAT

Filfect of a gamers vacaine was stuched 10 kamsters infected wath £ berghes, Anomals were immunized with theee
weekly imrramuscuisr doses of irradiated gametes folluwed by a parasite challenge. Mosquitoes feeding on the
inmunized hamsiers during patent biood mfection showed a compiete or nearly complete arrest of oncyst
‘ormating. This technigue of active smmunization had & minimal cffect on the development of the asexual
sarasitgemia. Thus active immunization against sexval stages of Plavmodium berghei NK 65 using ircadiated
gameres as the immunaogen is capable of inducing effective transmission-blocking immunity even without any

adiavanl,

INTRAOLU T IGN

Malaria siil! remaims one of 1the major pubhe
health probiems in the tropics as vector eradica-
tion and chemotherapy programmes have met
with senious difficulties. Atizntion is now being
divertzd to immunotherapy. Studics pertaining
to successiul immunization mamly invelving use
of the snorozoites (Nussenzwelg, 1977 and Clyde
ot @k, 1975y and asexual blood stages (Brown et
al., 1870 Mitchelles al., 197%and Sympsoneral.,
1974} give considerable support 1o the feastbility
of « malarial vaccine. Recently, immunization
using formaline treated or X-irradiated gametes
of aviarn malaria  Plasmodium  gallinaceum
(Gwadz, 1976 and Carter and Chen, 1976,
rodent malaria Pooeelii (Mendis and Targeu,
1979} have resulted in an effective transmission-
blocking immunity reducing oocyst production
i the mosguito vector. Similar studies with
Plenowlest infection in rhesus monkeys (Gwadz
and Green. 1978) have demonstrated

Avcepicd for publication. 13 Apnl 1982,

Diepartnent of [mmunopathelogy & Hiochermistry,
Postgraituate Institute of Medical Education & Research
Chandigarh-160072.

* Presenl address, CEBA-GEIGY Research Centre.
Hombay.

transmission-blockimyg immunity as well ay res-
wstance  to  asexwal  stages using  Freund's
adjuvant.

The present work reported in this paper relates Lo
an effective immanzation of hamsters against
sexual stages of Pherghei NK 65 using X-
irradiated gametes. se of an adjuvant was not a
necessary prerequisite.

MATERIAL AND METHODS

Animal— Six week old hamsters of cither sex
were used as vertehrate hosts and Anopheies
stephensad were used as vector forevelic transmis-
sion. Anopheles cojony iy being maintained in
the labaratory under standard conditions,

Parasite— P Aerviier NK 65 was maintained by
cvelic transmission through vector A stephensi.
Parasites from the first vector transmitted infec-
tton in hamsters were used for propagating infec-
tion in experimental animals.
Media— (a) Suspended animation medium

(SAM) compaosition:

(i) 0.21% Tris;

(it} 0.968; NaCl;

(1ii) .2% Glucose

adjusted 10 pH 7.4,
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ey

Fig.| Gametc preparations used for immunization stained
with Giemsa stain (x [600). J -microgamete, § -
macrogamete and ma- sscxual blood stage of the

parasite,

ihy Gamete releasing medium (GRM)
COMpPOSIton:
i) 2.5 volumes of 5% NaCl:
i) 2.5 volumes of 109 glucose:
qn) 20 volumes of 1,469 NaHCO?.
fivy B0 volumes of ipactivated
hamsiers /rat serum adjusted to
nH 8.0

{solation of gametes— Blood from hamsters
watl Z3-44# parasitacmias and 1-29% gameto-
eyvles of Pherghei NK 6% was collected by car-
diac puncture in heparinized tubes. Gamete
otation was achieved as described by Carter
and Ther {1976) with minor modifications.
Heparinized, infected blood was mixed with 50
volumes of SAM; the suspension was centrif-
uged at 500 g for S minutes. The pellet was resus-
pended in three velumes of GRM, incubated for
15-40 minutes at 250C (o facilitate complete
gametogenesis and then centrifuged at 500 g for
S minutes. The supernatant was then recentrif.
uged at 2000 g for 15 minutes and the pellet
resuzpended in 0.5 ml SAM. The 18000 g pellet
confained mainly gametes (micro and macro)

some asexual blood stages of the parasite, red
cells and acellular debris. The refative amount of
gamete and non-gamete material was counted by
examining Giemnsa stained smears of the pellet
{Fig.1). The matenial used forimmunizationcon-
tained about 45-30% microgametes. 20%
macrogametes and 30-3397 asexual parasite
stages.

Immunization of hamsters — 8000 g pellet wasg
suspended in SAM and x-irradiated with 20 k
Rad. The concentration of microgametes in the
suspension was counied using hazmocytometer,
A group of six, 6 weeks old hamsters were
immunized with three doses of 5x10%, 1.5x {0
and 1.5 x H* microgametes respectively at seven
days interval by intramuscular injection (Table
[

Parasite _challenge— 2 days after 1the lag
immunization dose, the immunized and aneqgual
number of age-matched control hamsters were
inoculated i.p. with 107 parasitised red cells, Thin
blood films were made datly, stained with
Giemsa and the parasitaemia and gametocyiae-
mia counted per 1 red biood cells,
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Tahle | - - Immunization of hamsters with irradiated (20k Rad) gameves of Plasimodium herghei NK 65 and resuft
of subsequent challenge with 17 PRBC

No. No. of gametes and days of immunization Challenpge with Prepatem period Percent peak para-
PREBC an Day* in days sitacinis
Hs I x IP £S5 x 1or 35x ¢ 27 4 25
116 " " " 7 2 a0
"7 - - - 27 4 20
HE v " v b 4 25
9 - - - 27 4 25
120 - - " 27 4 20
. CONTRO.L _ | 40
122 ] 40
138 2 o4
139 2 2 40
140 - 2 45
141 - 2 *

* Day 27 after st immunization and day 12 afier last immunizalion.

Infection to mosquitees— Groups of 20 female
A.stephensi mosquitoes were caged for each
hamster and kept fasting overnight prior (o
infective blood meal. Immunized and control
hamsters showing initial 2-59, parasitaemia
{Table 2) on day 7 after challenge were anaesthe-
tised and kept on the top of 12 masquito cages.
After 30 minutes, blood feeding was obvious
from the abdominal swelling of the mosquitoes.
The unfed mosquitoes were excluded from the
experiments.

Oocyst count— On day 9 after infective blaod
meal, 10 female mosquitoes' guts were dissected
from each cage and stained with 5% Giemsa for
15 minutes. The pumber of oocyst per mosquito
gut were counted,

RESULTS

Course of patent parasitaemia~ Immunization
of hamsters against sexual stages of P.herghei
NK 65 using x-irradiated gametes had flittle effect
on the ultimate course of patent bioad infection.
All the immunized and the control hamsters suc-
cumbed to infection between 16 to 18 days after

challenge. However, there was an increasc in the
prepatent period from 2 to 4 days in the immun-
ized animals, Peak parasitaemias achieved in ali
immunized hamsters on days 4 to 14 compared
well with the peak parasitaemias in the controb,
However, a marginal difference was observed on
day 15 when the peak parasitaemia was lower in
the immunized group (26.6+ 6.19%) versus 41.0+
6.0%), but had no effect on the survival of the
animalis (Fig.2;, Table 1).

Immunization did not affect gametocyte produc-
tion & morphology. The pametocyte counts rela-
tive 10 asexual parasites were similar in both
immune and controf hamsters.

Infectivity to mosquitoes— Ten female mosqui-
toguts from each group of mosquitoes were
examined on day 9 after the infective blood meal
for oocyst production. Mosquito-guts from all
the six groups of mosquitoes fed on unimmun-
ized hamsters during patent infection developed
farge number of oocysts (Fig.3). The total
number of oocysts in individual mosquito-gut
varied from 51-i51. As shown in Table 2, the
mean number of oocysts in each group of
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Tablc
hamsiers after challeng

Qocyst production in mosquitoes fed on imMunized and unimmynize!

c with 107 PRBC.

Ty, 9 parasitacmia® on day of Mean number of oocysts per
feeding mosquitoes mosauito gut in each group
Srmpmunized
15 Z 4]
1 i .10
H &4 . a
18 4 0.82
ie 4 o.M
i b 0
tinimmuntzed
41 5 #i}
122 £ 7ig
i38 2z 419
i39 3 76.2
140 4 71.9
141 4 78.3
*% prrayitacmia on day 7 nfter challenge with 10 PRBC.
m{ mosqu_itocs ranged between 73-81.9 per
) 1 masquito-gut.
' o= Imrunized Hamsters
! ¥4 Unimmunized Ramstars On the other band, amongst mosquitoes fed on
o4 ¥ B ' immunized hamsters, in three out of six groups,
! mosquitoes failed to develop oocysts. While in
i Il the remaining three groups a few mosquitoes,
a | developed a small number of oacysts; the yield of
N " | oocysts from individual mosquito gut varied
e from 0.7 to 1§, Table 2 represents the mean
1 !  ; numbers of oocyst per mosquito-gut fed on
2 1 r.' ¥ immunized hamsters and unimmunized hams-
g ters. Thus, in our experimental studies immuni-
sation of hamsters, against scxual stages using
a w-irradiated gametes without any adjuvant
" T showed & complete or nearly complete arrest of
. aocyst praduetion during the period of patend
34 infection.

] o 1z ¥
OAYS AFTER CHALLENGE WITH 07 PRBC

Fig.2 Effect of Gamete vacane nn the course of P.herghei

NKGS infection,

DISCUSSION

Immunization against sexual stages of the malar-
ial parasite P.gallineeum in chickens {Gwadz.
1976; Carter and Chen, 1976} and P.yeelif in
mice {(Mendis and Targett, 1979) using irradiated
or formaline treated gametes had shown effective
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g 1 ful of 4 masatiie (vd o rninmmunized namsior,
“Jowe: Ooeyst formation in the gat.

cransmussion-blocking immusity. in the presem
study immunization of hamsters in (hee weekly
iptramuscular doses by x-irradiated gametes ol
2 heryhiei WK 65 parasite and challenge with
parasitiscd red cells 12 days after the tast immure
ization dose resulted in etfeclive transmissionr-
biocking tmmunity. Thiy tvpe of vaccination had
very little effect on the development of the asex-
ual stages of the parasite in blood. Similar ohser-
vations had heen made by Carter and Chen
{19761 1n chickens. The development of gameto-
cyies was also uninterrupted in the immumzed
animals as also observed by Gwadz{1976); i e.,
sametacytes from immunized and nonimmune
animals, when washed and resuspended in nor-
mal plasma or serum, =x{lagellated and the
gametes sustained activity. Altheugh the
immmumred bamsiers revealed a mild inerease n
the prepatent period (4 days as compared to 2
days in the contsol), yet the peak parasitacmjas
were not sgnificantly different in the two groups
axcept on day 15 The peak parasitacmia on this
day in the control hamsters was 41.0+6.0%, a5
compared to 20.6+6.19% in the immunized
nameters. Yet the infection was lethal 1o both rhe
groups and al) the animals succumbed to infec-

tion within >~ 18 days of challenye. dsing 2 sinm-
dar schedule of immunizaton of mice agamnst
sexual stages of Pyoelii parasie, Mendis and
Targert(1979) demonsirated resisiance 10 asex-
yai stages as well and compiete reduction of
cocyst production. The contamination of the
asexual stages in the gamete vaccine might have
heen reeponsible for the resistance ol host to
parasite in their study or the gamutes might have
protective antigens in comman with the asexual
stages. Gwadz and Green (1978} also demon-
strated the induction of effective transmission-
blocking immunily alongwith resistance to
asexual stages in rhesus monkeys immunized
against sexual stages of P knowlesi parasite
asing gametes emulsified in Freund's complete
adjuvant. The ohserved differences could be due
to the differing patterns of immune respanses to
sexual stages in the various animal models and
the species of plasmodia investigated,

Immunization of hamsters against sexual stages
of P herghei NK 65 parasite uging crude gamete
preparations consitently suppressed infectivity
to mosquitoes during patent blood infection.
The crude gamete preparations contained both
female and male gametes. Mosquitoss allowed to



feed on immunized hamsters, during patent
binod infection showed complete or nearly com-
plete arrest of oocysts production in their guts.
Carier ef al. {1979a) have demonstrated that pur-
ified gamete preparations from which the
gametes of one or the other sex were absent, were
poorly immunagenic when compared with the
mixed gamete preparation,

Carter ¢f al. (1979b) have also highlighted the
meachamsm of oocyst suppression where ooki-
nete formation was totally suppressed when the
immune serums was present from the time of
initiation o gamctogenesis up to the tme of
fertijizaiion. Tmmune serum had no effect on the
development of ookinete once fertilization
nad occurred in vitro. These observations
suggest that transmission-blocking immunity is
mediated by the neutralization of extracellular
gametes prior to fertilization in mosquito mid-
gut by antigamete antibodies ingested by the
mosquitoss in blood meal (Carter and Chen,
{976} The precise nature of the antibodies par-
ricipating in the blocking of parasite transmis-
sion 18 not known. Gamete antibodies in the
serum of immunized ammals immobilize the
male gametes within seconds of exflagellation.
This aimost immediate immobilization of fresh
gameres could hmut fertilization and possibly
explain the consequent mduction of oocysts in
mosquitaes. Gwadz{ 1976) showed that immobil-
iving activity resided in the IgG fraction of
wmmune serum. Recently, Carter ef al. (1979b)
identified two types of antibodies in the serum of
immunized animals against sexual stages of the
malarix parasite; (i} microgamete surface-
fixation type of antibodies {SF} and {11} gamete
agglutinating type of antibodies (AG). AG type
f antibodies were found frequently even when
smmunization had been inadequate to suppress
transmission of blood infection to mosquitoes,
in contrast 1o AG antibodies, ST type of anubo-
dies were directly related to effective trans-
missicn-blocking immunity.

Aithough, previous studics on P.hnowfess using
gamete vaccinc have revealed that the use of
adjuvant was mandatory, yet in P.berghei NK 65

INDIAN 1. MALAR. YOL. {9, JUNE 1982

as in avian plasmodia effective immunization
could be achieved without any adjuvant. {t
would be of immense interest to clearly define
the protective antigens and to specify the antibo-
dies using hybridoma technique.
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Seroepidenyology of Human Maiana. Indirect Haemagplutination
Test Using the Plasmodium knowlesi Antigen

AGARWAL:

3.5, L AMAR MATHL PAWAN SHARMAY,
LR DWIVEDDE, BL. YADAVAt and G.F, DUTTA

INDRESH XubAl. SRIVASTAVAS

ising Slusrortiun knowleil antigen and ghomraidehyde-treated sheep erytheneytes, an indirest heemagglu-
nation (TH£ ¢ test was used in the diagnosis of malaria. Resuits revealed that P, knowlesi can be suesessfully used
m FHA test in bumar malariz. The study aleo revealed that Shahjahanpur and Mathura bad long standing
malaria infection and Unnao had fresh focus of infection

e TR T

Resurgenow  of Mmaiaita has  brought inte
prominence importance of the development of
reliable serological fests. These tests can be used
in the diagnosis of clinical cases as well asin the
seroepidemiological studies. The indireet
naemagplutination (IHA) test is simple and
inzxpensive and has been used in the diagnosis of
chinical cases of malaria and in the detection of
malaria antipndy ttres (Mouwissen ¢f af., 1972
Meuwwissen 1974 WHO 1974 Agarwal e/ af.,
1981). Though human Plasmodium falciparun:
antigen is considered ideal lor [HA text
iMeowissen er af.. 1973; Mathews er al., 1975),
several workers have successfully employed
simian malasia (P knowlesi) antigen for serofogr
val stadies in human malaria (Kagan esal, 196%;

dcvepied for publication: & May 1982
© Department of Medione,
¥ing George's Medical Coliege, Lucknow,
! nyvision of Microbolony.
Centrad Drug Research [astitnte,
Luck o,
1 wetiona! Malariz Eradication Progremme,
12, Sham Nath Marg, Deihi- 110 054,

t pegional Office,
Depwriment of Heelth and Famiiy Welfare,
ko

dparwai e 27, 1981, Smice homan maiars anti-
gent is not available in sufficient quantity for the
targe scale serocpidemiclogicai surveys ol mala-
ria, the Indian Council of Medical Research task
force recommended the sandardization and eva-
juation of P.knowlesi antigen for serodiagnosis
of human malaria. We, therzfore. vrepared the
antigen from Phrowlesi and successiully waed
this in the THA test for screening sera colfected
from slide posmive maiaria oases, cases of
nyrexia of varied cngn, random hospital
patients and heulthy subjocts. Results of this
study are reporcied in tiuy paper.

MATERIAL ANTY METHOIS

Antigen— Soluble Fhnowlesi antigen used for
sensitization of sheep ervthrocytes was prepared
from experimentally infected rhesus monkey
according to e procedure described By Agar-
wal e al. (1981}, Briefly, schizon infecied vrys
throcytes were separated using Ficoll-Conrey
gradient. Schizonts were ohtained by saponin
tvsis of the infected ervibrocytes and stored at
- 196° Cin liquid nitrogen. On the day of test, an
aliquot of these schizonts was disrupted by oftra-
sonication and the sofubie fractien was used ac
antigen (Meuwissen er al, 197 WHO 1974).
Hame hateh of antigen was uscd throughout the
studies reparted in this paper,



22 INDIAN I MALAR, YOL 19, JUNE 1982

Sera: Serum samples of 155 slide positive mala-
ria patienrts collected at the time of slide exami-
mation from the field at Unnao, Shahjahanpur,
Mathura and [ucknow districts of Uttar Pra-
desh were tested by the THA test. OQut of these
cases 10! sulfered from Pfalciparum infection,
31 from Povivax and 3 from the mixed infection.
Controb groups consisted of sera from (1) 28
patients of pyrexia of varied origin (i1} I8 ran-
dom hospitat patients, and (i} 130 healthy sub-
tects. All the controls included were slide
negative for malaria. The sera were stored at
--20°C and inactivated at 56°C for 30 minutes
nreof 19 test,

A Test:— [HA lest was carried out in the 06
well (-bottom) Cooke Nao. 1-220-6 permanent
iucite microtire plates. Antigen coated sheep RBC
pretreated with ghitaratdehyde were prepared
zssentially as described by WHO (1974). The test
was performed and resnits were recorded as sug-
gested by Meuwissen ef a/. {1972). The controls
mciuded a known positive and a known nepative
serum in each sertes of the test.

RESULTYS

Regabis of the fHA test using glutaraldehvde
ireated SRRCs are summarized in Table Mo, |
3t an IHA titre of 1in 32 which was taken as the
‘Jjagnostically significant t'wre (Agarwal er al.
'R}, 84 507 of the malaria patients were found
positive while only 7.14, 423 and 1,539 of the
zases of pyrexia of varied origin, random hospi-
rtal patients and healthy subjects respectively
viclded positive THA results, The THA test was
acsitive 1n 89, 10% cases of P faleiparum infection
ascomparcd 1o 74 56, cases of Pvivax infection.
Deometyical mean reciprocal titres (GMRTY of
2341 1 724, 4571, and 3.712 were obtained for
qdlaria patients, pyrexia patients, random hos-
mital patients and heaithy persons respectively,
smoeng patients with Pfalciparum, P.vivax and
afzed infection, GMRTof 293.6, 121, 3and 1024
~espectively, were abtained.

*aovality-wise hreak-up of the JHA results { Table
i indicwted that 33.3% cases of matana in

Unnzo, 98 18% n Shahjahanpur, 80% in Mir-

zapur, 97,36% in Mathura and 72.72% in Luck-
now, gave positive THA reaction. Of the
P faiciparum cases, 40% from Unnao, 97.6i1%
{rom Shahjahanpur, 72.72% from Mirzapur and
97.36% from Mathura were Tound positive. Of
the Pvivax cases, 25% from Unnao, 100 from
Shahjahanpur, 84.21%. from Mirzapur. 66.6%
from Mathura and 72.729% from fLucknow gave
positive THA result. All the three cases of mixed
infection were positive.

DISCUSSION

Pragress in the seroepidemioiogical studies on
malaria was slow hecause of the non-availability
of suitable antigens in the country. The present
work extends our earhier study {Agarwal ef of.
198 1) and confirms that in in endemic situation,
P.knowlesi antigen can be successtully employed
in the THA 1test for human mailaria. This is in
contrast to the findings of Chandanani er g/,
{1981) who reported low positivity of JHA test
(47.2%) among malaria patiems using P.inowl-
esf antigen.

Results of the present study are suggestive of the
subtle differences in rhe period prevalence of
malaria in different lacalities as indicated by dif-
ferences in the seropositivity and GMRTs. Thus,
an averall serapositivity of above 97% in Shah-
jahanpur and Mathura areas (Table 2) tends to
demonstrate these areas ware centres of long-
standing malaria infection. This fact is {urther
corroborated by the very high GMRT ie. 566.2
i Shahjahanpur cases and 5472 in Mathura
cases. In contrast, low seropositivity in Unnaan
cases (33.39;) together with low GMRT (9.699)
indicates that this area represented a fresh focus
of malaria infection.

ACKNNVLEDGEMENTS

We thank Dr, Nitva Anand, FNA, Direcor,
Z.D.R.1, Lucknow for his keen intetest and
encouragement during these studies. Financiaf
support from the Tadian Council of Medical
Research is gratefully acknowledged.



13

AGARWAL er ai: 1HA TEST IN HUMAN MALARIA

T UL UPRUS SES[ JO 33 ¥ PIMOYS SasE0 1 | ‘uBuo pauea Jo mxaiAd Jo Saved §7 10 inD.
auised pazspisos oM ZE UL [ jo sl
2415 fEardIDg: WE JBWOID = THWD

sofeteaniad aang(nwnd aempur semytuared oy saandg

[ETH I (S N B 0y S (A B (N swafuns
ol gL 14 o Z nN 1N N I~ N N N 7P 6! ey ¢
©o1) 59 BOEE) AV} (ETE (91
fi1 §t 6f oz $ z (IN N oN {EN N N 1L8% R suaited
. yeudsoy
wopury 't
mret)  WuLn Wy i) L wiBl20 pauea
il $ [4 z I BN 1N "N N N iN 1N AT+ o #xXdAg 7
{01} oo woL) oot o} [ iT)] {001) (oot} wat? o L) UotU)
£ 3 £ £ £ g £ £ £ 4 1 N #201 € PIAXIN
ool)  roged  GTES  Wres)  Weve) WO &eos)  (Rees)  ELte)  GeeT)r Ly} 86l uoliauL
is 05 $¥ ot g s i€ 9 [ <1 & 5 Y A S 1 4 ronsin'd g
01) U1} Gope)  (O1eR)  fled) @i lorer)  loel) B9 wsov) R} (66'0) ugnasuL
{111 43] £5 06 06 8 03 vi b4 i £l 1 987 101 winindinwfd B
001}  (sres)  (szre)  (9Ivs)  {iseE)  (pEwL)  (BSEL)  G¥99)  (Ti9sk  Geie)  (5CEl) (8%) suoned
st #$1 £rl et 184 911 P tot i8 8 ¥4 g 1Pz Gk mietey |
pid 2.4 1= G[es zce a4 Tl 95 HsE e BWIE 960

L €] 4
18WD jooN  dnoip Apmg

‘walnue wamouy o M prEsusE soilsongiden dosys paieas) spAyapiedenyd Suvin sdnor® s Srowr paumgo N VHT swosdosy - xqe),



9, JUNE {982

ALAR. VO

B

o

INDYAN

(ot} (LN 901
t It 11
(pres TARA),
iF 8t
HNH ) N6}
1Y 14
inht; R REY
2 29

et

g {9°9G)
81 il 21

4 e §&

arin

TP .«mﬁ_.}fua TENEIDDINY Jre D pan

7! 7l

T
3
1685}

-
LY

AR it
i
12166}
6t
08}

i

£ N g :
%156 SSTRGE PR SRR
w 2 it 4

(€8¢
4 3

(AL

o N N

vl

Zige piote

o

Y4

SIPE I AT sfhinn e Fmimons o it N

HIFHUR PAHMOLY F YN PAIZITSUSE

i

SO RIS TR

{€9'79) v ag)
L r 08¢
0oLy er'7)

59

! 7'99%

IN N

R

Foop

LAwn

1 oBHIEN) ABA R IR R Frkr cnsaed srmen o1 n BRI WY L ‘.ww..\._,‘a&mnuq s AN .n.__:-.ﬁ.)\q .

5696

o

ot

1 2IWOIY = § FWD
LI YTV 1)

AOUNIN]

BINYIRWN p

andnaag f

andueye!
qeng 'z

aeuRn 7

AnjEao



AAR WAL e ol TBA TESY i HUMAN MALARIA 13

REFERENCES

ra

Apaewal, 5.5 Pawan Sharoa, Amar Nath, indresh
Kumar Stivastava, Col. Jagdish Rai and G.P. Duita
(1987). Indirect haemapglntination and indirect
Nuorescent amzibody tests for human malaria using
Plasmodium kwowlesi antigen, Indien J. Mafar., 18: 67-
72,

CUhandagani, R.E., R.C. Mahajan, R.N. Prasad and N.K.
Gungely (198F). Evaluation of Pasmodium knowlesi
amtigen for serodiagnosis of human malaria infection
Indian J. Med. Res., 73 {suppl.l; 4]1-44.

Kagas 1 G, H M, Mathews, WA Rogersand 1A, Fried
1196%). Serocpidemiological studies by indirect
huemagghuination test lor malaria, Military recrmit
collections from Argentina, Brazil, Colombiz and the
LS. A Budl. WHO, 41 825-841

Mathews, H M., 7 A Fried and 1.0 Kagan (1975). The
indirect haemagglusinaiion rest for malaria. Evaluatinn
of antigens prepared from Mesmodium falcparum and
Fovivax. Am. J Trop. Med Hyg., 24: 417-422.

Meuwissen, JH.E. Th. {i974}. The indirect
fucmaggiutination test for malaria and its application to
cpidemictagical surveillance, el BWH L, 560: 277-286,

Meuwissen, JJH.E. Th., A.[r¥ M. jccawenberg and
(;.T. Molenkamp (1972). Studics on various aspects of
the indirect haemagglutinanior test for malaria. Buif.
WHC., 46: 171-782.

Meuwissen, JHE Th, A D E M. Leeuwenberg, W.N.
oesburg and J.A M. Yan Drutien {1973). Application
ol the indirect haemaggiutination test for malaria:
reproducibility with Plasmodium falciparum-sensitized
cells. Aull. WHQ, 49 317-319.

World Heabth Organisation (1974), Serological testing in

mialaria. Sull WEH(), 50: 521-538.






idida uuTiie o WIRIGERSEY
Yol 19 sune 1982 np. 27-2Z

Karvorypic vanaions i Anopheies

B rRRAN TR CNARAL VK sLEBRAR b

[ TN PN

cudtclfacies Lompiex

VYR i SLE ST LR R

T ERTCT IR LTI L B e T L S O N TR TS I AN SUR SR TR PLCre AT FICIE R TN

1 af the tawan Fuegeles cndicifacies. This tinding can be used e the wientiication of sibling spuvies aoan

Crerpative o abvicoe cheomasome meihod.

Pl U FiEN

tropaeles culicifocies 5 10 IRPOIGAT vedlor &
malaria in the Indian sub-continent. {n this
wdxon, Green and Miles (1980) found 2 fixed
paracentric inversions in one population which
ais0 hud unidirectional sterifity with the other
voputation. Fhis finding resuited in sphintimg of
ihe wxon. 4. cuffcifacies o twao sibling species
“c.. species A and species B The one originally
deseribed by Saifuddin er «/{1978)was termed
species A and the other species B

Ypecies A has beea iperiminated as vector of
malarta in two localities around Delhi (Subba-
w0 ef al 4,1 980) and species B wasexperimentally
ueriminated {M.R.C. Annual Report, 198C).
Turthes, a high sporosone raie was found in 4.
cudicifaries during tong term epidemiological
and entomological studies in Haryana villages
i1).S. Choudhury, personai communication}. It
was thercfore important Lo study the distribution

Avveptted for cubfteation. o Mas TIRZ
Majaria Research Ceptie [ICMR],
22, Sham Nath Marg,
$xethi-110 554,

AIRE 1 v R 1Ay Bpatie, o LAl Dt i DEERE speQie
aditferent ecological frames of the country. For
suvh i study an easicr and alternate method of
‘dentification was essential. The ovarian poiy-
ieae technigue was difficiit during those months
when adult females of 1he required ovarian stage
wure few in the Dield, Cytagenetical studies with

i enlieifacies revealed some interesting differen-
cus 0 the male miotic chromosomes of species A
aiid species B, In a f=w strains, X-chromosomal
polvmarphism was also observed, Results of this
study are reposted in this paper.

MATERIAL A WMETHODS

A cwlieifacies sratny of Mandora (Harvana},
Hasantuur {Harvana), Okhia (Delhi). Auran-
sabied (Mabateshitra and Sirolifarm (term, Nat-
aital district. Uy were used inthis stisdy . These
sizmins were colonized in our faboraiory follow.
ng the procedures developed by Ainsley, 1976 2,
Ansart er al.,, 1977, Pure colonies of species A and
species B were established with the help of poly-
tene chromosome identification. Mitotic chrom-
gsomes of these strains were prepared {rom:
‘he neurogoniat calls of the IV instar dagvae by
squash technique of Breland (1961) with slight
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madifications. Yhe arvae were placed in 0.01%
colehicine for |- 114 hours and the brain tissoe
was removed, stained in 2% lactoaceto -orcein
for 100 minutes and squashed. To ascertain the
Jdiploig number, metaphases of both the species
were scored. Chromoesomes were karvetyped
and measured for the construction of a compo-
ate idtogram for all the strains studied. They
sdve been clussified according to Levan er al
. 1964).
RESULTS AND DISCUSSION
A wotal of 2983 well spread metaphases from 60
.emales and 69 maics {Table 1) were counted o
.atabiish the diploid number and study the kary-
ypde viriations for the construction of the idio-
wam (Mg 1. 2 & 33, The kabvotype of species B
ansists of two pairs of 2utosomes and a sex
:rromosomat pair, the sex chromosomal mecha-
aism being XX in the females and XY in the
weabes as described for species A by Sakai et df.
977,

uple T Numter of mae snd femaie iarvae utilized

aad the metayiases svored.

fumber of arvae Nooof metaphases

PuL I Y & RO Y
g oanined seored

d g a ¢
Vit Lo K1 m R4 221
AuyhH pur i 12 L§5 225
TR R i 112 GhH
watran g had R N 432 ady
wrodifarm . iy n? 493
vokal & it} 1590 (393

i 3.) 2 sirains exannned the amosomal pairs 2
st 3were metacentric with anarmratioof 1;1.3
and B orespectively. Chromosome 2 was the
largest pair and comprises 36-39% of 1the total
cromosomal length (YCL)} of the hapioid
zenopte. Chromosome 3 was 1he second largest
satr comprising of 12-33% TCL. The sex chrom-
as0me pair was the smallest, the X-chromosome
varying from 25-27% of 1C1. However, in species
I ostinin of Aurangabad, chromosome 3 constie
wuted 28¢% of TCL and was much smaller than the

Table 31— Karyotypie analysis 91 . awdiefacies Sstrans.

Poreentage of 1o1al chromosomal length

Chrumosone
Sugdih e e aliw e e er—————
H 2 X Y
Niandara
iNpecies A) 3% 3451 17.5a 15,50
(L3 [ 1) 25
daganipur
“Npecies A) w3 MR B.05 35.:0=
Y] 2 125 i2.5)
Jehla
(Species B) VLI daw WA lapen
Ak 1 m
Suringabad
species BY 17 Vi Fhda 13w
! N RG]
siEnilarm
_Species B) WD 0 WTEXLH A B tder
LA R {2)
26,4 O HM)
)
S 71X HTY
(2.5
B (XSHD

* Submetaceniric

T ohCrocentrie

oM = X large, homomarphic
it M = % smali, homomorphie
wsHT =z X small, feteromorphic
WLHT = X large, heterom orpbic

Noweo o The figuies in parentheses indicane the arm iatie,

sex chromasomal paw (X X winch comprised of
B of TCL. This rare nstapce of the -
siromosome being larger than the chromosomal
nair 3 may be the result of a transiocation of
chromosomal materiaf from chromoseme 3to X
shramosome during the course of evolution.
studies are in progress 1o examine this. Genetie
ciosses are being made between Aurangabad
virale and Delhi straip to study the hetrozygotes,
¥ any. G-banding studies are also in progress to
confirm whether there is any translocation
hetween X and the cliromosomai pair 3. The
details of karvetvpic analvsts are summarized in
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Wigihdore
Species Aj

T
fi
€

dasani Pt
Species A

Jkva
Species 3}

Ayrangabad 3’
‘Species B) .
Siroittarm ;.
iSpecies B) "

Yig. 4 comparnson of the male sex chromosomes from
different strains of 4. cuficifacies to show 1hat no
difference exists hetween the Xs of all strains while the
¥ Chromosome shows structural variation i.e_, sub-
wmietacentric in species A & acrocentric in species B

Tabie 2. An idiogram has been constrcted on
shie basis of these measurements

The X-chromosome in all the strains of species A
and species B was submetacentric with an arm
ratio ranging from 1:210 1:2.5. The TCL of the X
displayed some variation among the different
strains. The Y chromosome in species A was
submetacentric with an arm ratio of [:2.5and in
species B, it was an acrocentric. Therefore, the
¥ -chromosome can be used in the identification
of the species A and B. It may be pointed out that
she genomic size (in term of % TCL) of the ¥
chromasome was almost the same (25-27%) in
both the species and the structural variation

el 1) TURE T2

exhibited may be due (o shromosoimai e reaa-
zement, possibly by 2 pericentrie invemsion. Te
test the validity of sibling species identification
ar: the hasis of centomeric psgition in Ychrome-
some we made vse of the field material from
Basantpur village which had natural populations
of species A and epecins B. Simulraneous prepa-
ration of the salivary giand polvtenesand mitotic
chromosomes from the 1V instar larvae of single
female cultures were made, Out of the {8 cvltures
tested by the polytene technique, 12 were identi-
fied as species A and 6 species B, The mitotic
chromosomes prepared from ihe brain cells of
the males also identified the same {2 cultures as
helonging to species A and the other 6to specics
B. The method also provided correct identifica-
tion of laboratory populations of Gopalpurand
Pondicherry strains.

An interesting X chromosomai polymorphism
was ohserved in some of the strains. In the
females of Basantpur strain, one of the Xx
showed a distinct satellite in the teilomeric region
of the long arm {fig. i, Basantpur}.

[n the Sirolifarm strain, three ¢ifferent types of
fernales were observed with reference to the vari-
ation in the size of the X chromosomes, In the
first category of femaies, hoth the X chromo-
somes were large (X1.HM ie. homomorphic
targe Xs) compnising of 319 of TCL (fig. !, Siro-
lifarm -a) while in the second category one of the
Xs was Jarge (XLHTi.e., targer of the heteromor-
phic females) comprising of 35% of TCL and the
other was relatively small (XsHTi.e., small X of
heteromorphic females) comprising of 289, TCL
{fig. I, Sirolifarm-b). In the third category of
femaies both X-chromosomes were small
(XsHM - i.e., homomorphic small Xs} constitut-
ing 26% of TCL (fig.l, Sirolifarm-C). Tt was
observed that the females with homomorphic
large Xs (XLHM}constituted 655 of the popula-
tion in the samplt studied from this strain, while
the females with heteromorphic Xs (XLHT
XsHT) constituted 35% of the population. Only
one individual was found having homomorphic
sinall Xs (XsHM). Explanation for the presence
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and further studies are in progress to explam this
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ity there s an argent need so develop sensitive
serologeat sests for the dagnasis of chinical
wdses. rerocpidemmoiogical surveys ta momitor
e existing malaris anitbody levels in the

nnnu.
ation, deicciian of new fom of infection . i i
aszeas the persisience ol antiDody fevels in cases
aiven radicai curative tregtment, Enzyme-linked
mmunasorbent assav (LLISAY provades a very
sensitive test sultabh {or both diagnosis of ¢lini-
zal cases ay well as the seroepidemiological siir-
vey {Epgvatl, 1977 Velier, 1980 Mahbajan #7 ol
1381 erar gl 1380 Quakyi. [980), Voller er
an, (19T ceporied dhat the sensitivity of the test
was iuTaar o that of radio-imounoassay. Anfl-
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Tentral Drog Ressarch jnsoiute,

PuekKnow.

Department o Medicine,
K.G. Medical Coblegs,
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ERracior,
Mational Malara Fradication Progamine,
Dethi-: 101354,
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mean+ IS 1997 ot gty 9003 s al wrour |

proseting FUINA reachinm g 990,

SO meePAred ot Yol Maarnodiene S weesi
Voller e g/ 1975, hquhagan of gl 1981 and 2
cafeiparim obtiined from dors menkey {Voiler
25 1976), or in vitro cuitures {Bpencer ef il
2793 have been used earlie: for e BT ISA test,
dongh the P falciparusy antigen has been
whawn fa he more speafie for the diagnosis of
reman malaria dntoe preseat stoay BELRA est
xith £ falciparunt antigen has heen apphied lor
wreening of sera from maaria positive cases,
sases with nvrexia of varied cogin, random bos-
tal cases snd heahhy subiens,
WATERIAL AMP METIIGIN

secumosamples gom 4 slide possove malaiia
qatienis (Group I ealsued af the tme of shida
sxasrunation were obiamed from Unnao, Shab-
shanpur, Mathura soad cdireapw districts of
iNrar Pradesh. £ these malaria cases, 25 suf-
iered from P fodciparun, 45 from Povivay and
(e remaining 3 had mived infection with both
:ne parasites, Sera from 70 patients of pyrexia of
varied origin (Group 1Y), 75 random hospita
natients (Group ) and 75 aormal bealthy sub-
ety (Group TVY were inciuded as control sam-
ples in the study, All control subjects were
shide negative for maiar. Senum samples were
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:=> materh « abaraiones,
seenrding o the method dosuribed by wgarwal !
s CPFRLE axcept that plates were coatad wit
‘pleiparum antigen and the aptimal a nng-:ndz!i:—
don in each well was allowed to undergo -
Srying. O falciparam-antigen teceived as ar
wueeus extract from Dy, WE Colling, Centie
wor DHsease Contred, Atlania. Georgia, 1154,
wan Gifuted 1o 1 on 1000 in the carbonale-
searhonate buffer, this dilution rad bzen found
f, e cptimar for coating the antigen wells as
sheguer hoard turation, Al tho
wrg were tested at angie difution of L 2002501
rovse radish peroxdase labelled anti-human gt
anjugate (Cappel Laborztories, Cochranwitle,
TS A Y was used xr dilution of Pin 2000 which
il been found optimal for obtalning clear cui
Astincrion betwesn ¥nown positive and negative
wlerence sera oz chequer board otratien,
Sppowaddase aotivity was estimated owing o-
sienyienediamine drhydrockionde (P alte

Jerermined by a2

sepmng the reaeton with Sho M BG Adteg
aturing 240 piof the tontents of each wel’ 10 3 m

wvin prass disuiled water, the readings were takern

ax sxunchion at 492 arm (B, g.) wsmg Speciron:c. .

e ) .
{7 spectrophotameier
wstng Stodent’s ¢ st

. Results were analvied

Tonoae el Destiiny suapecis cUroap Wi
nan Ly, wdive 8 BOI6ES with a standasd
Jevigtion of §.011 was obtained {Table 13, Cut
Hf potnt for the speaific diagnosis of matana
sould be any of the three confidence limis deter-
aimed from Euy, volues of the normal healthy
sithjects. Thus, 2t mean+8D (E,4,=(.04785). ail
the 142 cases of malana (Group [). nine of the
zatients with pyrexis of varied origin {Grouop ).
17 of 75 (14.60%) random hospital patients
Srwoup DI and 18 oF 75 (2495 normal healthy
subjects were found pusitive, A1 meansZ 853,

SEESY positviw s CE ol fb ang
Greup o TV respoce
AUGAGES), 993y

SR
PME owas abtained for
toaely, and at mean+ 18 3,

cases of malana were positive while nope of the
control subiects inciuded i Groups 1Y o 1V
vitided o posttive ERI5 % reaciion {Takle 1)

Haprest Fy,, ovalues e

patwents fram

"‘.I":

e amengst
whadtahanpar (mean
L 1688+0.042, Table 2 foillowsd by Mathura
gnean, 0144310 046461 Purva fmean, G153
3047y and Mirzapur Gmean, L1 1420.0237), sug-
goesting that the antibody titres io Purva and
Airzapur were lower compared o Shahjahan-
a1 and Mathura aicus.

r.
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v the convenuona! ©5.05A fest, the aougen soiy.
iton 200 g solubon containmg ane g antigen
arotein}is coated in 1 ¢ wells of micro<titie piate
ror 18 brs. a0 rumid chamber a1 220, which is
iollowed by incubation with test serum
smalaria aptibody? and then 14 br. wmeubation
with anfi-human {gG-peraxidase conjugate. in
the fipal assav, the nerosidase actinity is mea-
aived with OFTy wi
which has to be

iw b

chogives g oweak reaction
*"54-' v measured without dilu.
gon o! realtion misiuve in the micro-FELISA
recorder. in the present study the method of
41tigen couting was modified so that air-drying
o 200l of malasiz antigen in the wells of
nicra-titre plates ai room temperature for 122
days, when folinwed R sizedard ELISA nroce.
dure, ghves an intense coiocr in the final reaction
raxture which contld be dilunied {5-foid (200 gl of
e reaction product o 5 miin cisbilied watery
ind the extinotion vilues «F gl vanily recorded
with the standard spocirophotometes.

Jur results show high degree of sensitivity of
HIISA testin the serodingnnsis of malaria. Fven
at the cut-off point eguevalent 1o the mean+ISHD
ol normal {control subeaist vaiues i Eags
value of 0L06985, T42 of 143 (99.3%) cases of stide
positive malaria were found positive while none
of the control suhjects (Groups {110 IV} gave
posiuve reaction. This highar positive percentage
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obtamed in the present sludy in contrast to 86Y
positivity reported bv Mahajan er al. (198} after
visuaj recording of the data may be atinbuted to
the improvemnent in the procedure for antigen
coating,

significantly, higher Fyg, valves were obtained
for the malarious sera compared to the normal
healthy controfs (P 0.001), Shahjahanpur and
Mathura not only contributed 66.43% (95/143)
of the malarious sera hut also recorded the higli-
est E gy values (Table 2), indicating long stand-
ing exposure of the population to malaria,
Relatively low Egq values of Unnao and Mir-
rapur point towards their being more recent foci
of malana. This underlines the importance of
ELISA in sercepidemiological siudies.

Based on the results of £[.1SA test with P. fulcip-
arpm antigen, it may be pointed out that extinc-
tion values of mean=38D (E,q,=0.06985) based
on the healthy controls may be used asa ngorous
criteria for the diagnosis of malana cases with
active disease and high antibody level while less
dgorous criteria of mean=2S0) (E 4,=0.05885)
may be used as the cut off point to detect cases o1
both present and past mfection.
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Plasmodium berghei: Regulatory Effects of Spleen Sonicateson the
Uptake of Glucose invirro by the Erythrocytes of

Albino Rat and Masiomys natalensis

S.KHAREF .S GHATAK 5 CHANIIRA- and

AHONENS

Stoghes were carned sl onthe sy vigrs uptike A kebeded glacoss by entheoes tes o noeoad aosd ifected aibing
pals and Moviennes saralenda s and af the elfect af spleen soriciates from immane and suseeptible anomals
thereon. In the absence of spleen somcate, ervihrocsy tes Trom infected alhinu ratand mastomys 1egisicred Sand
¥ fold inercines in glucose uptake respectively compared to erythroeyies from ininfeaed animals, Spleen
sanpgaies froem albino rat in the recovens stige Blocked Lhe tramsport of HCglovose in normal or intected
crvthrovytes from both the species, By contrast splecn sonivates from miceted mastamys o peak parasitacmic
tacilitated lransport. Observations sugpest that, depending an the species of susceptibie hostsand thess immune
status, splees cantaies, factor s which affeet uptade of glocese neeessary Jar grawth and development ol

mtraervihrocvie stipes ot Plavadion bereher.

INTRODLCTION

Since the discovery of fasmoilivnr hergiiei
Katangan tree rats, thamnomys surdasier,
vicke (1954 various species of rodents have
heen tried as an alternate host to this parasite for
expenmental studies. Albino rats, thongh sus-
ceptible to this infection, have gencrallyv bern
uhserved to develop sterile immunity, The infee-
ron 1s atal in albino mice but the intensity of
parasitaenia does not seem o be the immediate
cause of death ol the host. In recent vears 3ax-
emtys frataienyis has been lound to be verv sus-
ceptible to P Berghed with parasitacmias as high
as 70-80% without the development ol slenile
rmtaunity (Senet of. 1980 Inaddition to other
Acvepted for puhlicaton: 1T May 982,
© Piwision of Biochemistry,

tentral Drug Research Instiiute,

tucknow.

I Division of Parasitclogy,
Central Drug Research Institute,
Lucknow

posstble factons, responsible for the varied sus.
ceptibility of different radent species, penetrabil-
ity of merozoites and permeabidity of nutrients,
sspecialls glucose into ervthrocytes, are ven
smiportant. The developmient of “erisis forms™
aithin erytheocytes suggest changes in the ery-
throcyte permeability e nutrients {Quinn &
Wyler, 19801 The spleen might have some effect
on the permeabiiiny ol erythrocytes, Experi-
menls were therefore plunned to study the per-
meahility of lahelled glucose into normal and
mfected ervthroeytes in vitre and the modutating
clTeet, i uny, ol spleen extract from normal and
mlected animats thercon. This paper reports the
results ol such studies.

MATERIAL AND METHODS

D-plucose-U-1C (specific activity 210 mCi/m-
mole) was obtained from the isolope division,
Bhabha Atomic Rescarch Centre, Trombay,
Bambay. India. Afl other chemicals used were of
analytical grade. The strain of P. berghei used in
this study was originally obtained from the
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warionsl Insthiute o Comimnunteabic Diseases,
eth:, and has becn maintained in albine rats
and A4 neiafensts by serial syringe passags.
apimpls apd mfection: Eight weel old male
sihino raty (O F straind and M. natalensis drawn
‘rom their respective colonies of the Tnstituie
wmimal house were used. Toese were infected
atraperitnneally with 10" parasitized erythro-
sytes, housed in plastic cages and fed with stand-
ard pellet diet ( Hindustan Lever, Bombay, India)
and water gof [ibitum. Parasitaemia was deter-
nined in thin biond smears made from tat! and
aicod stamed with Leishman's.

Yreparation of red blood cell suspension: Blood
was drawn inio heparin from retro-orbual plex-
ases of noninal and malaria-infected rodents.
2'cils were separated and ‘washed five time by
woatnfugation (800 ¢, for 10min at 44C)in chitied
nhosphate buffered saline {PBS) pH 7.2, 155
mM and adjusted o 309 (V/V) in the same
=uffer.

Yrreparation of spleen extraet: Spleens trom nor-
mial and malana-infected aibino rat;mastomys
were  homogenized with chilled PBS and
adpusted to 309 concentration (WiV), In each
=ase the homogenate wag centrifuged (800 g, 10
min at 4°C) and the supernatant was sonicated
for 2 min at 20 KHz in an ultrasonic celi disrup-
wa (Heat systems - - Ultrasonics, Inc., New
York, Model W-22007) on ice,

Crlucose uptake; Freshiy prepared 30% RBC sus-
nensions {3 mi) were incubated with spieen soni-
sate {1 mi)for {Sminav 374 [°Cand transport of
cadioacuve glucose into erythroeytes was studied
aecording to Sherman & Tanigoshi {1974), The
wethod consists of adding 0.1 mi glucose solu-
von containing 1 pC) “C-glucose (final concen-
ration of sugar was [ mM) to each flask,
incubating fer 10 min in an agitating water bath
180-100 strokes/mindset ar 37x1°C and termi-
nating the reaction with 5 ml chilled PBS. The
zoutents were emptied into pre-iared centrifuge
-uhey set inace, centrifuged for 3 min (20,000 g at
4"y and €.2 mi sampies of supernatant, repres-
vnting radioactivity of extraceliular fluids, were

emoved {or counnng, The remaining supernat-
ant was discarded. the pellet warhed Tour times
by centrifugation in chilled PBS {i0 ml) and
intracellular radioactivity determined by lysing
the cells in distibed water {2 ml) (ollowed hy
precipitation ol proteins with TCA (3 ml, 106
W V) and extraction of supernatant with water-
saturated  diethytether for removing TCA,
Radioactivity of samples was determined in
Packard To-Carb ligiid scintillation counter
usipg scintillation cocktai! (.49 PPO & 0.01%
POPGP 10 toluene and methy] cellosolve, 111,
V: V). Uptake values were abtained by convert-
ing radinactive counts info umoles glncose taken
up/gm dry wi/ 10 min.

AEsULTS

The entry of ghucose inte the normal and the
maljaria-infected red cells followed Michaetis-
Menten kinetics, at fow concentrations (below 2
mM). At higher concentrations the entrv was
simply by diffusion, so | mM glucese concentra-
tton was used for observing the effects of spleen
sopicate on glucose transport. The infected ery-
thirocytes were obtained from animals showing
28-320 parasitaemia. Figs. | and 2 demet
uptake of glucose by the normal and infected
ecythrocyies of both the species with or without
the spleen sonicate. 1t would be evident that in
the absence of spleen exiract, erythrocytes from
infected ratand mastomys registered Sand 8{old
increases in glucese uptake respectively com-
pared to normal animais. Incubation of norinal
and infected erythracyies of both the species with
spleen sonicate made from normal animals did
not exhibit any significant effect on the transport
of glucose across the membrane. When spleen
somicates made from albino rats recovering from
imfection were inacuiated with both normal und
infected zrvthrocytes, glucose uptakes were
markedly reduced from 0.4 umoles to 0.18
pmoles and from 208 umeles 10 0.7 pmoles
respectively. However. incubation of spieen son-
icates (rom infected mastomys (68 70% parasi-
taemia) with normal and infected rrvthroeyvies
caused an enhancement in uptake from 0.2
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Fig. t  Uptake of glucose by normal and infected rat ery-
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throcytes with or without spleen sonicate,
Erythrocyies of normal animais.
Erythroeytes of infected animals having 28-
326 parasitaemia.

none - No spleen sonicate.

Ns - Spleen sonicate of normal rat.

Rs - Spleen sonicate of recovering rat,

Results represent mean+SE of four determinations,

umoles to 0.38 pmoles and from 1.6 ymoles to
2.7 umoles respectively.

The effect of spleen sonicates of albino rat/mas-
tomys having varying degrees of parasitaemia on
glucose uptake of normal and infected erythro-
cytes would be seen in Figs. 3 & 4. Incubation
of normal and infected rat erythrocytes with
spleen sonicate from albino rats (10to 30%para-
sitaemia) registered more or less similar uptake
of 0.4 pymoles and 1.95 umole respectively (Fig,
2) (c.l. 0.4 ,uﬁ“loles and 2.08 pmoles respectively
in the absence of any spleen extract}. However,
when normal and infected erythrocytes were
incubated with spleen sonicate from recovering
rats, glucose uptake was reduced to 0. IR umoles

SRR iSO SPLEEMN SONICATES ON GLUCOSE PERMEABILITY 4!
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Fig. 2. U]Jlakaofglucuscby normaj and infected mastomys
erythrocytes with or without spleen sonicate.
Erythrocytes of normal animals.
Eryihracyles of infected animals having 28
3265 parasitaemia.
none - No spleen sonicate.
Ns - Spleen sonicate of normal mastomys.
Is - Spleen sonicate of infected mastomys having
68- 1% parasitaemiasResults represent mean
T SE of four determinations.
and 0.7 umoles respectively (Fig. 3). Contrary
to this, in mastomys a gradual increase in uptake
was observed in normal and infected erythro-
cytes when incubated with spleen sonicate of
animals of varying parasitaemia ([0to 70% para-
sitaemia). The glucose uptake increased in nor-
mal and infected erythrocytes from 0.2 umoles to
0.38 pmoles and from 1.6 pmoles to 2.7 umoles
t:cspcctivcly (Fig. 4).

Table | shows the effect of spleen sonicate on
heterologous erythrocytes. When infected mas-
iomys erythrocytes were incubated with spleen
sonicate from albino rats recovering from infec-
tion ghicose uptake came down from 1.6 umoles

to 0.8 umales. In contrast incubation of infected
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Fige 3 Fftect of splecn sonicates made from albing rat of

varying degree of parasitagmia on glucase uplakeof
normal and infected rat erythrocytes.
Erythrocytes of normal animats.
Erythrocytes of mfected animals having 28-
32% parasiacmia.
x - axis represents the different jevels of parasitae-
mia of rat,

rat erythrocyles with infected mastomys spleen
sonicate caused an increase in uptake from 2,08
amoles o 3.01 umoles. Spleen scnicates from
normal rat and mastomys did not show any sig-
nificant eifects on glucose uptake in heterolo-
gnus erythrocytes.

DHSCUSEI0N

It has been reported that in Plasmodia infected
erythrocytes, transport of amtno acids (Sher-
man, 1977} and glucose (Sherman & Tanigoshi,
19743, required for parasitic growth, is consider-
ahly increased but no reports are available des-
cribing the role of spleen in permeability of the
required nutrient especially glucose in them, This
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¥ig. 4. Effect of spleen sonicates made from mastomys ol
varying degree of parasitaemia on glucose uptakeof
norma} and infected mastomys ervthrocytes.

LErythrocytes of normal animals;
Erythrocytes of inferied animals having 28
326, parasitagrmia,
% - axis represents the different levels of parasitae-
miz of mastomys.

permeability differs from hos: species to species
and might be one of the causes responsible for
their varying susceptibility tc P berghei infec-
tion. Now, coming to the role of spleen on ery-
throcyte permeability, macremolecular
mediators such as complement cleavage pro-
ducts of activated splenic macrophages have
been suggested to be one of the splenic factors
responsible for alteration in erythrocyte mem-
brane transport of metabolic substrates required
for parasite growth (Allison & Clark, 1977,
Quinn & Wyler, 1980). it would be seen that
when permeability of normal ervthrocytes from
rat and mastomys were studied, the glucose
uptake of rat erythrocytes was found to be
almost double that of mastomys erythroeytes. In
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Labiy Piteol b sploen samwalss m Bogiogous aad

heteralegony arythrocvies,

smoles of glucose taken up

B wanica : \
A rgm dry wt/ 1 min

*Ervihrocytes of *Erythrocytes of

infected rats infected mas-
tomys

None 2.01F0.08 16 X tid
Sormal -ai spleen 1.9610.08 1.643:0.08
Normal rmastomys
SPIEEn 1.9210.04 t 74004
Recovenng rat spieen 07008 18012
s+infected mastomys
spleen 301028 2.710.24

Results o Lpresea v £ SE of four deterannations
*Ery.aracytes of infected animals having 28-329% parasitee-
mia were employed.

**Spleen sonicate of infected mastomys having 68-70%
parasitaemia.

the present study, when respective spleen soni-
cates were added to normsal rat and mastomys
erythrocyte, no change in glucose uptake was
observed. When erythrocytes from animals with
28-324, parasitaemia were used, the uptake was §
tmes more than normal in mastomys erythro-
eytes and 5 times i rats (as mastomys is more
susceplibie ta Phergheiinfection), When respec-
tive spleen extracts were added, these values did
not differ much in both the species. However,
when spleen sonicates from rats with declining
parasitacmia was added there was a sharp
decrease in glucose uptake of infecred rat ery-
throcytes. In case of mastomys with increasing
parasitaemia, the glucose uptake increased and
this increase was more significant when spleen
sontcates from infected mastomys (with about
70% parasitaemia) was added, To learn if the
infected spleen sonicate contains factors, hete-
rologous trials were made. As would be evident

RS TR I LS F RN A I +
{rom Table |, when ynlecled mastonys spioes:
sonicate {68-70% purasitacmia) was added, the
glucose uptake of infected ral erythrocytes
greatly increased o 2101 umeles. In contrast.
spleen sonicate from recovering rats significanty
inhibited the uptake of glucose by infected mas-
trmys  erythrocytes. From the obscrvations
made in this study, it can he supgested that
infected spleen sonicate containg both immune
and nonimmune factors, depending an immune
status of the host, one of which decreases per-
imeability, 4s with the spleen extracts from
irnmune rats and the other which facilitates per-
meahility as fram infected mastomys. Allison et
a@f. (1978, hased on their studies oy the roly of
spleen in protection against murine Babesiosis,
inferred that during the phase of recovery froma
Babesia infection the rate of transport into
infected cells is less than during the phase of
rising parasitaemia. Extracts of cells from the
spleens of recovered amimals or animals made
non-specifically immune by BCG inhibited
transport. Thus the parasite specifically activates
certain transport systems anid factors in imrmune
spicen cells inhibit thenr. This further supports
oitr inference that erythrocyte permeability is the
nrime factor for the growth and development of -
malarial parasite within the erythrocyte and that
this permeability factar is largely dependent on
the spleen. Attempts are now under progress for
characterizing the splensc factors responsible for
causing these alterations.
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Effect of Plasmodium cynomolgi B Infection on tne
Haematological and Liver Function Test in Rhesus

Monkey { Macaca mulattay*

SKLSREVASIAYA S K. PHRY and 40P DU A

Sequeniis, saciaintogical and serum biochemnicai changes main chesus mumnkeyy dunag chroaic Plasihirdii
cpnomuigi R ieiection at different mean parasitaemia levels ie. 25, B and 5% on days 10, 15 and 20
respectively. and during chronie phase of infection were studied upio 40days. The values for haemogiotin, RBC
and PCV showed highly significant decrease {P<I0.001) an days 10, 15 and 20 respectivelv. There were no
sighificant changes in liver function tests vz, SGOT, SGPT, L and serum mlirubin during Pevaomodgi B

mfection.

IKFROUCTION

Haemawilogical awc serum hrochemiecal changes
reflecting liver function tests in P falciparum
majaria have beern studied by several worker
{Choudhury and Chakravorti, 1950; Migasena e:
al, 1978, Wellde er a/,1972 and Cadigan et of
1973}, whereas the Bver funciios tests in Plasmo-
titemt  vivax malaria nave been studied hy
seshadn e af, (1981),

The vwoexperimental primate malaria infections
namely Pknowlesi and P.eynomolgi B simulate
the patierns of acute and often fatal course o
B falciparum infection in non-immune subjects
and children, and a chronic non-fatal relapsing
course of P.vivax infection respectively. Srivas-
tava er al. (1982} carried out a scquential study
on haematology and liver fusction tesis from
carty (o acute Pknowfesi infection in rhesus
monkey  The major changes observed in

Accepred for Publication: 18 May 1982,

* This paper was presented at the All India Svmoposium on
Vector and -Vector borme diseases held at Medical Col
lege, Trivandrum (26th-28th Feb. 1982).

rvision of Micrubiotog)
Centrar Drug Research Institute,
Chhatar Manazi),
Lucknow-226004.

Ainowies  adecusan  mciuded o signdicani
decrease in Hb, RBC and PCV and & corres-
punding hghly significant increase v poly
montph.  The ncrease in  total absolute
tymphocyte count (TALC) during peak infection
was marginal, Among the jiver funcuon tests
serum hilirubin increased during acute infection,
though changesin SGOT, SGPT and L2 H were
not sigrificant,

Fhe present siudy reports the sequeniral changes
151 haematological and liver function {ests during
P cynomolgi B malana infection in rhesus
mankeys.

MATERIAT, AND METHODS

Six normal heajthy female rhesus monkeys
weighing about 4-5 Kg. were acclimatized to the
labgratary conditions and maintained on stand-
ard diet in primate house of the Institute, These
monkeys wore free of fuberculasis as shown by
qegative tubercnlin test and chest X-ray.

The haematological parameters analysed were
haemoglobin (Hb-g%), RBC count x 106/mm’,
packed cell volume (PCV, %), differential leuco-
cyte count {DLC) % of polymerphs, lymapho-
cytes, monocytes and cosinophils, total
leucoeyte count {TLC)/ mm?, total absolute pol-
ymorph count (TAPC)/mm?® and total absotute
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winpaocye count (ALY, mmd. {ests were cas-
aed out aceording to the technigques of Dacte and
Lawis {1968) and Fastham (1977).

fhe mochemical parameters {Liver function
‘ealy) viz, serum givtamic oxaloacetic trapsam-
pase (8GN, and factic debvdrogenase (J.TH)
ware done accarding to the methods deseribed by
Jser (1976). Serum bilirubin was estimated by
:pe technique of Malloy and Evelvn (1657}
Thege perameters were studied before (dav ()
and after i/v infection 10 rhesus monkeys with
il Povaomoigi B infected RBC on day 5, 10,
M, 25 30 and 46, Parasitacmia in Blood
~mears was checked microscopieally by staining
‘ne shides with Giemsa,

RESULTE

Haematoiogical parameters were the first to
show alteration by 10th day of Povnomofel B
nfection zs evidenced by the decrease in Hb,
RBL count and PCV % together with increase in
atat leucocyte count {TLC)Y and total absolute
nolymorph count (TAPC). Between day 15-20,
:he changes in these parameters were highly sig-
aificant. With the appearance of primary peak
sarasitaemia by day 15, the total absolute lym-
shocyte count {TAIC) registered a non-
significant increase (P >0,05) and by 25th day
he auamber of circulating lymphocvtes had
sihown a highly significant mcrease (P<0.001).
Together with the increase in number of circulat-
ug lymphocytes, there was a sharp decline of
narasitaemia and infection became chronic
seyond 25th day as indicated by a low level of
sarasitaernie which persisted bevond 40 days,

On day 40, these parameters returned almosi to
aormal siatus except the Hb leve! which showed
siower recovery {Table 1). Though RBC count
was also lowered, but the decrease was nat signif-
cant as the normal RBC range was 3.8 - 5.6 x
Hy{mm'. No significant changes in monocytes.
zoainophils and TAPC were recorded.

w6 significant alterations in fiver function tests
SGOT, 5GPT, LDH and serum bilirubin} were
recarded during entire course of P.opnomolgi
nfection.

IMSCUSKION
laliaferro and Ktuver ({944} have studied the

detall  haematologival findings during acute

nfection of Plasmadium hrasilianum in pana-
manian monkeys and reported an incrzase in
VLG and polymorph % and a decrease o iym-
shoeyte percertage, When infeciion became
shronic these haematolomeal changes revealed a
siight decrease in T5.C and polymorph % and
there was {luctuation in ivmphocyte 9 dunng
vhironic phase of infection. in the present study
af P.oynomolgi B also 1.0 and TAPC showed
initial rise during eany course of ntection, but
the increase in circulating absciuiz lymphooyte
sount (TALC) was highiv significan and their
increase coincided with the depression of parasi-
raemia by the host immniunc response. A compari-
son of haematelogical and Yvar function tests
/1. FT) ta acute and fatal Phnowlesi and chronic
non-fatal P.cynomeolgi infections can be madc.
‘The acute Pknowiesi infection showed a high
degree of leucocytosis at the height of parasitae-
mia which was followed by deatiy, butia P.oyno-
molgi a non-significant increase in circylating
Iymphocytes was noticed st peak parasitaemia.
Tyuring the declimng phase of parasitaemia. the
circutating tymphocyses showed further prolifer-
ation as shown by a highly significant increase in
their number and this was closely related to the
development of elfective immune response. Fol-
lowing primary peak parasitaemia, the IFA
antibody titres of rhesus monkeys infected with
Poynomelgi are Known to increase from day 15
unwards, suggesting a correlation between lym-
nhocyte proliferation and the stmulation of
effective Immune response. During chronic
phase of Pepnomolgi B, tie lymphocyies
showed fluctuations but they were maintained at
aigher level than the pre-infection levels. All
other parameters returncd to normal by day 40,
cxcepting Hb which shdwed slow recovery.
Among the liver [unction tests, serum biltrubin
which is adversely affected by P.hnowles: infec-
tion, was not significantly alteved by the chronic
P.cynomolgi infection. Our lindings are in con-
{formity with the observations of Seshadrn et al.
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(1981, who repurted o change m Hver function
‘ests in Povivax malariz in south Madras area.
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New Anitmalarials @ Synthesis and Activity of 4,6-Diamino-|,
2-dithydro-1-{ P-(4-(2",5'-di-substituted)thiazolyDphenylene)-

2. 2-dimethyl-s-tnazines-11

P GUDADHE. DT CHAUDHARIS and D.M. RENAPURKAF:?

A variety oi the ttie compounds were prepased from vanious {4 -aminaphenythiazoles, The anmaiarnial
action of these synthetic derivatives was evaluated by Rane's hlood schizonticidal test, In ail, 25 dibydrotria-
zmes were synthesized and the activity of nine candidale campounds was determined vs, P, berghei voelii. SAR

5 discussed.

INTRODUTTION

Compounds containing Lhe thiazole ring system
are found very useful in medicinal chemistry.
Drugs hike thiabendazole, tetramisole, ninda-
zole, aminitrozole, promizole, fenclosic acid,
penicillin, sulphathiazole and vitamin B, contain
thiazele ring in ore form ar the other.

It is presumed that the molecule of cycloguanil
(I} hydrochlnride has p-chlorophenyl group
whic!: is acting as a transport or carrier molecule
for tihe active moiety of s-triazine, Other groups
such as phenoxyatkoxy, benzyloxy (WHO 1973;
Sweeney and Strube, 1979; Canfield and Roz-
man, 1974), alky! or arylthio-phenyl, naphthyl
{Schalit and Cuter, 1959; Capps er al., 1968),
attached to active s-triazine molecule are also
reported and their antiparasitic activity dis-
closed. However, there are no reports of a thia-
wole ring attached to dihydro-s-triazine molecule

Accepted for publication. 16 May 1982,

¢ Department of Chemotherapy,
Haifkine Institute, Parel,
Bombay-4% D12

! Department of Zoonosis,
Haflkine Fnstitute, Parel,
Bombay-400 ¢12.
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for investigating :is possible antimalarial
activity.
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A aumber of compounds derived from 4-(4-
aminophenylithiazales (1) have shown anti-
cancer {(Modi er al, 1970}, antituberculosis
{Chaudhari e: of, 1976) and antiparasitic
{Khadse et al., 1977} activity

During the past two decades, several 1-aryl4,
6-diamino- |, 2-dthydro-s-triazines have been
synthesized and evaluated for biological activity.
inhibitory effects against Lactobaciflus casei in
the dihydrotriazine series (Roth er al, 1963) were
generally thought to be a measure of antifalic.
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where, R = H or Cl;

(CHy )2 Co

'2 e e
Mathanol

R.1 = H DY (‘Il_
R, = H, aryl, aralkyl, haloaryloxyaryl.

activity and thus is presumed o be the basis for
the antimalarial activity of cycloguanil (Capps er
al., 1968).

In order to develop new chemotherapeutic
agents, we thought that the linking of 4-(p-
aminophenyilthiazoles 1o dihydrotriazine may
result in compounds poessessing good antimalar-
ial activity. The compounds that may be formed
are |-; p-i4-(disubstitutedythiazolyl/pheny-
lene; -d4,6-diamina-i,2-dthydro.2,2-dimethyt-y-
triazine hydrochlorides (1V). This paper
describes the preparation and antimalarial acuv-
ity of {1V) against Plasmodium berghei yoelii, o
redent malarial parasite.

MATERIAY, AND METHODS

Yhe dihvdro-s-triazines {1V) were prepared in
60-63% yield by condensing 2, 5-disubstituted-4-
{d-aminophenythiazole hydrochlorides (1f)

with cyanoguanidine ({fI} and acetone in the
presence of methanol al reflux temiperature by
the method of Modest (1958). 4-(p-
Aminophenyl)- and 4-(4-amino-2'-
chlorophenyl)thiazoles were prepared according
tr known methods (Modi ez af,, 1970).

All the p~(4-1hiazolyi)phenyl-s-triazine hydrocn-
lorides {1V) revealed 1R and UV spectral features
in agreement with thern assigned structure {Mod-
est, 1956; Roth e al.. 1963, Capps el al., 1968).
Most of the dihydro-s-triazines (1V) described
(Table 1) were checked for appropriate spectral
changes uppn heating with 05N sodium hydrox-
ide ‘to confirm that the indicated isomers were
obtained

2-(p-hiorophenoxymethyl}-
thiazole
WisH and

Experimental:—
4-(2'-¢chloro-4"-aminaphenyl)
monchydrochloride ¢l 1=2-Ch
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Reyp-CIC Hy OCH .
4 cpixture  of  p-chlorephepoxythioaceta-
nride 0,404 g; 2mmole) and 2-chloro-4-amino-2"-
chlgroaceto-phenone {0.408 g; 2 mmiole) in 5 mi
af absolate ethano! was refluxed for 4 hours,
when & crystaltine prodnct was obtained. 11 was
fiisered, washed with ethanol and dried in
vacuam over Call;.
Yield 0.61 g (79 %), m.p. 208-2100C.
Elementat anatysis for C 16 H 12C1 2N 208,
HCH
Calculated O, 49.55; H, 3.35 N, 7.22¢,.
Yound C, 49.22 H, 3.61; N, 7.59 %,
4,0- Lhaming-1,2-dihydro-1-{p-[2'(3-methoxy~
d-gthoxyphenyll-4-thiazotvl] phenyiene] -2,
dimethyl-s-triazine monohydrochloride (No.
Table 1)

Table } —

-
)

L

8.

51

A mixiure of §.560 g (15 mmole) of 2-(3-uicthoxy-
d-ethoxyphenyl}-4-{p-aminophenyithiazote
hydrochbloride, 0.146 g of cyanoguanidine (}7
mmole), 0.5 ml of dry methano! and 5 m! of dry
acetone was stirred and heated under reflux for
20 kr. The reaction mixture was homngencous
within five minutes and soan the compound
hegan to separate in crystalline form. Afier the
heating was over, the product was collected by
ltration and washed with 10 ml portions of
acetone and ether. This gave brown prisms of the
title compaund as monobydrate of analytica)
purity, .
Yield 0.55 g {70 %}, m.p. 236-237°C
Flemental analwsis for £ 23 H 26 N 6 O 2
SHCLH20O:

Caleulated C, 54.74: H, 3,74, N, i6.65%

4,6-Diamuno-i, 2dihydro- Hp-[4'-(2 . F-disubstituied ihazaiy pheayienck-2, -divp ey by-triseine
hydrochlorides (1Y),

Compound R

Yield % . M.p. °C* (uncorry. Mol formuia**

R: R,
L H CHsg CH, 50 195-03 C el 20NgS. MO
1, H CTHy 3-8rCH, 52 272i-22 Ty H o BrNgS. HCLH 0O
L H CHa 4-CICH, #s 228.31 CaHACINGS HCLH O
4 H CH, 2,4-CLICeH, 52 235-40 Cq: HpaClN S HC!
A # CH; 4ELOC,H, A0 21445 C o NOS HOLH 0
i # CH, 4-PrOCgH, 75 228-29 T HoaMNgOS. HCLH L0
[ H H 3.4-{Me0)LCeH, a2 2619 CpaH 2 Na0LS HCLHL0
3. M OH 34 MeGETHH, 0 236-37 CogH 2N OS5 HCLHL0
2 H OH 3,4-{E10),CeH, 50 joT-08 C2HogNu0,S. HCI
i H f‘“‘-} 3.4—510(?70)(:3“.1 i 223"24 CgﬁH;;ng,‘O:;S,Hm.H*O
i, H CHy 14-MeO(PhCHONCH, 87 ZIR-20 CaoH N OS. HCLH0
r2 H CH\( 3,4,5—!“30]46‘5!{2 9} 254‘55 Cu“g_wNnO;;S.HC}
i H H CsHsCH; &8 236-3% CyHaN S HCLH.O
it H CHy 4CIC;HCH, 62 196-9% Cy R ;3C!NGS‘HCLH20
15, 4 CH, 4 MeOCH,CH, 59 203-04 CyaH 5 Ne0OS. HCL2H 0
-3 H H &01CHL,OCH, T2 234-25 Co HuyCINgDS HCLH O
T H H 2,4-C1,Cl1 O CH . 69 235-26 Cy HaoUl 05 HOS
] clob CaHg 59 203-15% Cl,sCINGS. HOY
T3 ChoH 4-CICH, 68 23729 CogH CILMNGS HOLHL0
LY U1 H 4-PrOCgH, 77 215-14 C o CINGOS HOLH O
2. M 3, 4Bt CeH, 58 L6R-70 C g 4TINS HCLH L0
13, oo 3,4-E1O{PeOKsH 62 310-12 Cond B CIN 5. HO!
€3, oo 3AEOPRCH OYCeH, 68 25313 4 g H e CIN LS O HLO
24, 1 H 34eMeXPRCH OV GH, 53 20811 C 4o 1008 HO .0
3. " 4-CICH OCH, ) 1235 M0N0 HULHL0

* Capillary melting points,

** Analysed correctly for C, H and N within £ 0.456,
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Found C, 54.91; H, 5.53; N, 17.03 %

Other p-(4-tniazolyl)phenyl dihydrotria

zines (V) prepared by the above procedure

are lisied in Table I.

Biological activity:— Primary screening: The
antimalarial activity of compounds was evalu-
ated using P.b. yoelii-mouse model by Rane’s
blood schizonticidal test as described by Osdene
et al. {1967

Aibino mice of H.L strain weighing approx. 20 g
each received standard 1.p. inoculum of I
infected donor red cells. This dose killed
untreated controls in 8 to 9 days. Test drugs were
dissolved in sterile distilled water or suspended in
Tween-88 and injected once subcutaneously 72
hr. after infection. A drug is considered to be
active (A) if treated animals survive at least twice
as long as controls, i.¢., the animals not receiving
any drugs {this is MED). The drug is considered
curative {(:,‘) if the treated mice survived for 60
days. If death occurred within 48 hr. of treat-
ment, the mortality in mice was classified as
death due to toxicity (T). All mice receiving
drugs and showing a survival time of 14-18 davs
were tullowed up tor presence of parasies by
regular examination of blood smears. There was
no parasitacmia in mice surviving 18 days period.
A group of infected animals treated with

pyrimethamine at 4.5 mg/kg dose levels produc-
ing definite increase in survival time was
included as a positive contrel in every expen:-
ment for comparison.

RESULTS AND DISCUSSION

In all, nine dihydrotriazines {iV) werec examined
against P. b. yoeliifor their antimalariai action in
mice, Eight of them (Table 2) Nos. 6, 7, 14, 15, 17,
19, 20 and 23 showed activity at dosages varying
from 20 to 160 mg /kg. In all these cases no
parasitaemia developed even after 18 days.

Compound No. 15 exhibited promising activity
and cured four out of five treated mice at 160
mg/kg dose level. The corresponding chioro
derivative {(No. 14} though active and nontoxic at
40 and 80 mg/kg was not found curative. Com-
pounds 6 and 7, with propoxy and dimethoxy
grouping in phenyl ring at 2-position of the thia-
zote moiety, were found te have suppressive
activity and were nontoxic at 40 mg/kg and (60
mg/kg. However, the replacement of aryl (com-

pound No. 6) and aralkyl group (No, 14, 15) with
haloaryloxymethy! group resulted in an active
compound (No. I7). This compound was active
at the lowest dose of 20 mg/kg but it was found
toxic at a dose level of 160 mg/kg. Compounds
19, 20 and 23 with p-(4-thiazolyi)-m-

Table 2 - Antimatarial activity against P. b yoelii im mice by Rancs Methad.

Compound®

(D + 3) Single s.c. dose; & MST, T or C dosages after mg/xg

Y 2 40 80 160
5. -— - 5.7 12.2 (A} 13.24{A)
T 57 ~ 12.5 {A) — 6.8
13 — ~ g9 - 8.9
4. — — 6.7 11.0 (A) 11.0{A}
t5 19 -~ 79 — 4.0{C)
17 — 2.0{C) 0.4 — 260N
19, 6.7 - 8.0 (A} 4.0(T) 10m
2. —_ B3 — 6.3 —-
23 pA — 14.0 (A) — 8.7

*Compounds refer to those from Table 1. D = Day of infection; (D+3} = 72 hr;

A MST = MSTT - MSTC (se¢ Gudadhe er o Dec. 1981). Ind. J. Malariol, 18: 73-79;

T = Death in mice duc to toxicity; C = Animals classed as cured;

{--) represents na lest being done. In each run pyrimethamine and cycloguanit hydrochloride were included as standard

drugs for comparison.
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chlorophenyl grouping at |-position of the tria-
zine ring displaved good activity at dose levels
ranging from 10 to 40 mg/kg. However, com-
pound No. 19 proved to be highly toxic at 80 &
160 meike.

This preliminary study shows that compounds 6,
7, 14 and 15 had considerable antimalarial activ-
ity. Further studies are, however, needed to eval-
uate these compounds as potential antimalarials
for use in clinical practice.
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Observations on the Incidence of
Malaria in India

V.B. SHARMA!

Malaria incidence figures are collected through
the active and passive agencies throughout the
country, These agencies prepare biood smears
from the fever cases. In some areas mass blood
surveys are also done, All these blood smearsare

ained and exantined under the microscope for
the presence of malaria parasite. Slides showing

the presence of malaria parasite represent mala-
ria positive cases which becomes the basis of all
planning and future projections. Thus Patta-
nayak and Roy (1980} reported malaria inci-
dence in India from 1971-1978, NMEP's data
have been used in many researches on the stratifi-
cation, diffusion models and other interpreta-

Table | — Malaria positave cases in India {1971-80).

Year Blood slides Rlood slides Malaria positive cases  Probability of Cosrected incidence

collected examined reported by NMEP an  malaria cases in of malaria

blood smear exami- the unexamined
nation slides

1971 41565296 40453164 1322398 36355 1358753
1972 41420000 39200000 1428649 80908 1509557
1973 44140000 42450000 1930272 76847 2007120
1974 48 140000 45450000 367658 187481 3355139
1975 53269227 51818351 5166142 144648 5310790
1976 58081609 55978173 6467215 243012 6710227
1977 59002187 57016347 4740900 165638 4906538
1978 62276054 60462306 4144385 124323 4268708
1979 62172471 61415178 3064697 37790 1102487
1980 67627506 65920583 2844815 73662 2918477

Accepted for publication: 11 April 1982,
' Malaria Research Centre, (ICMR)}
22, Sham Nath Marg,
Dethi-110 054

tions. This data are also the basis for caleulating
various epidemiological indices viz., annual
blood examination rate (ABER), slide positivity
rate {SPR), slide falciparum rate (SFR) and
annual parasite index (API).
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We cewi thai blood shides coliected from the fever
sages and no! examined for various reasons
shauld alss be included in calcelating the inci-
jence and the APL Simce micrescopically exam-
ned siides constitute Bulk of the slides, it would
“ zorrect to 2dd a proportionate number of
gyneramired slider and therefore the malaria
cases (hased an SPRY o the total inoidence of
patara. The revised figures of malaria Incidence
# india bav: becn shown in table ! using thix
cisteria. To achieve weater gecuracy, celoule-
nons of the unegantined shides way be dore on
:be basis of #tratification of sectionwise,

This criteria should be adopted in calculating
API which is the sheei anchor of decision mak-
ing. The method would also dispel any tendency
ol showing better performance on the basis of
low slide examination ratz

REFLRENCEE

Latanavay, %, s AL Roy (9% Melarw in
indiz and the modified plan of operations for sts
contrei. J. Cem. fis. 13 L4
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Inseciicide Susceptibility Status of Malaria

vectors in Maharashtra

M. VITTALL S.M. MUSTAFAY, R.B DEOBHANKAR? | B, DESHPANDH und R.R. DEQ*

Anopheles cuncifacies s the principal vector of
malaria in rural areas of Maharashtra The vec-
tor was highly susceptible to DDT from 195310
1958 (Bhatia et a/,1958). In subsequeni years
physiological resistance to DDT resulted in con-
trol failures so that in 1962 HCH was substituted
in certain areas to interrupt transmission. By
1968 resistance to DT became widespread
(Raoetal, 1971)yand to HCH also in most areas.
Resistance o HCH in DDT resistant 4. cubici-
Sfacies was noted after 4 cycies of HCH spiay-
ing, and to malathion in DDT and HCH resis-
tant populations after 13 cycles of spraying
(State Government unpublished records). It may
be mentioned that in Maharashtra DIDT was
sprayed since 1953 @ ! gm/sq. m. HCH since
1962 @ .25 gmsq. m. and malathion since 1969

tecepied for publication: T4 Apnil 1982

' Entomologist, Malaria Orgenization,
Maharashira State, Pune-!,

I Jumior Emomolugist._kcgians.i Malaria Offices,
Punc and Thane respectively.

' Malaria Supervisor, NMEP Unit, Aurangabed.

@ 2 gm;sq. m. The first report of resistance to
malathion was received in 1973 in Dahanu tehsi|,
Thane district. In subsequent years it was
observed in severa! other districts and in neigh-
bouring Gujarat State (Rajagopal 1977). Today
A. cuficifacies is resistant to DDT, HCH and
malathion so that very effective interruption of
malaria transmisstan is not achievable in certain
areas,

We carried out insecticide susceplibility tests on
the commonly found anopheline vector species
using the standard WHO procedures (WHO
1970). Adult females were cellected from the
field. These females were held in Barraud cages
and kept in room mamtained with optemum
humidity and temperature. Care was taken to
select uninjured and healthy mosquitoes. In each
tube, 15-25 blood fed females were exposed to
insecticide treated papers for a fixed period and
mortalities recorded after 24 hours. Where
necessary, mortalities were corrected using the
Abbatt's formula, Results of this study are given
n Table 1
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Resuits reveated that 4. cuficifacies was highly
resistant to DDT and dieldrin in ali the areas
tested. High degree of resistance to malathion
was observed in areas under HCH and mala-
ihion sprayv, whereas some tests showed suscepti-
aidity 1o malathion in DT sprayed areas. 4.
anntlarly was also resistant to IDDT and diel-
drin. 4. fhuviarifis has developed some degree of
wilerance to DT and dieldrin.
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A Note on the Feeding Behaviour of
Mosquitoes in Maharashtra Villages.

The feeding prefercnce of mosquitoss was
observed in 4 villages of Maharashtra mate situ-
ated in the riverine area 1e, Sendurwafa and
Kumbhli in Bhandara district and Ganeshpur
and Chikhalgaon in Yavatmal district. These
studies were initiated with the objective to see the

R N ST

B

FY

4.
A,

M. VITTAL: and R.E. DEO?

Tabie. ! -- Mowguitoes coilected on iiuman <4t 1n Maharashira witages {1966-73)

Numbers collected from

mung and feeding site of mosquitoss when che
entire human hody was cxposed.

Observations were made fortpightly. indoors
and outdoors, between 6.30 to .30 p.m., from
1966 to 1973 in two selected mixed dwellings. A
hare man with a bathing trunk sat on a stool.

Speies Total Capturen
Head Shoulder Chest Belly Back Hand o legs

. Anephrles (A Arreanus i] i} ¥ ¢l ‘ 0 _ 4 T8 82
. ¢C.} annularis 0 0 0 ! a 2 8% 88
0.} ewdicifacies 0 0 0 0 0 i 8 19
O Maviarills { ! | It | 2 47 52
A0 Jamest v} I n 1] o i 4 4
(O g deyporiensis } i} 3 0 ] 4 2 2
A0} mrarudlatus 0 {i i} {1 ] ¥ i !
. (€.} pallidus 0 Y 0 o 9 o a3 63
. (C.j splendidus n 0 0 0 0 ] ! j
. (C.) subpicius 0 1] 0 2 3 4 63 2
. £C) tessallatus 1 0 0 0 0 0 9 0
. (02 thephaldi D 0 o " I 1 kP 3
- (€} rurkhudi 0 0 0 0 ] 0 ! !
(€ ) vagus ] ] & 0 o 9 7 z
i vgruna i 1] 0 0 9 a i 4

2. Culer spp. 2 5 0 20 36 53 954 1070

) 0 0 2 28 2 8 o

3. Aedes aegypr

Avcepted for publicais: 19 Aprib HR2L
I Entomologist, Malara (rgamzation, Pune-i.
r Malaria Supervisor, N.M.E.P. Unit, Aurangabad.
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. 4. culicifavies collected from the living rooms showing the numbers with frest blood mea! (1368-70)

Time
{30 mt. collection}

Tota! collected

Freshly Ted mosuunaes collected
with percentage

6 p.m.
& pom.
10 p.om.
12 p.m.
2am.
4 am.
&am.

147
420
KL
167
195
521
Y3

§8{ 2.4)
53 {12.6)
Bl (24.3)
73427.3)
37 (19.0)
66 (12.7)
68 ( 1.8)

Mosguitoes found alighting or feeding were col-
jected with the help of  suction tube and a flash
hght, fn one study in October 1967, during the
tocal outbreak of malaria, datly collections were
made for one week between 5.30 p.m. to 12.30
p.m. with particular emphasis on A4, fluviatilis.
Results of this study are given in Table |

Results reveated that the most preferred site of
teeding of the anophelines was legs. A few mos-
gquitoes were also founet feeding on hands. 1t was
interesting to find some zoophilic speciesviz,, A,
hyereanus {total 82) and A. tessallarus (totat 1)
tecding on man during one week focal outbreak

study. The Culex spp. mosguitoes also preferred’

legs but small numbers were also found feeding
on helly, back and hands cte. In contrast dedes
aexypri preferred back, but specimens were also
collected from legs und other body parts, The
study clearly brings out impaortance of providing
adequate protection to the legs to prevent/re-
duce the chances of an infective bite.

In another study, resting 4. cuficifacies were
collected from the living rooms at 2 hourly inter-
vals from 6 p.m, to 6 a.m. for a 30 mt. period. Al}
cotlections were examined with the help of a
hand lens. Females showing fresh irridescent red
hlood in their abdomens were recorded as
against the total females collected. Data from
1968-70 are given in Table 2. Results revealed
that hiting of A, cuficifacies continues all night
with a peak activity between 10 p.m. to 2 a.m. as

observed by Viswanathan er a/. (1955).
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Ecoiogy ot Anophelinesin Basantpur Village

Situated on the Bank of Jumna

M.oA ANSARYE, RE. RAZDANL VP SHARMA' and TR, MANI®

Chbservations in the recent past have shown that
Anopheles culicifacies is the major vector of
malaria in rural areas and maintains high ende-
micity in riverine villages. Therefore studies on
the ecology of anophelines along Jumna with
particular emphasis on 4. culicifacies were indi-
cated. These studies were carvied out in Basant-
pur which was selected because of its focation on
the bunk of Jumna, small size and solation from
other villages. 1t is situated on western bank ol
Jumna, 20-km south cast of Delhi in district
Faridabad (Haryana State}. The village has
about 100 structures. There are about 400 people
and 200 cattles hiving in close proximity. Fast-
ern omskirts of the village are swampy. There are
1 wells within 1-km and a drain flows at a die-
tance of about I-km which f{alls in Jumna, The
climate is dry tropical with an average rainfall of
H00 mm. per year. There were occasionally long
spells of heavy rains. Every year floods inundate
the village and ficlkds, and the receding waters
icave several pools for mosquito breeding. Stu-

Accepned for pubfivanoa. 4 May Y982
* Malaria Research Centre (FCMR),
22, Shem Nath Merg,
Dethi-FED 54,

* Vectar Control Research Centre,

5738, Lenin Street, Kosspalayant,
Pondicherry-605 01,

ales srarted in May 1978 and continued til;
August 1979, The results of the observations
made during this period are reported in this
paper,

Entomological obscrvations were made on
weekly basts. Mosquitoes were collected between
6.30 a.m. to [U3¢ am. fiuur houses ana cat-
tiesheds using suction tubes. Density of adults
was recorded as per man hour coilection of ano-
nhelines. Vector incrimination was done by dis-
secting gut/glands of the field collected females.
Biood from the freshly engorged females was
colleeted an filter paper for precipitin test. Any
sample that gave cross reaction was rejected. For
inunatures, a dipper {(10x5x5cm) was used to
estimate density in their breeding habitat, sim
ilarly for wells a bucket {30x10cm) was used,
T arvae thus sampled were counted and reared i
the laboratory for identification at the aduh
stage. Susceptibility of larvae to insecticides was
tested using the WHO larval test kit a recard of
fever was maintainzd and cases found positive
‘o malaria were given antimalarials.

Adult collections revealed the presence of six
inopbelines viz., A annularis. A culicifacies
4. hyreanus, A. pulcherimus, 4 stephensi and
A. subpictus. Bhatia er al. (1958} studied the
scasonal prevalence of anophelines in Delhi-
Ghaziabad barder villages near Hindon river
and found the presence of additional 4 species
viz.. A. harbirosiris, A. fluviatilis. A. pallidus
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aud 4. splendidus. The first 2 species were consi-
dered as an  accidental introduction from
upstreams and the later 2species were considered
rare. 4, annularis was the most dominant species
of Delhi-Glziabad villages. Of the anophelines
found in Basantpur, A. culicifacies and A4, ste-
phensi are the primary vectors of malaria and 4.
annularis, a secondary vector. Among the vector
species A. culicifacies were found in good
numbers.

Results of the relative densities of 3 most domi-
nant anophelines found in Basantpur are given in
Table 1. It was revealed that low densities of A.
ammudaris were found during winter months.
There was sudden peak in April followed by Jow
densities in other months. The populations of 4.
culieifacies start building in April and reach peak
densities in June and July followed by a drop to
low numbers with second small rise in October.
A. subpictus was the most dominant species of
the village. Hodgson (1914) also observed that A.
subpictus was the most dominant species of the
new province of Delhi. The populations start
building in May, peaking in July and August
followed by decline with a second small rise in
October. A sharp decline in anopheline densities
was observed during monsoon which may be due
to long spell of rain, and unprecedented floods.
Both A. stephensi and A. hyrcanus were found in
very low numbers throughout the study period.

A notable feature of the adult anopheline densi-
ties (resting indoors in houses and cattle sheds)
was the preseuce of a highly distorted sex ratioin
favour of femnales, which was more proniounced
it houses than in the cattlesheds (see Table 1).
Most of the anophelines were found resting on
wall upto a height of 2 meters inside human and
catte dwellings. 4. subpicrus was {found resting
mainly on the hanging objects, and A. cuficifa-
cies mostly on the walls and ground,

All larval preeding sites wer searched in and
around the viilage on weekly basis. A dipper was
used to estimate the density of immatures. Based
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on the collections of immatures from different
breeding sites, breeding association of the ano-
phelines was recorded (Table 2). The breeding of
anophelines was observed in wheat fields and
pools around the village, swampy areas of the
riverbed, and wells. A flowing drain constituted
permanent breeding site for the 4. cuficifacies.
This drain had a discharge water (clean water) of
the power station. 4. culicifacies was found
breeding in large numbers in association with 4.
annularis, A. subpictus, A. stephensi and A. hyr-
cants and with or without culicines. There was
no exclusive breeding habitat for any single spe-
cies as was also observed by Russelt and Rao
(1940). Maximum breeding o/ A. culicifacies was
observed in the month of May and June, whereas
other months had low breeding. During mon-
soon bulk of the breeding was found in rain
water pools and wells and A subpictus was
found breeding in all types of water collections
and dominated the immature samples.

Insecticide susceptibility tests using the late 3rd
and 4th instar larvae of A. euficifacies to discrim-
inatory dosages revealed thar the vector species
was resistant to DDT (37.3% maortality), HCH
(6% mortality) and susceptible to malathion

and temephos.

A total of [038 blood smears were collected from
the field for the identification of the source of
blood using the precipitin test. It was revealed
that anthropophilic index for A. culicifacies was
26.3. Afndi er ol (1939} also recorded similar
anthropophilic index for A culicifacies from
Delhi i.e., 22.3%. Mosquitoes collected in the
field were dissected for the vector incrimination,
In 1978, out of a total of 38 A. culicifacies dis-
sected, one was found positive for oocyst in
December, Studies in other villages of Haryana
vordering Delhi revealed 2% sporozoite rate in
A. cudicifacies (D.S. Choudhury, Personal com-
munication), Therefore, high endemicity to
malaria in riverine villages was being maintained
by A. culicifacies. Parasitological investigations
revealed that during transmission season, the
slide positivity rate in this village was 47.5%,
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Table 2 — Brecding mssociation of anophelines in Basantpur,

Month* {1979) end Density of Results of mosquito identification with numi bers coliected
hreeding site immatutes A.annularis A culicifacies A hyrcanus A .stephensi  Asubpictus Cledex
per dip
March
Yheat fields { .4) 2 2 9 0 +
Ponls { .7 1] 1] 2 7 1 ¥
April
Riverbed pools ({ 28) 1} 115 0 7 2 +
Borrow pits { .1 0 5 L] i 0 +
Draing {25 ] 131 ] 0 [ +
Wells (.1} 0 { 0 0 0 +
May
Riverbed pooks { 1.3 ] 135 0 2 5
Drains { 5.6) ] 422 ¢ 1 9
Weils { B 0 3 ) H 3 +
June
Riverbed pools { 36) 0 224 0 4 0 —
Draing { 6.6} 0 219 0 a 4] +
Wells { 9 0 8 0 (] G +
July
Riverbed pools ( L4) a 23 0 ¢ 0
Drains {59 0 21 0 0 ¥ +
Drains { 9.5 0 14 0 0 85 +
Pits & pools {14.3) 1 12 1] 0 63 *
Auguat
Riverbed pools LY 0 4 0 0 1] +
Drains { .6 ] 18 0 0 )
Wells {29 0 6 L] 0 13
Pits & pools { 59 0 0 0 1] 447

*No breeding was observed in Jan. & Feb..
+ present

Jumna villages are more prone to malana
because of the mosquitogenic conditions created
by the swampy areas and yearly floods. The
receding waters of Jumna leave innumerable
breeding grounds which support heavy mosquito
breeding. Therefore, in addition to the residual
spraying of insecticides and drug distribution
system, cleanliness of surroundings, i.e., cleaning
of drains, wells, filling of pits etc. should receive
primary emphasis.
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Plasmodium falciparum: Malaria in Haryana Villages and

a Case Report of Aphasia
DS CHOUDHURY! and S K. GHOSHY

Cerebral malaria is a complication of P. falcipa-
rum infection and is sometimes responsible for
high mortality. Hyperpyrexia, severe headache,
mental confusion, disorientation, hallucination,
delirium, convulsion and coma are the usual
manifestations of cerebral malaria. Disturbance
of motor system such as monoplegia, hemiple-
gia, Jacksonian epilepsy and motor aphasia are
sometimes associated with it. Some cases may
present sensory changes of varying degrees and
cranial nerve paralysis,

An outbreak of P. falciparum malaria was inves-
tigated in 15 villages of Sonepat distict bordering
Narela PHC of Delhi during 1981. A total of
3434 blood smears was collected from febrile
cases or persons having previous history of fever,
Out of these, 1534 showed P. falciparum paras-
ttes giving P. falciparum positivity rate of 44.6
per cent. Few of these cases presented cercbral
symptoms associated with hyperpyrexia, severe

headache and mental confusion. These were
treated successfully with chloroquine,

In one village, Thana Khurd under Kharkhoda
PHC of this district, investigation on a P. falcip-
arum outbreak was carried out during Sep-
tember to December 1981. A total of 226 bicod
slides was collected from febrile cases during this
period. Out of these, 135 showed malarial paras-
ites giving a slide positivity rate of 59.73 per cent.
Ont of the positives, 131 were P. falciparum and

Acvepied for publicarion: 25 May 1982
! Malaria Research Centre (lCMR).
22, Sham Nath Marg,
Delhi-1 10 054,

4 P. vivax. Thus 97 per cent of the total positives
were due to P. falciparum.

A total of 1862 Anopheles culicifacies was dis-
sected from this village during this period. The
result of the dissection is given below,

Period of No. of No. positive fot  Sporozoite
callection mosqui-  Sporozoites Tate.
10es dis- in glands.
sucted.
September 53 3 1.96 -
October 165 3 182
November 1656 13* .23
December 488 i} 9
Total 1862 19 1.02

*The last positive mosquito was collected on 27,11 81

A girl aged 14 years suffering from aphasia was
brought for trealment dyring one of the visits to
this village in October. The patient had previous
history of high fever for a week without proper
treatment. Suddenly at the height of the febrile
iltness, she lost her speech. She was hospitalized
and discharged after general treatment of the
fever. After three days, she was again down with
fever. When examined, she had high fever and
was in a state of mental confusion. She could
however recognise people but was not able to
talk. A blood smear was prepared and examined.
It showed fairly good numbers of P. falciparum
rings (13% of the RBCs were infected). For the
treatment of the febrile episode, the patient was
advised oral administration of a course of 1.5gm
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o ehloroguine with an ininal dose of 800 mgm
followed by 300 mgm on the same day. in subse-
quent two days the patient was asked to take 300
mgm chloroquine sach day. Due to logistic diffi-
cufties, intravenous administration of antimalar-
als was not advised. After the completion of the
rreatment, the patient became afebrile and grad-
ually started regaining her speech within a week.
Initialty she could utter monesyllables only.
Subsequently she couid speak smail sentences
within ane month of the treatment.

Aphasia results from a fesion of the cortex and
the immediate subcortical white matter. The
cammonest cause is thrombosis or embolism of
the cortical branches of left middle cerebral
artery. The localised blockage of the capillaries
by parasitized erythrocytes adhering to one
another and to the capiliary endothelium cauvs-
ing petechial haemorrhales is commonly seen
in P Jalciparum infection (Edington, 1954).
Wright (1968) suggested that an autcantibody
may play a role in the development of multiple
petechial haemorrhages in the white matter of
the brain. Aphasia is known to occur in associa-
tson with cerebral malaria { Wilcocks and Manson-

Bahr 1976). No published report of aphasia duc
to cerebral malaria is however available in this
country, The recovery in the present case was
unexpected as chioroquine was administered
orally, late in the course of the disease,
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Serum Immunogiobulin Levels in Malaria

SATISH GUEPIFLU DN SABHARWAL nw 1, O G HD

Investigations were carried oul on serum immu-
noglobulin in hundred patients suffering from P,
vivgx malania, The level of 1gG, [gM and IgA
was compared with the immunoglobulin of 1
normal heafthy matched controls, The estima-
tion of immunoglobuling was carried out by
radial immunodiffusion method described by
Mancini er af. (1965). '

The serum level of fg( and [gM showed signifi-
cant elevation (P value <2001 in both) in malaria
cases. The IgG level was lound to be 2206
mg, 100 ml£5.15 The igM level was |68.55
mg/ 100 ml£49. The normal control showed a
tevel of 1297 mg/ 100 m1+421 and 90.7 mg; 100
mid42 respectively. The 1gA level in malana
cases and normal control was found to be 113.82
mg’' 100 mit32 and 113.70 mg/100 mit4d
respectively. This eonfirms the earlier observa-
tions of Ghosh er al. (1977) and Butcher et
al. {1976).

Aerepted for publication. 26 May 1982,
" Department of Microbiology,
Medical College,
Rohiak.

REFERENCES

1. Butcher, (A 5, Calien, and G.H. Michael {1978).
Quoted by (.}, Rajkar, and &, Korossy. [n “Immuna-
logical Aspect of Allergy and Ailergic Discuses”™,
VIiilth Ed.. 231, (Plenum Press, New York and Lon-

don).

[

Ghosh. €. Ashoke and AT Chowdhary (1977),
Serum immunolobuslin in normal individgal and in
malanae, Mmdian 2 Med Res. 66: 566,

i Manaini, (i, A0, Cgrbomwra and JF. Hermens
(1965) Immunochemmeal quantitation of antigen I
single radial immunodiffusion.  Framurecten, 1
235






INDIAN JOURNAL OF MALARIOLOGY

Notes tor Contributors

. The indian Fourpat of Malariofogy s devoted o the publications of onginal researcihr which
contributes significantly to the knowledge 1 any field of malariology. Papers of routine and repetitive
nature dealing with gross abservations may not be inciuded.

1. Manuscnpts should be sent in tniphicate 1o the Editor, Indian Journal of Maladology, Malaria
Research Centre, 22 Sham Nath Marg, Delhi 110 054, Manuscript once sent to this journal implies that
it is not under consideration for publication in any other journal,

Y Anicles will be published at the editor’s discretion in the order accepted. Date of acceptance will be
that date on which copy is accepted in final form for publication,

4. The manuscript should be typewritten in English in double space on one side of the paper. Pages
should be numbered consccutively. The matier shoutd be arranged in the following order:  Title,
nameis) of the author(s) with address of the Institute: University (as foot notes and numbered serially in
superscript), abstract, introduction, material and methods, results, discussion, acknowledgement, and
references.  Abstract. tables and captions of the figures should be typed an a separate sheet of paper.
Line drawings should be clear and letiered in Indian ink. In case of photographs, good quality pictures
should be provided. Both line drawings and photographs should be sentinduphcate, duly supplied with
lepends and separated from the text but allocated to sections of the text.

5. The International system of units (S1 Units) should be used for all measurements. {Kindly see
WHO publication. The 8§17 for the Health Professional, WHO, Geneva 1977).

6. Author should provide a short title to be used as running nitle, of not more than 5-6 words in case
the titte of the paper is long.

7. References inthe iext may be cited as Sharma er al (1976) or {Mount ¢f af.,, 1972 Coombes et af.,
1973: Mount er al., 1974). The references 10 the paper aceepted for publication, the word ‘in press’
should appear afier the title of the periodical. The reference to the unpublished work should not be
included in the list, it should be incorporated in the text itself (e.g.. R.G. Roy, unpublished da1a or &,
Pattanayak, personal communication). If the reference is to an articie published withouwt any authorship
in & periodical, in place of author’s name the term “Anonymous” shoauld be used.

Title of Periodicals cited in the references are to be ahbreviated as in the World List of Scientifie
Periodicals. 4th edition, 1964,

Reference to the literature, arranged alphabetically. and numbered consecutively, must be placed at
the end of the paper. The foliowing procedure may be followed:

Research Papers

Sharma, ¥.P. (1976). Flimination of aziridine residucs from chemostertlised masgusioes, Nomere, 261 (5556); 135

Ansari. M.A.. V.P Sharma and R.K. Razdan (1978). Mass rearing procedures far Anupheles siephensi Liston, J.Com
s, 12y 131-135,



Books/Morograghys
Rao, T.R. {1981, Anephelines of indig (W Judge Press, Bangalore).

t.andau, T and Y. Boulard (1978}, In Rodemt Maloria, edited by R, Killick-Kendricand W. Peters (Academis Press Inc., London).
33-B4,

"aper presented to Symposinum/Conference
Subbarac. §.K. Cvioplasmicincompatibiline in mosquitoes. Paper presented to the International symposivm on recent devetop-
ments in the genstics of insect diseases vectors, Bellagio, ltaly, 20-24 April, 1981,

. Short notes should be prepared in a manner similar to the research papers and will have title,
name{s) of author(s} with address of Institute; University as footnotes, acknowledgement and
references.

9. Reviews would be pubiished of the invited papers only. Book reviews may be published at theend
of journal,

t0. Gailey proofs of the articles will be sent to the authors for correction. Corrected proofs must be
returned promptly to the editor or else the article will not be printed in the current issue or may be
printed as it stands.

11. Reprints will be mailed to the senior author. Twentyfive reprints will be supplied free of charge to
single author and thirty for joint authors to be distributed on equal basis. Additional reprints may be
ordered on payment when the proofs are returned. A reprint order form will be supplied with the proofs.

Note: All correspondence regarding contribution and subscniption should be addressed to the Editor, Indisn Journal of
Malariology, 22, Sham Nath Marg, Dethi-110 054,



