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Fvaluation of four Azadirachun Rich Frictions from Neem,
Azadirachta indica A. Juss (Family: Meliaceae) as Mosquito

Larvicides

r 3 PR . - 1 2
PLRAGHUNATHA R;\U‘. R, REUBENS Y, GIVANI AL and G S IRIMANNARAY ANA

Four pew azadiracion ach frachons (ARFs), Nemdin, Vemidin, v ependin and Nemun, wure tested tor lar-
vicidal activity against the early IV instar tarvae of Anapheles cuticifacies Giles and Culex qnfnquefmciqms
Say. Among these Nemidin, which was found 10 have a high cantent of azadirachtin, showed high larvicidal
activity for both An, culicifacies and Cx. quinguefasciats larvae as shown by low LDsg values, 1.12 ppm ?n_d
1.9 ppm respectively. However, the other fraciions showed maderaie larvicidal activily only. Nemidin
produced rectal prolapse in Cx. guinguefasciatus Jarvae bul not in An. culicifacies.

INTRODUCTION

The aeemtree, wrdirachia indica A, Juss, is iradi-
tonally known for its medicinal and imsecticidal
propertics. b recent times there has been renew-
cdinderest inthe chemistry of neem, because of ils
curicd biological acovities. Many studics have
saown msecticidal, growth regulatory and an-
adoedant propertics of neem products against
vanious inscel pests, and several swudies have
shown that neem products are effective against
tecepted for puebiicanon: 10 October 1988,

Centre Jor Research in Medical Lntomnlogy

Madurai - 625003, india.

~atural Peoducts Taboralory

Depariment of Chemisiry

Jsmania University

- hvderabad - SO0UN7, $ndia.

mosquita larviee also {Chavan, 1983; Zebity, 1983,
singh, 14984; Maiemu and Mosha, 1986). The
pialogical effects of neem products are duc to the
presence of several active principles, of which the
most important is azadirachting 2 (elranoririter-
penoid, which is very potent. However, 1t is ex-
iremely expensive and difficull to isolate, and is
also photoiabile when pure. Hence, # is not
suitahle for operational use. Therefore, natural
product chemists and entomologists the woarld
over are isolating and icsting partially purilicd
avadirachtin rich fractions { AR Fs) which are rela-
tively stable and require only few sieps of purifica-
fion. Thus Macgosan- (), an ethanol extract, was
developed and s commercaially avaifable in the
LSA {Larson, 1986), Feuerhake (1983) studicd
some technical solvents for isolation of potent
aradirachtin fractions, Saxena (1987) separated
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soad tested water soluble compounds (Neem Seed
hitters) from neem seeds, and Sharma er al, (1983)
Seveloped fractions as pest control agents named
~Neemrich [ 31 and 11 In the present study four
sew ARFS have been tested for their larvicidal ac-
“ivity against the IV instar Jarvae of Culex quin-
Juefasciatis Say and Anopheles culicifacies Giles,
o evaluvate them as potential vector control
arents.

ity PERIAL AND METHODS
isnigtion of ARFs

Hresh soeds of Azadirachia imdica A, ias were
sowdered and extracted with petroleum ether
Otk BO°C) n a soxhlet extractor. Concentration
af petroleum ether yiclded a light yellow oil. This
wis kept aside for a month for the fatty solid mat-
v (0 settle down, The oil was decanted careful-
v, The clear Light yellow oil thus obtained was
designated as ‘Nemol’ fraction.

"he ruschual seed powder was then extracted in a
wishlet extractor. The light brown semi-solid ob-
cuined on distifiation of ethanolic extract was then
‘aken up in benzene, The benzene solution was
dltered o remove insoluble matter. The clear
seprene sofutinn was distilled in a rotary evapo-
1ai0r (0 vicld a light brown semi-solid, which was
iusignated as ‘Vepeidin® fraction.

Prosi seed powder of Azadirachiy indica was ex-
sracted with sthahol in a soxhlet extractor. Con-
“entration of the ethanolic extract vielded a brown
suiti-solid residue designated as ‘Vemidin® frac-
S H

vmtin was partiioned beiween ethylacelate
vl water. The aqueous portion was rejected.
! ke cthylacetaic solution was washed with water
sad dried over anbydrowvs sodium sulphate, The
~ution was Tiltered and concentrated (o yield a
sglt brown semi-solid.  The residue was then
:paln partitioned between aqueons methanol
F34) and petroleum ethes. The petroleum ether

solution on concentraiion vielded an oil which was
kept aside. The agueous methanolic solution on
concentration yielded a light brawn semi-solid de-
signated as ‘Nemidin’ fraction.

All these fractions were subjecied at various con-
centrations to thin layer chromatography (T1L.C)
on sifica gel G to scparate the groups of com-
pounds.

Bioassay

{nitially 5 mi of acetone wis added 1o cach of the
{ractions Nemidin, Nemol and Vepcidin for solu-
bility, and then water was added to obtain 1,000
ppm stock solutions. For Vemidin 5 mi of DMSO
{Dimelhyl suifoxide} was used as solvent. From
thesc stock solutions serial difutions were made in
distilled water to 500, 250, 125, 62.5,31.2,15.6,7 8,
31.9,1.9and 0.97 ppm. Parallel controls were main-
tained throughout the experiment with § mi of
suitable solvents. Control and treated beakers
were kept 5 mins for evaporation of solvent from
the solution. In each test, twenty early IV instar
tarvae of An. culicifacies and Cr. quinguefasciatus
were held in separate beakers with different con-
centrations of the test compounds. Experiments
were triplicated under identical conditions. Mor-
tality was recorded at 24 hrs for assessing the lar-
vicidal activity. Observations were continved il
ail the larvae mouited into pupae and then adults,
to record various abnormal resulting stages dueto
the delayed effects of fractions. The results of the
larvicidal activity of four ARFs were subjecied 1o
probit analysis for working out LDsg values.

RESULTS AND DISCLSSION

TLC examination of the neem fractions rewealed
thal Nemidin contains azadirachtin in consi-
derable amaunt, while Vepcidin was {ound to con-
tain relatively tess (Fig. 1a). Arthe same concen-
tration in Vemidin the spot due to azadirachtin
was nol noticed, probably due to the low con-
centration of axadirachtin in Vemidin. Thesireak
of Nemol reveals that it contains fatty oil portion
in excess amount (Fig, 1b).
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7 NEMIDIN SOLVENT SYSTEM Petoieum ether Chioroform {7 3}
3 VEPCIDIN . _
. EMOL VISUALISATION BY: 5% H, So,
S AZADIRACHTIN |
| j

e 1-TLL exantination of Neem secd Dactions.,

1 Bioassays all four ARI showed lTarvierdal ac- Vepadin witn 22387 ppm, Nemol with 301 ppm
ity againsl the freshly moulied TV instar [arvae aod Vemidin with 707 ppm for o quinguefas-
i O guinguefasciatus, The lowest LDspvaluc ol cuus Jarvae. The LDsg values in descending
< ppm was recorded with Nemidin, followed by order for the four ARFs with their fiducial imas
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Rectal prolap’é‘e

#ig. T: Rectal profapee in Nemidin treared jarva of Cx. quinguefasciatus Say.

Fabje . Vests of susceptibitity of Cufex guing:

sejasceatis Say v four seadirnchtin vich fracions

LS50 value Fiducia) limits x3 value  Standard crror
{ppm) {ppm)
N 151 ~ 1.05 Ui KX Y]
22337 43954 - 113.76 119 31498
S0l 650,13 - 368.13 1.226 029
Pty 1086 - 460325 1.908 i1ip49

“Tainte % Tests of susceptibitity of Anopheles cuficifacies Giles to four azadisuchtin rich fractoas
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196,78 — 12735
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RT3V, :(” vatiiws are gaven 0 Panie [ AU hghoer con
sentrations of Nemidin from 1,000 ppmi to 62.5
s al the tost Jarvae which died within 24-48 hrs
showed rectai nrolapse (Fig, 23 The anal area was
cuptured and the proiroding rectem was Alied
with hacmolymph.  Smilar roctal prolapse has
secn observed by Moggshioof of, (1976) in tha
Yoinueo cutwonm, Spedoptera fimirg B, whoen TV
natar Baevac werg Ted on artifcial dict treated with
fuvenite bormane. With Vepeidin rectal prolapse
was ohserved #t 1000 ppm only in 5% of the dead
avde, Fheiwo fractions, Nemol and Vemidin did
st produce rectal probapse sver at LK pprm.

Cahae sl sl iy were more stisceplibic
min (4 gudtipiefuscioms s shown by lower
L0 owalues wath aff the four ARFs. Amonyg the
Saue Tractions resded,  Nemidin showed  the
vohest bervicidal aetivity with an LI value of
t 2 ppm followed by Nemol with 5623 ppm,
Yemudin with 77602 ppm and Vepeidin with

¥ ppm. The Ndueial xz valucs and

limits,

standard erroe of Jdificrent fractions are given in
Vahie 2. Total mortadity was obscrved within ¢ hrs
u b etrficifacies with Nemidin al concentratons
ropn N 10 628 spns bt there wies oo reetal
sodapae 1 ars af the dead barvag, nor was rocial
netapse prodaced by any of the other fractunms,
Phis sugpests that the mode of action of thy frac-
foas iy be different iAo cudicifacies and Cr
Jiingroefasciaius, with possible contisct poisoning
st the former and stomach poisoniag in the fatier,

Antang the jarvae ol s ordcifacies and O g
weepasciamy which were not killed by the i
comeenlirations (312 ppm 1o 097 ppm) of AR
=athin 24 hes, some prodonged their Darval Bfe by 3
o ddavs and eventually dicd. The delay in moudt-
g and the prolonsation i the 1est larvae coold
e due to the effect of azadivachiin on the neuro-
cndoerine system (Fagoonee and Lavge, T981).
sither Lurvac couid rot complictely moult mta
sapae, resulting in Laeval-pupal intermadiate
torms. Similar abnormalitics were also reporied
i Aedes aegepri when treated with neem fraciions
CAehitz, 1984 Incertam cases the larvae mowdied

S0 pupa: e coudd non shed of! the lasval ox-
uviom which remained attached. There were o
few pupae which moulted into pupai-aduit inter-
mediates and a small precentage which gave rise
to apparemtiv normal adulis,

b nesen, svesbigation Neaudin whieh had
caeAighuest conmtent af azadirachtin, showed more
aoient larvicidal activity than the other [raciions
sested. Therelore, emulsiliable and granular for-
sralations from this should be made and hield
rested againsl mosquito larvag,
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Rehability of the Fluorescent Antibody Test in the
Measurement of Malaria in the Community

. . H . k)
RAMESH KLMAKY Y. BHARADWAT L MA S 3SARE, RK RAZDANS, CP.BATRA and

V. SHARMAS

Acroral of A sevum sampics werc woilecied for masaniai antibody assay as weid @ smead cagmination i e
month of Febrrary and March 1987 (non-transmissicn scason). Al the viltages were under active surveillance
v the Malavia Research Centre. The infection rates of malaria as caleulaled for each vitlage from the
seredogicat data, correlated well with the number of malaria cases seen in the age group [ years during the
year 1986-B7. The significance of the findings is discussed and 11 is suggrested 1that scrology should be accepted

at the national level! for surveilfance af mataria.

INTRODUCTION

The role of serological procedures hike Indirect
Fluorescent Antibody test is very promising in the
cpidemiologic interpretation of data in malaria
{Draper et al., 1972a; 10T2b; Voller, 1971), The
niriod prevalence of malaria in the community as
ween by the age reluted antibody profile bas been
showe 1o be g more sensilive tool {or surveillance
as compared 10 parasitc index which provides only

iccepivd Jor publicasion: 24 (ciober 1988,
U Depariment of Mucrobiology
Al India Institute of Medical Sciences
Swow Dethi < 110029 India.
T vfalarta Research Centre
12-8ham Nuth Marg,
Dl - 11659 Tedia,

paent prevaleace data {Draper et al, 19724
Bruce-Chwatt et af, 1975, Lobel er al, 1976,
Kumar ef al., 1986; 1987). Serologic data seem to
he more tonsistent with parasiie indices in stable
transmission areas than in unstabic or low trans-
mission arcas (Draper et al., 1972 b).

We have recently reported the use of serological
procedures in the measurcment of malaria in a
community and shown it to be more reliable than
conventional methods like the parasite index
(Kumar ¢ g/, 1987). The infection rates of
maluria In the community as calculated from the
serological data should correlate with the number
of malaria cascs occurring in these communities.
We report aere our indings which show such g
correlation snd conlirm the sehiability of serology
in Lthe measurement of malaria.
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s iudne Hind cuseoded sindy was carried ostm

A villages of Diatriot Ghaziabad, These villages
s under aciive survestiance by the Malaria
Cosearch Centre amd il cascs of malaria arc
aoperly recorded. The overall incidence of
addria in the study arcas fras been high for the lasi
wieral years with hatly P, vivay and P felcipanim
slectons. Blood samplus lrom these arzas were
dhected during the months of Febroary and
vigrch 1967 (nos-transmissian scason}.  From
woh vitlage ar lease 1) samples were colizaed
o cach of the age groups 091 vear, 122 voars, &
s, -4 vears, 49 years, 3010 vears and T8
cdes, Fhe colecton of sampies, their transport,
SOlEEe, smar recording  and
Lublsis of data was undertaken as repoeted pre-
~ously (Kumar e af, 1987).

cranphation,

meragaRs

Toehmoat Wan wsiuimed Pvolicy, T using an
citgen prepared from dn sire coltivated Play-
Csditer fadeiparom conmtatning > 8% mature
Twebe
ses were prepared on cach microscopie shide,

ivonts CPrager and Tensen, 1976).

w it after drving was wrapped and preserved ot

M wested. The filter paper cluates of cach
senple were taken for antibody  estimation
cKumar ef @f., 1980) and diluted senially from 120
2 17640, The preparcd slides were removed from

EC and alfowed to remain al room temperatise
a0 MY mins and then covered with diluted serum
Fasitive: and negative control serum
~nples were included with each hateh of rests.
wter incubgtion af 37°C for 30 mins, ina meist
svwnber fhe siides were washed thoroughly thrice
~ith PBS pH 7.2 and covered with optimum dilo-
sy of antichuman IgG-FITC conjugaic
-Dakopatis). These were tneubated a1 37°C for 30
sins, and washed as before. The slides were
sweinted i 50% glyeerol and examined under in-
adent Heht fluarescent microseone (Carl-Zeiss).
Fhe results were expressed as reciprocal of the
ughest dilution of the test sample giving a clear

~uniiles,

3 2 DECHMEBLR 2488

sosifive reaction, The sorann sibics v 3P a0.8
above were taken as positive. Ead iitres were oot
fcicrmined in samples piving a posiiive reaction
- 1:6440 dilution.

Sratistical methods

The mathemattcal model gsed fos cadcuiaim .
infection rale in the study population is descoribed
in detail by Draper er i, (19722} Briefly, the
srohability of 4 child never baving heer infected
inndays = {1-2)" ~¢ A where i is the proh-
bty aof a child getting mitceted in one dav.

Sseeording i the dhovi sacinod, S probaibility of
peing infected o one year e mivction rate wil
e e TRA where uois 38 and Ay age

muasured in years.

RiONUTTS

A Toai of PO penpheial sncars wo s vxaimined
o which 20 were positive Toe P fafcranenr snid 17
for £ovivar, 1t may be noted that the sampleswere
ssamined duping the non-transpission seasor of
sty and all the individuais wers healthy and
aicbrife at the time of sample collection. The purs
ceatage posiive for FFA astibodics in cach age
group is shown in Fig. 1. (The poreeatage has
heen calculated for 280 cases in cach age proup).
The age-related increase in the number of persons
positive for antibodics s quite evident. in the
same figure the pereentage positive for malarial
sarasite in the peripheral blnod s alue shown {the
mdividuats positive for #.iviax and P faloparim
bave been pooled). Ttis evident Lthat the number
ot individeals with positive  peripheral bluod
smrears inerease upto the age of 4 vears and then
there is a sharp decline.

The infection rate for ail the 28 villapes was caleu-
luted from the serological data restricied to the
age groups of 1-5 vears. 1t was found to be 209
The number of cases taken trom cach village was
sifficient Lo enable us to calculate ihe infection
rates for each village individually, which ranged
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frosr L7 00632, in g, 2,
hotween the infectson rates for cachvillage and the
ralai number of malariz cases as percentage of the
citire population of each viflage in the lower panci
anid with percentage of malaria cases restricied (o
i3 vears age groups in (he uppuer pancl, There
was no correlation between the former while there
~a35 2 very good correlation n the Jatter which was
'ughly significant (n value <0.01),
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sarasite rate. Fhese were replaced by the ABER.
3PL SPR, SR pader the NMEP which came inio
stectsinee 1961 (Sharma. 1984). Allthese indices
depend upon penpheral smear examination by
sompetent workers. The maio difTicultties in as-
sessment of the extent of malaria in Hstrag figures
wve been constraims of administralive nature
il maAnpower deplovment, cxponse, antimalariad
Arug usiage and vrganisational problems,
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i inoidenee dicis, Mdiaria imeeion nwy e
x followed by climcal disease. Therefore, par-
sealarly in higher age groups there may not be
arasties in the hlood due o immunity,  Thaus,
reripherst swear examination has certam hmita-
s, I view of this, serology scems promising,
yur results indicate that i arcas of high malaria
acidence, the age groups above 4 vears acquire
sty imduced by repeated infections, resufi-
a2 in eonsiderably more npmher of urrecognised
caes and therefore, an corrclation with overal!
srcidence; but within the age groups of 1.4 years
+ago as expected, there i g good correfation of
incidence  of  malaria,
inwevet, the incidence may vary greatly cven at

enboddy status with

st disfances e, moore PHO (Razapur) tn dif-
st villages infection rate varied froon 1.7 1o
A, Lauiciiig, asvocaie seroingical indices for
surveillance at the fevel.
Stoweser, singe serology cannol distingutsh be-
ween vty and P falciparunt infections aetive
arveiflance by smear examinaion should con-
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Sporogonic Stages of P. berghei (NK 65):

An Ultrastructural Study

M RASTOUE, 5. 0. MAITRA L ABHA ARYA! any 4. Hostn?

CHran e nasoops SNAracierisiies of the sporogoms: stdyes of i Sergrel { MK a3) were atudied i stephienst,
Bandna shaped cokinefes were observed from 12 br poust-feed mosquitoes. ach nokinele had a small
protuberance 'vonoid” at the anterior epd. The surface of nokinete was srwooth. The development of oocysts
wag asynchronous. Immalure oocysts had smoalh walt and mature ones had wrinkled surface. The oocysis
Fed no specific pore ar opening for liberation of sporoiles. Mo morphological difference was observed
between the sporozeites of oocysis and those of salivary glands cxcept size variation.

INTRODCTTTON

Vhe surface wittasiruciure of sporegonic cycle o
somespecies of malaria parasites hasbecn studied
by Strome and Beaudoin (1974), Sinden {1973),
acd Sinden and Strong {1978). The present study
shows the scquentiad development of sporogony
svele from ookincte ta sporozoites. This would he
hoipful in understanding the sporontocidal cffect
i slandard antimalarials and new synthesized
compounds on P berphef {NK 65) in A, stephensi,

Aewepied for pablication 13 November 1988,
' B ML Unit, Dwsion 2f Parasitology
Cientral Drug Research Institute
Lhattar Manzil,
Foaacknow 2260018, India.
©ilajendra Memonal Research Institate of
Medical Sciences
gt Kuan,
Taina-BIXMNYT, India.

WA TERIAL WG MTTHODS

Parasite — Plasmodinm serghel (NK 63)
Yector — Anopheles stephensi

{NICD, Delhi Strain)
Host - Mastomyy natalensis

Mosguitoes (4. slepitensi) were fed on mfecied
Mastomyps containing matare gametocyles. Afier
(24 hrs the midguts of mosquitoes were
removed and blood confert from midgur was
mixed with 3.8% sodium citrate. A drap of this
suspension was it over coverslips coated with
1+.1% poly-l-lysine for adherence of parasites. For
vocysts, the midguts were removed on day K post-
feed. Toobserve the sporozoites from oocysts and
sativary glands, beavily infected midguts and
mands were taken oyl on day 16 post-feed in
RPM! 1040 medium from the same baich of
mosquitoes.  The midgals and salivary glunds
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were eased separaicly and cenirifuged at HXR)
cpm {or 5 mins. Supernatant conlaining 3poro-
soites was pit over pre-coated coverslips.

Al the samples, Uius prepared were lxed with 3%
suraraldehyde, 2% paraformaldehyde in 0.1 M
cacodvlate bulfer {pH 7.3} for 3 hrs in cold. The
specimens were washed  with same  buifer.
Jehydrated in graded alcohol and isoamylacetate.
“hose wore smalhydricd ina Balzer’s eriticat noing
arier taking €02 as critical point drying agent,
soated with gold-palladium atloy in a2 Polaron
sputter coater and examined in Philips 515 scan-
ung electron microscope.

KESULYY

Fhe aasimetes woed svpically banana shaped strug-
uees with broad antesior and narrow posterior
sads A the anterior end 4 small protuberance
-evnoid) was ohserved in each ookinete. In some
aukinetes a small depression was observed (Figs,

-2).

Duoeysts ot the Mk day post-feed showed
asyachronous  development. These  were
weasured HI-32 ym in diameter. The oocysts lay
sancath the hasal lamina, Muserous tracheoles
sere found around the oocysts. The surface strue-
ure of the oocysts was of two types — smooth and
arinkled. Some broken or ruplured oocysts were
«itll attacked 1o the gut wall (Figs, 3-5). Oocysts
were mamly confined (o the middle region of the
wdgut. Sporozoiles of the salivary glands were
‘ong, narraw, curved bodies 10-12 um tong (Fig.
o), The widest region of the spororzoites ap-
sroximately al the middle of the body, cor-
~esponded fo the site of the nuclews (Fig, 7).
sporozalles Tiherated from the oocysts were
steownorphic varying from 6-18 pm in length.

RN LSRN
sibibe oakincies aere typically banana shaped as

reported by Garnham (1965), Yoeli and Most
Si9n0Y), and Sinden and Strong (1978). In some

ookimeies, a4 smali Jspression des Oubd R
hiological significance of this depression was not
known. A small conoid at the anierior end was
supposed to contain the organelles of apical com-
plex {Canning and Sinden, 1973). During the rx-
amination of pumerous preparations, we observed
some pokineles in movement postures. The pos-
tures seemed to suggesi a gliding movercent.
Froyvogel (1967), Ferguson et ol (1954} also
reported the same findings,

Although sofecled mosquifors were maintaned
under the same conditions of foud, temperature
and humidity, the development of oocysts was
considerably asynchronous in the indiwvidual
mosquiln, Such differential devciopment may
wive rise to separate broods of sporozoites (Batort,
'971). Many aocysts had undulating surfaces,
sugpresting that these were mature ones. Sinden
{1975) suggested that highly convoluted oouysis
were degenerated and had not been seen 1o
relcase sporozoites. Strome and Beaudoin (1974)
suggested the cyst wall becomes deformed by the
contained sporozoites. Duncan e af. {1960} and
Aikawa and Steriing (1974} all supported a putri-
tive role for the oocyst wall, although Vanderberg
et al. (1967) suggested rhat these were pit{alis.

The excystment of sporasoites front 00oysin o sl
a subject of controversy. Cisrnham (7960} as-
sumed that excysiment of sporozottes oceurred by
rupturing of the oocyst wall. Our studies are also
in agreement with the observatioa of Garnhanr
and no pore was scen for release of sporozoites in
case of P. berghei (NK 65) strain. Few ruptured
oocysts were scen which clearly indicated that
sporozoites are released by rupturing of the cyst
wall, Sinden (1974) reported that sporozoites ¢s-
caped through the oocyst wall by small perfora-
tions. 1t is Interesting to note that in P, ownoriolgi
bastianellii, most of the oocysis were ruptured by
infgrnal pressure developed by sporozoiies ia
them, [t appears (hat the cyst wall becomes very
briftie and can rupture al any place, tltimatelv the
whole wali pecled off lcaving sporavzoites aitached
ta restdual boady. Simultaneously, few sporovoites
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Fig. I: SEM micrograph of ookinete 20 hrs post-feed showing ‘conoid’ (artow).
Bar = lum.

Fig. 2 Qokincie showing circular depression (13). Bar = lim

Fig. 31 S1EM micrograph of infected midgut at day 10 showing al! the maiure oocysts
(MO). Bar = 10pLm.
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Fig. 4 Infected midgul at day 10 showing immature (IMO), mature (MO) and ruptured
(RO oocysis. Par = 10 .

Fig. 5: Immature oocyst (IMO) surrounded by tracheales (arrow). Bar = 2 pm,
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Fig. ¢ SLM micrograph of salivary gland's sporozoites. Bar = 10 pm.

Fig. 7. Sporogoile from sativary gland showing site of pucleus (N). Bar = | pum.
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were also observed coming out from the hole (un-
published results of Mohan et al., CDRI). These
results are in confirmation of the findings of Chen
=t al. (1985).

Morphologically sporozoiles of salivary glands
and oocysts could not be differentiated. Sporo-
soites from oocysts showed marked variation in
their size. This is perhaps responsible for dif-
ferent broods of pre-erythrocytic schizonts in ver-
tcbrate hosts,
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Ultrastructural Studies on Morphogenesis of Rhoptries in
Sporozoites of Plasmodium berghei (NK 65) in

Anopheles stephensi

M. RASTOGE, 8. . MAITRA and A B. 51:N2

The development of thaptries o the sporozoites of P derghei (NK G5 ) was studied in A, siepfiensis. Spurosaite
formation occurred around the peripheral plasmalemma of sporoblastoids. ‘The sporozoite formation is
imitated by clectron dense pellicle at certain points, known as primordia of sporczoites. Adjacent to each
primordium, a nuckcus was observed suggesting that sporozoite formation is a nucteus controlled process.
F.aier a vesicie, precursor of rhoptry, was also seen adjacent to the sporozoite bud. Golgi complex scemed (o
take part in the lurmation of these vesicles. With the development of sporozoites, these vesicles also became
elongated and pear-shaped. 1n the fully formed sporazaites, paired rhoptries were ciongated and uniformly

electron dense.

INTRODUCETON

The malaria parasites undergo cyclical develop-
ment in anopheline mosquitoes and verichrate
hosts. Sporozoites arc the stage responsible for
cstublishing the infection in vertebrate host. In
spite of their impottance for onsel of infection, it

Accepred for publicanon: 9 December 1988,

1 §2.M. Unit, Division of Parasitology
Central Drug Rescarch Insitute
Chattar Manzil
| ascknow-226001, Tnd:a.

? Rajendra Memarial Rescarch Institute of
Medical Seiences
Agam Kuan
Patna-8000807, India.

is still uncitar how sporozoites invade the salivary
glands of mosquitoes and hepatocytes of the ver-
tebrate host. These invading stages have many or-
ganelicsin the apical portion of their body and one
of the most important organelles are rhoptries. Tt
is commonly believed that rhaptries are associated
with the penciration of the host cell membrane.
Some workers have suggested that this organcile
may be seeretory in function (Garnham ef of.,
1960; Ladda ez af., 1969) which helps in cellular in-
vasion possibly by releasing proteolytic enzyme/s.
Meis et af. (1983) reported that sporozoites first
entered the Kupffer celis by phagocytosis toinfect
the hepatocytes,  Keeping the importance of
rhoptries in mind, we have undertaken a study on
their origin and morphogenesis in the sporozoites
of P. berghei (NK 65) inlection.
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ceicd with 2. bergfiet (NK 65) having 0.5-0.0%
sapvioesiacmia, The fed mosquitoss were main-

sncd inow climaticelly controlfcd  tpsectary
Coand 82545 BB Midams from ine
s ISIHOCE CONTHTRINE SPOTOZOTIG Slages
o removed at different time intervals ofter the
seod meal, These were Bxed in glutaraldehvde
paraformaldenvde (according to Karnovsky,
W5 Alter adeguame Nxwron speaimens werg
~ashed with 0.1 M cacodyiate boffer thrce at 10
ainanlervals and were osmicated in 19 Og() i
<tad eaendhviate huffor ipH T2 by U he s 47

sHowing pimication, the specimens wer, vasbod

ohstiBed water several iimes snd dehy brated

oesid aectona pofore being embhedded i Epon-
yoafchite medium {Molionhauer, 1964} Thin see-
sads were it o LRE whiratome and staned in
% aqueous uranyl acciste and in lead citrawe
devnolds, 1963 These were viewed ander Phe
aps 410 LS transmission ciectron microscope.

LTT I O

M canenils wvere cormied My condenaston i
stoplasm of the immature docyst and a clear
srace appeared ali along the capsule wall leaving
A eytoplasm at the centre. Simultancously, the
soplasm divided by the formation of clefts (o
orm several sporoblastoids. Budding ol sporo-
-oites was inated through the formation of elec-
comn dense pellick: at certain points, The nucleus
was generally found pear the electron dense site.
Uwas a pear-shaped body with (ine granular mate-
~tal somewhat denser than cytoplasm. The nuclcar
«ud near the site of sporozoite budding was in-
variably very dense and it appeared that some
mnaterial was oozing out from the condensed nue-
icar portion, to the newly formed pellicle {Fig.1).

ASagrcrectron dense vesicle (230-300 am) was Tound
w the site of spurorzoite budding. This vesicle is
“he precursor of rhoptry. Concomilant with this
wme Golgl bodies with one or (wo cisternac ter-

WO 2 SECTIMEHAR RS

D

#ig. I Part of sporohlastoid shawing budding site {53 and
nucleus (N} nearby oozing out some subsiance {arrow.
3ae = 03 pm,

=inating in vesicles (240 - 30 mm) weee found
{Fig, 2). The elongation of spruraite bud con-
tinued along with the clangation of vesicles. Thesc
vesicles became electron dease andd fask-shaped
and were connected to The anterior pole of the
sporozoites (Fig. 3). The fully formazd sporozoites
showed elongaled paired organclles known as
rhoptries (Figs. 4 and §).

DISCUSSION

In casc of P. berghet (INK 03), the nucleus can he
seen near the clectron dense site of sporoseite
budding. The close association of these two struc-
tures suggests that the aie of sporozoile budding
ts predetermined and nucleus controfled. The
iypothesis about the morphogenesis of rhopiries
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Fig. 2. Part of sporoblastoid showing electron dense area, initiation of apical complex
{AC} in close assoriation of vesicle (V). Note the presence of Golgi (GC) with
vesicles (V) in the cytoplasm. Bar = 1 um.

Fig. 3 Hlongation of sporozoite huds {(SB)with clongation of vesicles (V) and migration
of nuclews {8} into bud {SB). Bar = | pm,

Fag. 4 1.8, of sporoioites showing apicat ring (AR), rhopiries (R). Bar = 0.5 pm.
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- I
: I, Thitkening of sporoblastowd
._ detided by chromatin... memiwang _and foreration of
N=Nucleus
ED=Elactron dense
membrane

¥=Golgi vesicle
GC=Golgl complex
R = Rhoptry

¥. 3pomazofte_having fully
formed rhopiries. .

. Migration of Golgl vesicle to

the_site_of spomzaite bud
represanting ittation_of
rhaptry .

i, Eiongation of vesicle with

elongation of sporozoite bud..

g 5 Phagraminate sepresertaion of the Formaion of thoptrics,

sid #s secretory funchion has been made by
semerous authors (in Fimerta magna), Jensen and
tidgar 1976, Scholtyseck and Mehlhorn 1970 in
sporozoa and Vivier and Pettprez, 1972 in
ioxoplasma gondil). The rhopnies are formed by
1 targe (0.4 wm diameter) ‘empty’ sphere mited
by a4 dense membrane (Sinden and Garnham,
1973). Wong and Desser (1976) in Leucocytozoon
duhrewtli observed oval sac-like bodies ncar the
apex of cach sporozoite bud, belisved 10 be pre-
cursors of the rhoptries. These hadings arc cor-
roborated by our observations. Terzakis et af.
{1966) revealed that the development of rhoptry
wits the outcome of the condensation of numerous
~mali pacticles. Tn the present study, such particle
dveumiziation has not been seen. n Eimerig, small
vesicles are formed initially on Golgi complex and
ater coalesce to form  the large  vesicle

{Dubremety, 1973), In P berghet (NK 03) iice-
Hon, it i clearly seen that vesicles produced by
Golgi complex have a similar ook and are of the
same size as that found adjacent to the sporozoite
primordiun.

Thus, it can be concluded that spurozvite budding
is, to & certain extent, a nucleus conirclled pheno-
menon and that the rhopiries which are supposed
to take part in the penctration process are formed
from the Golgi complex.
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Chmcat Vreial o Fansime! m Indian Patients of

P faleiparum Malaria

OMEAR P AXTHANAL AN TANGRIY and SWATRN NITY ANAND

Crricat Desic

wda cdtiizd ol L0 SvalLIBE Wi, CnGIaiG A dnbiaaitdh cilicasy n paticns with £

fafeipurtrn hfcehon. iy one male paticnts from §ladwant district, @ malaria endemic area, were studied
‘or a period of 35 days after drug administration. Fanssmel was well towerafed and safe as evident from the
absence of any signilicant drog related changes in the various hacmatciogicat and bicchemical parameiers
delermined. This antimaltarial drug combination of mefloquine, sulphadoxine and pynimetbamine, in a single
oral dose of Lhree tablets controfled pyrexia, a predominant feature of malaria within 24 hours after drug
sdministration in 30056 cascs, while parasilacmia got cleared on day 2 in 35.4% on day 7 in 70.9% and 100%
on day 35 post-drug. Re-infection was not noticed in any cdse during the period ending 35 day post-drug,.
Undesirable elfeos due io Fansimel included, nausca, vomiting, vertigo, pain in abdomen, anorexia, ioss of
sleep. headache, weakness, constipation and restiessness duning first 24 hrs of medicatian, ‘These side effects
were nuid to maoderate, seif limiting and did pot require any special maaagement. Thus Fansimef was {found

cnme asale and elfeetive drug for the mansgement of 77 fdfciparer: mdaria in Indian patienis,

INTRODUCTION

FRoreis ap urgeett pecd tadevelop better, salc and
wdecnive antimalacial chemotherapeutic apents
for the effective implementation of Nationaf
Malaria Eradicution Programme in India. Treat-
aeat given over several days 1o two weeks on out-
paitent basis olien feads to poor patient com-

sovepcd for plabiicanen. 20 December 198,

- Dhivision of Chnweal and Fxperimental Muediine
entral Deng Rescarck Inshitute
Jhattar Manad,
Coucknow - 2206%0 India.

pliance, oo e symptoms like Tever and agor sub-
~ide and this may he a cause of the increasing in-
adence of resistance to conventionally used an-
timalarials hke chloroquine.

Meboguin:, a quinoline methanol dernvative, is
ackive agatast afl forms of plasmodium infection.
Itsvalue apainst resistani cases of P, faicipanio in-
feetions hes been well documented (Rozman and
Canfeld, 1979 Rieckmann ef ef., 1974; Hall et o,
P77 Dobarstvn et al, 1979).

Hohas beea nbserved v the admimisiration of
melioqune aone may {ead 1o the development of
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Fahle 1. Clinicai triai protocol

R

for parasilacimia

Observation/Tavestigation
Parameieis Days (Post-drug)
i ) 2 3 5 T 4 3 22 B
Chinical exantind
Medicai sty X X » X X X X X X X
Uieneral examination X X X X X X x X X X
Fysicmic exammation X X X X X X X X X X
Vitals {pulse ratc % X X X X X X X X X
respiration and B.P. record)

Pyrezma (temperature chart) X X X X X X X X X X
Luboratory investigation
{2}  Urinc examnation X X
th  Facces examination X X
Haemarlapical X X

(Haemoglobin,

wd Blood cell couai,

watal and different

WHC eount)
thockemical ySerum}
Lifucuse X X
Urea X X
Helirubin X X
tomal profeins X X
Atbumin X X
Liivbulin X X
SGOT X X
ST X X
Haaitobnical
Ut CRUmInALIon X X h X X X X b X X



B FHEADN A o ol aUNhE N
resistuncs 1 Bl oo (Peiers e ai, UH
Kazim ef al., 197%). The wse of mefloguine m cuin-
Singtion with other antimafarials delays the
icvefopment of resistance (0 individual coane
smenis (Peters, 19741 Fansimel® (¥ offman-
Ca-Roche, Basel) is a mew antimalarial drug oo
Senation of 250 myg meftoguine thase ), S ma sui-
chadosine, and 25 my pyrimethaming per iablen
Ruicty and efficacy of Fanstmef after 2 single ora
sost of 3 tablets in Rravilian male subjects has
Seps gstablished recently (Doesoura ef af., 1983),

s HTE sbrdies wath melingoms weie oider-
siken at Central Drug Rescarch Imstitute, Luck-
s where after extanlishing ity salely in buman
woluntenrs, Kinetics o normat subjects and
satients of malnutrition base alse heen studied
sASLhatra et &, 1986

Phe prosent sty itk aasimel was andenaken
torassess toferance and cificacy in paticmts wih 72,
Cwicipanan infection. This chivical trial was con-
Jncted at Haldwani, an area in the Tonthills of the
“timalayas where suadoria cndemicity is very high.

RIS SRS 3 Y IR R T RS 1

apit prospective shindy,
the total duration of the shady was 37 davs which

eluded two days observation before acthral ad-
iltﬂlh[l’dll{lﬂ of the dri.

iR CHmECHE Brut Slls a0

Dt ceirefang

VL PR T O L A E VDR NER P O PR RO T A LA
: sformued comse i
seunderzo the peesent imeal trnal, The patients
o ove \nd: ans tronr the cademe srea of Haldwani
fwtrict, Nainital. Fhetr hody weicnn raaged from

80 ke {mean 494 £ 79 ke and height was

2 B 2vearsiosesule dthomr:

vhe range of 13850 125 ems {mean 1026+ TS
shndho These patlents gequired B fulcipanim

satarsy maturally and had et recerved any an-

swakaria droes tor foge weeks petoe fonehaston in

e chnteat 'nal.

VRIAL NS P NS Wi

Theag admassbrafion

fgun oral dose of 3
abletswith a glass of wates after a light breakfast
ai the morning of day 1 in the presence of the
sfedical Officer, Patients were allowed suppor-
A hreaiment in the ADiigesics, an-
stultivitamins and tranguiio-sedatives
a5 and whes required. Worm nfestations,
dereciod on stoor examinglion, were treated at the
- ad of the 1riad,

Saodl wa% Zovel § aangle

Forey of

RS CATCN

CHnicsi enpnanaiian

Y
ahjectng o

fy oarag adnunsizaon, cach paticnt was
detatled  history taking and
shovouah climical cxamination. Clinical follow-up
s luboratory investiganons were performed as
gk protoec] {Table B}

RESULTS iy DISCUSSION
YVital pacameters and pyresiy

aie aral dose of Fan-
amel, oo ding induced changes were observed on
il paramelers (pulse raie, .r-t::\piralitm rate and
naod prossure).

s malionia tredied with an

madaria was
cecorded in the range of HIG to 102.8°F (mean
i AY = 06UF). The pody temperatures were
rarmial in &1 patients within 24 hrs aiter drug ad-
aimstraios. and thereafier all patients remained
acbrile during the entre siwdy pertod.

Pyrexty, 3 cdominani caure o

Runieaiobogy

Droadrug U day) and posi-drug (28 Jay) dete-
smations did not reveal auy stgrificant change 'a
fhe varionus hacmatol )f'lmu parameters {Tahic 2).

Hiochesuicst Hivesiigalions

0 . e . . P R S ST T [T T et
B I TR T PR TS G TH TS 3 H1 I B A (VN

alncose, area, hetrubin, Dol protems, G

e,
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Valrie £ 1howing pre-drag and post-drug vabves Mesn 2 S0 (range) of havmatologicat peramistery s patients figaied
with Fansimef

Hacmarologicas Lnits (51} Y iday pre-drug 38 Dray post-druy
A1 TR+
S tdGi I v migld! 378 2 T on(279-.9.3) ERT R ) TR S SRRV XY

ted blood cell cou.i 1042 10 = 0BNIAS —52) 17 & 13127 -5.2)
A hute Blood cell count If.\()fi T238 + 2340046131 TOST £ 239KH56-.39)
NWfterential white cell voung o

seuirophit HlH = LTE0-TN 6i.d o ASS(5E 7Y

sosmophit 1At 2 2500 -113 LR & 26T

s ymiphovyte 2711 £ 875 (10--38) AT &= BY2(24 —42)
Monooyte 490 1t 231211} 114 £ 262(0-8)

Taire EShowng are-droy ol sed-denp vaives Yean 7 Y ccange) of hinchenniea! pasdieer ooy i praiveais 2msed wdh
fFanaimef
Shoche e Lnits i8]} T day pre-drug I8 Bray ot -Jrog
WrAMmeters
“HrFai
Huacose at snesish 431 r 3883755y LA AN AER B
] A mold Yl 2 224576 —13.68) Lot D016ET - 12.24)

wlarulyin oial) i, e 1485 L ITORTLI 88 MRz oL 3NS5 - 17D
foceeing L Tenaty g/l el 4 SR{50--B0) Ny A E2(60 -4y
U brumin gm/ft 23 2 5202 44 L ESR2E- 48
ilabulin el 339 ¢ TT(14-48) e * 6820 36)
IO ufl 20060 =496 (15— 30) DRY 30677 15)
Rty ol 020 £ 71115 ~4%) peSG b 42504 - 317

Pabie 4, T sl opp parisitsemin cledrance oo didTerss days afber Faoaimed sdrenim oo

Darantacing Jicardnee

Thdy fpestedrag ) ! 2 3 & H 14 m 24 15
saient fode Ve, npaz N6, 18 022 29,30 4,08 10 i My
Hh32 335 n 45 1323 3
43 3841 48
Tl uTn o] Laat s A o % 3 5 i ! B 4
il G W KR Ml R il L ey
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Fago 1o Showmg mean pansitaenna {covnt/ ) before ani after single dose treatment
with Fansimel. Vertical bars indicaie the standard error of the mean.

giobuiin, 3GOT, and SGPT were determimed
sefore the drug administration and on 28 day posi-
drug. No significant drug refated chanpes were
gbserved cxeept initial bigh values of serum
ulirgbin (mcan MRS = {768, range 11.9--85
smolditre and SGPT {mean 302 + 7.11, range 15-
43} in 80% cases which returned to pormal at 28
Jday post-drog without any special management (i
seems 1o be due te hacmolysis cavsed by P fal-
cparunt infection),

tirine and facees examinalion

il cases @nine andiysis and (acces cxamination
was carricd out before drug administration and at
28 day post-drug. Urine examination showed no
sigpiftcant changes except presence of urobihine-
aen in 38Y% patients with high initial values of
serum hilirehin, which might be possibiy due 1o
~semobysis caused by malarial infection. It clear-
=d off rapidly after Fansimel administration and
was absent on day 28,

Biood soicar examination
Effect an perasitacnug

The responze of Fansime! on mean parasitacmia
is depicted in Fig. 1. A consistent decline in mean
parasitacriia has been observed after a single oral
dose of Fapsimef reaching O at 35 day post-drug.
The number and percentage of patients showing
narasstacmia clearance on different days after
Fansimef administration, have been shown tn
Table 4

Yahic 5 shows the clfect of Fansimetl treatment on
P. felciparum infectinn preciscly on asexual and
sexual forms appearing in peripheral blood.
During the post-treatment period both rings and
2dmeloCytes were seen in peripheral biood smears
hut a large number of gametoeyles did not show
normal morphology showing distorted andaltered
shapes which could be due to the effect of
Fansime! and @@ may be qute possible that
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Tabie

siude erles, Patieni

FIRIATL SN or PabLNES

n Nide eifecis shserved iy patienis treaded with <ingle dose 3 Fasmied

et Na. lotal number of patwents

showing side elfects

~Bused, Yo ing N COY TV Y T S R if
e, TLBHL 20 24,032, 30), 15

“rdtied, VOMRE 40 vertig 23,29,32, 4,38, 4), 42,48 b3

ain in abhdomen 12,04, L 122G, 2035, 38, 10
43, 45

Lans b appoats Xy {

LLsUpation 0f, 1,18, - 4

W e KRS YN SRIITEN . R P T -3

Rusilessnesy '3 1

Cains of slecp 13 AT I AV R A 15
200 MY 32,30 042,45

Ficadache 2O B IS 20, 21022, 23 i

¥ 42

side effects woere abserved in st 24 hes of medicaon,

vameiocytes moi showting ol morphological
ippearances are dovord of infectivity potential.

»ide effects

Nider cffects were freguan aller singic dose ad-
ministration as evideat from the incidence shown
5 Table 6, but in majoritv of the cases the nature
ad severity of side effects was never so severe as
ur reguire any special manapement. The in-
~dence of side effects s more than that observed
with mefloquine alone {Asthana of al., 1986).
Flowever, in Brashanr male subjects Fansimef
~roduced lesser side offcets (Dosousa ef af., 1985)
‘his may dec to regronal or ethnic variation in drug
lerance,

Urie prosein ciimicai aivdy carncd out momadle
aabients with naturally acguired £ falcipanan
outaria from an endemic areit in the foothills of
“ne Himalayas in the toven ol Faldwani has estab-
Ashed Fansimel to be a safe and offective an-

inalanal Jdrug. Though side cffects were fre-
quent they could be managed without any specific
wreatment, These results are i conformity with
sie findings reported in a study conducted in
Brazil (Nesonzs ef al., 1985).
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Calcutta A case report

M DIASE 5 s and AL MUKHERILE'

A case of hiorogai rasistam 2

Faicditian
anlaria in an advlt male of south Culeutla is
reporied. Two weeks extendedin vivo test for sen-
sitivity of P. falcipanim to chloroquine (1508 mg)
reveated RT pattern of resistance, Treatmeat with
metakeHin terminated the infection,

Laicuiba abmost exclusvely & Foviear ared sance
watrgrence, hasrecoutiy been encroached upon by
o Swlciparan in PEG INMEDRY Dwivedt of wf,
F1981Y remarked rhat monitoning of chivroguine
restslance should be dome where P falcipaniim
cuses reappeared. Resistance of P falciparinn to
citloroquing has been reported fram differens
sarts of India (WS, 1986) since its first ap-
pearance from Kurbi Anglong, Assam (Schgal of
ai, 1973). Earlicr studies on chloroquine resistant
n P. faleipanum ir Cooch Bibar distriet of West
Bengal in 1975 showed 1009 susceptibility (Pat-
avak o ui. 70y, Bat recent stadies have
shown emergence o chloroquine resistant fal-
ciparum strains in Dipaigort and Purulio districts
s West Bengal (WHS, 1980}, A locus of chloro-
quine resistant [alciparum strams has alse been
identified in Calewtia (Sieha ef of, 1987). As

Locepred for puddicainn. 5 July VISR,

©OAT India Institule of §ivgicne and Public Theaith
MG, Chitraranjan Avenug
salzotta - 700073, India.

ioroguine Resistant Plasindiiom faleipanan Malaria in

shdoroquing s dhe drag of enusce for the treaiment
of faleiparum malaria, they stressed the need of
further studies in Calcutta using standard WHO
in vive test. The preseat study was, therefore, un-
dertaken o ascertain the susceptibilily status of P.

falcipunon strain o chloroquine in Calcutta by

WHO it vivo test.

A ebderly (43 vearsi male posigraduate medical
sindent of scuth Caicutta sttended the Depart-
ment of Microbiology of Al India Institute of
itygiene and Public Health, Calcutta on 28.12.87
for investigairon of fever with ¢hifl and rigor. His
hinod cxamination reveated the presence of P fal-
ciparum 1ings, the density of which was found 10
he 27t per 3K teucocytes viz, 6750/ He was
given 60O mg chloroguine and 45 mg primaquine
and kept umdcer surveillance. His temperatuse
came down 1o rormal on day 2 but as he com-
plained of uneasiness and malaise, his blood was
cxamined again on day 7. The blood smear
showed P faicipanum rings, the density of which
was 135 per 0 leucocytes. After giving 600 mg
chloroquine the day (o day density of parasite over
7 days was not cstimated as the case was not ini-
tially suspected to be chloroguine resistant. He
was given 1508 mg chloroquine base for three con-
seeutive days as per recommendation of WHO
£1973). Befare administering chlorogquine his
uringe was examined by the techaique of Dill and
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Criggne - Ledgveld and Lortmann, W0} sor ihe
Lesence of ehloroguine but no chloioquine was
setected, The pations was kept under cooditions
Jwere rm:iltmfm with . falciparming s mot pos-
.\1-‘, The parasie count was rot dong as per
F10) purdelines due to refusal of pationt m giving,

wl ity tor fiews 7 dayse Therefore, his Mlood
s ceilerted on comy selected days iz, dav 3,7
sl and vrine oucday 3. Urioe showed presenae
“chinrsume on Jday B Biood smear examing-
v shiwed complete clearance of rings ap day &
vod day 7 and reappearance on day 14, the density
Jwhich wos 12 per W0 loucouvtes. Instead of ex-
Cmding the stadv for moothes Sweeks be
enefukacifin coach ¢
HET Hax I“]l\p\-’r T IlF;-.'-

o -iT-?'\' &n
rw S(N)

ke

i 'h Y

CTING
Lruring
Jimteal atoack of malarss, the patient bad po

cursol

witeh shesseu aood

SR
ihoal further recrudoscence ol today.

uatary of diarrhoea and vomiting, Hoe gave ¢
patory of e such episodes duc 1o 2 vy

stana on 27787 and T2.10LRY which were con-
vmed on exwuination.  He
chloroguine and 75 mg
time andd 600 mg

RIS

Biond
H{Hy

H
aataaning Tor the G

WS
ccadud owith
clhiaro-

aud 2R omg orisidpies B e second

"

Psni b Vand e thET Can a0 SLCTRETIS
R reastant Foialoipr st U siu taailor stap-
..r,--._i domne of ‘-ih:ﬁmqmnc. The minimum pos:

bty of roinfection with P fglapanom during The
s hubwecn disappearance of asexual parasites
aaday Land their reappearance on dayv 14 which
il wiimn the taeubation perind sas ruled ous by
Y ho panea. wader sdueguate preventave
coastras £ b nrogiing resistant Gajciparum mala-
a s recentivheen reported n 6 {21%:) out of 28
caeats o Cakottz metropolilan area using
Candard WHU Y ar v esi {Simha e ad, 1987). B
iy oo such repot of cidoroguine resistance
7 fadeiparier by WHOY i vive test. This is the
sk report of RE reststance of P falcipoim to
sinroguene m Caloutis By i vve 1est, The steds
anroveatod the dojpae ol ehier

DO Tesislanes

o L fedeiparin e,

st 35, DECEMBER P

Pne cwueni showed consudssabie eductou
arasites after single dose of 600 mg caloroquine
wat na complete clearance on day 7. Earlier
4sdies in Koraput, Sambalpur and Bolangir dis-
ricts of Orissa state in 1977 hy Ouhe et gl Q197
snowed that in P, felcipanin inferiion parasit-
soma {ailed fo clear in 3.3% cases even alter
sreswnptive rostment with single dose of t41) mg
-’ﬂnmqulm, Whether the refractory phoro-
wenen of P fafcinanam (o ciiorogaine {600 mg)
- the present study was due Lo madeguacy or drug
due to resistance was confirmed by the ox-
feaded i vive st alter 150V mg chioroguine ad-
winistration, The recrpelescence on day 14 cor-
eapended witl BRI vosstanes, dlrcamstantiag
cadenen suggrests tha ois o lowal strain of P gl
a which has deveiopd K paspern of reas-
)puine ang ot s anporied oo ey
e paticnt did not move suiside Caleutta duning
biioone vear before boing altached with P fude
Lpenim malaria.

et chior

e indicated 1o A e 2k
:':‘, gy of chloroguine in P falcipariay maiais i
aloutta,

Furiper sindies are

EVREN RS

Mepuende, L0 e L
LG Rovand 5 Pattanayvar (B8 40
Jquine resislance 6 Pusrniedhinm faloparuar i Shake
-avapar ares of Mirapur destren, Dtar Pradesh. fo-
i 1 Malaviol) 15235405

RTLR R R TR

: g Ackl O R ane S Paleinavain PO
Lesults ar presumintieg Cal R nvILIL R Frisea
Gare frelives JOAMed Ees TIRRD

Cepeehd, Dand HEORostnann BT Thc cosin feious
woar of Thib and Citarho A siinpie fieid
o WHO 43150

Sbrogume in urine M

Ty T4 adoleet

o Patanayel, 8L Roy awd s sen 19TV Kesponse
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A Note on Anopheles dirus Peyton and Harrison, 1979
[An. balabacensis (sensu lato) Baisas, {936} in India

(LR BUAT

Chesiophers {1933) designated the Indian rejpue -
sentatives of Anoplieles lencosphyrus group as.4n.
liencosphyrus of Donitz (1901}, Under this he also
slaced An. elegans James, 193 as a synonym. This
status continned (o be accepted until Kalra and
wattal (1962} splir the taxon of Christophers into
swe disting species, namely Aa. balabacensis
Sulabarensiy Batas, 190 and An elegans Jamey,
K13 on the basis of Reid (1949) and Coliess (1936,
ST alter re-cxamination of specimens of the
Malaria Tostitute of Tadiz. Their locality records
of An. balabacenyis baiabacensis included 'western
ghats from Sawantwadt southwards, eastern India
wast of Darjeeling district, Andaman Islands and
Casabli 0 Himachal Pradesh; and the localiy
records of An. elepans acluded western phats
from Sawaniwadi southwards,

Hewonily Peyton s Hurisom (1979} re-cxam-
sned different varrants of .*!n,‘;g'&?abﬂcensi.s desig-
nated by Colless {1956, 1957), On & éritical com-
narison of Thailand population with those of typi-
-4l population of -1:1. halabacensis they raised the
Thailand form te the status of a distinct specics
and named it Anopheles dirus. They delincated

Avcepted for publiearian. L2 hinner M,

+ Wational [nstivete of Viadogy
Pune - 41101, Ind:a,

the geographecal range of dn. dius within
Thailand hut indicated its possible oceurrence
elsewhere in mainland southeast Asia North of
£ latitude.

According o the previousiy accepied concept

An. hatfabacensis balabacensis had a very wide

acographic range cxtending almost all over the
Oriental -epion, but this species was subsequently
Jivided into different taxa by Colless (1936; 1957)
and the typical form An. halabacensis balabacen-
515 was resteicted to Thailand, Burma, Assam and
Bangladesh (Peylon and Harrison, 1979). in
india, An. balabacensis balabacensis was reported
i occur in the forested arcas receiving heavy rain-
fallin castern India and the western ghats in south-
western India, In the western ghat regien An.
halubacenses balaboconsis was reported to be sym-
patric with An. elegans. Thereis a great gap in the
scographic range across central India between the
castern and tht western ghat region of south-
western India (Peyton and Harrison, 1979}
However, there is a single record of a single
specimen from Kasauli in the western Himalayas
{Kalra and Wattal, 1962). Except this record,
there has been no record of this species anywhere
hetween Kasanli and Daneeling district, Perhaps
e Kasaull record is an oreor and the species does
nat accdr West of Darjecling district in northern
india.
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subsequeni to the descophion of An. dires, oo the
suggestion of Dr. Peyton, the present author has
zxamined 398 adult specimens of An. balabacen-
wy balabacensis (seasu latn) collected {rom the
Oetd in Kyasanur forest discase area around
saizar, Shimoga district, Karnataka, between
sigust 1978 and 1987, The field collected
material included 173 males and 174 females
cared from immatures collected from breeding
naces in the forests and betel put gardens, 48
‘cinaies collected on human baits, one male and
s female collected from vegetalion and one en-
sovped female collected from a cattleshed. Sixy
ssociated skins gach of larvac and pupac were
0 examined along with the adoelts, In additton,
wseral Fy gencration farvae, pupac and adulis
wared from the Nield collected females and three
zmales collected at Sirst on 19 January 1981 and
2 adult specimens designated as An. balabucensis
rom Pelence Research Laboratory, Tejpur, col-
‘seted in Mizoram {Mathotra et al,, 1984; Das and
Aaruah, 1985) were cxamined. They alt conform
with An. diruy {Peyton and Harrison, 1979) mor-
shoingically, and it is suggested that the ndian
specics which has been so Tar designated as An.
witahocensis balabacensis e called An. dirus
-Rao, 1984},

Miosroover, rooeni cyiogenelic and  iaxonomic
sudics have nabled the differentiation of An.
wilabacensis complex into at least scven genetic
jrecies in the southeast Asiao region: balabacen-
45, takasagoensis, dirus A, B, C, D and E, These
ayptic {sibling) species are only partially distin-
sushable morphologicatly, but cach can be
scparated on the basis of karyotype analvsis and
-eoss-mating experiments. An. halabgcensis sensi
et is confined to the original tocality in Balabac
ssiandg and neighbouring sreas such as Palawan 1s-
and, Sabah and North Kalimantan (Peyton and
arrason, 1979), while another sibling species An.
uzdsagoensis 15 restricted to Thailand (Peylon
widd Harrison, 1980}, An. dirus is a specics com-
soob ab least five distinet genctic species
sovisionally designated: dines A, B, C, D and E.
w1 dirus A Is widespread in central and northerr

Thailand, Buyma, castern  India, pan 3t
Bangladcsk, Laos, Kampuchea, Victnam and the
adjoining part of P. R. China, while dirus B is con-
fined to southern Thailand and the Thai-
“alaysian border, Apparently dirus D occurs in
ceniral and southern Thatand rowards central
peninsular Malaysia and exists sympatricaily with
A, B and C forms. At present dirus C is known
only [rom Kanchanaburi province, West Thatland.

Thewestern ghat form in peninsular India is desig-
natad as dinus E (Baimai et af,, 1984; Peyton, per-
sonal communication). However, the status of
Andaman population (Nagpal and Sharma, 1983)
of An. halabacensis desipnaie has not vel been
Jdeicrmined.

A balabucensis sensu loto s known {0 be an -
portant vector of malaria. The discovery of dirus
complex within An. balabucensis reqguires a criti-
cal re-assessment of the vector potential of cach
species for malaria.
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Vertical Distribution of Anopheles stephenist Larvae in

Calcutta

KK CIIATTERIGE -',=. . B]SW!\S;‘ 3. CII.-'\N[)R.«\I. AMRITA BHATITACHARY YA and

AK. HAT

Historically, Anopheies stepitensi s assoctated
with fransmission f mataria in Bombay, when Lis-
ton (1908) and Benticy (1910) for the first time as-
soctated malaria with this species. Subscquently
Covel (1928), carried out a comprrehensive survey
of Bombay and studicd in-depth the bioceology of
his species.  According to Covell (1928), An.
sephensi breeds with cqual Taciity in dark places
and those exposcd 1o dircet sonfight and the lar-
vac fourish in anv depth. The breeding places
may be sifuated below the level of the ground or
ot the roof of a building 80- 10K ft (24.4-30.5 m)
high. Heidenlified among others, roof cisterns as
ane of the permanent breeding sites in Bombay
atong with impreperly graded roofl gutters and ter-
races. rencrally lurpe roof cisterns connceled
with mills and raidways {(situated at a great height)
were invariably found breeding for this species. in
alcutta, apain, the work of Covelt (1932) was the
first attempt to gather qualitative informalion on
~An. stepliensi,

tn Caicutta, the existence of Anopheles stephtensi
is known from the heginning of this century and

bevepned for publrcanen: 1T Octobey 1988,
© Bepaniment of Medea! BFrlaomology
Latcuita Sehool of Tromeal Medicine
Calewia - 0073, Tndia.

the specics has been incniminated (Siddoas, 1946,
Hati et ai., 1987) as a vector of malaria as in other
citics of fndia. Procise information regarding the
larval hreeding of this vector mosquito in relation
ta height above the ground level is seriousty lack-
ing. Hence a systematic lwo-year search involving
the ovitrap collection of An. stephensi larvae was
made at different vertical sites of a multi-storied
hoilding with & view 1o ciucidate its brecding
habits at differcnt heights above the ground.

Twelve carthen vats, each measuring about 18 cm
in depth and 21 to 49 ¢cm in cross section, to be
used as ovitraps, were placed two at each of the
different vertical situations of a five storied build-
ing, selected in an area in centrai Calcutta. Three-
{fourths of eack ovitrap was always kept filled with
tap water, Muosquito larvae {rom (hese ovitraps
were coflected at a regular intervai of ten days for
two consceulive years (September 1985 1o August
1987). The coliccled larvae were identified and
monthly rccords were kept on the number and
species of mosquito larvae collected from each
foor. Five davs after each collection, additional
visits were made to investigate whether the
vvitraps were in proper condifion or nof.  Al-
opether SO782 mosquito larvae were collected, of
whicl, EH1Y, 35435 and 1336 were idenlified as
ihe larvac of 4n. stephensi, Aedes aegepti and Culex
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Fable L. Ovitrap cotlection of mosguite larvae al different heights of a multi-storied building doring Septemher
1985 tor August 1987

Height abowve the ground level

pRiss Torai
Bm 3hm 12m 10.8m 144 m 180 m

Aropicies slephenss 120 971 L2 2537 5300 3335 14011
0.9) (6.9) (12.0) (18.1) (38.2) (238)

fedes Jeghind 1913} 13363 FATIE M2 43 4 35435
(53.9) (377 70 10.9) (0.1 W)

<wins pagliefiscudtie $U B7 44 n 1 o 133,

L1.6) (2.7 Jh)

“1gnrea ¢ sarentheses indicate the percentages of toial individuat larvat species collected.

qanguefasciatus respectively. Out of 14011 An.
stephensi larvae, 9%, 6.9%, 12.0%, 18.1%, 38.2%
and 23.8% werc collected at the ground, lirst,
weond, third, fourth Noors and the roof respec-
avely (Table 1), thereby indicating that An.
aeprensi, once a well-breeder (Afridi et al., 1938,
Russell and Rao, 1941), might be 10 some extent
weophobic so far as its breeding habits are con-
cerned as compared to Ae. aegypsi and Cx. quin-
refasciatus.

These nbservations should be helpful in formular-
g an effective integrated control strategy against
the larvae of An. stephensi in sky-scrapers of big
SHICS.
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Mosquitoes of DDaman

LS. KHAMRE' and M. . KALIWAL®

Information s the mosguzto fauna of the Uinion
Terrtory of Daman i very scanly. Only 3 specics
o Anopheles viv., 4. vugus, A. culicifacies, A. sulr-
pictuy and Culex spp. were recorded earlier (1S,
Khamre, unpublished report, 1982}, There has
been no other information on mosquito fauna of
Daman. Daman s cndemic for molaria and APl
is more than 2. DDT was sprayed from 1965 to
1971 under NMEP. RHC is being sprayed since
ERIY Susceplibpdity tests were nof done. There-
iare, the studies were carried oui to know com-
picie mosquite Taung. relative abundance, role of
stspected malaria vectors and susceptibility status
0 isecticides during Sepicmber 1983 and the
results are briefly summarised here,

Union Territury of Daman « bousded by Valsad
Jistrict un (he East, Arabian sca on the West,
Bhagvan river on the Northand Kalemiriver onthe
south, I has an arca of 88 sg kms with 21 villages
and one lown. Population is 55,000. Most part of
Oaman 15 low land and {itle portion is plateau.
Temperature varies lrom 22°C 1o 319C. Apnuat
sainfall is 1600 mns. Paddy is the prain crop.

dccepied fov puodacaicon. + December FIBK.
" Regional Olfiee
Healih and Family Wellare
Pune - 311009 India.
+ Nanonal Makinia Eradication Programme
Directorale of Health Services
Panaji - 403001, India

Mosguen collecuons wers Jdone by suction tube
nethod from cattlesheds, human dwellings, mixed
dwellings, other man-made struetures, surround-
ing shrubs and ncarby cailesheds and human
dwellings, The collections were done both by day
{0600-1000 hrs) and night (2000-2400 hrs). Mos-
quitoes biting man and cattic were coliected
during aight brs.  Larval colleclions were also
taken from wells, cement tanks, water pools, pits,
drums, cte. and were held in cages until adult
emergence. Tdennhcation of the mosquitocs was
done by using the keys ol Barraud (1934), Chris-
tophers {1933}, Puri (1955) and Rao (1984).

Susceptibiliy tests wath healthy, uninjured ang
fully fed A. crdicifacies adults were done against
DDT 4%, dieldrin 0.4%, malathion 5% and
fenitrothion 1% using WHO susceptibility test kit.
Muosquitoes were exposed for 1 hr, keeping con-
trol sets and mortalitics were recorded after a
post-exposure period of 24 hres. When, the mor-
iality in the control groups was over 5% but less
than 209, a correction of mortality is made by ap-
mlying Abbatt’s formula.

Vable 1 gives the details ol mosquito collection. A
tatat of 494 mosquitoes were collected. 1dentifica-
non of the mosquitoes revealed that the mosquito
favna of Daman compriscd of 9 speeies belonging
w3 gencra viz, (i) 475 specimens of genus
Anopheles  consisiing of 5 species, (b)) 12
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Table 1. Resulls of asosuite sallection n Daman

N, species collected
tnopiedes ananiuris Van der Wulp, 1884
1. harbprosiris Van Jir Wulp, (B84
i. catfcifacies nles, 190
+ i. stephonsi fasion, 1901
", 1 subpicius Citassi, 1899
RS <ledex gelidus Theohaid, 1901
d *. mitgentorhynchus Giles, 1901
3. vignsonia anidifera (Theobald). 1901
' . indianda Vgwards, 193)
Yo

o, cotlected PAMHED

3 s

27 i

228 [

4 R

33 HER M

4 120

g .39

2 210

5 24
94

fahle 2. Results of adult susceptibvifity sests with A, cwficifacies

TsCCiI0e and. No. of replicates

VA T 3
“yeldrin 04 3
waidiion § G 3
ceadrathion T I

sprecimig SF geitus L rdex conssting of 2 species
wd (i) 7 specimens of genus Mansonia consist-
agof 2species, It may be noted that A, culicifacies
48.2%) and A. subpictus {43.1%) werce the mest
wrevalent species in Daman, A, barbirosiris
S5406%), A. stephensi (0.8%) and A. anaulanis
0%} were collected in small oumbers. Two
Cwdex species iz, Cpitaeniorhynchus and O
wiltdies formed only 243%. Mansonia annudifera
viud M. nddiaina formed 1.41%.

Hesulls of she susceptibility tests with 4. cude-
sifacies are summarnised 1 Table 20 [¢is evident
fram the data that there was only 329% mortakity
with DDT 4%, 42.5% mortality with dichirin
4%, The veator was highly resistant to mata
ion and susceptible to fenitrothion. Resistance

No. exposed o Mortality
50 3z
40 415
45 Ly
13 HE

s DT, dicldrinand malurthior has been separted
irom the  acighbouring  stales o> Guzarat
(Rajagopal, 1977) and from Mazharashtra {Vittal
ct af., 1982). The resistance to PDDT and dieldrin
5 due to the use of PDT and HCH under NMEP
for 1 tong period. Resistasce to macathion may be
atitibuted 1o ifs pse in agriculiure.

The mosquito fauna of Daman comprises of
known malaria vectors wviz, A, anaulars, A
cudicifacies and 4. stephensi. Mosquito collections
carried oul In Daman had reported only 4 A4,
culteifacies and mass survey in 2 viliages, one with
high incidence and the other with Jow inadence
revealed that all 225 blood smears eovering all age
wroups, collected and examined were found nega-
tive for molaria parasite during Aprid (3. 8.
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Khamre, unpubiished report, 1982) indicaiing the
absence of active transmission, In the present sur-
wy, a large number of A, culicifacies were col-
fected and the analysis of monihwise cascs
revealed that maximum cases occurred during
sugusi-October manths when the density of 4.
~uficifacies is high and the incidence was practical-
ty low during the rest of the year. A, stephensi is
an urban vetior and 4. anmudanis a known vector
of local importance clsewhere in India {Rao,
1984}, Buf, these twa species were collected in
sinall numbers. Though dissections were not done
s meriminate the vector, the role of 4. culicifacies
mmalaria fransmission s Daman, cannot be ruled
1
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Epidemiological Implications of Population Migration:
Part 1. Imported Malaria in Kheda district, Gujarat

R.C. SHARMA! ang V.2, SHARMA®

In Kheda district, Gujaral, agriculture is well
developed due to [ertile soil, good annual rainfall
and an excellent network of canals and tributaries.
Almost all villages of the district have an approach
road and small industrial units - are commonly
found in the area. The distnct attracts labour
mainly from backward arcas of Gujarat and some
othier netghbourmg states. This Tabour olien
brings malaria infecction from endemic arcas, a
factor of human behavioar and ceology that has
aot recetved sufficicnt aitention in the past by
malariologists (Prothero, 1983). The project on
biocnvironmental control of malaria was started
in 1983 in 7 villages (population 26,000) and sob-
sequently extended in 1980 (o cover the entire
Nadiad taluka comprising of 100 wllages (popula-
tion 3 50,000)., During epidemiological investiga-
aons i was revealed that immigrant labour bad
high incidence of mataria. Resubs of a 4-year
study on the prevalence of malaria in experimen-
tal villages is reported in this paper.

Aceepued far publication: 13 December 1988
' Malaria Research Centre (Field Station)

Cvil Hospital

Nadiad-387001, India.

Malaria Research Centre

23-8hanm Nath Marg

Delhi-110054, India.
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The study was taken up in Nadiad taluka as part
of the cvaluation of the impact of intervention
measures urder the bioenvironmental control
sirategy (Sharma et af., 1986). House-to-house
surveillance of fever cases was done on weekly
hasis by the resident worker(s) of the village. In
case of fever, blood smcar was prepared and
presumpiive treatment of 600 mg chloroquine
adult dose was given,  All blood smears were
hrought to the laboratory for examination. Per-
sons positive for P. falcipanum malaria were given
additional 900 mg chloroquine adult dose (600 mg
on day 1 along with 45 mg primaquine and 300 mg
on day.2). P. vivay adult positive cases were given
75 mg primaquine (15 mg daily for 5 days).
Children received proportionately jow dosages.
Surveillance workers also recorded all population
movement regarding the incoming guests and
labour etc. In addition 1o this, all positive cases
were investigated about their movement. In case
a person was found positive for malaria and had
spent 7 nights outside the cxperimental area and
Jiagnosed positive within 10 days of his return he
was consider2d to have brought in malaria from
the place of his visit. Mass blood surveys of incom-
ing labour were carried oul with the people’s
cooperatien and slides examined for malaria. The
place from where the labour had come was
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Fahle b. Anabsiv ol impucted cases in Kheda

Indigenous impaned Urigin of imported cases
oo Cases cases
Yoar ' dfi e d- S Kheda Other her
Havere Yol Pr ATl Total Pr AFI disfrict distmos stares
of Guiaret  of India
*TEe 265, KK) 141 64 5 iz 45 6.9 50 21 1
543 {62.5) {694} {292 {i.4)
s ARt '5g 52 39 g4 4 1.6 33 28 i
£33.7) {4403} 51T} {46.7) (1)
T sk TN r2 n e M2 i 11 124 13l 35
3T 1509 (3T 49.1) ED
Wi 530,000 {287 7 1.1 434 R¥A a5 4 %3 j¥E
128.8) {60.13 {11.6) 168.5) {119
Totai 2208 698 PIR 830 ¥ 855 51
{31.5) (594} {2003 (61.2) (10.3)
{'ahle 2. Monihwise parasite distribution in migrant population in Kheda
Monih B:5. ‘Fotal P{ SPR SFR
1987 sxamined cases Ve
Yail 481 45 43 915 8.93
Teb M7 33 27 6.03 4.4
Mar 238 3 2 1.26 0.24
Apr 330 17 12 515 34
Viay 961 9 n 301 229
Iun 135 6 k! 444 222
Sui 414 25 i? 6.03 4.11
Aug k2| 26 19 6.65 4.B6
Sep 464 17 10 31.66 .22
(3143 630 4% 22 7.78 349
Nov 1413 112 T2 7.81 502
tlec 1210 141 106 11.65 8.

Tatal nH 503 355 6.95 1.91
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recorded bul wo separate record of laboar and
ather travellers was maintained for the years
84-86.

Vaiie 1 provides idormation an the hiph rate »f

P, falciparunt it cases coming from outside the
sindy areas, {ncreasc in the total number of
malaria cases from 198487 was due to the expan-
siom of the protect area from original 7 villages in
984 o 106G villages in 1986, This was also
reflected ip the increase of imporied cases. Four
vears of study showed that in a total of 2208 in-
Jigenous cases 31.6% were P. folcipanun, whereas
£, falciparum percestage smong imported cases
was higher te, 59.4%. Orngin of imported cases
revealed that in the vears irom 1984-87, 69.4%%,
S, 397% and 1967 cases respectively
wriginated from Kbheda district. The proportion of
cases that originated from other districts of
(ujarat were 29.2%, 46.7%, 49.1% and 68.5%
respectively, during the same penied. The propor-
tinn of cases originating from other statcs was
1.4% in 1984 and 1.6% in 1285, It increased to
11.2% and 1199 in 1986 and 1987 respectively,
e of the interesting observations from Table 1
iz that the AfT in migrant labour s 2 10 5 times
nigher during the period of observation,

Taote 2 shows blood smear collection and posi-
tives for 1987. Tt was revealed that ir migrant
nopulation §fR and SPR was low in February,
March, June and Scptember showing  Lhat
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cpidemiciogically first group ol migranis do not
sinow high incidence of malaria but subsequent
hatches bring higher infection. P. falciparum rate
15 fow in September commensurate with genaral
rrend of species distribution in the area.

For woinpsison observations of 1986 and 1987
wese important because the same area and
population were available for analysis. Results
nresented in Vable 1 indicate that the proportion
of P. falciparum cases among indigenous cases
reported declined from 33.7% in 1986 10 28.8% in
1987, Howeser, P. falcipanun percentage among
the imporied cases remained constant at §0%
ievelduring ihe same period. Increase in the pum-
aer of imported cases in 1987 could perhaps be
Jue Lo the surcessive years of drought in Gujarat,
which was severe in 1987 resulting in large-scale
migration of labour to thosc districts where condi-
tions were beiter.  For example, conditions in
Kheda district were far better in spite of scanty
rainfall due to the well developed canal and
iubewell irrigation facilities. This becomes evi-
dent {rom the facr that from other districts of
CGujarat the percentage of imported malaria cascs
' the projeet arca rose considerably from 49.1%
in 1986 to 68.5% in 1987, Contribulions from
Jifher states remaned between 11 and 12% in both
the years.

{Ihservations on imported mataria through labour
and other travellers (Table 3) revealed that in 1987

Tahle Y. Classificativn of migrants, Kheds (1987)

LHTE BTy Tuat cases #f Lases o 1"

"abourers 503 355 .6
{52.72%5

{nher trgvelters 451 2i8 483
(4727

Fotal 434

373 o
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Tahte 4. Activities infloencing lahove muvenient in the experimental villages

fahour Duration of stay
Naiure of Woik i o e s it months
Arrival Departure
Hoand construction Seprember June 19
1. Paddy culinmtion February May §
July Octoher 4
3. Tabaceo coltration July October 4
November April - May 67
Lo Chicory cuibivation November Aprii — May 67
a. Vwheat rarvesting Pebruary March 2
ue linek making Mehruary May —Junc 43

autly fabour and ravelicrs contributed  almosl
aqually ie., 52.72% and 47.27% respectively, and
it of a total of 954 cases 573 (600.19%) were P. fal-
yparim. Proportion of P. falcipanom was found
v he M6% in labourers against 48.3% among
aiher raveliers,

Un denidy the type and period of attraction of
abour i (he project arca imvestigations were
zade 50 that the labour camps could be foligwed
‘or serecning and treatment and also Lo ascertain
vid control the epidemiological risk. Results of
nvestigations have heen presenfed in Table 4
which indicated that Yabourers are mainly al-
sacted towards road construction work, paddy,
whacco and chicory cultivation, wheat harvesting
snd brick making. Labour starts coming in the
aruject area in the month of Febroary for brick
naking and leaves in May/June before rains,
sgricultural labourers come to Kheda for paddy
~altivation in the months of Febroary and July and
wave i the months of May and October respec-
wnvely, as two crops of paddy are taken in a year.
Zuad construction activities start in the month of
september and labourers remain ergaged in the
work for about 1) months till June. November is

the month for tobacco and chicory cultivation
when labour comes fo work in the fields and
leaves in April/May after about 7 months of
stay. Wheat harvesting in February/March
attracts labour for two months. Thus, the influx
of labour continues almost throughout the year
for different jobs and moves from viliage to
village. There are no records of population
movement but it may be anywhere betweer
W-30% of the resident population, Thus,
population migration is an important source of
infection in the event of non-defection,
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Epidentioiogical Imphcations of Populacaon Migration:
Part 1. Evidence of Chloroguine Resistant Plasmodium
falciparusn Malaria in Kheda district, Gujarat

RC SHARMA and VP STIARMA™ -

A demaonstraton pragect oo the biocavironmenial
coalrol of malaria was faunched in 1983 in Nadiad
tajuka, Kheda disirict, Gujaral. This arca was
orone o malaria epidemics and in 1981 an ont-
break of faleiparum mataria resulted in high mor-
trdity and deaths tn some villsges, although insce-
iictdes (DDT and malathion) were being sprayed
bythe NMEP tointerrupt transmission. The study
was initially taunched in 7 villages {population
26,000) in 1983 and gradueaily extended 1o cover
Nadiad and Kapadwan) talukas by 1986 (Sharma
aral, 1986). Animportant component of the study
was weekly active surveiltance, rapid slide ex-
amination and administration of radcal treatment
within 24-36 hrs! Surveillance was carried out by
magect staff who belonged to the same village. As
a result performance of passive surveillance was
very good and radical ireatment and follow-up of

Accepred for publication 13 december 1988,
* Mailaria Research Centre {Field Station}
ivit Hospital
“adiad-38700!, Indua.
“ “ialaria Research Centre
72-Sham Nath Marg
Dejhi-130054, India.

cases wis casy and mare reliable. At present
chloroquine -and primaquine are being used, the
former clears asexual and sexual forms of £, vivax
and the latter provides radical cure by the elimina-
vien of the hypnozoites of Povivax. In P falcipanim
chloreguine is used as a schizontocidal and prima-
squine as a gamelocytocidal.

Invivo P. falcipanun resisiance was monitored fol-
lowing the WHO {1973) cxtended ficld test for 28
days. In the project arca fever cases were given
500 mg chloroquine as presumptive treatment.
Soon after the results of slide examination, P. fal-
cipanin cases were given a total dose of 1500 mg
chlaroguine {600 mg on day (¢ as presumptive fol-
towed by G0 mg on day 7 and 3 mg on day 2)
and 45 mg primaquine. Children were given
proportionately low dosages. All P falciparmm
cases were moniiored on day 4, 7 and then week-
Iy upto day 28 10 record any recrudescence. All
chloroquine resistant cases were treated with 2
tablets of motakelfin and 45 mg primaguine and
iollowed for four weeks. This was done kecping
in view the lact that P. falciparum resistance 1o
chlaroguine aas been reported from various parts
of India (Sharma, 1984). in the project area all
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‘Fable 1. P. faiciparam resistance 1o chluroyuine in Kheda district

Posinve Results Total BFf

Year Poputation cases (luvel of resistance) registact

[ cases”

Total Pl RI R1! RN
198 L0000 141 fsd 10 ] 0 il
085 60,000 ** 154 52 2 ] 1 2
1986 450K 626 11 16 0 0 16
1IRT TO0IKK T 1938 51t s {i 0 5
Yiota 859 103 0 0 103

5

Chabdren upio 5 yeans of age have been exciuded

cises of drug reststance were W be detected and
sven radical cure ta prevent Turther dissemina-
sion of the parasite,

5 cecord of P falcipanon resistant cases from
amang the total cases is given in Table 1. In 1934,
¢t a population of 26,000, a total of 141 malaria
zases were recorded out of which 64 were P. ful-
aparum. Ten P, faiciparum cases did not respand
<+ 1500 mg chlorogune and parasitacmia reap-
acared after 7 days and wathin 28 days of chloro-
Juine therapy., Simiarly, 2 cases did not respond
w chinrogaine in 1985, In 1985 the area was [ur-
ner extended to cover the entire Nadiad tatluka
sompristng of 3,50,000 population. A total of 211
. falciparnum cases were detected in 1986 and out
af these 16 showed chloroguine resistance.
similarly, in 1987 when the area was extended 1o
sover Kapadwanj taluka a total of 311 P fal-
apariem cases were detected in 0.7 million popula-
o Seventy five of these showed resistance. In
erms of percentage there were 15.62% Pf cases
resistant tn chloroquine in 1984 and 3.85%, 7.58%
il 14.68% in 1985, 1986 and 1987 respectively.
Vhus, in the study arca out of 838 P. fulciparim
cases detecied, there were 103 chloroquine
ruststant cases producing an average of 123
from 1984.87.

oAl cases v, H3 P falciparm resistant cases
-he: parasitaemia cleared within 7 days of the ad-
winistranon of chloroquine and reappeared

** Wadiad taluka.

*** Nadiad and Kapadwan; talukas.

before day 28. Thus, all the cases showed RI level
of resislance,

From the {forcgoing, it is evident that the problem
of chloroquine resistance in P falciparum in
Kheda district has started surfacing and there s
nced of carclul monitoring and proper treatmant.
There was no resistance {0 metakelfin but the
widespread use of sulpha drugs (metakelfin/fan-
stdar) without slide examination may shorten the
iife of these useful drugs. There s, therefore, need
ol more widespread monitoring of drug resistance
in the country and eradication of foci to prevent
further build-up of cascs resistant ¢ one or more
antimalarials.
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Synthesrs and Evaluation of 4, 5-Diamino-1, 2-Dihydro-2,

ERPR

2-Iialkyl or Aryi-1-(substituted)-g-Triazines as

Antimaiarial Agents

ZARINE KHETY . VIIAYLAXMI KAMATHZ WM RENAPLRKAR? and 8.G. KHADSE?

Manry new compounds, structuraily modified at
the Uoand 2 position ol the s-triazine moiely,
weee synthesized  from basic raw materiabs,
These were lested for therr antimalarial activity
apainst P bergher nomiee. Two compoumds
showed 1004 eliminaton of P berghed mfection
- mice for more than 25 days o 2 dose of 5
mg/kg % 4. The results are presented and
discussed.

Dibydro-g-iriazines are repuried as andmalarial
ageats {(Osdenc et al., 1%7). In our synthesis pro-
gramme, compounds of the type 4, 6-diamino-1, 2-
dthydro-2, 2-dimetbyl-1-{p-substituted) phenyl/
acteroeychic/allyeycilc-g-Triazines have Been syn-
thesized and screcned against P. berghef by Rane’s

iceepied for publicanon: 12 December 1988,

© Department of Chemotherapy
Halfkine Institute
Paret
Hombay-40001 2, India.

S idepartment of Zooroses
Haffkine Inshtate
Have]

Hombay-400012, India.

method and Peier's 4 days test (1965) for blood
schizontocidal action. The peneral scheme for
synthesis of compounds is described below.

Chemisiry

The g-iriazne compounds were prepared in 45 1o
5% yield by the three component synthesis of
Modest (1956). The reguired arylamines were
prepared by known methods in the literature. The
heteracyclic smines and adamantyl were available
trom the jatoratory. Representative s-triazine
hydrochlarides were studied for IR, UV, NMR
specira which are 1o agreement with the assigned
siructures. Al the compounds were checked by
the elemental anatysis of C, H and N.

Mode of sypnthesiy

s . LR, OH
R ct=no -
wr Wwpali = . Ar Hux
a
‘1““-- _‘11\1
M “Hy
nH Fe
[ FHNg LML
-
\
. Rt
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RECETY o a5 — YRIAZINES AS AN M AREAG o

Witere Ar = {1 Substifuicd aromagie,
(i) Helerocyelicg
i}y allvevelie,

4, 6-Diamino-1, 2-dihydro-2, 2-dimethyl-1-p-(p-
shisrebenzyloxy) phenyvl-s-triazine  hydra-
chioride

A xtore of 4-chivro V-aminadiphenyl bensyl
cther hydrochioride 0.3 gm (D.001 m), dicyan-
Jiamide 0.21 gm (00025 M), dry methanol (1.5 ml}
1 acetene (1015 ml) was stirred and relluxed
tor O hrs, uader ashydrous conditions. The reae-
ion mixture became o cear brownish solution
wiihin 3 mms. The reaction was completed after
¢ 7 hrs, cooled, the product coliected by Gitration
ad washed with acetone and cthes, Tt was recrys.
talhsed from aq. CHaOFH to obrain pale pink pris-
matic crystals of the title compound.

Yicid 0.270 gim {85.0%). m.p. 234°C.

Ejemental analysis for CigHapCINSO HCT
Culeulated €, 5382, HLSO7. N, F7 179
tuund 54,65, 14, 5328, N 17403

-Uresoi-4-id, Gedinmbio-S-phenyl-), 2-ditevdra-
y-trinzine}-c-diethyi amino methyl hydrochloride

3-Dierhylamino meithyl-3-hydroyy aniline hydro-
chloride 0.89 gm (0.003 M) was condensdd with
9.280 gm (0.0033 M} of dicyandiamide, .53 gm
{11,005 M) of benzaldehyde and 1-2 mi of sodium-
:bry methanel, The resction mixture was refluxed
41 00-70°C for 5-0 hrs under anhydrous conditions,
Vhu dark solunion wits then ireated with charcoal,
litered and concentrated. The oily residue ob-
tained was triturated with ether and relrigerated
for over a week 1o afford a greyish black solid, The
L'V absorbance of the compound showed o max.
at 236u indicating ihe presence of an g-inazine
as per the assigned stracture (Table 1)

Yichd 042 gm (28.04%, . 1637°C.
Liemental analvsis For CapHbagMNal), 2130 0x
Cudenlated O, 3232 L 60130 I, TN 381G

Cound CLA2. 24 H, 0.30; N Is.ovs.
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4 beDigovina-i, Iedirydre-Z, Podimethyl-1-(-
adanantyi)-y-trinzine hydrochloride

13T gm 00 M) o1 L-amine adamantane hydro-
chloride was dissolved i sodium dry ethanol
“Smly and olaced in a 3-pecked fask firted with a
mechantcal siirrer, a condenser with a calcium
chlonde guard tube and a stopper. 1092 gm
(UAE3 M) of cyanoguanidine was added to the
dask topether with excess of acctone and refluxed
o steam-bath wath stirring for 12 hrs. A solid
white crop precipitated from the homogenous
reaction mixtere, which was found to be quite
nure {Tahle 2).

Crystasdhzaizon from aq. methanol provided an
snalytically prire sampie.

Yield 1,15 gm (30.8%), mp. 174°C (uncorr.).

Eicmental analysis for CisHagNs HC:
Caleulated C, 57.60: H, 8.04; N, 22.40%
Found C, 5742 HL R4 N, 22.15%

4, O-1Masina-1, 2odiliydro-t-[1-(phenoxy)
adamantyl] -2, P-dimethyl-s-triszine hydro-
cilaride

LA gm (00036 M) of d-(adamaotyloxy) aniline
hydrochleride, 0.37 gm {00044 M) of cyano-
iuanidine, concentraied bydrochloric acid 0.146
am (0.004 M} (0.178 M1}, and dry acetone 20-25
ml was refluxed ona waler bath for 20 hrs, until a
tight purple eatoured solution was obtained. The
segeticn solesion was treated with charcoal, fil-
tered ind concentrated. On sianding for two days
nink flakes of the title compound were obtained.
The Makes were collected, washed with ether and
4 very small quantity of alcoho! to obtain a white
product of anaivtically pure grade,

Yichi .82 gus {37.2%), m.p. 236°C.

Flemenal analysis for CisH2aNeO.HCH:
Calewdated C, 0245 H, 70149 NO17349
ourd Co2.3 H, LR, N, 17.520,
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Yrimary screening (Ranc’s method)

o bai alno maie e weghing 22-25 gros werd
noculated intraperitaneally with 1 x 10° para-
stised red blood cells of P berghed infected mice.
Pt drugs werg susperded in distilled water and
Pacen-80, and mmpeced siuboutanesusly 72 hrs
siter inoculation.

3 aroup o 3 nuce was taken for each dose level
andd one greup kepl as control which died normal -

v between fand 7 days.

Phose test compouids where the animals survived

rmost Iwice the mfected unireated controls were

somsidered active.
Secotrditey wereening

Saluarion 2y dwe Poier s d-day supprossive Lesi
way carried ot Thaose compounds whicl: showed
winvity hy the Rane's single dose test were sub
weted o a dnided dose regimen to observe the
appressive bload schizvontocidal activity,  The
<« compounds were given by both aral and sub-
Sdtineous routes siathing from the day of infec-
s Blood smearswere taken onthe fourth, sixih,
wventh, minth day, cie. upto lourteenth duy (ol the
arviving animals) and per cent parasitacmia
Latesd.

serpifilre activity reintionship

S e syntbeiie irazmes, sUaas founed thad
v gemdimethyvl srouping is e mose essentiol
cature in symmetrical triane required for an
cnalurtab activity, and it s changed to methyvl or
sk the activity is ndl.

i the Nesubwttuted grooping it was found
st simpic phenyl grouping s better than sub-
waiitedor N-heteraw yloxy or Nohetero groop like

qutnolme, quinagzoiine . N-mothyi paperaame.

The most promising compounds ainong snese 3-
irazine series were found to be 4, 6-diamion-1, 2-
dibvdro-2, 2-dimethyl-1-(p-chlorobenzyloxy phe-
ayl}-g-triazine and 4, 6-dimothyl-1. 2-dthydro-2,
Yodimethyd-1-(p-bromoebenzyloxy  phenyl}-g-tri-
asng.

Thuse two compounds possess {HomisIg an-
iimalarial activity at > mg/kg and 2.5 mprkg dose
hy suhcutaneous or post-operative roate, Among
these (wo promising compounds (Table 3, com-
nd. n0.2) is better and has fow toucity ie, LD
valuc/kg (1630 mg k).

Thus, (he p-bromobensydoxy phoenyl grouping
alomg with the symmaetrical tnazine with gem-
Jimethvl group al one position is the mos
tavourable combinaton.
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