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Proteinases of Plasmodium knowlesi

H.S BANYATL . V.C PANDEY and (01 10T A

Cell-free parasites obiatned from schizont infected vehs by saporn Tysis possessed 3-5 tunes more aad and alkahne
prateinase activites a5 compared 10 1he ghosts {orvthrocyis membrapes), and 30-50 times more activity than that of the
hemaotysate. Further. a comparison of proteolylic activity of three stages, namely: merozoites, rings and schizonts showed
that both acid and alkaline proteinase activity was 2-3 fald higher in merozoites as compared to the other stages. The
prateinases of celi-lree parasites showed rwe pH optima (4.0and 7.05 and higher affinity towards denatured haemoglobin
as compared to crystalline haemoglotin and also ¢ffectively hvdrolysed hacmoglobins from several other sources such as
human. rhiesus monkcy, assamese monkey, rabbit. rat, hamster, mouse and guinea-pig. Parasite acid proteinase was
affectively inbibiled by Zni+, Mgi+, Nii+, Moo+ Fe's sodium diethyldithiocarbamate and pepstatin. and alkaline
proteinase by Zn'+ Soybean trypsin nhibvor and phasphoramidon. Primaguine had slight inhidbitory achon on acid

nroteinase and oxyletracycline nn atkaline proteinase.

INTRODVCTION

Prateolytic enzymes of several species of plasmaodia
mmcluding Pjaleiparum (Lovyeral, 1978), P hnow-

lesi (Cooker al,, 1961 Cookeral., 1909 Levyeral,

1974). P.berghei (Cookeral., 1961 Levy and Chou,

1973 1974) and P paliinaeeum {Moulder and

Evans, 1946} have been demonstrated. Coaok e of.

(1961} reported two different proteinases in
Pknowiest which were maximally active at pH 5.0
and ¥.0. while in P berghei they were active at pH
4.0 and R.0. Thesc proteinases were inhibited by
diisopropylphospharofluoride but were unaffected
by thio-group inhibitors. Levy and Chou (1973)
reporied  maximum  activity  of proteinase  of
Phergher at pH 2.5-3.0. while Levyv er ol (1974)
showed maximum activity at pH 3.6 in Pfalripa-
riem and Phkrnowlesi but they could not detect any
activity at alkaline pH. in view of the conflicting
reports in literature on the pH optima of proter-
nases of P hnowlesi and since detailed characieris-
tics of these enzymes including stability, hydrolysis
of different substrates, che effect of metal ions,
metaholic inhibitors/activators, drugs and antibio-
tics had not been studied carhier, a detailed siudy on

m-}-e;;.-;:) fr;f .;-'.;_ubﬁmn'on. 22 june 1982
Division of Microology' & Biochemisiry?
Central Dirug Research Institute, Lucknow

the proteolytic enzymes of P Anowlesi has been car-
ricd out and results are presented in  this
cammunication.

MATERIAL AND METHODS

Adult rhesus monkevs Macaca mulatta of either
sex, weighing ahout 3-6 kg were kept under 12 hr
photoperiodicity with fluorescent hights on (ram
7.00 hr to 19.00 hr. A strain of P.knowlesi (W)
kindly donated by Professor P.C.C. Garnham was
used in this study,

Merozoites— Blood from Pknowlesi infected
mankey was collected in aad citrate dextrose
(ACD) (Kessel er ol 1965) by cardiac puncture
when the parasitaemia was 15-40% and the paras-
ites were mostly multinucleated schizonts, 1t was
centrifuged at B00g for 10 minutes. Plasma and
buffy coat were removed and the schizont-infected
cells, which form a brownish layer, were separated
trom the underlying ervthroeytes. They were
washed thnee with medium 199. 0,05 ml of packed
cells were cultured in presence of 3.0 ml medium 199
and (.3 ml normal inactivated rhesus monkey
serum in a 50 m! Erlenmeyer culture flask. The
flasks were then kept at 377 C under an atmosphere
of 7% CO,, 19% O, and 92% N,. After 5-6 hrs
incubation, when most of the schizonts had rup-
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Rl e oGif suapension waz centrifuged ar a0
or P mingtes in & refrigerated cemirifupe, Vhe
cuperpatant was again centrifuged ar 2,000¢g for 20
ninutes and mernroites were collected in the sedi-
apent and {hen washed thrice with prechitled normal
cabime and stored at 200 C unif used.

mi-free parasites. ghosts and hemolysate — The
ofecied ervihrooytes were barvested as mentioned
siove and were lvsed for 30 minutes at 2 with

U iw, vy saponin mosaline, The lvsed suspension
was then centrifired at 700G g for 30 minutes which
welded three tractions: The uppermaost laver or
remolysate was oltowed by ghosts (red cell mem-
sranest and the perasites were present in the sedi-
The separated  from

et PATANITGY  wWeTn

wivsate and ghosts by repeated washings w:th
ol normal sabine by ceptrifugation ar 7400z for 30
aunutes and designated as cell-free pavasites. Ty

aracyies of normal monkey were alse processed

it
1

Gk the parasitized ervthroeytes and served as

ontrel

Pregaration of homogenate.—— Dreshly harvested
srvthrocyies, ghosts, cell-tree parasites and meroazo-
tes were homogenired 10 Potter-Elvehjam homo-
wnizer at &7 C n prechilled glass distilled water,
The resalting kamogenate was centrifuged at ] 300p
ar {8 minutes and used as ernde enryme,

asway of  protefmase. Proteinase activity was
determined according te ashghthy modified method
WoAnson (1938), The assay mixture contained 100
spades of buifer (for acid proteinase Walpole bufler.
+H S0 and phosphate buffer pH 7.2 for alkaline
srotemnase), T g moles of cysteine hydrochlonde
Adyosted to required pH with NaOH) G057 (w )
aemoplobin and 4.3 ml suitably diluted ensyme in
iinal volume of 2.0 ml Tubes were incebsted at
L7:0 for 6l minutes with accasional shaking. The
cavtton was stapped by the addition of 1.0 ml of
Ot [w vy prechitied trichioroacetic acid {TCA)
wud the precipitate was remaoved by centrifugation
vob S0 for S mnutes i the cold. The assays were
‘un i duplicate and under optimal conditions of
dydrolysis. In controls. the enzyme was supple-
wmented after the addition of TCA . A suitably dil-
uied aliguot of the protemn free supernatant was

REST
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taken tor colour develapment wih Foiin and o
calteaw's reagemt {Lowry e ar. 19511

Uit of enzyme was that mmount which hberated
ane g moele of tyrosine 10 60 minutes.

Preparation of different baemogiobins-Crystalline
ar denatured haemoglebin was prozured from com-
imergial sourees,

Hacmogiobin from the blood of man, monkev, rab-
hit, guinea-pig, hamsters, rats and ouee were pre-
pared 1a the laboratory, 1.0 ml blood was collected
o 1O mloof 24 fwov) sodium ctrate in 0.85%%
sodium chloride and centrfuged at 800 for 10
aanates. Alter removing plasma and buffv caat, the
2vthrocvres were washed thrice in normal saline
aad fvsed by repeatediy treesing and thowing and
inen centrifuged at 70000 for 30 munutes. The
superndtant (hemolysatey was boited tor {5 minutes
aml the precipitate was homaogenized. 0 5 mialiguet
was then added fo the reaction mixture.

Fifect of activators, inhibitors, dreps and
antibiatics— The destred concettralions of metal
rans, activalors, inhibitors, antimalarial drugs and
antibiotics were added to thevubes containing suita-
hie enzyme preparations and incnhated at 37 C {or
B} minutes along with the contrely, and then other
constitieents of assay mixture were added. The tubes
were then incubated at 377 C for 3060 minntes and
the enzymie activity was determined.

RESULTS

Totial studies on the proteolyvtic enzymes of the
lotal homogenate of normal and  Phrowles
infected red cells of rhesus monkev showed that
inlected red cells showed higher activity of proteo-
Iviic enszymes as compared o normal red gells
(Fable 1), Fractions of the infected red cells
ehlained after saponin fvsis namely cell-free paras-
ite, ghost (red cefl membranes) and hemolvsate
when assayed for hoth ackd and alkaline protei-
nases, showed that most of the gctivity of these
enzymes was localised in the parasite fraction whe-
rits the membranes (ghosts) showed lower activiny
and the hemolysate showed least activity. Parasite
f1action contained nearly 10-12 times more activily
of acid proteinase and 7-3 times more activity of
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alkaiine prowinase as compared to that of lotal
BB Specific activity of bath the enszymes was
higher ir the schizonts as compared to the rings.
Proteinases of the merozoites could be demon-
sirated anbv in the presence of 0.05%: Tritan X-100
which appears to rvelease  membrane  bound
cozvmes. Merovzoites preparation showed 2-3 times
ingher proteinase activity when compared to the
ceil-free parasttes and nearly 20-40 times higher
activity compared to the infected red celis (Table 1)

Studies o the pH ooptima with denatured haemo-
eiobin as substrate showed that the proteolvtic
enzymes of the cell-free parasites were maximally
active at pH 4.0and 7.0 (Fg. 1) and that of red cell
mrembranes (Ghosts) at pH 4.5 and 7.0 (unpub-
hshed). Parasite cnzymes were slightly more active
1t alkaline pH than the acidic pH. With crystalline
huemaglohin the acid and alkaline protetnase activ-
Ay owas more or less simijar while with denatured
nicminglohin the alkaline proteinase activity was
tefinitely higher {Table 2). The data onthe bydroly-
4y of haemoglnbin from red cells of different species
Ly parasite proteinases are presented n Table 2
Haemoglobin prepared from red cells of various
species was mote readily hvdrolysed by acid than
‘he alkaline protemases of . parasite. The haemo-
ziahin from the red cells of species relractory 1o
# knenefexi was also hydrolvsed by parasite pro-
wases though o a siightly lesser extent than the
uemaglohin irotsted front human and rhesus mon-
wev red cells which are susceptible to Phaowlest
niection,

stahility of parasite acid snd atkaline proteinases
siored a4t 2070 for a period upto 30 days was
wwudied {Takle 3 The enzymes were found to he
stable upto 30 days ar 2P C but not at
Stirdies an nme activity relationship showed that
metease of activity was linear upto 680 minutes of
seubation. Ontimal enzyme activity was obtained
barween 47 C-50C an case ol acwd protease and
hetween 370457 C n the case of alkaline protease.
Lhe envyme became inactive at 100F C (Figs. 2 and
By Acid proteinase activity ancreased upto (L58%
congentration of haemoglabin while the activity of
alkaline proteinase was maximum with (0.05% hae-

H DECEMBER 1932
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Cable 2 Hydrolvsis of hacmogiobm and casein by acid und
alkaline proteinase of P4 fear,

Specific Activuy

substrate

Vi prae Alkaline
YT TS prateingsy
Hacmoglohin
Crystalline (L0550 (w - v) 0444 v
Iyenatured 25 3431 n27?
Human 7587 8T8
AMeonkey D604 tr.441)
Habhit 8T 1419
Ciuinea-pig .34 2,245
Hamister {51 10.262
Hat ORI 369
Mouse ' 0470 .0 344
L s ST fwov) R 1,928

Foraikaline praoteinase 200 mp of cascin wis disalved i 20001
DAM phosphate huffer, plf 2.6 The misture was boiled Dior 15
minures and volume was mad= upio W mbwich distilled water.
Far acid proteinase procedure was <ame cxcept that (L 1M ace-
tite buffer, pH 4.0 was used. Casein was oot completely saluhle
atpl 0 so the solutton was centrifugad at 0003 g for 15 minntes
and the supernatant was used as substrate.

Preparation of different haemoglobin. i piven in Matenial and
Methods.



Table & stability or aowd and oibadone protainuse of A pondey

wr the cold.

Tine Acid proteinase
iLays)

Para- Homo- Hoamo-

wtg Fernale it

e JNFC k4O
0 IS (052 A28
i IR L TR SR T
1 SR ST e
3 HARS 05Ny NARD
& .43h  5ER 0 (14
15 Badfl L SIT by
30 ST T R) iy

EY = o determinad

UNITS 7/ mg PROTEIN

HANYAL vl 2 AN LRSS PROTEINANES

Atkaline proteinase

Para-  Home- Homo-
st peEmle  penate
) AN SURSU) A ST o

ald0 0dRS LIRS

G2 N2 02D
() 23T 020y
B2 D2 M
225 0T 022

023 0227 17

0262 254 i)

17

Yahlr Jd Fllect ot aiHerent cations on acid and alkaline prover-

tase activity of Phuaonlesi
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% Activation - Inhibition

Bouwd prateiiise

BN
-25.23
PRER
+21.50
+3 74
-hd 44
AN
-, 37
-H2 24
LH7.K5

Alkalime protetnase

-[6.50
NN
-2.91
-4y
-2.97
-1 54
-R.25
-1 14
-11.65
-55.34

Fhe aesay avsient sonained T males butfers of reguired pH.,
Ity moles cystetne hydrochlorde, 2057 {w v} haemoglohin
and suitably Biluted enryme, differear cations in a final volume
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s hchevabionty

§

= Inhibitionér.
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Fig. V. Fifect of different iemperatures on alkaline proteasesolparasite,

1 1

I T T
G 2 03 04 05
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©

UNITS/mg
PROTEIN
o
<
L
®

0 01 02 03 04 05
SUBSTRATE CONC. IN %

Figs. 4. and 5. Effect of substrate concentration on acid (Fig.4)
and alkaline (Fig.5) proteases.
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mvglabin concentration (Figs. 4and 5). The rate of
hydrolysis increased upto 4mg protein concentra-
tion of the enzyme and the increase was shmost
hnear (Figs. 6and 7).

The eitect of cations on acid and alkaline proter-
nases was studied and data presented in Table 4
showed that divalent ions like Zn2+, Mg+ N2+ and
M+ significantly inhibited 80G of the acid prote-
nase whereas Ca®+, Cu?+ and Cd?+ produced 20~
309, inhibition. Zn?+ inhibited 5K activity of
alkaline proteinasc while Fed+nhibited nearty 406
of alkaline and 65% of acid proteinase.

The effect of vanous activators and inhibiters on
proteinases was also studied {Table 5). Metal che-
fating agents like FDTA, ot dipyrdyl. 8-
hydroxyquinoline and 0O-phenanthroline had no
inhibitory action on parasite proteinases, but
sodium diethyldithiocarbamate had inhibitory
action only on acid proteinase (64%¢). SH-group
enzyme inhibitor iodnacetate had no effect on pro-
teinases whereas fkmercaptoethanol had slight

Table . 5 Effect of different activators or inhibitors on aod and
alkaline proteinase activity of P inowlesi

4 Activation; fnhihition
Adanans i1 rrdd

Acid protei-  Alkaline pro-

nase teinase
EDTA -14.29 +5.41
{nisapropylfleorophosphate -12.70 +10.81
A-hydraxyguoinoline -4.76 -10.8!
o.d-Dipyridyl SN +13,51
O-trercaptoethanol -19.05 -16.22
lodoacetate +{0.00 -B 1
O-phenanthroling -4, 76 +21.62
Na-diethyldithiocarbamate -63.4% +2.70
SB irypsin inkihitor +3.17 -89.19
(160 ppimby
SH rypsin inkibitor +0.00 -89.1%
{200 ug ol
Witaout cysterne hydrochloride -1 -16.22

Reaction m:xture same as given under Table—4.
v = ActivationSy ;. - = Inhibitien%,.
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Paag o itiect oisaingdanad drogs on sod and alkaline prot-
cinase activity of P bmowfest.

i Activation Inhilution

BTN e e ettt o e e
1 MY Actd protei- Adkaline profei-
nase nase
Chlareyuine 345 G 24
Trmaguine 21724 +3 1%
“yrunethaming -1 72 | hd
smaddinguine 13145 14,92
elloguine -6.96) 650
Lrinine R 20
VinpACTTe .04 ~1.64
suiphadiazine 1 6.8 #2295
suiphanitamicds 1 BENS
uiphaphenaszole <345 -G.44
Shipsane +517 -¥.20

Uhe details o) assay system are piven under Tahle 4.
= Activatim® . - = fnhibitiond,

winhitory cifecs (s on the aikaline and 19% on
wid protemases. Disoprapyifiucrophosphate
<howed glight inhibitory effect on acid protease.
sikaline prateinase was markedly imhibited (894)
<y snvhean rrypsin inhibitor whiie acid proteinase
was not aflfected.

"nilerent specific profease inhibitors were also
tested Tor their action op parasite protemnases. Pep-
statm oab 20 pgomi concentratinn inhibied nearly
#07% of the acid proteinase activity while phospho-
ramidon at the same conceniration inhibited 750,
iivity of alkaline profeinase. Chymosiatin pro-
dueed nearly 2067 inhibition of both the proteinases
s M) pgrmi copcentration. Elastinal a1 20 ug:ml
neentration inhibited only 27% activity of acd
moteinase, whersas the alkaline proteinase was
‘nthihited to ae extent of 2004 by 0.001 yg . mi con-
wentratton of il inhihitar,

Uhe weion of aniimatariat driogs and antibintics on
The nroteinases of the parasite was investigated and
lata presented in Fables 6 and 7. show that prima-
auine produced pearly 179 inhibition of acid pro-
cinase whilz oxvietracycline had specific inhibitory
sotion on alkaline proteinase (42%), Higher concen-
ssation (13-2M? of the drugs and antibiotics could

19 DECEMBERR 19382

not be ased as they meerfeied wth ihe prolein
determination.

Fabie 7. Ellect ol anubwotics w1 acid aind arkaiine prowiiise
activity of Phmonien.

5 Activatinn Inhibigan

Antihiotics e e e e e e
1 ombdy Aend prota- Atkaline protei-
nase nase

Fetrvcline +LH)

ytetracycline .00

Doxyeycline -3.26

Minueycline 550

Brythromyem =

Kanamycin 2137

Lientamyain -9.26

(edermycin B

Chloramphemcol -1

Vhe details of the assay systern are given under Table 4
C oz Activation®d o - = inhibition’y .

THSCURSION

Ceil-free parasite preparatien of 2 hlnowlesi has
shown two pH optima at abour pH 4.0 and 7.0,
Cook et of (1961) have also reported prntcagini
maximally active at pH 5.0 and 3.0 n Phnowlesi
amd 4.0 and 8.0 in Pherghei. But Levy and his
co-workers coutd demonstrate anlv acid proteinase
with pH optima at 3.6in Phanowies and P falcipa-
rum (levy ef aly 1974} and P.herghei (Levy and
Chou, 1974). It may be so because the method of
isolation of cell-tree parasite was different in the
two cases. About this Sherman (1977} wrote that
“the fact fevy er af. did not recover an ulkaline
protease as did 1..Cook is not surprising since the
former workers used EDTA in their extracts and
the alkaline pratease was irreversibly inhibited by
this Chelator”

Regardrng the stability of proreinases, Cook o1 af,
{1961} observed that most nf the activity of enzyme
was lost within |12 hrs at 22 C uand Levyer ai (1974)
lound that the enzyme was stable. In the present
study, it was observed that the enzyme at both the
pH was fairly stable upto one month when stored at

20rC either in the form of intact parasites or
parasite homogenate.
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The resuits on the action of activalors and inhibi-
tors obtained in the present study are in agreement
with Cook er ol. {1961} who showed that alkaline
proteinase was slightly inhibited by metal ions and
metal chelates. These workers also reporied that the
enzymie was significantly inhiteted by diisopropyi-
fluerophosphate but that is not the case in the pres-
ent stpdy. Acid proteinase is inhibited by Zns,
Mgi+, Mn'+, Fet+ and Ni2+ and alkaline proteinase
by Zrl+ and FeM while cysteine hydrochloride stim-
wlated both the enzymes. Specific inhibitors of pro-
teases from the culture filtrates of actinomycetes,
namely pepstatin {(nhibitor of pepsin, gastrian,
cathepsin D and rennin) (Umezawa er al.,1970)
chymostatin (inhibitor of cathepsin B and chymo-
trypsin but not irypsin} {dkezawaer al. 1971, Umez-
awa ef al.,1970), leupeptin (inhibitor of trypsin but
not chymotrypsin) {Aoyagi et af.,1969), phosphora-
midon (inhibttor of neutral metailloendapeptidases)
(Suda et al ,1973) and elastatinal (inhibitor of efas-
tase {[!mezawa et al,1973)) had some varying inhib-
itory action on both acid and alkaline proteinases.
These results are in agreement with those of Levyer
al. {1974). Soybean trypsin inhibitor specifically
inlibited the alkaline proteinase of the parasite.

Acid and alkaline proternase of Phnowlesi differ
from the enzymes of erythrocyte membrane insome
respects. At pH 7.4 stroma enzyme is not inhibited
by Soybean trypsin inhibitor while the parasite
enzyme is inhmbited, and at pH. 7.4 and 3.2 the
stroma enzyme is inhibited by cysteine hydrochlo-
ride while Zn2+ could not inhibit enzyme acuivity
{(Mornson and Neurath, 1953).

Chloraguine has been known to inhibit certain pro-
teases (Cowley and Whitehouse, 1966, Woessner,
1969). However, different antimalarials (drugs and
antthiotics) used in the present study did notinhihit
proteases in P knowlesi except primaquine and
oxytetracyclime which slightly inhibited acid and
alkaline proteinase activity respectively.

From the above study it is conciuded that the pro-
teinases of P.knowlesi are a mixture of enzymes but
the major part of acid proteinase appears to be
cathepsin D like due to pH optima and its sensitvity
towards pepstatin while alkaline proteinase may be

trypsin or chymotrypsin-like as it is whibited by
Soybean irypsin inhibiter and chymostatin. The
presence ol cathepsin D as a greater part of acid
proteinase has been reported previously in
Pkpowlesi and P falciparum (Levy et al. 1974).
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Genetics of a Sex Linked and Two Autosomal Mutants in Species B
of the Taxon Ancphieles culicifacies Giles

SARALA KO SUBBARAY, b oaADAR, K VASANTHA aod Vi sHARMA

Phree RN, sintecne e Red-taoraacs K amd cecanande-fae e Jor ) were solated fromt laboratory stratns of 4 nopheles
“edivifcies species B Gienetic crosses of wostrain estahlished that w1 a sex linked recessive gene which expresses in
Romorygous condriton in femaies and in hemizygous condition in males, Red-rhorax was found 1o he an antosemal
dominant mutant and cregmiadi-larve an autosomal recessive matant. ) inkape studics between the two gutosomal mutants
nisced the two mimants m separate linkage groups. Thos in spectes R three linkage groups have heen identifivd
carresponding 1o the three evielogically observed chramosomes,

ENTHOE O FION

bocwadietfacies 18 o magor maiana vector fransmit-
tng 80-706 of malaria in the indian subcontiment.
foois a widely distributed species and has been
tncriminated  from most of the areas of its
distnbution.

successfut colonization of 4. cwlicifucies (Ainsley,
1976; Ansarni et ol 1977 has led to intensive
reseurch on genmica? aspects. Such stodies are of
fundamental importance in understanding the bial-

ogy ol the species.

Polviene chromosome studies revealed the exist-
ence of two sibling species; species A and species B
in thrs taxon (Green and Miles, 1980). Now, another
methad has been found for the identification of the
sihling species through the morphological differen-
ces in malke metaphase chromosomes te., the Y-
chromasome in species A s submetacentric while in
species B. it is acrocentric {Vasantha er al., 1982).

The tmportance of the isolation of phepotypic
markers and their genetie studies has been unequiv-
ocally demonsirated in all vector specics (Kitzmiller
and 1 aven, 1958 French ¢ @/.,1963; Todano, 1970;

lecepred for pubicasen 3 Novembor 1982
Malunia Research Centre ([CMR).

0 Shan Nath Marg,
Trelhe-1111)54.

Asfambhan, 1973 Curts. 177 Nakal o al., 1977
and 1979 Munstermann and Crarg, [979; Sharma
er al J19T9). Ta date, anly [our phenotypic markers
have heen isolated and studied in A, cuficifacies
(Sakai er al 1977, 1979, and 1981; Sakaiand Baker,
1980Y. The Sartoki sirain Irom which these mutants
were isolated was identifed as species A {Green and
Miles, 1980). This paper presenis the genetics of two
autosomal mutants and one sex linked mutant from
speeies B,

MATEREAL AND VMETHODS
The following stocks were used in che study.

White-eye (w): White-eyed male pupae  werce
observed in the rearing pans of Ssrolifarm (U.P.
terail laboraiory strain, The pupas were isolated
andl crossed with wild type females. The progeny
were inbred and white eved male and female pupae
were isalated in the F, generation and a true-
hreeding white eved colony was established, The
mutant expresses its phenotype, white eyes. from
the ©instar through pupae to adult stages. This
mitant, in addstion o its phenotypic expression in
eyves, also expresses in the form of reduced body
pigmentation in the larvae and pupae, Thus. these
mutants can easily be distingiished from wild type
as early as in the 1 instar larval stage. The pheno-
typic expression of this mutant appears to he similar
to that of colorfess-eve of Anapheles siephensi
iSharma er af. 1977 and Subbarao & Adak, [978).
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Red-ihorax {R1): Red thorax farvae were first
abwerved in Gopalpur (Gujarat) and later in Auran-
satad {Maharashtra), Okhla (Dethi) and Siroli-
farm {U.P. Terai) laboratory strains. Red thorax
arvae were isolated and a pure colony was estab-
shed after 2.3 generations of inbresding and
seiection,

Phe mutant sxpresses its phenotype at the late 111
‘wrval instar as a red patch oo the dorsal side of the
sntire thorax. The colouration becomes more
srominent as the larvae go through the 1V instar
and the pupal stages. The mutant aduits are, how-
swver. not distinguishable from the wikd type
TLOSGUI oS,

2 reamish-iarva (er): Creamish coloured larvae were
shserved in Okhla (Delhi) strain, Creamish larvae
were isolated and a ¢elony which bred frue to the
shenotype was established.

Fhe mutant expresses its phenotype in all larval
nntars. However, the expression becomes promi-
nent from the 1§ instar onwards and can casily be
Jistinguished from the wild type at this stage. Fhe
supae and adult mosquitoes are not distinguishable
iram the wild ones. The laboratory strains from
which the ahove mentioned mutants were 1solated
were all eytologically identified as species B (Subba-
rao ef @f 1980} Crossing experiments were ca rried
aut tn IR0 om cloth cages in a laboratory
maintained at 27-28°C and 70-809% R.H. Rearing of
he mosquitoes was carried out following Ansari et
{41977 and 1979,

HESULTS & DISCUSSION

nneritance pattern of whue-ere: Results from
genetic crosses between white-eve [won) and wild
iype (+;+) are summarized in Table [ Inthe progeny
af crass |, (white-eye females X wild type males),
‘emales were of wild type and males were of mutant
phenotype, while in the reciprocal cross (cross 2)
huth females and males were of wild type, These
esuits suggested that the gene for white-eye pheno-
ivpue s recessive and may be sex-linked.

&, progeny of the reciprocal crosses were inbred to
ahtain [T, (crosses 3and 4}, Incross 3 {inbreeding of

progeny from cross 1), wild type and white eved
phenotypes were ohserved in both the sexes. The
four categaries were observed in a ratio of {:1:1:]
{P<<0.05). Incross 4(F, inbreeding of cross 2), white
cyed females were absent while the wild type
females, wild type males and white eyed males were
i a ratio of 2:1:1 {x2 = 2.38)

When 7| females (rom either reaiprocal crosses
icross [ or 2) were crossed to wild type males, the
resulting progeny were of three categories: wild type
females, wild type males and white males (crosses §
& 6). In cross 5, the three categories were not close
to the expected ratio of 2:1:1 (P<0.001) but in cross
0. the observed numbers were in an expected ratio
of 22001 (x2 = 3.13). When F, males {rom either
reciprocal cross {crosses | & 2) were crossed to wild
Iype maies, the resulting progeny were ail wild type
icrosses 7 & 8).

Rackcrossing of F, females {(from crosses 1 & 2} to
white-eye males resulted in {our categories of pro-
peny: wild type females, white females, wild type
males and white males (cross 9 & 10). Even though
in cross 9 all the four categories were present, the
ratio was nat ina perfect 1:1:1:1 ratio (172000 1) due
to significantly smaller numbers of white eyed pro-
geny compared to wild tvpe. However, in cross 10
ihe four categories wereina :1:1:{ ratio (2= 2.1 7).

I'he back cross of F| males from cross | to whire-cre
temales {cross 1) produced all white eyed progeny.

Presence of four categories of progeny in erosses 3,
9 & 70and absence of white eved females in crosses
4. 5 and 6 strongly supparts the idea that the gene
tor white-eye is sex linked and recessive in females
and hemizvgous in males. Thus, these resulis
1ogether with the results from crosses 7. R and 11
clearly indicated that the gene for white-civ s
Incated on the X-chramosome and females are XX
type and males XY type with no wiite-cve gene on
Y-chromosome. Failure to obtain different catepo-
ries of progeny close ta expected 2:1:1 ratio in cross
Sand [:1:1:] ratio in cross 9 appears to be due to
paor survival of individuals with white-eves in these
£rosses. In these two crosses the sexes were pot in a
perfeer 1:1 ratio as in the ather crosses.
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inheritanve patiern of Red-thorax (Rt): Resolts
srom genelic crosses between Red thorax and wild
vpe strains are presented in Teble 2. b reciprocal
crosses (crosses fand 2)0F, progeny were ol mutant
nhenotype and the two sexes were in a ratio of bof,
he fact rhat both the sexes of Fy progeny {(from
ciusses }oand 2) were of the mutant phenotype
sirongly suggests that it could be o dominant
mutant. fnhreeding of F, progeny of the two paren-
i crosses resulted in twe phenotypie categorics:
tarvae with red thorax and wild type larvace {crosses
Land 43 kn cross 3 the two sexes and the two
nhenolypic categories were not ina perfectexpected
catio of 121 and 1-3 respectively but in cross 4. the
aenes were in ] ratio {x?=2.6) and the two pheno-
sypes were in the expected 30 rauo (=129} Back-
crossing of the [9) progeny to the red thorax stock
araduced all progeny withred thorax (erosses 5.0, 7
and By and backerossing to the wild type stock
ntadnced two phenotypes: red thorax and wiid in
U ratio forosses 3, 100 1 and 12). In three crosses,
(. 1 and (2, the sex and phenotypic categories
were i the expected 11 ratio while i cross 9 the
shenotypie categories were not e perfect 100 ratio
LAY

the results from inbreeding and backerosses of
arogeny confiem that Red thorax i3 an autosomally
:nherited demnant mutant. This s the first dopn-
nant phenatyvpic marker reported in AL cudicifacies,

inheritarice Pattern of creamish-larva (cr): Results
from genetic crosses between creamish and wild

tvpre steans are presented in Table 30 F, progeny of

sposses Land Zwere sl ot wild svpe and the sex ratio
was appreximately 11 Inbreeding of I') progeny
from the two parenial crosses produced wild tvpe
and mutant progeny in a ratio of 3:1 tcrosses 3and
41 with it sguare vatues of 1.42 and 0.53 respec-
uvelv. Rackerassing of the F | progeny with creams-
oy strain produced wild and creamish phenotypes
i b oratio {crosses 5. 60 7T and ®) while the back-
crosses with wild tvpe strain produced oniy wild
e progeny icrosses Y. 1 T and 12,

Phe tuet that F, progeny in hoth the crosses (1 and
Iy were wild tvpe suggested that the creamish-larva
sonld be anautosomally inherited recessive mutant,

Resuits from inbreeding and backerossing of 7,
progeny canfirmed this,

Linkage: To westablish ibe hnkage relationship
between the two autasorilly inherited mutanis,
Red thoray and creamish-larva, teciprocal crosses
were made, F, progeny of the reciprocal crosses
expressed red thorax phenotype confirmingtheear-
tier results that Red-rhorex wiasa dominant mutant.
Inhreeding of the I, progesy fcrosses 3 & 4}
resulted in four phenotvpes: (1) red thorax (i) wild
ii) creamish and (iv) creamish larvae with red
tharax in a ratio of 9:3:3:1 respectively. Backeross-
ing of F| progeay with creamish strain yielded three
phenotypes: red thorax. wild and creamish ina ratio
0f 1 1:2 respectively (crosses 5. 6 & 7).

The double mutant phenoy pe, creamish larva with
red thorax, oblained in crosses 3and 4 were inbred
to cstablish a colony. This phenotype bred frue.
Femaies from this stoch when crossed with wild
type males produced progeny with red thorax (cross
8. When Fy progeny of this cross (cross 8) were
hackerossed to Red dhoray strain. it produced red
thorax progeny (cross 9). Backerossing of F, pro-
geny with douhle mutant strain produced three phe-
notypic categories: larvae with red thorax, creamish
larvae and creamish larvac with red thorax in a ratio
of 201 respectively (cross 0},

Presence of four phenotypic catagories among the
) prageny (crosses 2 und 4) strongly suggested that
the two mutants. Rr and or. are in different linkage
groups. This was also conlirmed by back crosses (5.
o 7.9 and 10).

Red thorax capressed itsell in heterozvgous condi-
ton, when crossed with wild tvpe and creamish
strains. However, it failed 1o express in the heteror-
veous condition in the creamish background ie.,
when the progeny genotvpe was Rt +; or-or, Thiy
was evident from the inhreeding of creamish lurvae
of crosses 3 and 4 which resutied in segregation of
twa phenotyvpes: 1) Creamish and 2) Creamish far-
vae with red thorax. The fourth phenotypic cate-
gory. creamish with red thorax, of crosses 3 and 4
bred true when inbred. This shows that when the
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fahic 4
Presumptove
Cross Parental PENOIYPES
No. ? d
i Ri;Re, +f+ X oepwiorier
ks RPNl o Rip R4
3 Ri +o=lvr NoORE H tier
1. e Reor o FRiLeris
b i+, +ier W kiarier
f EorLorier Yo ORI eer
? 5, Ri, vl NN rer
X, f"’f__-" Rerier Wk e 4
9. i+ ori+ W R R i+
v Fets R erjor oo Regrier(s

t = Expected nos.
* - p<l05

.. = Not sigaificam,

SUBBARAG et o GENELICS OF MUTANTS

n A ewlivifaeres species B

red
therax

[RL}]

380
(369.7)

235
1224 1)

132
1129.5)

239
(222.%)

91
970

38

(RLX

462
{436.5)

Progens

wild

a2
APERY]
i
{74.R}
1y
(129.5)
19i
(2228}

1n4
197.3)

Linkage relattonsiup between Red-rhordy 13040) and creamash-forva icr)

i

Phenotypes
cred- creamish
mish larvae with

red patch

0 i)

f) 0
fi kEd
[REC ] (43.3)
0 25
1148 {249
W7 i}

(259
469 f
(445 5)
144 4]
11445
239 172
(218.25) (218.29)

Tatal Chi-syuare
value
594 -
1191 -
R 110
399 1.29 ns.
518 115 ns.
291 6.83 nis.
89 0.87 ns.
873 13
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larvae are homozygous for er-cr, not just a single
dose of Ri, but two doses of R are required for its
expression.

All the three martants have cxeeflem penetration.
Decause of the sexlinked inheritance and excellem
penetration, the white eve could be used in studving
the genetic nature of the mechanism of hybrid steril-
ity in the complex. Thus. this study establishes three
finkage groups corraborating the cytologically
nhserved three pairs of chromosomes (Vasantha of
al (1982} in species B
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Induction of Pyrimethamine Resistance tn a Melloquine Resistant

Strain of Plasmodium berghei

Sk PURE wng it 10 FTA

A mzllogine reststant siram o Plhrstoditen Dergitel was sabgeeted o mterrupted subcurduve doses of pynimethanne
ioltowed by increasing drug pressure for [ passages i weanig rats which resulted in the selectton of a strain resistant to
muth mefloguine and pyrimethamine, The leve] of resistance of this stran to meflogquing was 256 mg ‘kg and pyrimetham-
e 28 g ke, admimistered irom day §to <4, Besides the strain showed high degree of cross-resistance 1o quinine and
metakelfin, and moderate level ot resistance to 4 aminoguinolnes, mepacring and sulfunilamide. However, the strain
mnaintained its seasitivily to dapsone, primaquine and sulladiasine. Irup itee passages of the resistant strain for 70 days
resalted i the loss of metloguine resistance while the pyrimethamine resistance was maintaned. Alonp with the foss af
mefloguine resistance on drug free passages, the cross resistanes of this strain te guinine and 4-aminoguinolines was also

st

INTROEIUCTTION

The spread of chloroguine-resistant P falciparum
in Tndia and other south-cast Asian countries is
posing a serious problems and in certain areas over
905t infections are reported to be resistant to chlo-
toguine (WHQ, [981}. Today meflogquinc 15 the
anly single drug effective against chloroguine and
multipfe drug resistant parasites, there is need to
assess whether mefloquine strains of P falciparun.

1 view of the unigue activity of mefloguine against
reststant parasites, there is need to assess whether
mefloguine Tesistant strain can acquire resistance to
oiher antimalarials ar not, Sinee sensitive stram of
# herghei was found cacher {Agarwal eraf. 197910
icadily develop pyrimethamine resistance, allempl
has heen made in this study (o superimpose pyrime-
thamine resistance on a mefloguing resistant strain.
MATERIAL AND METHODS

The metloguine resistany sirain of P.herghei{Kazim
of uf 1979) selected by serial blood passage in
weanling rats (Prruckery strain: 18-22 gm} was
cryopreserved between 1979-1981 and since then
maintained under constant drug pressure. In the
prexent study, this mefloguine Tesistant stram was
exposed to increasing drug pressure of pyrimetham-

Goopied fowr prehhoation. o ovember TUH2
Privision of Microbiologs.

Central Prug Research Insttow,
Favknow,

JOC 1T SUCLESIVE DRSSAEeS, (O select 4 sirain resistant
to hath mefloguine and pyrimethamine, Giemsa
stained blood smears were used for recording the
number of parasitized celis; 10,000 RBC. The fevel
of resistance, the stahility of resistance after drug-
iree passage and the cross-sensitivity te other
antimalarials was determined an MED basis (Agar-
wat e af ,1979). All the drugs were administered
aratly. Mefloguine hvdrochioride was supplied by
M ‘s, Roche Products ).td.. Bascl. The other antim-
4larial drugs used viz: pynmethamine, chloroguine,
amodiaguine, mepacrine, guinine, primaguine, sui-
tadiazine. sulfanilamide. dapsone and metakelfin {a
combination of 28 mg pyrimethamine plus 500 mg
suulfamethopyrazine) were abtained commercially.

RESLLTES

Selection of resistant strain: The study was initiated
with the stratn of /2 herghel resistant tometfloguine
at u daily dose of 256 mg! kg administered from day
 to +3. Tahle 1 presents the sequential steps in the
induction of pyrimethamine tesistance by sub-
curative therapy. [nitiating the pyrimethamine
treatment with 0.5 mg; kg dose, which is half of the
daify MED, the drug pressure was gradually
increased during the suhsequent passages depend-
ing on the appearance of parasites in treated anim-
4% Bv 9th passage, the parasites were partially
resistant to 128 mg/kg dose of pyrimethamine
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PURLe: ol - PYRIMETHAMINE RESISTANCE IN MEFLOQUINE RESISTANT STRAIN a3

administzred rom day +6 to +9. Yhe resistance at
this level was incomplete as this dose eliminated all
parasites when treatment was given from day 0 to
+3. In 18th passage, the parasites were fully resistant
to 128 mg/kp dose of pyrimethamine administered
from dav 0 1o +4, the level of resistance thus being
128-falds,

Since meflaguine resistance is known to be unstabie
facter, the drug pressure was maintained at inter-
vals of 2-3 passages. The resultant parasites
abtained after the {8th passage were resistant (o 128
mg kg pyrimethamine and 256 mg; kg mefloguine
administered concurrently from day ) to +4. The
strain has since been maintained upto 45th passage
in presence of both the drugs.

Stability of resistance: A sudline initiated from the
25th passage of mefloquinc-pyrimethamine resisi-
ant strain was matntained without drug pressure for
9 passages in rats over a period of 70 days. The
parasites were then subjected to treatment with
either of the two drugs to check the stability of
resistance. Althouph the parasites retained resist-
ance upto 128 mg/kg dose far pyrimethamine, the
resistaace to mefloguine was lost and the tesis
showed that the parasite had become sensitive to &
mg kg, day dose of mefloguine.

Sensitivity /eross resistance to other drugs: The che-
motherapeutic response of the following four
strains have been compared in Table 2.

A.  Sensitive (normal) strain of P.berghei

B. Mefloquine resistant strain derived from
the original meflogume resistant strain
described by Kazim et af. (1979). which
was further exposed to meflogquine for
uver a year. Its sensifivity to some of the
drugs has beea altered since our earlier
report {Kazim et al 1979},

C. Mefloguine-pyrimethamine resistant
strain reported in this study,

). Pyrimethamine resistant strain derived
from C above after drug-free passages.

The mefloguine and melloguine-pyrimethamine
resistant parasites have been found to exhibit high
tevel of cross-resistance to quinine (Upto maximum

tolerated dose), 8-told resistance to chioiogiine
and amodiaquine and 2-fold resistance to mepa-
cring. The mefloquine-pyrimethamine resistant
strain in addition also shows 4-fold resistance to
sulfanilarmide.

Fhe antimalariaf activity ol metakelfin against the
various strains has alse been compared. This drug
commnation has shown strong sypergistic action
igainst both the sensitive as well as the mefloquine
resistant strain. Both these strains were completely
suppressed at a dose of .01 mg/kg pyrimethamine
plus (.20 mg/ kg sulfamethopyrazine. On the other
hand. the melloguine-pyrimethamine resistant
sirain  has developed 17-fold  resistance to
metakelfin,

SO SSE0N

The present study has shown that mefloguine resist-
ant strain of P.herghei can readily acquire a high
level of pyrimethamine resistance. The combined
mefloquine-pyrimethamine resistant sirain deve-
loped in this study also shows a high level of ¢ross-
resistance to quinine and moderate resistance to
d4-aminoguinolines, mepacrine and sulfanilamide.
tnlike the mefloguine resistant  strain,  this
mefloguine-pyrimethamine  resistant  strain has
Jdeveloped 17-fold resistance to metakeltin, thouph
the strain continues 10 be sensitive to dapsone, sub-
tadiazine and primaguine,

Peters i al. {1977Y have proposed that when meflo-
guine was combined with pyrimethamine or suifa-
phenazole or primaquine, it markedly slowed down
+he develapment of resistance to mefloguine in
{2 berghei. Similarly Merkli er al. {1980) suggestied
that the use of a mixture of mefloquine and Fan-
sidar considerably reduced the possibility of devel-
aopment of resistance in P.herghei to either of these
drugs. We reporied earlier that pyrimethamine res-
istant strain of P.herghei could be readily selected if
the parasite was exposed to subcurative doses of
pvrimethamine {Agarwal er al, 1979). The evi-
dence prescnted in this study shows that pyrime-
thamine resistance could he easily superimposed on
the strain already resistant to metloquine and the
resultant strain acquires compound resistance to
maximum tolerated doses of either of these drugs.
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We bave ot exposed 1ie acikastive Srain {o subcuis-
uve fow dose combination of meflequine and
pyeimethamine to sec whether pyrimethamme
slows down the emergence of meflogquine resistance
as was done by Peters i 4l. (1977} However, our
study clearly shows that if meiloquine resistance
emerges in the field, the use of pyrimethamine alone
for the control of mefloguine resistant parasite
would not be safe becavse ihere would be possible
danger of building up of compound resistance. Sim-
Harly cross-resistance to guinine observed in our
mefloguine resistant strain as well as in mefloguine-
pyrimethamine resistant strain, shows that if in a
sifnation mefloguine resistance has emerged. cross
resistance to quintine may pase a scrious probiem. bt
is interesting to point out that both the mefloquine
and mefloguine-pyrimethamine resistant strains
used n our study are fully sensitive to the action of
fong acting sulfa drug like dapsone.

Meilogwne resistance in bath of our strains dis-
cussed ahove, 1s lahile and the parasites revert 1o
sensitivity after drug-free passage for 70 days. Thus
mefloquine-pyrimethamine resistant strain if main-
rained without mefloquine and pyrimethamine
drug pressures, gradually loses mefloguine resist-
ance although it maintains pyrimethamine resist-

apce witci s retalively siable. Once the mefloguine
resistance 15 lost the strain acqguires sensitivity to
guinine as well as 4-aminoquinolings.
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Glucose-6 phosphate dehydrogenase in Plasrmodium knowlesi

INDRESH KLUMAR SRIVASTAVAS NALINE SAXENA, V.C. PANDEY and G.P. DUTTA:

Different cell-frec stages {rings, wrophozotes, and schizants) ot malanal parasite A Anowiesr showed significant activity of
(-6-PI. Sequential studies on G-6-PT) activity in erythracytes belare and after Phnowlesi infection, indicaled that
enizymes progressively increased with increase in parasitacmia and the maximum increase was two-fold compared o the
pre-tnfection values. The elevated level of enzyme was brought back to normal level after 3 weeks of treatment although
parasitazemia was cleared within 72 lirs. of chloreguine treatment.

INTRODUCTION

It is welf known that glucose-6-phosphate dehy-
drogenase {G-6-PD) plays an important role in
maintaining the shape and the reduced metabolic
state of RBC. It also prevents the erythrocytes from
axidative stress and helps in providing pentoses for
the nucleic acid synthesis. (Barnes et al., 1969
Theakston ef al. . 1976; Sherman, [979).

Human cases showing G-6-PD deficiency in RBC
are highly susceptible to the haemolytic action of
primaquine (Gilles and Ikeme, 1960; Madan 1 als
1981).

The deficiency of this enzyme in the erythrocytes,
has been correlated to the resistance of the RRC ta
malaria infection probably due to the pon
avalability of the pentoses which the parasite
derives from the host RBC for its nucieic acid syn-
thesis (Allison and Clyde. 1961; Gilles er al., 1967,
Theakston ef al.. 1976; Bienzle of al.,1979;, Rao and
Goud, 1979).

A marked increase in the cnzyme activity inthe total
homogenate of the erythrocytes of rhesus monkey
after P knowlesi infection was observed but the
increase was not proportional to the increase in
parasitaemia (Fiewcher snd Maegraith, 1962, Sher-
man, (979},

drcepted for publicarion. 3 Nayeinber [942,
Vdivisian of Biochemistry and Micrabiology',
Centeal Drup Research tnstitete,

Lucknow.

Howewver, several workers have reported the
absence of this enzyme in the cell free parasites
{Fletcher and Maegraith, 1972; Barnes ¢f al, [969;
Theakston and Fleicher 1973; Theakston et al,
1976; Fletcher er af. 1977).

Recent studies on the contrary have demonstrated
the presence of this enzyme in the purified merozo-
ites and schizonts of P.krowlesi and P falciparum
(Haplemann and Wilson, 1981).

The present communication deals with the demon-
stration of the enzyme G-6-PD in the total hemo-
genate of crythrocytes at different levels of
P knowlesi infection, as well as in purified cell free
parasites. Further, changes in G-6-PD activity were
also studied after curative treatment with
chioroguine.

MATERIAL AN METHOD

Adult rhesus monkeys Macaca mulatta of either sex
weighing about 3-6 kg were inoculated with the
strain of P.knowlesi (inoculum 105) and they were
kept under {2 hr photoperiodicity with the fluores-
cent lights on from 7.00 hour to 19.00 hour,

After infection became patent, the parasitaemia was
recorded daily hy examining the blood smears
stained with Giemsa. For assay of G-6-PD, the
biood was drawn from six monkeys before malaria
infection and then at different parasitaemia levels
after infection. Another group of six monkeys was
infected and later given radical curative chloro-
quine therapy at parasitaemia ranging between 9-
284, Chioroyuine was given orally at 20 mg/kg
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dase for 3 days. Blood samples were further drawn
serially from drug treated monkeys to see the rever-
sa1 of (G-6-PD to the normal level. For studies on
13-6-PD¥ in parasites, the stage of infection was
shecked by biood smear examination and 1the mon-
kevs were bled at different parasitaemia levels in
acid citrate dextrose (Banval e af. 1979). The blood
was centrifuged at 1000 g for 20 minutes, and the
nlasma and buffy coat were removed. The infected
and uninfected erythrocyte homogenate was
assaved for G-6-PI}. A part of the blood was sub-
iected to the schizont purtfication. Brown layer of
schizants was aspirated, leaving the uninfected
BB at the bottom. The schizont Yayer was further
nurified by ficoll gradient and washed several times
oy pet the purified selizonts for enzyme assay,

(edl free parasite: Monkeys infected with Phnowi-
25i were bled at the different stages of the parasite
i.e., rings, trophozoites and schizonts stage. The
hioad was collected in the cifrate saline hy the car-
diac puncture and centrifuged at 1000 g for 20 min-
utes. Erythrocytes {reed from plasma and buffy
caat, were washed three times with chifled saline to
remove the leveocyies. The washed erythrocytes
were homogenized or lysed for 30 minutes with
it. 29 éw/v) saponin in saline. The lysed suspension
was then centrifuged at 7,000 g [or 30 minutes which
vicided three fractions: the upper meost layer or
haemolysate, followed by ghosts and the parasites
were present in the sediment. The parasites were
separated from the ghosts by repeated washing with
vold normal saline by centrifugation at 7,000 g for
iy minutes and designated as the cell-free parasites.

Preparation of homogenate: Freshly barvesied or
stnred erythrocytes and cell free parasites, were
hamogenized in Potter-Elvehjern-homogenizer at
£ i cold glass-distilled water for 15 minutes and
nsed as a source of enzyme.

Assay of glucose-a-phosphate dehydrogenase: (D-
giucose-0-phosphate; NADP Oxido reductase, EC
101 493 G-6-PT) activity was demonstrated in
different fractions according 1o the slightly modi-
fied method described in World Health Orgenisa-
tinn Technica! Report series No.366, (1967}

i9, BECEMBER 1982

A typical reaction mixture in a final volume of i
m| contained suvifably diluted enzyme; Tris HCI-
buffer F50u moles (pH. 7.8), glucose-6-phosphate
20 p moles, 10 p moles MgCly and NADP 0.27 »
muoies, [ncrease in aphical deonsity (0.0 ) at 346 nm.
was Tollowed for 3 minutes. 3 times for gach sample
under optimal candition.

Uait: One umit of enzyme activity was that amount
ol enzyme which reduced one pmole of NARP/ mi-
nute/m! of enzyme under nur assay system.

Specific activity: Specilic activity was expressed as
eNZymMe Unit/Imng enzyme protein.

Protein estimation: Protein was estimated accord-
g to the method ol Fowey et gl (195]) using
hovine serum albumin as standard.

NESHLES

The data on cell-free parasite showed significantly
high G-6-TD activity In trephozoites and schizon
stages whereas in ring stage the activity was low
(Tahle 1). Sequential studies on normal erythro-

Fable --1. Glucase-n-Phosphate dehydrogenase activity in
different erythrocytic stages of P inowlen parasie

Stage of Parasite

actiyity
Rings 98 0.276
Prophozoites WY 17
Seluzonts A, 168

cytes (pre-infection) and after infection at increas-
ing level of parasitaemia. (0 14-17.28%), showed a
gradual increase of G-6-PIY activity {Table 2). At
higher level of parasitaem:a (9-2847), the G-6-PD
activity became nearly double compared to pre-
infection (healthy) tevel. Following chioroquine
therapy, (20 mg 'kg/day continued for 3 days) the
parasitaemia was cleared within 72hrs. but G-6-PD
assay showed, that elevated enzyme level returned
ro nermal level after ncarly three weeks (Table 2},

Further studies were carried oul to compare G-6-
PD activity of infected erythrocytes (at 659, parasi-
tasmia), schizont enriched layer, purified schizonis
and uninfected cells from the infected bleod, which
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sediment beiow the brown taver of schizonts (Tabie
3. Again the highest activity was found in purified
schizonts (.67 + .002), moderate activity in
infected RBC and schizont enriched layer and low~
est in uninfected RBC {0.500 & 0.014). The normal
Table- - 2. Glucose-6-Phosphate Jehydrogenase activity at

difterent fevel of Phnowiesi infection and after
drug treatment.

Mean patasi- Ranges of parasi-  CG-6-PD Specific
taemis in 4 taemia activity
iMean £ 5.1

Blaed
drawn
alter drug
adminis-
tration
iNa. of
days}

(tLATH & 2.0275
1,527 + (0R33
1597 & 0.078%

HREH 000 - .08
L4 a1 - 0.08
2ol 030 - 090
452 LE0- 8.00 n.696.% N.065!
i 9.00 -28.00 0782 + 0.1570
Alter ndministration of L¥rug Chleroguine (20 mg kg}

a2 4.1 - BO0 {1658 £ 00980 1
R 1] L S N1 D518 4 (L3002 3
RV LLOG - .0 #5104 4 01200 5
i .00 - 1.00 1.442 . .3930 1
£ 1) (L6 - (00 A6 £ 00681 12
13 D) 0.0 - .08 O M7 2 0053 2l

Jahic & tjlucose-A-phosphate Jehydrogenase cnzyme m dif-
serent fractions of P.knrowtesi mlected biond during purification
of parasite (Blood was collected at 650, parasitacmia)

i-6-P1Y Spectlic activity

I rflerent fractions
0978 = 0005
0815 8 013
{500 1 D.OM4
bt -t 0002
(1342 + 0.035

Inoecred RRC
Sehieont voriched
Lmiplected RRBC
Schizonts
Sormud RBOC

RBC of healthy monkey showed lowest activity of
this enzyme {0.347 -+ 0.035).

EHSOT S8I0ON

fhe present study clearly shows the existence of
Basal tevel of (-6-PI3 in rhesus ervthrocytes, This

fevel of enzyme s enhapced after the infection of
RBC with Phnowlesi. Several other workers have
also reported the presence of this enzyme in malaria
mfected RBC of rhesus monkey {Fletcher and Mae-
graith 1962) and rodents (}.anger ef al,1967).

burther, the increase of specific enzyme activity was
not proportional (o the increase of parasitaemia.
This is in agreement with the report of Sherman,
(1967} and Fietcher and Maegraith (1962). How-
ever, the detection of high level of thisenzyme in the
purified cell free stages of parasite (rings, trophozo-
wes and schizouts) strongly suggests the parasitic
arigin of this enzyme. This finding 1s 1n contrast to
ihe finding of Fletcher and Maegraith (1962) who
reported the ahsence of enzyme activity in cell-free
parasite of Phnowlesi. Recently, Hempelmann and
Wilson {i981) have demonstirated the presence of
{-6-PD in purified merozoite and schizonts of 7
hnowlesi, and P. falciparum. Langer et al. {1967)
nave also shown the presence of enzyme G-6-P1Y in
cell-free parasite of Pherghei. Theelevated leved of
G-6-P'D in infected rhesus RBC gradually came
Jown to the normai hasal level after total eradica-
aon of the parasitacmia. [t shows that, atleast
partly, the elevated levels of the enzyme in infected
RBC were due o increase in the enzyme content of
the RBC itsell, Since the recovery of the elevated
G-6-PID level to normal basal level took nearly 2-13
weeks after clearance of parasitacmia, an assay of
this enzyme may help in the assessment of cure.
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Muluple Invasion of Erythrocytes by Plasmiodium vivax—-

A Report of 56 Cases

Trs, CHOURHURYS 5 Kk GHOSH and 0718505 DIEY]

Pesipherai blocd smcars collecied rom panents siflenug troi nalara beionging 1o Sepepat district o1 Haevana, Delh
and Terai region of Uttar Pradesh near Rudrapur showed muitiple imvasion of erytheocytes by P.ovivax parasites in 56 of
the 2963 shdes examined. A tolal of 19 ol these patients bid a maximum of four parasites in one erythrocyte. A maximum
of eight parasites in one ervihrocyte was seen in two patients,

EN ERODUCTION

Mustipie invasion of erythrocyte is charactensie ot
Pralviparum parasites. Frythrocyte having 2 or 3
parasites is commonly seen in human infection with
this species. Springall (1943) reported eight rings in
a4 single erythrocyte in a case having high parasitae-
mia of P.falciparum. Inin-vitro culture of P falcip-
argm carried ont at Malaria Research Centre, the
authors found a maxunum of ten rings 1n one e¥y-
throcyte. Muitipfe invasion of crythrocytes is
upcommon ik infection with Povivax and is very
rarcly seen in Pamglariae.

Grassi 1920) reported a single erythrocyte contain-
ing a pametocyte and a schizont of Pvivax and
postulated the theory of parthenogenesis on this
finding. Wenyon (1926) refuted this and demon-
strated that the particular instance was a case of
multiple imfection. Field {1942} reporied a case with
heavy infection of Avivax where one erythrocyte
had & voung trophaozoites.

A :otdl of 36 cases of multiple invasion of ervihro-
cytes by Puvivax parasites was detected during the
investigation of an outbreak of malaria in Sonepat
district of Haryana State, Delhi and Terai region of
Uttar Pradesh during January 1981-July 1982, The
resilts of the examination of the shides drawn from
these cases have been presented in this paper.
_“{‘{"('l’j’”;’;’}._!i’;;;T;;}F‘;"Hﬂ‘(!ﬁ.' ta November 1982,
¢ Malariz Research Cenire {iCMR),

13 Sham MNath Marg.

Dathi-1 10034,

MATERIAL AND METHODS

Fhe patients helong to different villages of Khark-
hoda and Halalpur PHCs of Sonepat district of
Harvana, Delhi proper and villages situated in
Terai region of Uttar Pradesh near Rudrapur. Thin
hiood smears were prepared from these pagients
during fehrile attacks of malarta. These were
stained with J.S5.B. stain and examined under oil
immersion lens, The results of examination of one
thousand parasitized erythrocvtes from cach smear
vaken at random were recorded.

RESE1TY

A totaf of 2963 Povivax shides was collected duving
this investigation. Many of them showed two paras-
ites in a single erythrocyte. Those showing three or
mirre parasites in an erythrocyte were only included
it this paper. The data obtained from the ¢xamina-
non of these smears are presented in Table 1 and
tigs. 1-9. The parasitaemia varied from 0.1 to 4.8
per cent. The patients bejonged to different age
groups. The youngest was one year old and the
oldest sixty-one. Different stages of the parasites
ftom rings o schizonts and pametocytes were seen
in the multiple infections. it was observed that a
maximum of four parasites of advanced stages from
late trophozoites to schizonts and gametocytes were
present in these ervthrocytes having multiple infec-
tion. Some of the voung trophoroites {ring form)
showed multiple chromatins in the form of double
chiromatin of equal or unequal size as seen in P
faiciparian infection. A small accessory chromatin
was occasionally seen. *Tenue’ forms of early tro-
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Figo [ Showing two tophnzoit,

{ = 2000}

phosoiles were preseni 1 somle sibiats. The 2iy
throovies with Schoffner’s dots in parasitized cells
containing the older stages of the parasites were
observed to he considerably entasged. The older
trophorolies were highly amoeboid and showed
tine goiden brown pigments, The schizonis flied the
whole of the enlarged ervihirocytes and a maximum
of lTomr mature schironts could he seen in these
ervehroeyies, The number of schizonts in these mui-
uple imicctiens could be ascertatned irom the collec-
von of farge masses of pigments of cach parasite.
The number of merazoites i each schirant varied
from 12 to 20. in some of the slides, 1wo mature
gametocytes could be seen in thuse erythrocvtes.
Invasions uple a maximum of eight early trophozo-
ites cauld be seen in erythrocytes of two patients
aged 9 and 18 years respectively. Two others had 4
maximum ol six parasites in an crythrocyte, Thesr
ages were L0 and 12 vears respectively, Five cases
had a maximam of tive parasites in oncervthrocyvte,
Ninteen had a maximum of four and twenty-eight
of three parasites per ervthrocyte respectivels.

1Msd B s

Das upta (1939 reported multipie infection of
Povivay in an infant {5 hrs, after birth. Five paras-
ey in 4 single ervthrocyte were found in this
natiernt, Some of the ring stages had two chromatm
dots. None of the mature schizonts had more than
iwelve mernzoites, Field er af. (1939) also reported
multiple infection of P vivax in Malayaina 16 day
2id infant, Multiple infections upto three parasites
e a single ervibhrocyte were seen. Since both the
cases were in very voung infants. the possibility of
the host factor playing some role was suggested. In
the present study, the patients with multiple paras-
nes in an ervthrocyte belonged to different age
Jroups. A maximum of cight parasites in a single
grythrocyte wis seenina 9year old boyand alsoina
t8 vear old gird,

Wanyg (1970) reported multiple infection by two
odrysites 10 a single erythrocyte in three patients
suffering from Povivay malaria and concluded that
in high parasitaemia muftiple invasions take place,
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Fig. 4 Showing live trophozaites,
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tn the present series, two patients having 3.8 per
cent and 1.2 per cent parasitaemia respectively
showed multiple infection upto eight parasites. Two
ather patients who showed a maximum of six paras-
ites in an erythrocyte had parasitaemia of 1.2 and
1.8 per cent respectively. In the 19 patients having a
maximum of four parasites, the parasitaemia varied
from 0.4 1o 3.4 per cent,

Tsukamoto (1977} reported a case of a Japanese
student suffering from P.vivax hike malaria in which
heavy multiple infections of the erythrocytes were
seeri, The parasitaemia in this case was only 0.82 per
cent. Morse than 30 per cent of the infecied erythro-
cytes showed muitiple infections of two or more
vaung trophosoites. A maximum of & rings were
ween (0 these ervthrocytes. The schizonts had twelve
10 nineteen merezoites.

As mennoned earkier, multiple infection is not com-
mon in Pvivay infection. The inability of the ery-
throcyte to harbour more than one parasite withoul
rupturing may be responsible [or this. It seems that
the strain of P vivgyseen in the cases reported here
is likely to be different from the normal classical
P yvevgy strain found i India. Jn this Jet age, impor-
tation of steains has to be kepl in mind. Some of
these strains seem to possess some characteristics of
P faleiparum. Further investigations regarding the
exlent of prevalence of the strains and other charac-
teristics’ like susceptibility to antimalarials, the

relapse pattern ete., need to be carried out to esta’-
lish their identity.
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Glutathione Metabolism of Plasniodiun herghei

Parasitized Ervthrocytes in Mice

ROKCSETH' . A SAINT, S K. AGUARW AL

' P M - s L . - . . N ¥ H

Ulutathione metabufism was studicd 0 inleaed snd nob-mfectied crvthrocytes s 3Momice inlecied with Plavmsodivn
. .- s - - . . . i - - )

wrghei. The efficiency of glutathione metabolism i Plosntodiim bergheiintected red cells was found to be increased, ax

sarasite adds to the activity af some of the cnsymes of this
‘o protect the envirarment in which it is prowing,

INTRODECTION

Haemuolytic anaemia 1s one of the serious complica-
tions of malaria. The pathogenesis of anacmia asso-
ciated with malaria remains obscure despite a great
deal of work (Weatherall or af. 1982). Although
much cmphasis has been laid upon autoimmune
mechanistn {Zuckerman 1964) as a cause of exces-
sive haemolysis but reiationship between decreased
red cell survival as a result of increased oxidant
stress on red blood cell isieast understood, as paras-
ite is known to gencrate oxidants (Etkin es al.
1975). However the protection of erythrocyie from
this oxidant damage 1s brought about by oxidant
removing glutathion system {Fig. [} (Leipzig et al..
1975). It is therefore apparent that inefficiency of
this glutathione system may make the red cell mare
vuinerable to oxidant damage.

We have, therefore, conducted a study of ghitathi-
one metabolism in parasitized and nonparasitized
erythrocytes in mice infected with P.herghei. The
study is simultaneously conducted in the erytbro-
cytes of 14 control animals,

MATERIAL AND METHONS

Young Swiss white mice were inoculated intraperit-
oneally with parasitized mouse blood dituted in
phosphate huffered saline {"PBS). The mice received
an average dose of one million parasites. The paras-

Avcepred for publication. 22 December 1982,
¢ Department of Biochemary.

Medical Colege,

HKohtak-32a0],

protective meehanism. Thisis an effart onthe partof the parasite

ttes usually appeared in peripheral blood on 3rd day
following noculation. Giemsa-stained blood
stnears were obtained daily to follow the progress of
wfection until parasitemia reached the peak level
(70% or slightly more}in 7-10 days following inocu-
lation. It is noteworthy that parasitemia rarely
crossed 7065 at which level most of the mice died. At
various degrees of parasitemia blood from infected
tnice was collected, after ether araesthesia by car-
diac puncture and aspirationinto EIDTA sofution at
47, Leucocyies were removed by filiration
through micro cellulose columns (Fulton ef al.,
1956} and parasitized erythrocytes were separated
from non parasitized ones on ficolt cushion (Eling
1977} Separation achieved by this gradient was
1006h at low levels of parasitemia {upto 509} but
blood having bigh degree of parasitemia {S0%-70%
ur more) required hroad centrifuge tubes with large
surface area for centrifugation to achieve the same
degree of purity.

Altheugh, increase in reuculocvte count was
abserved after Sth dav of plasmedial infection, this
increase was not statistically significant.

Haemaglohin estimation in lysates were made by
cvanmethaemoglobin method (Dacie and Lewis
1975}, to know the progress of anacmia, Erythro-
cyte count was done in Neubauer-chamber. Ery-
throcyte glutathione (GSH) was measured with
alloxan {Kay er af.. [960).

Glucose-6-phosphate dehydrogenase (EC 1.1,1.49)
(l.ohr er al, 1974), Ghuathione reductase (EC
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Pacn 2 i Bewder $975) and Glutathione peroxidase

EC LTL1L.9 ) (Hopkins e1 ol
pectrophotometrically.
HESULTS

1973) were measured

L. Reduced Glutgthione (GSHY A constant
nerease i GSH contents was observed in parasit-
7ed erythroeytes through group I (p<<0.05) to

YL

14, DECEMBER 1982

vant increase in wisl GSH content was found im
nan-parasitized erythrocytes (p>0.05).

B. Glucose-6-phosphate dehydrogenase (G-6-PI¥):
Phere was no significant elevation in G-6-PD levels

'n parasitized and non parasitized ervthrocytes
1p=0.03) but parasitized red cells had & decreasing

irend in comparison with the normal ervthrocytes

croup TV (p<<0.001) Table | However, no signifi- i I'ahie 1}
T T T
L HMP SHUNT .

NADP ~ T NAOPH .
7 ™_GSH REDUCTASE \ \W
. AMINO ACIDS o GSS }

E \ GSH PEROXIDASE )

? GSH SYNTHE TASE /

" HyOp Hy O / ,
GSH GLUCOSE

T x

! P Hy O2

. % 20/ PROTEIN

b {\ sop SYNTHESIS , NADP \GLYCOLYSIS

? NADPH

¥ oxioase 20

[ NADPH

| TR TN apH

MET Hb ,/-”

NADH REDUCTASE

/

GLUTATHIONE METABOI.ISM AND OXIDANT STRESS

Fig. 1.

-The utilization of reducing equivalents (Viz GSH and

NADI'H) and protectian of P.bergheiinfected red bload

@lls in mice.
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¢ Glutathione Reductase: In group H and 111 the
activity af GR was tremendousty increased (Table
i1 in comparison with the normal control group
(p0.601) though an increase in the activity of GR
at all levels of parasitemia was observed. Non-
parasitized red cells did not show any increase in the
activity of GR {(p=0.05),

. Ghntathion- Peroxidase (GSH-Px); There 1v a
dramatic increase sn GSH-Px activity in parasinzed
erythrecyfes with the onset of malanal infestation
i animals (pZ0.08 D, Non parasitized erythrocytes
also showed a significant increase in the activity of
this enzyvme d¢ compared with thoge of control
(<0001

DISCUSSIN

Fhe matarial parasite has a metabolic unity with the
nast ervthrocvie from which 1t s demarcated hy the
parasite cel membrane, The compasition of the
parasite and the permeability of parasite membrane
inside the ervthroovie are very higle understood.
Hawever. parasite generates oxidants (Etkin er ol
1975). Reduced ghtathione (GSHyprotecis the ery-
throacyte from this oxidant damage.

A markedly inereased reflection of GSH in parasit-
tzed ervthrocvies (Group B through Group Y,
Table 1Y s tn agreement with the findings of the
previous workers (Picard-Maurcan o af, 1975).
Fiey ohserved ap inerease in the activity of already
cyisting GSH-vynthetase v Povinckel parasitized
erythrocytes. Prosumably, vhe reason {or the
mereased fevel of ST in parasitized ervihroeyfesis
nartiv due to the increased activity of glutathione
reductase (Table |, Fig, v} ‘nce parasite has been
reported to synthesize *ts own enzvme (LBckman of
al . 1979}, Also a clase cotrelation is known to exist
fetween the Jzvel of erythroevte GSH and the hex-
ige mono phosphate {fHMPYshunteacymes (Fig. 1)
and the tendency 1o hemolysis. But there seems (o
me a decreasing trend rather than increase in Lhe
activity of first enzyme of HMP shunt, G-6-PD. tn
narasitized ervihrocytes (Table 1), though this
decrease is not statistically significant, Therclore
NADPH requirement for parasite glutathione-
reductase i accomplished from a pathway other
than HMP shunt since G-6-PD is absent from all

9. DECEMBER 19¥3

mralarial parasites studied (Sherman 1979, How-
ever glutamate dehvdrogenase may be the soujce of
additional requircment of NADPH in Pherghei
malaria (Langer ¢¢ af.. 1970}

We have found s dramalic increase in the activity of
glitathione peroxidase {(GSH-Px) in parasitized
erythrocytes { Table 11 Fike glutathione reduciase,
this ecnzyme may also originate from parasite itself.
The possible activation of this enzyme mav be duc
1o an activator or the removal of the inhibitor from
the infected ervthrocytes. Therelore we propose
that the increase in the activity of these two enzymes
{viz. Glutathione reductase and Ghatathiope peros-
idase} of glutathione cascade within the infecizd
ervthrocytes might be reiated to an eifort on the
part of the parasite to protect the integrity of the
environment in which it is growing: sinee hvdrogen
peroxide production is a metaholwe featue of paras-
e itsell (Fikin ef af.. 1975, Friedman, 1979)

[ncrease 10 the activity of glitathione peroxidase
anparasitized ervthrocytes, scen in the present
study, is difficuit 1o explain. There s every bkefi-
hood of the possibility that the newly synthesized
crythrocvtes from ervthrond precursors might be the
source of this enzyme. Uhigiscurrent!y under inves-
figation in out fabaratory,
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sifaetsie by processing the protective antigens

By, weowere abo gblo Co process these antigeny

covipre Earashar e pf ) 1IR2Y Tathe present sisuly

an o attemet was made to stmelate the Maoronualear

Looepsied foe pubfication 25 Decenine 190
Plepitmeng ot Inmimimonathalogn
CersbgEracbaate Tnsii ot af Soedi
e - R Y

Chdueation aa Hesacaooh,

s Freund's adjosant is doveid of bial deletertous effects

capte relmtive  rols o alfenipp the course of
Savasilaemiag

Wia URE L Rl R ETTIEOTYS

iz Hoth young rats L Wistar strain) weighing
FRGE o andd

HOR Sweisy inbred nice weighing
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sere bept on ootiet diet (Hindustan Fevers) and

aoaber aed fsbn,

Faramrter Mhergacs )Mincher & Dips 1948 obained
ram Mavienal Institite of Commarnicable Diseases,
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g infected ved btood cells with 13 HP O RBCs ay
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Tresigne oy Expecimrents: BOG was obtained {rom
viadray Tonerculosws Rescarch Cenire " india ax &
mpatry wi, amsoubes The contents of the ampoule
acre dissolved in Amilof sterile saline and 0. 2mirar
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sehrxined from D¥ifeo Pabs,, Michigan USAYin the
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Sreparaddns of antigen: Vhe antigen was prepared
n.orepeated Dreesing and thawing of PO parasit-
cod cedlsoml Brieflyv, parasttes were collected Irom
o daws infected animais with S6-800 parasitag-
sl After separation of lencocvtes fron the
slected bioc by dextran treatment, RBOCs werg
wanied with normal saline, adjusted ep XK
acitn il and sebpected 1o § eveles of freesing |

u ) and Thawing (3790, The contents centrif-
g mt 2000 rpm for 20 minutes and the

waperpatants were stored at W anal use.

vrimasarigi antihedy (AMA L Fither the serum
foun chirome animaly was used, or antimaiarial
sivhod v was ramed 1o rabbirs as deseribed by Bigps
(266), The rabbits were immaonized - Lm, twice with

Al UMy Azation TR Sord
rested e aptimainsal aniihodies by ged giffugion
and nsed for testing presenae of antizen 10 vanans

e week after ihe

srouns using R0
HEST 0N
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e comparative affesr o) 8000, Doperesn Lo
£ FA using repeaicd doses of adiuvans and parasite
At davs interval e ratx (B UL BOG given siehous
suneensly afforded complete protection npto 140
Javs, Similarly aif che ammals (663 in the OFA
nioup were protected slthouph the parasitaemig
reached around 13 after the last parasire chals
jenge. O ihe othaer hand, proteation observed by
Cparven was tme bound. The parasitaemia
emained low 1l 90tk dav after which there was 5
sharp st and 36 animalys dred of Talminant infee-
ann, The parasitacons m the eomtrol group showed
a himadal peak and 2l the animals survived ull 120

davs, e, the last day of observation (Fig. la)

Lven theugh the immuenization schedule was Gepy
constant as in Figure {. by changing the dose of
narasites in immumang inoculum and linal parasite
chablenge {one week after fast immunization} all the
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e and 203 amimiale Jded whereas the rest eleared
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antred wirh the parasite b ay well,
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dependant apon speciesspecific

mimnoiogics! capablity, the 1ype of parasite used
e, kiMed or fractianatedl,
fpavticulate, soluhle) coupied to the adjuvant and
e adjuvant itself (Coken . 1978),

the state of aniigen

S e siown that ropeated Pknowiest infec
Craanandd Sfrug odre ads to acquired immunity asso-
iated with chronie refapsing parasitacmia, whereas
cpallenge of rhcsus monkeys previously vacanated
with sohizont or meroroite sntigens in FOA resuig
o oamplets sluninanoa of parasites (Mitchett er al,
1977y Hielarlv, mice treated with corynebacie-
rvam are shown to be protective against
sporozoite challenge (Nussenzwerg er al 1967)
Howewver, the hasie for thee very significant differ-
the immune responses induced by
vacenation we-g-vly infechon has not heen clearly
saeidated
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iy che prosen. study 1 has been elearly demon-
wraied that even the HORO mice treated by a single
nrravenovs dose of BOO and parasites are com-

mdetely arotected,

bhe mon spectlic mmmwso-stimularory etfect of
iy wen] cecognized. 0 hax been reported that a
angle subrutaneous infectran of BCG 1 not protec-
(e againsi P herghei, whereas infravenous route is
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UG Simdarly, Smrkovskl er ol (1981) reported
mmnae-supressive effects of BCG against a spo-
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Severad radent matania parssites such as Pberghed,

Povnedti and Poetvibaredi are being currentty maed for
cnematherapeniie sereeming tests,  Accordmg to
PRppens and Qregory N989) Phergiie! Dergft
WNEAS, Poherghed roelin 1 VA and Dol ninerivnsiv,
have certain degree of ratural chiormguine resist-
aner ared thus may serve as usehul ol to sereen angd
deveop uew drugs for the control of ehiorogume
resistant pularia nlechions In the present sfipty,
the chemotherapeutic response of Poyosngreriensis to
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ceere admimisieered Uie droug arally onee 4 day, from
day G010 28 On day +4 and 7, the bload sears
were preparcd and statned waith {iemsa. The per
nt parasitacmin was recorded,

Phe mimmuny dose whieh cleared the Blood parist-
seemta from day 4 to 70 was considered the MDY
cHharston, (253 AU the entimalarials were mir-
seaed Incally except mefloguine O which was
dtiinad from the manutzcturers (M s Roche

Prasfuets).

WENET ) TV HEROY
Phe data an the chemotherapeuiic response

i
P voedil nigerionsiy toonine standard antimata il
Sriggs are presented n Table 1) and the data on

reaponse of narmal strwen of Pherghed to these
-:"n-er as repodied cariter from this institute by Pun

LT agarval of ol (19T, and Kazim el
-}nsm ciga v included noche Pable | lfor compir-
i, Kince the stramoal PAerphel was maintained
v weekly Blood passage for the fast 3 vears, the
st obiained on the presert MED of this strain bas
neen mckeded o Tohle T

Phor siagndarg 4 da

srestwith chlorogimne shows thad
SEHEIY of Pooopigerionsdy s 12 g, kg compared to
Pohergher (¥ myp k) and the former os thus touor
times less sensitive. These results elearly show that

e prgenrenaiy By natuead chioroguine resistance.

w1m the N UG hasis, v ssgeriensis also showed

sdtasitized crypMocvies .
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bl FUnisTANCE TO Jr‘]hﬁiﬂt.{nr‘iﬁ wineh s anpainey
qrminequinoiineg, as compared (o Pherghei. The
sepsitsvity of Poponigeriensis to quinine and meiio-
Jutne ‘s alse [dwer since rheir M ED has been found
o be ai mp by and 8 pig s kg respectively. as cors-
‘P'I v he sensitivity of P oherghei. The sensitiviry
H sdsrerfensis ta npyrimethamine, PADDE and
scrimaiuine s simtlar to that of P hergher.

Ationgs he natural vesistance of Poyomigeriensisio
shiorerrae was reported earlier !11; higgens 354
Tregirry (1989% and it was lurther shown te b
jwe (o pyrimethamine, the present investiga-
san skews thal Poyosfgeriensis possesses 3 naturs?
anais resistant to several antimalarials (o which &
aan neve: heen 2xnosed. Thus, compared to the
wasitivety evel uf Pherglien, the Porodgoriessn
s s-fold resistance to chlmnqmm and anc-
fold resistzrcs to mefloquine and 1.5
inbd o puipine, Further Poporigeriensis has been
foend 1o he more sepsitive to dapsone (MEEY 26
g,k compared to Poherghel (MED 4.0 mg kg
Sprther, @ has been Taund that the drug sensitivity
Faorr s arain of Poberghel did not charge sigifi-
canty darmg the mainiznance of the strair n
. for 3 years hy weelkly serral blood passape.
The pieseni MED vaiues of ditfereny drigs agningt
2 hergieer are the same as reparted earlier by P of
gl (F979y, Agarwal of ol (1079 and ¥
Thitta ¢ 9%, However, ibe strzin has been found ta

diamune,

17IT

neceme shightly more seasitive (0 amadiaguine as
v decrease of @ MED from Qo 4.0

ST

kg

Beverdan 2arhier worki
intaba Fraat

nipgment  formstion in experimentaily

selecten thioroguine resistant strains of Pobereher

(Prters, 19649; Ladda and Sprmz, 1969 Posi, Agar-
C¥asim o and D 1970, However, the present,
U Poniperiensis differs {rom the ahove

steatms of £ H“ﬂr{,mf’ i the dovelopment of pormal

!'J

s b resistanan of Popopigeriensis (o cilorae

garme 2wl other drugs seems to be stable aince there
nar Been wo chabge mous drug sensitsity duning
'-JGI'!I'.E?F.:'."LEE‘. Muz‘ P PAED aver 'wrm!‘ af one VT

Pl cionent STHGY SHERCSIS THEl P 0 g erts iy £t

CHE R G A 0l

Pave reported tiwe fosy of

Aol T e L e DR

[
[

STV Ay abable sereening madel 1o gevieiopg new

antimatarial drugs against meltiole resisiam
strains.
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Effect of Chiorogyuine Treatment 27 vivo on the Cyclic AMP Level of
Erythrocytes from Normal and Plasmodium herghei

infected Mastonvs natalensis

ORBEARE VR LSRIVASTAVAL S Gl AEAK L s CHANIEAT and AR SEN!

LUyelic AMP conwears of erythrocytes from aoemat and Plavsiodium sergiiei idected L 3d-4208 parasitaemiay Ma.zomns
aatadensis were determined. Frythraeytes fror infected animals registered 1.5 fold increase in cA M P content compared 1o
rarmal ervthroytes. Treatment of infected animals with chlorogquine (Sg kp)Tor 2days further enhanced eAMP level of
ervthrocytes. From availabic evidences it is postulated that when cAMP conteni of parasitized erythrocytes reach a high
sritigal level, normal metabolic achivities are stapped (pletotypic control by cAMPY leading to death of intraerythrocytic
garasites, A sharp decline in e AM P level aler 4 days of chluroguine treutment, when no parasitized erythrocytes are found

- cirenlation, strengthens this hypothesis,

INTROD ¢ TIGN

Mayor sart of the Wde eyele of malarta: parasite s
spent within host erythrocyte, an adaptation not
oniv {or being near the souree of nutrition, haemo-
giobin, but also for evading direct host immune
reactions. Their habitar within the erythrocytes
modifics the host erythrocyte membrang. Besides
morp‘miingitﬂchangcs (Aixawa, 1977, abnormah-
ties tn ihe eomposition of membrane proteins
including the disappearance and degradation of cer-
tain protemns ( Weidekaman er ¢l 1373 and appeat-
ance of some others (Wallach & Conley, 1977} have
also heen noticed. Recent work from varinus labar-
atories has mplicated cyclic adenosine monophos-
phate {(cAMP) in the regulation of ervthrocvte
membrane composition and cellular growth {Konev
e ol 1977, cAMP exerts its control by coordi-
nately infiuencing several hiochemical procesies
e.g. membrane transpoart and biosynthetic reactions
{Posternak, 1974}, The present communication
reports the resalts of studies onthelevel of cAMP in
the erytfrocytes of naormal and  Plesmaodium

Aceepred for publication: 15 Jauinary 19%3,
+ Division of Blochemistry,
Central Drug Research Instisure,
Lucknow.

T avision uf Pavasitalogy,
Centre! Drug Research Institue,
{neknow,

hervhed iected animais and the effect of chlore-
auine treatment on them.

MATERIAL AND METHODS

Chemicals and reagents: cAMP assay kit was pur-
chased from Radiochenmmical C‘;:n[re Amersham,
England. Theophylline, propranolol and epineph-
aine were the praducts of Sigma Chemical Com-
pany, US4 while chioroquine was obtained from
3 A, Pharmacy. Sagar. India. All other reagents
wed were of aunalytical grade,

Animals and infection: The strain of P.berghei used
i the present study was originally obtained {rom
Nationa! Instiiute of Communmicable Diseases,
delhi and since being maintained in Swiss mice and
M.naralensis by serial syringe passage. The “GRA
Giessen™ strain Mastomys natalensis was originally
antained from Institut fur Parasitologie, Giessen,
IR through the kind courtesy of Late Prof. Dr, (5.
Lammiler in 1974 and since being maintained in
CTRT Animal House. Eight week old male M.onata-
fensis (35-40g) drawn from the colony of the Inst-
tute animal house were infected intraperitoneally
fi.pr.) with 10 parasitized erythrocytes. The animals
were honsed in nlastic cages and received standard
peller diet HMindustan fever. Bombay, india) and
water ged fibiruri. For assessing the population of
infected cells giemsa stained blood smears were
ased Drug treated groups of normal and P herghei
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srboroguine {8 mg kg body v intrancritonealiv
i four consectitive days,

REMERT S LM

Teepsraiioe of RBC spcpenston:  Heparinized
¢ F

rogredd fropn -0 mastomys per group was pooled and
centrifuged o0 0 g for 18 minotes at 4°C, Plasma
i Buify oost were removed and the ceils were
sashed fonr imes by suspending them cach tame i
vt of Epebs B: riRlcarbonstesolution (R
v, of Frebs Fooper micarnonatesoiubon dA RN
aniaining 3149 gincose followed by centrifugation
tlertelondy or 4, 1979 Ervthroeyte counts were

ad
<

Svafned with @ bacmonylomeier

s om v Praduciion s defined ag s
rnennt of cA MY in the celis and the medium after
of ineutation in the presence of T mb

I minuses

weophulme

it » measure the production of c2MP in
a st of three tubes in iriphicate was

tube no. ! the srvthirecyte suspencion

v, 2 and Ierythrocyle suSpenstons were incu-
~ated vith cheonhylline + epinephnme (1073 and
seophyiline + epinephrine + propranclol (10-934)
“espeptivejy, The final velume of the incubation
sxinre was made ypio Pl with {RB /nl 7.2}
wfter DT mitnestes tpenhation ar
wominated By ke addmon 3 one valume of cold
CECg {1207 WYY with vigorous mixing. Precipi-
aind proteins were discarded by centnifugation at
#t5t o for 10 minutes the supernate was extracted 3-3
arnes wilh water saturated diethyl ether to remove
104 and lvanhilized to dryness in Feyheld Heracus
recze drier. The contepis were reconsiituted in
A MP assay butfer (Pris-EIDTA buffer. C.05 M. pH
PS5 containing 4 md EDTA) in s mannersathat §0
w1 samples contained cAMP in the range of 14 p
sk, A calibration curve was dravwn ssing standard
A AP supplied with the assay kit tAmersham,
LELvintherange of o 16 p mol With the help of
a1s calibration eurve cAMP contents of the above
sognstituied samples were determined,

b fpdel
af

Coreaction was

tructinns sppplied with the
sasay kitware strictly {olowed for the measurement
e AP essentially aecording to the technigues of

- Can s R LT . .
wask i 3FuAREY The ing
¥

crrmany P90 aad Browar or a

oo, BECEMBER 1901

ML TY

Yables § & 2 present o cesd e of stueles on e
tevel of cAMP in ervihroevins from normal apd
mifected animals and the effect of chlaroguine troai-
ment thercon, The levels of cAB ™ in erythracyres
mave heen estimated in the presence ol thzonhyliine,
spinephrine and nropranciol Theophiylline was
ncluded in the incubation mediz for these studies to
:nhibit the degradation of c& M by ensyme phos-

ahadiesterase. Epinephrine enhanced the cAMP

aroduction.  an  action  mediated  throngh 8-
adrenergic recepiors white progranolol, o &
locker. hlocked ihe actvation caused Dy

cpinephrine. §evels of cAMP are exprevsed intakle
as nmoles ! M ervthrooytes: M) minutes.

Ay weutd be evidend from the Table § & 2 in i
aresence of theaphyiline (10-k4} alone the tAME
contents of erythroeytes of vermal and infected
amemtie were 20 and 5O pminles respectively. Pres-
qnoz of epinephrine (§2-" b enhanced thelevel tn 37
ang 102 pmoles. Proprancioi (10-68) cxpibited as
cifeet by anllifving the stimuistion caused by epi-
rephrine and the jevels came down to 21 and 53
amoles respectively.

Yoo davs of treatmsnt with chioroguine cavsed 2
raild increase in e AR P canients of srethrocying of
1ormai animajs whereas the inarease i the erytbhro-
avizs of infected apimals was marked, Ovclin AWD
‘evels of 29 and 187 pmoles were recorded in the
presence  of theophylline alanz.  Epinephnoe
increased the production o cAMP ol ervibrooytes
from normal and infected animals to 53 angd 234
nimojes respectively whereas in the presence of pro-
nrangicel the leveis came down o 31 and (68
nmnles.

Four days of treatment with chlaroguime finhe
sxhanced the cAMP contenc el eryvihroevtes of nor-
mal animmals and a level of 31 omoles was registered
in nresence of theaphyiline alone, With epinephrineg
and propranoial levels of 57 and 3 nmoles wers
recorded respeetively. [ninfacted wroup of animals,
revels of 63, 102 and 66 pmaoles were found in the
presence of theophvlitne, epinephrine and propra-
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Shtaavica Y minlosy:

s

No Trearment 2 Days of drug 4 Vavs af drug
frezignent ircatment
Pheaphyllins: (3-1h4) Aol kLS i3 1 s
Yheaphylling
aiphrine (103541 LI ST
* heaphylhine -
Emaepheine « PACNN I A CERERS REN BN

2roprapelnt {HR"M)

Reusults represent tean 3 SE of forr delerpunatinm,

Yubic 2. Bl o
Ervihrocyies irom f1 herghel infectsd M naalensis,

Chinreaishe Uroataiens A e Leves uf

Sudelithas cAMP ipmeles 100 eovthrooyies; Y minules)

Moy rreatment Iy of drog & rays of deug

trearmeni * e treatment 9%

PheogdiyUrne CF M) B L A A S 6321 1.9
Pheoasheflpe +
Fmnephrne (i)MW HEFR IS 2340p 27 Hj2 4 - AR
Fheophydl-ne «
e e - B S PTG B 56,1 45
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e Leyiroeyles obioed from o aaimals showing 38425 prrasitaemia.

SiviRpreytey ohtned after Daduys of deog trestment from snimals showing 10-15%,
*re Lovhrocytes obtamed after 3 days of drug irearment from animals showing nc
[T UYL,

desizles represent inesn b of lour determination..
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taion respecuvels. U s pertinent to memion here
*hat after 2 davs of chlorogquine treatment infected
animals recorded 10- 1567 parasitaemia while after 4
days of drug treatment animals became parasite
free,

CHECT SN

Zecent teporls from various Jaboratones have
snown that when-cAMPis present at higher concen-
;ation cells assume a quiescent state charactenized
3y low levels of active transport of nutrients, rapid
“atty acid and protein degradation and low levels of
%A and protein synthesis (Kram er af, 1973
%ram and Tomking, 1973). In general high cAMP
oncentration inhibits growth, Results obtamed in
fie present study indicate that chioroguine treat-
nent significantly increases the cAMP contents of
siythroeytes of infected group of ammals (2 days
sast treatment). Reports regarding action of chlo-
wuine show that drug treatment inhibits the trans-
sori of nutrients across the erythrocyles {Sherman
and Tanigoshi, 1972), impairs the RNA and protein
cvnthesis (Warhurst and  Williamson, 1970
2ichards and Williams. 1975) which in turn causes
geath of the intracellular parasite. After chlore-
quine treaiment increascd cAMP contents of cry-
‘hencytes af infected animals might be responsible
var these disturbed metabolic activities. Probably
Irug treatment increases the cAMP contents of
crvthrocytes of infected animals to such-a critical
‘avel fes observed in the present study) that normat
sratabolic activities are disturbed, thereby produc-
g an environment which i not suitable Tor the
arowtk and development of the parasie, causing
jamape and ultimately leading lo their death
sithough infection itself causes slight increase in
SAMP contents of erythrocytes {self defence mech-
apism operating in the host), the level may not be
ugh enough for restricting the normal metabolic
sctivities. However, as sonn as chlorogquine is
administered. it inereases the cAMP production
wgnificantly. After 4 days of chloroguine treatment
iew or ne infected cells could he observed incircula-
ior whick accounts far marked low levels of CAMP.
:n the erythrocytes, [t is pertinent to mention here
thar the presence of cAMP in the parasite

. DECEMBER 1982

{ P berghed) could rot be detected oy the procedure
emploved hence observed levels in the erythrocytes
were independent of parasitic contribirtion.

It may, therefore, be inferred that chloroquine
treatment significantly inereases the intraerythro-
evtic concentration of cAMP which in turn checks
the growth and development of the parasites.
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Detection and Incrimanation of

Anophneles mintinius

Theobald 1901

as Malana Vector in the Foothill Areas of Nagaland. India

ol AHA N AGAR DS IIYWIVEDD NG A SR AL

dsn) M T

fosprdieded opeinias, o ol madarg vector oot taan el eacending trom ©10 o the Nerth Fastern States hefore the
sattonal Mafaeia Caontrel | Fradwation Programmes were lannched. was detected i the foot hill areas of Mapaland in
wwman dwellings during the course af investigations carped sut i 1982 P mapur (Nagalapd). Disseclions showed

wprrnzaites and nocystc in the specics.

INTROPVIU Y

Anopheles pininnes had been tound te he the mos
dungerous and chief vector of malaria in the foot
hills of Himalayas extending from U P, to Assam.
hecause of its predomipantly domestic habits and
preference for human hlood. (Ramsay #r 4/, 1936,
lvengar 1940, Viswanathan er of , 1941, Covel 1944,
Misra and Dhar 1955 and Misra 1956).

However tater studies, thougn himited, showed the
ahsence of the speaies from these areas and was
therefore presumed (o have almost disappeared.
Various factors viz. extensive culuvation and deflo-
restation were attrihuted (o its disappearance in
U.P. Teral (Chakrabarti and Singh 1957}

Studies carried out 10 Assare and Meghalaya alse
showed the absence of the species from the area.
(NICDY annuat veport 1971, Rajagopal 1976)
Almost 10tal disappearance of A.minimus from
these areas was attiributed to exrensive and repeated
rounds of DT spray under National Malaria Caon-
trol Eradication Programme commencing from
1953, coupled with extremely high susceptibility of
the species ta the insecticide.

Studies undertaken on the possibie role of other
vectors, though limited in scape, had shown A.phi-

Ait Pph’d !ur ;Fffbi[HaF.mH 24 Januacy FOR
- Nariona] Mafaria Eradication Programme,
22.Sham Nath Marg,
Lyelhi-F 10054,
2 PCP, Zane-1. Pastear Hill,
Shillanyg, {Meghalaya).

frppunensis ang A4 halgbacensis as vectors in Megh-
alaya, and Arunachal Pradesh. (NICD annual
repart 197), Rajugopal 1976, Sen er al,, 1973).

However, in view of the persistence of malana in
the North Eastern Region, systematic observations
were started under rhe acgis of Plasmodiun falcipa-
run Containment  Programme  (assisted by
WHO SIDA)Y to study the role of different anophe-
line vectors tn the area. The results of these observa-
tians are presented in this paper.

MATERIAL AND METHODS

Twer villages, viz. Chumuokeduma and Tenyiphe sit-
uated 10 the foot hills about 22 kilometres in the east
of Thmapus towards Kohima. were sclected for the
studies. The population of these villages Comprises
ul Naga tribes and Nepalese settlers. The area had
beent under DT spray since 1958, but there was no
spray in the index villages since 1941 because of the
studies.

May time catches were made fortnightly from fixed
and random catching stations between 6 AM to 11
AM, spending 30 minotes in cach, by means of an
aspirator and a flash light. Night resting catches
were #lso made forinightly from dusk to dawn in
human dwellings and catiie sheds, by collecting for
15 minutes in every hour,

Hiting acuvity was observed by making the human
bait sleep in a mosquito net, with ane side left
partially open to facilitate entry of the mosquitoes.
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Fheelgaiues found resung mside the net weie coi-
weted oo every hour for about 15 minutes,

Jtoog fed femates were exposed to 40 PDI
pregnated paper utibsing WHOQ test ki for deter-
vining suscepithility of adult mosguitoes to this

HY

eeetiendes,

REA S e

Cabaor vesting cielics oF oo 10 e s -

saltomt area s put up o Tahle !

Senng fanuary and February no spechmen ol
(oriinfan was detected in human dwellings during
e day time collections but could be collected from
romat dwellings in the day time catches during
vorib and Mav with per man bour density of 5.05
i 7.0 respectevely. The specimens captured were
sosily of the youngey age group. it was alva found
3t mast specimens of Aominimins were encoun-
wreed g particar hut used by labourers was for
seeping ot night, dunng the dayv the hut was unin-
nabited. The species was Tound resting on walls
qear the hambow cots and underneath the cots, The
areaeding nf thiy speeies was detected inslow moving
iream near the villige.

Srorng Jome, as the monsoon set in full swing the
drcam was Hooded, winch resulted m decrease
“ae adult density, which went down to L3 per man
1rur. However rhe speciniens captured were mostly
~der anes amd of the 12 speamens dissected one
pecimen was found positive Tor sporozoites and
sacysty thereby giving an overan sporozotte rate ol
% per cent during the month.

-1 cbe mght collection no specimen of A prininis
a0 anv other species could be detected from human
swellings from January to March hecause, 1o keep
‘i buts warm, cow-dung cake fire was kept hurn-
sy throughout the mght. From April onwards
i minimus density in human dwelligs showed an
sprreciable increase o the mght, ranging between
<.t A5 per man howr,

o, caitle theds 4 few unfed specimens could he
aptured in 2arly part of the night during the obser-
sation period,

WY,

YR CEMRBER 1982

The data of indoor Diting achis s of A srmmus are
given in Table-2, Tt was ahserved that A minims
entered the houses often at 7 p m. (after abkouwr 2
hours of dusk). Two peaky in hiting were detected.
one between $1o 10 p.moand the other between 1o
4 am. In addition some hail gravid and gravid
specimens were also captured fpom inside the pet,

Results ol Susceptibility tests to 3T :

. showed the species 1o be highly
suscepuibie to YT asali the specimens died during
the exposure perniod. Phere was ro mortalitvin the
conirol.

DISCT SNION AND {TONCR]D NN

Vhese ohservations woutld andecats i0as o imins,
which seeimed to have disappeared from the North
castern regions, had reappeared amd possibly re-
established itseif in the region. particulariv in areas
with poor spray coverage. Revently the species has
neen found in foot hills in Goholkona and Sonapur
reas of Assam, (Karim 19¥% | and Matin 1982, per-
sanal communication}

bhese results also show rhat ine speaes 18501 highly
domestue, as it rests and feeds indoors. and is highly
susceptible to DEYE. A thoreugh fnsecticidal cover-
age sustained for a perind of Vyears, should helpin
bringing down the disease tncidence considerahly.
However. mare intensive mvestigations are needed
11 the area to work out the bonomics of the species
as well as the role of other important vectar species
wiz. A halahacensis, 4 philippinensis. A, anpula-
ris, A, calicifacies. A maculanes which had already
heen established as vectors in the region § Viswana-
than et al 1941, Sen et afl 1973 & Rajagopal 197581,
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Modifizd Plan of Operation and Tts Impact on Malaria

Ao D PRETY UV R G DTTA ad VI S

in Apnt 327 ddovernmaint of India implemented
the modified plan ol aperation {MPO) for the con-
trof of malana (Patianavak and Roy, 1980, As per
the puidetines of MPO, operational nnits compris-

ing of | midlan population and classicai phasing of

malaria eradication (Lo, preparatory, attack, con-
solidation and maintenance phases) were abolished.
Malarna control was decentralised and district
houndanes  became  the  administrative  units.
Former vertical line of administrative and techmeal
control was changed to a combination ol vertical
and horizontal pattern be ad the State and Zonal
level, vrpurpose oflteers ardd at the distriet and
Primars Fziabth Centre fevel, multipurpose officers
were placed They were supported by unipurpose
workers iike Dhstrict Malavia Offcer. Assistant
Malaria Ofticer and Malana “nspector. There was a
multipurpose worker at the periphery who was
responsibie for the tmplementation of all the
National Health Progrommes including malana
cuntrol for 000 1o 10,000 nopulation. The centra-
frsedd Btboriiory seryvices were decentralised 1o the
Primary Health Centres (PHCs) with additonal
responsibilition of providing krthoratory facilities for
ather national health programmes and clinical
taharatery support to the medical officersin PHCs,
This wus tn be implemented i phases and 1 was
envisaped that by 1982 the cntire country will he
covered undar this schemie, 7t was also envisaged
that arcas with 2 or more annual parasite incidence

Ao (’Ir'fl'u'l tor poaflienieass s T3 P PR
" Malarin Besearch Centre (1O,
22 Sham Nath Marg,
Delhi-F 054

(A PH would be spraved with suntable residual msee-
ticdes and arcas with <2 APl would not be sprayed
cxcept for the focal spraymmg. MPO was imple-
mented with the following objectives,

1} prevention of death due to malaria;

(2} rednction in morbidity due to malana:

t3} maintenance of the industrial and green

revatution: and
() retention of the achievements gained.

M PO covisaged organizaing a drug distribution sys-
s so that anti-malarials were available to every
onpe on the doorsteps. Distribution of the drug was
arpanized through the Fever Treatment Depots
JUTDSY, Brup Distribution Centres (IMCs), volun-
tary agencies and 1he passive institutions, In [981a
wudy was undertaken to see the impact of the modi-
fied plan of operation on malaria. Results of this
study are reparted helow,

Spicen survevs were conducted during September
and October in Banthia and Makanpur villages
under T.om PHO (District Ghastabad, Uttar Pra-
desh. where MM had been in foree sipee 1977 and
sultipurpose workee {MPW) scheme since 1978).
afcbrile childrer of 229 vear age group (from
schools and villages) were examined for the spleen
enlargement hy the Hackett’s method (Christophers
el T95RY. Qur of a total of 517 children examined,
1532 had enlarged spleen (294 per cent) with an
average enfarged spleen of 2. Blood smears of these
children were stained with JSB and examined for
the presence of malaria parasite. Examination of
N andd 200 fields in thick and thin smears respec-
wveiv revealed that 35 blood smears were positive
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for the muaiaria parasite (shde positiviry rale was 6.8
per cent}, and of these 16 were positive {or P falvipa-
-win {re. Pf percentage was 45.7).

Fever surveys were carried out in November in 5
=iliages under three PHCs of Ghaziabad district
wovering one village in a dav. House (o house visits
were made to collect blood smears from febrile
sases. Ahout 33 per cent population (6,200 out of
S.735) was covered Junng the survey. Tt was
sevealed thai bBlood smears from fever cases were
seing missed by the MPW in most of the houses. A
atal of 519 blond smears were collected. stained
snid examined as described above. There were 236
nioad smears positive for malaria parasite (.. slide
sositivity rate was 45.5 per cent). and of these 227
smears were positive for P. falciparum (1e. P{ per-
cenrage was 96.2). History of the fever was recorded
and it was revealed that the duration of morbidity in
-nalariz positive cases generally extended up 1o 23
savs hefore spontaneous remission oceurred.

Study of the tunetioning of drug distribution system
shawed that out of a total of 765 FTIs and 674
DIICs estahlished in Ghaziabad district, only 39
FTPs and 55 DDCs were functiontng during
“Jelober. IF1)s which were required to prepare
sinod smear for microscopic examination before
aiving drug were not doing so (Le. district data
shinwed that during 1980, out of 58 988 fever cases
zearded by FTDs only 6,795 blood smearns weie
“radel. The BT Ds were funcliomng as DDCs.

Fhrough questionnaires it was reveated that in Gha-

19. DECEMBER 1982

riabad district, among the FED and DIYC holders,
timings of work were not Tixed of #3 per cent
holders, 35 per cent holders had not accepted this
service willingly and 87 per cent halders did o
receive regular supplies of the antimalarials and
microslides, ete. Among the private practitioners in
Chasiabad district. Deltn and Fandasad disrriet
tHaryana state). it way revealed that of the 126
practitioners, 105 (F13 per cent) were not using
standard 4-aminoyuinoline regime, 41 {325 per
centy were using new drugs like Metakelfin (Sul-
phamethopyrazinc+Pyrimethamine), {10 (87.3 per
cent) were not geuting the hisod smears examined,
and 107 (RS per cent) were not msisting on the
radical treatment.

The study pointed oot iz at least inithe studv aress
(i} MPO was nat functoping saustactoriiy {4}
MPW was mussing tever cases (i) presence of
asympromatic carricrs ¢iv) Long duration of mor-
bidity was assoctaled with P faiviparus: infecoons.
Fhis may be the resulr of arther high fatlure rate or
tnadequalte intake of ciloroguine (1 aeed of edu-
cating the private practitioners and {vidihat similar
studies were indweaied in otber regions,
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Preliminary Studies on Irrigation Malaria

VoPUSHARMA and H.O LPRETY

in Indsa 2 network of dams, canals and theirdistrib-
utaries was established for increasing acreage under
irrigation. The gross area nnder irrigation in 1960-
61 was 26.05 m ha. This wasincreased to 37.10m ha
in 1968-69. 40,20 m ha in 1973-74, 5207 m ha n
1977-78 and 57.02 m ha in 1976-80. Early wark on
irrigation malaria had shown that irrigation
increases the incidence of malaria (Gill 1930, Rus-
sell er af. 1938). The impact of this spectacular

increase in irrigation on the receptivity and resur-

gence of malaria was suggested by Sharma and
Mchrotra, (1982 a.b) A study was therefore
intiated 1o compare the prevalence of malaria in
villages with and without canals. Results of this
study are reported below,

Study sites seiected were in district Meerut (1P
and Gurgaon (Haryana). People of these villages
were of comparable sncio-economic status and sim-
ilar cultural habits. In Meerut viilages there was a
network of canals and study villages were situated
within 1-2 ks of the canal irrigation. In Gurgaon
villages. there was no canal irrigation upto at least
40 kms in aov direction. A.cuficifacies was the vee-
tor species of these villages which breeds in stagnant
pools, irrigation waters, puddles, borrowpits and
rainwater collections. In 1981-82 alarge number of
specimens of A.culicifacies were incriminated from
Haryana and U.P. villages (DD.S. Choudhury, Per-

decepred for puhdicagon: | Dueember [9RT.
Matarip Research Centee (10MR L
22 Sham Math Marg.
Prefi-fHOOSA

sonal communication}. The veclor has hecome res-
istant 10 DDT and HCH so that spraying of these
insccticides i+ not fully eftective. To study the pre-
valence of malaria fever surveys were carried out in
Tune dnd October 1982 in the same population and
house 1o house visits were made to collect biood
smears. Survey in each district lasted for 8-10 days.
Fever cases were given prcsumpti'\r'e treatment of
four chloroquine tablcts (proportionate dose 1o
children}. Blood smears were fixed and stained with
1SB and examined under the microscope for the
presence of.tualaria parasites. Results of this study
are given 1in Table 1

Study revealed (lable 1y that villages with canal
ircigation had higher fever vate ie.. 3.16% against
1,446 in villages witHout cunals. The incidence of
malaria was alse high in the canal irrigated viltages
i.c.. 57 cases against 10 in June (3.7 X more) and 81
cases against 2 1n October (8 X more), It was also
revealed thas in October, the incidence of falcipa-
rum malaria was extremely high in canal irrigated
villages 1o, 50 cases against 3 [twas therefore clear
that villages with canals were more prone (o
malaris.

Rao (1943 and Rao 'amd Nassiruddin {1945
reported that in villages under Mandya district
{Mysore) the average spleen rate rose from 15.3 per
cent to 50 to 90 per cent with the opening of Visves-
varaya vanal. Therc was a twenty fold increase in
deaths due to fever and within ihree years of the
introduction of irrigation the conditions had settled
down to a state of hyper-endemicity.
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SHARMA AN UPRETY: IRRIGATION MALARIA 14!

Early wark on irngation malaga tn Punjab (Gl
1930} and Patukkotiai (Russell e 4/ 1938 and
fussell 1938 had shown that there was inimats
association of 4. culicifacies and irngation water,
and that irrigation increases the ihcidence of mala-
ria. Russell (1938) described some specific ways in
which trrigation brings malaria and observed that it
was nof Irrigation per se but defective and untidy
irrigaton, which by misplacing to the advantage of
certain anopheline mosquitoes, generates malaria.
Waste water was an importart source of malaria. In
the present study specific reasons for the high pre-
valence rate of malaria in villages with canal irriga-
tion were nof investigated. It was ohserved that
irrigation needs in villages without canals were
being met by wells ‘tubewells. the number of which
was considers v high {see Table 1). 1t was therefore
fikely that dufective and untidy irrigation was the
cause of high prevalence of malaria in canal irrn-
gated villages. Further studies are indicated.
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Staining of Sporozoites {rom Infected Mosqguitoes

D5 CHOUDHURY 'and 5K GHOSH?

At the Malaria Rescarch Centre, attempts are being
made o tneriminate and re-incnminate veeiors of
malaria in different parts of the country. During the
tast two and half vears, 133 natural infections of
sparozoiies were detected in the salivary glands of
Anopheles culicifacies from Haryana, Delh and
(ttar Pradesh (Ghaziabad and Terai region). Spo-
razoites have also been lound in the salivary glands
of swo A fluvitalis collected from Y.P. Teral. Some
ol the siides containing these sporozaites were fixed
with methyi alcohel and stained by 1.S.B. technigue
(Jaswant Singh and David 1949, Jaswant Singb and
Puri 1958). It was observed that considerable
aumber of the sporozoites were lost during staining,
A modified stgining techniyue was therefore deve-
loped to obtain unifermly good results without the
loss of sporozoites. This technigue is described
helow.

The tormal saline solution used in the study con-
sisted of onc part of formaiin (40 per cent formalde-

Aveepred for puldication: 1 December 1982
- Malara Rescarch Centre 102,

12 shamy Nath Marg,

Fyulbi- 154,

hyde} and 2 parts of normal saline. Slide containing
the glands with sporozoites was fixed by running a
few drops of formal safine solution under the
coverslip. After the formal saline had completely
dried, the covershp was removed with the help of
1wo dissecting needles and area containing the
glands was marked by a glass marking pencil. The
formal saline was then washed thoroughly by at
teast three changes of distifled water. For staining,
three drapys of the stock solution of Leishman stain
were added on the marked area of the slide and on
the coverslip containing parts of the glands. It was
allowed 1o act for one minute. Subsequently, the
stain was diluted by adding seven drops of distilied
water. The difuted stain was allowed to act for 30
minutes. During this period, the stain was slowly
agitated with the help of & pasteur pipette to avoid
scum formation. The slide was thoroughly washed
with repeated changes of distilled water till all the
stain deposits had been completely removed. When
dried, permanent mounting was done using the
.0 X. mounting fluid. Uniformly good results
were obtained by using this technique (Fig. 1) and
the loss of the sporozoites was neghgible.
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tig. I Showmg sporozoites coming aut of the salivary glands
of mosguite. {1,400,
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Susceptibility of Anopheles philippinensis 1o

DPDT and Dieldrin in Assam

SODEFTA CHOUDHGRY and P.R. MAL HOTRAY

Susceptibihty of a vector (o insecticides is:an
essential prerequisite in 4 vector control pro-
gramme. Susceptibility of Anapheles philippinensis
Ludlow. an incriminated malaria vector, to DIDT
has been recorded recently from north-castern
region of India (Nawab Singh and Chakraborty,
1979, Sundaram #r @l 1980} In this communica-
tiom, results of susceplibility tests with adults A phi-
lippinensis against diagnostic dosages of DIXT and
dieldrin in Assam, are presented. The studies were
carried out in different months from 197710 {980in
various localities under 12 Primary Health Centres
in Cachar, North-Cachar Hills and Karbi-Anglong
districts of Assam.

Repular spraving of DT had been carried vut
since 195K as per NMEP schedule. Besides DIYT,
HCH had also been carried out in fate sixties and
carly seventies. Modified Plan of Operation was
implemented in Assam from 1977, Since then,
spraying is done on the hasis of Anoual Parasite
Index {API). HCH (50% wdp or 108, dust)is com-
monly used 1 agriculture. Besides HCH, cythion

Avcepred for publication: 14 Januury 1983,

' National Malana Eradication Programme Zone,
Silchar {Assam),

! Defence Research Labaratory,
Terpur-784001 (Assam).

dust (5%} or furadon granules are also used. Liguid
pesticide formuiation (emulsion concentrate)
included dimecron, dursban, malathion and
sumithion,

Susceptibility of adult Anapheles was determined
against 4% DDT and 0.49 dieldrin as per standard
WHO procedure {Anon, 1981). Masquitoes were
expased for one hour and mortalities recorded after
i post-exposure period of 24 hours. All the tests
were carried out under ambient temperature and
relative humidity (AT, 25-31°C, RH 68-89%),
keeping control {or each test,

Results of adult susceptibility tests are summarised
in Table.{. [t is evident from the data that 4.philip-
prinensis adults were highly suseeptible to diagnostic
dosages of DDT and dieldrin. The species was
tound susceptible to PDT in Meghalaya, Arun-
achal Pradesh and some areas of India, bordering
Bangladesh (Rajagopal 1976, Nawab Singh and
Chakraborty, 1979, Sundaram er al. 1980).

it 15 apparent from the results that besides indis-
criminate use of pesticides in public health and
agriculture, especially Tea Estates, so far there isno
selection of resistance in A philippinensis to DDT
and dieldrin. This may be dueto its exophilic nature
and exophagous mode of feeding.
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Tabie |-~ Susceptibility of A. piufippinensis ro DDT and Dieldrin in Assam*

Diistricts PHCs | Pertod DT 4% coacentration Dieldrin .46, concentralion
: Number Percent Number Per cont
exposed mortality ex posed martality
P U | S e
katlicherra i Jni T 100 104 H 1{K}
iidarband : Aug 77 10 100
Snnai : Dec 77 50 100 35 100
1.ala : Jun *78 0 100 BS 100
“idarbond j‘ Jul *78 70 100 40 106
CACHAR Sonai . da - 100 100 45 190
tidarbond Nov 78 35 100 40 1)
falalpur : May '79 4l 130 35 10
Borkhola . Nav '79 30 100 50 10
falalpur . Mar 80 18 106 ) 100
Nilambazar 3 LI 50 100 45 10
NORTH (Gungunj Sep 77 70 100 20 HO
CACHAR der ; Aug '8 in 100 15 00
HILLS {angting : Sep "TR - - 0 0
KARRBI Bokajan . Jun '77 i 100 -
ANGLONG Manja ' Mar '79 n 100 15 ing
Rokajan May 'R0 435 [0 W HOM

* Teuty where control mortahities were 204 or shightly up, have been discarded.
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LoAnanymons P91 Instrachens for determinmg the suscep-
thility ne resistance of adult mosguitoes 10 organochlorine,
arpanophosphlate und earbamate insecticides, Phagnostic iest
WHIY- VB RLENS. (Mimeographed document).

Lo Nawab Singh and 5.0, Chakraborty (1979), Susceptibility of
Anopheles philfippmensisc 1o DD from some areas of India
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Ampaiies noted <o far amrong anopielines are
matnte related to the changes i nunher, colons,
cize and handing of dif{renl external appendages
igenete gpomalies) (Rajagnpal and Chakravarthy,
V00, Wattal er gf, 1960, Wright and Pal, 1967 The
morphological abnormality reported o far

i
givanged the drophelines is the existence of gypan-
dromarphsn {Manson, 19%0Y. This note deals with
the g occurrence of a double headed A culicif
aviey, which 1s the first repart of existence of such an
anomaly in the members of the family Cubeidie
WO, 1963

A ceani from the Repional Ofhoe {or Health and
Farvilv Welfare, Bangalare, had undertaken ron-
tme dntomologicat collzchions in Kolar Phstrict,
Karnataka State, for denttiving the vectors of
malaria and of Japanese Pncephalitis, during Sep-
ternber 19RE In one of their collectinns mad: near
Ganpgunte Primary Health Unit mo Sidlaghata
Promary Health Centre, a female A enficitacies with
tiva heads was noliced  This peculiar anatomical
fuatuce was observed while preparmg the mosguito
tac issectian lor sporosoites, PDuring thiy pacicy-
far arudva total of T35 A eudicifacies was collected
st uf which 221 were saken up for dissection,

icorpued fur prbdiearess U5 Do 1083
Vegpmal O1Tws for Healsh &

“aridy Weidare, Rangalore,

b

Specimen desription (F TR PR T ST { TG SRS A
sirdy was o hve, fully fed. fernale A cuficifacies
SPust, 193wl two heady, Fach head had separ-
are sets af anpendages. The two heads were simidar
- size and shape with perfect hilateral symmetry
fhe heads were placed one helow the other in such a
Sagition that they appeared like mirror images,
foad-1 was n the natural pasition of attachment to
he thorax while Head-2 was placed ventrat to
Head-1, Fhe two heads were facing cach olher

Phere s o stngle tharax and a single, but a larger
abvlomen A seventh Hmb-bad was noticed arising
frapy [he tight fateral aspect of the first abdominal
sepment The legs and wings wore typical of foowl-
cHacws The details of the appendages are given in
Tabde- 1

The speammen had taken a blood meal buttis noi
vaae {rom which head

the specimen was kitled and mounted o a miceos-
copre slide in Canadabalsom. but fater it was
remoeunted i DXL
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fhe aathors are also thankin! o Messrs. V. RBainsu-
Sramaniam amnd Y. Augustine Avumapaady, Senior
bechmicne of the Regianal Office for Health ard
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e Deld.
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Fig. i+ Whnie speamen of A cufieifaces showing two heads
with separate mouth parts. tH, Head one - normally sitnated
head. B, Head two  ventratty situated head).
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Tabie t - esenpion of the apeamen,

Head - 0

P Srygre o the Head
kR Meck
A Halne

3] Type

W) Sepments
i Banding

1, ooy

e

ap Tyre
A Sepments

i Capngtamd e

s Loadsbowas in the

Head -2

From the Anterodorsal
aspeet of the thorax
inoemally situatedY.

Ihsimnctiy seen.

berade

Vhere

Tvprietl of A wicdacics
Hotly the prohoscis were of
syual lrnpth

Female
Trght 9 sepmenis
teft b4 segments

fsrien | vaireed v}

o na!

normal head pasition whele Head-2

fleactad o the mirrar gy positiog
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b
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Mo TP CT9REL A gy naa dromns phoan brgidiees Do

Seosgrernes Newns vobo Jib Noo bopn MDA,

ToPurs, M IR CSvneptic table Tor the enificaton of
Anopheime mosguetoes of India™ (ded Py Flealth Bulletn

Sf

oand #$OF Chakoavartha, S 18960 “Record: of

ffere”

Noo P Muanaper of Publicadtens, Pethe, ppo TH

Raaponnl,
Maorphalogivai vanakions in 4 gl Vap de

Ohaithwl”
A vrattal i34

Wil ooar

From the Anteraventral
1zpect of the protisracic
FRTOT

Eenbedded inthe soff tissues
nf the thorax and is presens
“etween the anterior pair of
s,

remale
“hree
Yupieal of 40wl aens

Versaie sshione hared ivped
fipght % segments
Loft 14 segments

Normal

1oaian mlaced ventrally to
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N L KRalra, and M1 Mamwmen, | Yoty ihses -

satiens on certaio o phologica! shnocmalities i tweniy spe-
Ses ol Indian Anophelives™ Jad our Mal 14: 3 pp. 291-310
s WHG 1963 Perminology of Mataro and o Malaria Eradi
cattan-Renorg of 3 Drafring Comastier
Ao Rging PWoand TEOPSE 196873 CGeneties of Trvea Vector of
Dimeases” (b BdO) Dlsevier Publishing Campany,

v
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Novies Jor Coninbutors

Dl esbdes e of Sabanoiegy ooy oied ioine pubiicanons i anignat seseds vl wieh contribiey
spmficantlv 1o (he knowledge in any ficld of malanology. Papess ol routine ind repetitive aature degling with

aass ebvervations may pot he inchided,

* SAyouecripts shontd be sentin tiphicate to the Ediror, indian Journai ol Matarobagy, Mitlaria Rescavch
e 22 Sham Wath Mare, Delhy (10054 Manusoript once sent Lo this jonrnas implize that 38 poi under

cunsideration for publication ta any other Jouinal

1

Loqcictkes wilt he preblished ar the cdtor’s diseretion inthe order gecepred Dhate o geeepramre will seiha
poe an witeh cops s oaceepted in final form fm publication,

4 Phe manuseript should he typewriten in Foglish in donble space onane side of the paper, Pages shold
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fear and lettered in Indiar ink . In case of photographs, good guality picteres shanid e provided. Both line
iraings and photographs should besentin duphicate, dulvsupplied with fegends and separsted from the text

RIS

At aitocated 1o secttonys af the texte

Fre: fvtevaaieonal system of enits (51 Umtsi showdd bo vsed for all measuvensents, eFimdiv see WHO
daoiwarion, Fhe ST for the Health Professiongl, WHI, Geneva 19770

. tiier showld providea shiort title to beansed as running ttde of aof maore Seen S-owaords o case she nirje
it T paper ts bong.

T Relerences inthe text may be oited as Sharma e of (8970 o1 iMount e ol 15972 Coombes s 1978
Siount e 2d . 1974 The references 1o the paper accepted Tor publication. the ward ‘in press” should appesr
aiter the e of the perindical. The reference to ihe unpublisbed work should not be includad norhe s o
seeukd be jpcorporated in the tex dsell tep. R.G Roy, unpublished data oo % Pattanaval, personal
snumaieation). 1 the referenee tsto an article published withoutany authorship i a pertodical. in place of
author's name thi tevm "Anonvmous” shoukd be used

P of Pepedieais eited in the references are (o he abbreviated as on ovhe Woirld Py o Scieneifie
Sperporddteads, ik edition, 1964

Reterence of the teratnre, arranged alphabeticatly, and numbered consecerveb . muse be placed a1 the
cand af the paper The following procedure may he (oflowed.

‘reneprel fapers
dlaryre, Y90 Bhanimaiion U aarihme tesdsies o dhemoneriised srosginnoes. Mot 261 hanar 115,

sinars, M OA VP Sharme and ROE Hazdan (1978 Muss ceaning procedures {or dnepreies sfepitensi | oiston, SO0 £, T2

LTt 1L
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Paper resented te Synipacined Conferenes

Subbaran, &
dre jereetie b pmsect discases vectals, Bellagio, Haiy, 26-24 April 1981

L Ovmspdieance ins ammpatifidin fmmvonidtueys. Yaper neesciied fo e cmierpetrongd semposinm on recenl developimontsn

“heart notes should be prepared tna manner sinnifar to the research papers and will bave title, name(s) of

aineris) with address of Inspifute Datversty as footnies, acboowledgement and references.

4 Meviews would be published of the wvited papers ondy, Boop teviews may be published at the end of
HT AL
o) Gatley proofe of the avtieles will be sentiothe aatcers for correcnuon., Carrected proofs must be returned
grectpiy 1o the editor or elve the articls wit nou be printed in the carrent isage or mav be printed as it stands.
“Eoitepronts will he matled fo the semos amnor, Tweniviive reprints will be supplied free of charge to singfs
auton and thirty far pnd authors to ke distobmed on equal hass, Sdditional reponts may he ordered on
gavment wher the pros’s are retorned. A reprint onder foom wilt be supplied with the proofs.

Nate A correspondence regarding contribution and yohseviption should be addressed (o the Edtor, Tadian Journal of Malariolopy,
230 Sham MNath Moarg Delhi-1H) 084
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