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The Interaction of Drugs and Immunity in Malaria

W. PETERS!

INTRODUCTION

This oration® is given every year to perpetuate the
memory of Dr Arun Kumar Banerjee, a brilliant
young scientist who, in the 1950%, helped to
establish the discipline of immunology in this
famous Institute but who, sadly, died in 1962 at
the premature age of 34 without having time to
see his efforts come to fruition. Fhis year, 1980,
also commemeorates the Centenary of the discov-
ery by the French doctor Charles Louis Alp-
honse Laveran, working in Algeria of an
organism causing malarial fever, an organism
that we now call Plasmodium falciparum. Eight-
een years iater, here in Calcutta, Ronald Ross
made the first observation of the development of
a malarial parasite in a mosquito, infact a paras-
ite of hirds, and the story of the malaria life cycle
was all but complete.

Malara as a cause of human suffering has in this
century resolutely defied all =fforts at its control
and India in particular has been seeing a massive
resurgence of this disease in spite of a decade of
allempts to interupt its transmission. From a
mere (00,000 cases in 1965 the numbers rose as
high as 6.4 million by 1976 and still several

Acrepted for publication: 9 November 83
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million Indian people are afflicted by malaria
today (Anonymous, [976).

Over the past decade considerable advances have
been made both in our understanding of the
immunological responses of the mammalian
host to invasion by malarin parasites and in the
search for new antimalarial drugs. It seemed to
me fitting, thercfore, to marry the two topics
today and to consider some aspects of the inter-
face between drugs and immunity in relation to
future strategy for the control of this devastating
disease.

GENERAL NATURE OF IMMUNITY IN MALARIA

Narural Immunity: Natural or innate immunity
1o malama is based initially on geneticaily inher-
ited characteristics both of the parasites and the
hosts. Species specificity has long been recog-
nised in the genus Plasmodium, the blood stages
of Plasmodium falciparum of man, for example,
not being infective to rhesus monkeys. However,
several unexpected facts have emerged from
recent studies. Firstly. it is possible under certain
cireumstances to infect host species other than

_ those normally infected in Nature. Scveral spe-

cies of South American monkeys, for example,
are susceptible to P. falciparum if inoculated
with infected human blaod. One specie, 4otus
trivirgarus, ‘has proved of immense valuve for

*QOration delivered st Institute of Postgraduate Medical Education and R esearch, Celeutta, i6 January, 1980,
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investigations  of  experimental  antrmatarial
drugs, and of protective vaccines against this
parasite. Conversely, man insusceptible to infec-
tion with P. cynomolgi bastignellii and P. know-
lesi of the rhesus monkey which may indeed give
rise occasionally 1o zoenouc infections in man in
Asia.

Species specificity appears to be stricter in refa-
tion to the infection of red biood cells by the
erythrocytic stages of Plasmodium than is the
case with the pre-erythrocytic stages in the jiver,
It has been shown, for example, that sporozoites
of P. vinckei of the African trec ral Thamnomys
surdaster can readily ipvade the livers of abnor-
mal hosts such as the cotlon rat (Bafort, 1971).
The liver schizonts mature but the subseguent
generation of erythrocytic parasites fail to estab-
lish itself in the crythrocytes of the abnormal
host. Moreover, hepatic schizonts of P. berghei
deveiop (at least partially) in tissue cubures, not
only of rodent cells, but even in thase of birds or
man (Strome et al., 1979).

Erythrocyte speciiwcity is probably related to the
presence of appropriate receptors onthe erythro-
cyte surface membrane, receptors which match
ihose of the surface of the mernzoite and permit
the latter to aftach 10 and invagmate red cells of
the correct host species. 11 has recently been dem-
onstrated that the insusceptihility of people of
Negro origin to P vivgx is associated with a
deficiency of the Duffy antigen oo the surface of
their ervthrocytes (Miller et al., 1976). Experi-
mentally, a line of albino mice was selected by
indian workers that were relatively resistant to
P. bergher, bui the mechanisms of this resistance
were not determined (Ramaknshnan et al,
1964).

Apart from these factors, a number of genetically
determined characteristics of human blood are
helieved to bhestow some degree of innate resis-
tance against infection with malaria parasites or
at least to offer a selective advantage to such
individusals. Thus the presence of the gickle-cell

trait at high levels in holoendemic areas of mala-
na in Africa i1s believed to have been selected for
by the paradoxical advantage that this trait pro-
vides in the face of heavy and continuous chal-
icnge by P fulciparum, the trophozoites of which
cannet grow as well in HbS as in normal red cells
comaining HbA. This hypothesis has recently
gained suppoit from in vitre studies that show
how rapidly HbAS containing erythrocytes are
sickied in the presence of very young P. falcipa-
rium trophozeites (Roth er al, 1978). HbF and
certain types of GOPD) deficiency may also offer
a selective advantage in areas highly endemic for
F. falciparum and 1t has recently heen suggested
that a low level of red-cell pyridoxal kinase may
e a further advantageous factor in West Africa
(Martin e al.. 1978). A comparison of the sever-
ity of illness in American whites and blacks
infected with P. falciparum in Vietnam indicated
thalt the latter suffered relatively less for the same
level of parasitaemia and responded better to
equivalent chemotherapy (Powell er af., 1972). It
was suggested that this may have been associated
with a relatively low red—cell ATP level in Ameri-
van Negroes, One net result of a relative toler-
ance by Africans of P, falciparum infections may
be the fatfure until recently of chloroquine to
select mutants of this parasite which are resistans
{Fig. 1)10 4-aminoquinolines (Peters, 1969} and
{Hall and Canfield, 1972). This prablem is only
now beginning to appear in Africa, some 20 vears
after it was first recognised in Southeast Asia and
the New World (Campbel! es al,, 1979).

Avquired Immuniny:. While most work on spo-
rozoite vaccination has demonstrated that pro-
tective amti-sparozaite antithodies can be induced
in animai models and in man, demonstrable tev-
els of such antibodies have not vet been found in
man even in a highly endemic part of West Africa
(Bray, 1978). It seems likely that acquired
immunity to the erythrocytic stages ol Plasmo-
dium is the most important survival {actor in
man in Nature, but debate still rages around the
relative importance of the roles of cellular and
humoral mechamsms in this phenomenon
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Fig. 1. A schemalic comparison of the effect of different
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these on parasite survival. Drug A is a compound such as
chloroguine, Drug B one such as pyrimethamine. Resistance
cun emerge much more readily 1o Drug A, (Pecers, 1969).
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{Cohen, 1979). That both are involved 15 now
quite clear. In rhesus monkeys infected with P
knewlesi the levels of which are suppressed by
chemotherapy, for example, 1gG (and 1gM)
antibodies develop which are capabie of block-
ing the merozoite invasion of new red cells
(Cohen, 1979). Moreover, developing trophozo-
tes in mouse erythrocyies that are already
infected with P. berghei are killed by serum fac-
tors other than immunoglobulin. The nature of
these factors which appear to be common to
serveral intra-erythrocytic protozoa {c.g. Babe-
sig) has not yet been defined although a parallel
has been drawn with them and endotoxin (Clark,
1978). Merozoite-inhibitory entibody, on the
other hand, is species specific, and its production
is facilitated by helper T-cells. Splenectomy
increases the susceptibility to malaria infection.
Paradoxically the presence of malaria parasitae-
mia has an immunodepressive effect which may
be one factor underlying the high level of susce-
ptibility of the inhabitants of highly malarious
areas 1o intercurrent infections such as measles
(Greenwood et al., 1972) and (Williamson eral.,
1978). This phenomenon may be cavsed by the
activation of suppressor cells by lymphocyte mito-
gens released, possibly from infected red cells,
during the course of malaria infection. A similar
phenomenon has been observed in trypanosomi-
asis and may be 2 means for enhancing parasite
survival. Nevertheless, a cellular immune
response has been clearly demonstrated in mala-
ria by numerous investigators and the phago-
cytic clearance of merozoites and parasite debris
from disrupted schizont-containing erythrocytes
is accompanied by an active segregation in the
spleen and other reticulo-endothelial tissues of
some uninfected, as well as infected intact red
cells,

In addition to the serum [actor atready menti-
oned there is now good evidence that interferon,
too, plays a role in hmiting the multiplication
both of pre-erythrocytic (Jahiel er al., 1969} and
erythrocytic stages (Sauvager and Fauconmier,
1978) of, at least, rodent malaria parasites.

The cumulative result of the vanous mechanisms
that come into operation during the course of
naturally acquired human malaria infections is
that the survivors among the infected population
may he able to resist further natural challenges
by mosquitoes infected with the same Plasmo-
ditum species and strains. Maoreover, tn such
semi-immune people gametocyte formation 1s
suppressed, and anti-pamete antibodies may be
present to offera further hindrance to continuing
transmission. However, in the absence of
repeated challenge, infection with P. falciparum
usually dies out within about one year, and with
P. vivax in about 3 years, a factor which is
reflected by a decreasing titre of IgG antibodies
(Collins et al., 1968). By contrast, P. malariae
may persist for decades. A recent longitudinal
survey of Nigerians made before, during a period
of malaria control by drugs and insecticides, and
following the arrest of coatrol operations,
showed clearly, compared with unprotected con-
trols, a significant drop in antibody titres by the
IFAT against P. fulciparum at all ages after 16
months of protection, but mainly in the younger
age groups and teenagers against P. malarige
(Brdgger et al., 1978).

Finally, it must not be forgotten that chronic
infection with P. malariae, if not with other spe-
cies, may result in immune complex formation
resulting in the development of malarial nephro-
sis or a peculiar type of chronic and massive
splenomegaly (“big spleen disease™).

MODE OF ACTION OF ANTIMALARIAL DRUGS

Antiparasitic action: The antimalarial drugs
(Fig. 2} that are generally available today fall
inte several distinct groups, each with their own
mode of action (Peters, 1970} and (Peters and
Howells, 1978). Much credit must be given here
to the pioneering studies of Indian investigators
at the famous Malaria Institute of India, now of
course reformed as the National Institute for
Communicable Diseases in Delhi.
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4-aminoguinolines. Fhe most widely used 4-
aminoguinotine is chloroquine, a potent and
rapidly acting drug that inhibits the prowth of,
and may eventually kifl the asexual intraerythro-
cytic stages of all human Plasmodium species. 1t
also has a limited action on gametocytes of P,
vivax, P. ovale and P. malarige, but only on very
young gametocytes of P. falciparum. Chloro-
guine and another commonly used 4-
aminoguinoline, amodiaquine, have no action
on the pre or secondary exoerythrocytic stages
in the liver, and are thus neither causal prophy-
lactics nor anti-relapse drugs,

While tliese compounds possess complex phar-
macological properties, their specific mode of
action against malacia parasites is still not clear.
Within a short time of exposure 1o chlorogquine

(30 ro 40 minutes) distinct morphotogical
changes may be observed in the parasites. nota-
bly a coarsening and then clumping of the fine
granules of malaria pigment (haemozoin. a pig-
ment end-product of haemaglobin digestion by
the parasite, Fig. 3). This change is associated
with a high degree of concentration of the drug
within the parasitised erythrocintes by a mecha-
nism that so far eludes our understanding (War-
hurst and Thomas, 1975).

Quinine and synrhetic gquinine analogues: Qui-
nine is the oldest known chemotherapeutic agemt
and its potent antimalarial propertics have heen
recognised and exploited for some 400 years. The
spectrum of action against the different stages
and species of the malaria parasite is essentially
tle same as that of the 4-aminoguinolines. How-
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Figo 40 Achion ob imeflooune on imalarial pigmene o P
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ever. undtke the latier, guinime and ity modern
syathetic analogue wwflogume {a  4-quino-
lincmethanot  some  hundred times more
pulent than quinine) produce quite differen
morphological changes in the parasites. These
effects are characterised by a disturbance of
intza-parasitic membranes, and a  peculiar
clumping and appareni dissolution of the hae-
mozoin granules. The main difference, however,
between the two types of compounds is that yui-
nine retains its effectivencss agatnst strams of 2.
Sfalciparunt that are resistant to chloroguine, and
can therefore be used to treat patients who are
uifected with such parasiies (Fig. 4).

S-aminoguinclines: Primaguine, the most
widely used of this group, possesses a brosd
specturm of activity and indeed has some inhibi-
tory effect on all stages of the parasites in

appropriate concentrations. These drugs are,
however, toxic and primaquine itself has a very
short hatf-life in the body (Bruce-Chwalt er al.,
1981), 50 that this double handicap prohibits its
nse Tor ali hut two indications. Given over a
period of 5 to 14 days, primaquine will effect a
radical cure of vivax or ovale malaria in a high
propartion of patients. This means that it is able
to destroy the stages of the parasiie that are
responsible for the production of true vivax
refapses, the so-called secondary exo-
erythrocytic schizonts. Experiments being car-
ried out at this moment by Garnham and his
colleagues (Krotoski er ai., 1980) indicate that
the origin of these forms may in {act be a special
wype of sporozoite, the “hypnozoite™. 1t is postu-
fated that this type of sporozoite, injected with
the original infective inocelum by the Anopheles
maosquito, remains dormant lor months or even
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years before commencing development, and giv-
ing rise to the next crop successively ol exe-
erythrocytic schizonts, then erythrocyte-invad-
ing merozoites. Where such hypothetical
“hypnozoites” are located, and what immuno-
logical factors may regulate their dormancy and
reaclivation remains fo be clarified. What does
seem likely, however, is that primaguine has the
ability to kill them, and so stop their further
maturation.

The precise mode of action of primaquine
aganst human malaria parasites is unknown. It
is speculated that either the parent compound, or
an active metabolite may intervene in mitochon-
drial respiratory activities of the parasites by an
action on parasite ubiguinones. The fact thatthe
ubiguinones utilised by Plasmodium are differ-
ent from those that are used by the host may offer
a point at which a differential toxicity of prima-
guine may come into effect, What is known is
that primaquine produces marked ultra-

20, DECEMBER (983

structural changes in the mitochondria both of
the asexual stages of the rodent parasite P.
herghei, and the exoerythrocylic merozoites of
the avian parasite P. falfax. Moreover, a single
dose of primaquine renders sterile the gameto-
cytes of Plasmodium, a phenomenon that has
been shown ciearly in P poelii in mice and P.
Jalciparum in man. Interestingly, primaguine
does not have a direct action on sporogony inthe
mosquito, and this has been taken to indicate
that it must first undergo transformation to an
aclive metabolite in the mammaiian host, but
that such activation does not occur in the mos-
quito (Peters and Howells, 1978).

Inhibitors of purine metabolism (Fig. 5): Malaria
parasites, like many bacteria, cannot utilise pre-
formed purines and therefore possess the range
of enzymes necessary for their synthesis from
basic metabolites. One of the starting materials
is p-aminchenzoic acid (PABA} which is
first converted to dihydrofolate, and thence to

: CHj3 NH2 o NH2
/ D g
Cl NH-C-NH-C-NH-CH Cl Na N
b en 25
NH NH 3 CHz CH2
proguanil cycloguanil
—@-—sogm—}_“ {_}-g/t\)_nnz
CH3 OH3 CoHg
sulphadoxine pyrimethamine

Fig. 5: Structuresof some drugs that interfore with early stages of punne metabolism.
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1etrahiydrofolate by the mediation of the enzyme
dihydrofolate reductase (DHFR). The conden-
sation of PABA with pieridine is antagonised by
sulphonamides and sufphones. The antimalar-
lals proguani! and pyrimethamine bhind to ang
inactivate DHFR. Either type of intervention
results in an inhibition of purine synthesis which,
in turn, blocks nucieic acid synthesis and-nuclear
division of the parasites at schizogony. Use of
both a sulphonamide and 2 DHFR inhibitor
leads to sequential blockage of the two synthetic
processes and a very high degree of drug
potentiation, -

Understandably, therefore, suiphonamides and
DHFR inhibitors possess a broad spectrum of
activity against the different stages and species of
the malaria parasites, and the latter have proved
to be highly effective causal prophylactics
against many Plasmodium species, good but
slowly acting blaod schizontocides and true spo-
rontocidal drugs, Proguanil itself hastittle inher-
ent activity but is rapidly converted in the liver to
its active triazine metabolite, eyclogoanil. The
level of sensitivity of the different human malaria
parasites to all thesc agents varies somewhat, P.
vivax liver stages especially being relatively
unresponsive to pyrimethamine, and even more
so 1o silphonamides.

These compounds used individually may indeed
lead to an inhibition but not a complete arrest of
development of pre-erythrocytic schizogony.
However, the potentiating effect of suitable com-
binations may be sufficient 10 overcome this
obstacle, provided that the parasites have not
devejoped resistance to one or other componest,
The failure of Fansidar in Thailand 10 control P,

vivax may be due, for example, to the local

strains having become resistant to the pyrime-
thamine component of this combination, while
never having been inherently sensitive to the sul-
phonamide component. The relative faslure of
sulphonamides may be due to the ability of the
developing pre-erythrocytic schizont to bypass
the synthetic step which thesc components block,

ar to a falure of sulphonamides 10 penetrate the
parasites in sufficiently high cancentration. It
would be interesting to see whether targetting a
sulphonamide by incorporating it in an approp-
riate lysosomotropic carrier such as a liposome
would enhance its activity against the liver
stages, as has been shown to be the case with
primaguine {Ptrson ef al., 1379).

The fundamentat point 10 note in reiation to all
the compounds described above is that they do
not, by themselves, cure the patiens. it will be
shawn later that an active immune response on
the host's side is an cssential component of the
elimination of the parasites from the body. and
that drugs alone will not cure an immunode-
prived host except in unacceptably high dosage.
it has been postulated that some drugs, for
example chloroquine, may influence the
response of the invading merozoites to specific
receptors on new erythrocyte host cels, but if
this is 50 it does not appear to be of major signifi-
cance in the practical application of such che-
motherapeutic agents.

Suppression of Cellular Immunity: 1t has long
been known that chloroguine in sujtable concen-
iration will depress several types of lymphocyte
response to antigenic stimuli such as phytohae-
magglutinin or streptolysin (Hurvitz and Hir-
schorn, 1965}, It may also inactivate haemolytic
amboceptors and block other autcimmune
responses, One mechanism by which this action
may be brought about is the stabilising effect that
chioroquine has on Iysosomal membranes,
These propesties of chloroguine. other 4-
aminoquinelines and mepacrine were exploited
in the treatment of a variety of anto-immune
collagen diseases in which they produced a simi-
lar benefit to corticosteroids, but without the
undesirable stde effects of the latter. Today, how-
ever, these antimalarnials are Tittle used in these
indications becaunse of their tendency to accumu-
late in the eve where they may cause retmiis.
Recently, it has been shown that primaquine,
quinine and the guinine-like mefloquine (Thong
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et al.,1979) also inhibit mitogen-induced proli-
ferative lymphocyte responses, but enly in con-
centrations significantly higher than these
employed in the treatment of malaria.

EFFECT OF IMMUNOSUPPRESSION ON THE
COURSE OF A MALARIA INFECTION

While it might be supposed that a reduction of
phagocytic activity by the application of drugs
that suppress cellular immunity would resuit in
an enhanced parasitacmnia, this has not always
proved to be the case. Cortisone may actually
potentiate the antimalarial action of chlorogquine
or mepacrine against . gaffinaceum in chicks,
and enhance gametopenesis in P. berghei in mice
{Tandon and Bhattacharya, 1970). Betametha-
sone, by depressing reticulocytosis in mice,
depresses an infection with P. yoelii (an obliga-
tory parasite of reticulocytes) but enhances P.
chabaudi {which lives in mature erythrocytes) by
its inhibitory action on phagacytes (Cox. [974).
Conversely, the stimulation of the reticulo-
cndothelial system by steroids, such as diethyl-
stilhoestrol, alone (Bliznakov, 1971} or in
combination with chloroguine may also increase
the survival of mice infected with P. berghei.
While there is clearly a balance, certainly dose-

dependent, between the harmful and the benefi- -

cial effects of immuno-depressant agents, the
antimalanal dosage of such drugs as chloroquine
lies well to the beneficiai side of the balance.

CLINICAL INTERACTION OF DRUGS AND
IMMUNITY

From early in this century it was recogmised that
guinine was more effective against P. vivaxifthe
patient was allowed to pass througha lew parox-
ysms of fever before he was treated. These obser-
vations were confirmed n detailed studies on
neurosyphilitic patients receiving malariother-
apy (Yorke, 1925}, and recently in mice infected
with P. berghei that were treated with chloro-
guine {(Golenser er af., 1978). Conversely, gui-
nine was shown to be relatively ineffective in £,

knowlesi-infected rhesus monkeys that had been
splenectomised (Nauck, 1934) and in bursectom-
ised P pallinaceum-infected chickens (Talia-
ferro, 1948). On the other hand, some Italian
workers suggested that acquired immunity influ-
enced in a positive way not the intensity of the
response of P. falciparum but the speed of its
response to guinine therapy. Immunosuppressed
animals, on the contrary (e.g. P. chabaudi-
infected mice), need higher doses of drugs to
effect a cure (Lwin ef al., 1979).

Some doubt sull envelops the question of
whether immunity to malaria can be a true sterile
immunity, or is of the type known as premunity,
where a few surviving parasites serve as a contin-
ving low-grade antigenic stimulus. Sulphanifa-
mide treatment of P. knowlesi infection in the
rhesus, for example, is said to produce a sterile
immunity (Coggeshall, 1938). This may also
occur in chioroguine treated P. berghei-infected
mice (Laperre, 1954), and certainly does in P.
vinckei-infected mice. The interdependence af
the level of acquired immunity and the effective
drug dose was clearly shown in P. gallinaceumn
infections of chicks treaied with quinine (Talia-
ferro and Taliaferro, 1949) or a naphthoguinone
(Clarke and Theiler, 1948) . Neither drug was
found 1o kilf the exo-erythrocytic tissue forms of
this parasite, although the latter compound did
wnhibit their growth. Coulston and Huff as long
ago as 1948 (long before the age of liposomes)
made what may prove to be a prophetic siate-
ment that--"the indication is strong that a really
zaod suppressive may in fact have prophylactic
potentialities. 1t is not inconceivable, if quinine
could be placed strategically in the host cells ol
the pre-erythrocytic stages, that this drug might
act as a causal prophylactic in the same sense as
sulphadiazine” {Coulston and Huff, 1948).

Recent work at Lucknow has demonstrated the
same dependence of chioroquine on acquired
ymmunity to give a radical cure of P. knowlesi
infections in rhesus monkeys that we saw earlier
with quinine {(Dutta and- Singh, 1978). In mice
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fhe mmeempliete suppression of P Pergler mtec-
von hy means of a PARBA-delicient midk diet
permiis  the active acquisition of immunity
{facob and Kretschmar, 1962). Similarly, the
ireatment with chioroguine of patients imfected
with a mildly chloroguine-resistant strain of P,
faleiparam may permit theny to acgwre a high
level of immunity bul not a4 tadical curc, the net
result being that they become asymplomatic car-
riers of asexuval parasites and, more importantly,
iective gametoeytes (Rieckmann, 1970). There
is indeed evidence that the continued exposuse of
such isfections to chloroguine may actually
enhince the infectivity of these gametoeyics 1o
anopheline wvectors (Ramkaran and  Peters,
LAY,

PRACEHCAL PMPLICALTIONS OF THE LEVEL OF
COMMUNAL IMMUENITY FOR CHEMOTHERATY
N MALAREA CONTROL

Wheilier we atre taliing oF expatnaies ineom-
pletely cured of thenr infections who have
acquired a high level of premunity to P falcipa-
rpr. oF indigenons comnuntties wha have both
iherited and acyuirad a high degree ol telerance
vo their pardsites, it 1s well known thata clinicad
cure can readily be achieved by guite small doses
of antimalarial drugs. This the standard recom-
mended adult dose of chivroyguine for the pre-
sumptive treatment of {alciparum or vivax
malaria tn semi-timmune adolis recommended by
W HO (Bruce-Chwatt er al.. 1981 is 00 mg base,
with  correspondingly  less far younger age
groups. Following a peniod of malania control,
Tale b Chloroguine desage far Fanzanizn children
tPringle and [ ape, E956).

Place Year CEp

Muhera 156 20 mg
" 1960 2T mp
{innthero 1965 o 47T my
a8 mp

(713 = dose in mg; kg body weight required 1o clear piras-
wemia in 506 of children).

amd ds e devel af armuinty m o the populanion
1alls (especially in the youngest age groups), a
nigher drug dosage is needed to achieve clinical
cure, This has been noted, {or example, with
cittaraguine 1 Fast Afriea (Pringle and Tane,
66) and pyrimethamine in Pakistan (Afrid
Goud Ralom, 1962} Partly anccdotat evidence sug-
gesls that the same phenomenon is being
ahserved in parts of India where some physicians
fast to achieve complete suppression of acme
vivax malana with a single adult dose of 600mg
chioroguine base. Nor can the old routine of
siving § days’trearment with primaquine yield as
high a proportian of radical cures of £, vivgr
infection as in former rimes{Sharma er af,, 1973}
A osintiar prablem has been noted in P falcipa-
remr presumptive radical therapy with chloro-
yuine in Karnataka State (Roy ef #/.,1977). In
the renewed campaign that has been launched to
cantrol malaria in India tus problem bas not, 1
feel, received adeguate attention.

Poday we hear miueh of the possible role of vacei-
nation n bringing malara under control, hut
fortunately the wisdom and experience of the
surviving fathers of makariology in vour country
will nol pernmit them o be misled o putimg all
their eaps in the vacoimation basket (Ray, 1977).
A roral, myltipronged attack must be made on
the problem, taking inte account control of the
vectors of the parasites and of the hosts.

Before any vaccine, i and when it becomes avail-
abbe g decade or two hence s applied 1o protect
e human papulation, 1 will beabsolurely vital
to pive mpch Ferethought 1o the integrated role
al antimlanal drugs plus she artificial vaccina-
tion procedures betore launching into the cam-
patign. Perhaps some of the ideas proposed in this
paper will help guide.our thoughts in the right
direction,

SUMMARY

Naturdi passive onmunity (o malana has long
been known, but the moleeular factors mvolved
are onlty just being recognised. Withina receptive
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host, immumity is actively acginred through a
complex mnterplay of humoral and celiular fac-
tars, and an unfortunate combimation of these
<an lead to various immunopathological changes
i the host

Antimatariad drugs i curcent use Interfere with
the metabolism of the parasites. Some such as
proguam! and pynmethamine block folale
metabolism, resulting in the arrest of maturation
ai' the intra~crythrocylic schizonts. Chloroguine
and mepdcrine interfere in 2 manner as yel unde-
tined with the parasites” ability todigest host-ce/!
iaemoglobin, Quinine and the new quinine ana-
fogue, mefloquine, also interfere with haemo-
plabin digestion, but by a dilferent mechanism.
Primaguine Mocks rmitochondrial function mail
the developmental stages of the parasites, None
ol these drugs actually kills the parasites at the
surt of conceptration that they reach in human
Mood and tissues. It s the interaction of fhe
host’s immune processes with the drugs thal
sctuaily removes the parasites [rom the cireula-
tion and destroys them. n the process antigens
are formed which, in turp, serve as the stimulanis
vy enhance host immunity still further, Some of
the antimalanals in high doses may actoally have
an ymmunosuppressive action.

Hocan readily be shown than an immunodeprived
animal is notl cured by antimalarial drugs, or at
feast needs abnormaily high doses w0 recover.
Similarly, a human population such as the
vounger generation of Indians, growing up in a
relatively mahiria-free ecnvironment. may now
reguire unusually high doses of drugs to cure
them when they do become infected with malaria
1n later life, as during the corrent epidemic.

Any future strategy for the contrel of malaria
must take into account the need to exploit the
possibility of boosting the active acyuisition of
immunity, lor example by the use of vaccines, hy
the judicious use of appropriate drugs.
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Influence of Dietary Protein Restriction on Plasmiodium

herghei Infection in Rats

A BHADNIA and V. K. VINAYAK!

Chitconie ol malaog miscion g mmanelog.cal response towands Plasenodicem bergher antigen was
studied in protein malnourished {867 protein isocaloric dict fed) or protein calovie malnourished (B% protein
fow caloric diet fed) rats. Controt mts were either given ad lthitum dien {1 8% protein) or were pair fed. None
uf the animals from protein calorie mainourished group developed patent parasitacinia. The percentage
parasitaemia in protein mainaurished growp animals was relatively lower as compared to pair fed controls.
Yhe humerat as well as cellular inmune response was found 1o be altered in the amals ted on protem or
provtein calorie deficient diets. T & B cells cousts decline in animals fod on either 8 percent or 18 percent
protein isocaloric after P herghetinfection, howevee, no change in f cells was ohserved in animals fed on 8
purcent protein low calorie diet. We thus feel that the absence or lower parasivaemia in 8 percen protein fed
animals was not due 1o altered tmmune stawus of host but duee 1o lack of certain essential nutrients required
ror growth and metaholism of parasite.

INTROI CTEON

In recent wears, there has been an upstrpe ol
interest in studying the elfect of variouy dictary
msufficiencies on immune responsiveness of
host. It has hecome increasingly cvident thit
nutritional state of the host plays an importan
role in its susceptibility (o many infections
mcluding parasitic infecnons. The exacerbation
of these infections in malnourished host has been
related to the depregsed state of immunity,
However. in malaria wfections, contradictory
reporls are available, Though malaria infection
has been abserved 1o be severe in immunode-
pressed rats {Brown e af., 1968; Stechschuile,
1969 and Spira et al., 19704 lesser parasitaemia
and lower or delayed moriabity has also been
ohserved sn immunedepressed mice and hims-

Yerepued for publication: V5 Septanbe 34
hvision ol Experimental Patasatologs
Diepartment o Fapenimentit Mediaine,
Postgraduate sninige of Sedical
vancatton and Rescarch Unzndugarh-160 042

ters plected  with  Plaswiadinm berghei
{Sheagrern and Monaco, 1969 Vinavak of ol
1981 and Wright, 1968} In chimeal practice

cerebral malaria has been found te betless proval-
ant ia matnourished children thaa wel) nourished
ones (REdington, 1967 and Hendrickse o7 al.,
1971 ). Some workers irted 10 elucidate the effect
o dictary components on outcome of malaria
(Ramakrishanan, 1954; Ralaat and Bray, 1953
and Platt er al., 1960}, They observed that milk
diet or low protemn diets reduced malana infee-
ton. Recently, Edinsinghe er af. (198]) demon-
strated that outecome of malaria infection s
directty proportional to the proiein m diet. In
theiy experiments the low protein diets were
started on rhe day (w animals were moculated
with P. berghei infection. The present investiga-
tions have thus been carred out to ascertain {a)
the effect of chronic dictary protein insufficiency
ur ¢hronic protein calore nsufficiency on the
outcome of malana infection and {b) the effectof
protein ar protein calone delicient diets on the
mmmuae response of the host 1o P berghes
iHection,
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MATERIAL ANBD METHODS

Animals and Parasite; Wistar sirain ol albino
rats of 4-6 weeks ape were employed Tor the
present study. The animals were housed in separ-
dte cages and were pair fed where necessary,
They were given a known amount of diel and
water ad libitum. The animals were infected with
X107 parasitized red biood cells (PRBCY. The
rercentage parasitaemsa was checked daily in
Giemsa stained tail blood films.

Diets: Two types of diets contarmng 18 percent
protein (casein) or & percenl prolein were pre-
pared. Protein i diet was supplemented with
starch to make it tsocalorie. Animals wereted on
I¥ percent protein or 8 percent prolein isocaloric
of R percent protein Jow caloric diet. Diet formu-
b were as below:

FR%: protein Yti pratein

Casein 180 gm 80 gm
Starch SA8 gm 670 gm
Nalt mix, 0 ogm 4 pgm
Vitaoin mix. 1 gm 1 gm
Coiton seed il #H pm 8 gm
Slspar I gm 130 pm
Cod diver ail ) oumts 20 units

Fioomiv, Pmanine HH) myg, riboflavin 200 my, pyndoxme
HCE 200 pg, Ca Pentorhenate 800 mg, niacin BG ng, Todic
acid 40 mg, biotind mg, Vit. B-120.4 mg, Vit. K 1) mg, Vit
F{S0%) 2.0 g, Inosital 5.0 p, PABA 2.0 g made upto 208
with starch and used in the diet a1 V.05 level,

Maximurmn consumption of dier m the rats (46
weeks old) was 10 gms/rat/ day, Thus, the ani-
mals were initially kept on 10 gms diet/ rat/ day/ in
wociloric groups. Thereafter the diet left over
was reduced in gms from the diet the following
day. Animals fed on Jow caloric diet were given
5 gm of low protein or adequate protein diet/ rat;
day. Six weeks after their maintenance on a
patticular diet, animals were inlecied. The same
diets were continued 6l the end of experiments.
Groups of animaly: The amimals were divided inlo
variols groups acenrding to the type ol the diet
they received,

H), PHICLMBELL LIRS

freep eontrol) (18% prosein diet ad libinam,;

The animals {a=40) of thiy group were fed on
diet containing I8 percent casein and water ad
fbisum for six weeks priovto infection. The same
diet continued alter the infection i) the end of
the experiment,

Crroup I (8% pratein isocadorie ) Animals {o = 25)
of this group were fed on diet containing ¥ per-
cent casemn. Fach animal received 10 gms of diet
ai the start of the experiment. The left aver diet
ways weighed daily and reduced in gms. from the
diet the following day.

Group I (Pair fed) The animals {n=23)
group were pair fed with the animals of group 11,
with the only difference that the diet provided <o
these anmimals contained T8 percent casein.

trroup 1V (Protein calorie malnuiriion or
PCM}) The animals {n=25} of this group were
fed on diel containing 8 percent casein (protein)
and the amount of the dict was reduced to half as
compared to control i.¢. cach animal received 5
gm diet/day.

- . . . L]
Growr ¥ The animals ot this grovpwereled on |5
percent protein dict and were pair fed with group
1V,

Assessment of malnuerition: The status of mal-
nutrition in animals was checked by datly weigh
gain/loss, change in fur and weekly changes in
serum protein and albumin.

Assessment of inumene asatust The immune
responses of the animals were checked before
inoculation of parasite and thereafter at weekly
intervals post infection. The humoral immune
responses were checked by indirect haemaggluti-
nition test (1HA) and counter-current-imntuno-
clectrophoresis (CIEP). The cellular immine
response was checked by leucocyte migration
inhibition {T.M]) test. In addition, T and B cells
vounts were also done.

Ircdiveci haema gglutination test (JHA ) The THA
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was performed by the basie 1echnigques of Meu-
wissen (1974) with a few modifications. The test
was performed in 12X 75 mm tubes using 2.5
percent suspension of sheep red blood cells.
Antigens were prepared from £, berghei infected
erythrocytes (test antigen) or {rom uninfected
erythrocytes (control antigen). Both of these
antigens were prepared by an identical method
1e. freezing and thawing by the technique of
Lunde and Powers (1976). The highest dilution
of serum showing 2 + agglutination with spe-
cific antigen {antigen prepared from infected evy-
throcytes) was taken as an end titre. Control
antigen did not react with any serum.

Counter-curremt  Immune  electrophoresis
(CIEFP): CIEP was performed in 0.75 percent
agarose in veronal buffer pif 8.2, Agarose was
poured on 70 X 25 mm microscopic slides. A
curtent of 5 m A/slide was applied for one hour
thisty minutes, The slides were washed, dried
and stained with 0.} percent amido black.

Lymphoid cell preparation: The spleens of anim-
als were removed, mashed and washed in
medium 199. The lymphocytes were collected
from these suspensions on lymphoprep (1.07 sp.
gr). Lymphocyies were finally suspended in
MEM so as to contain 2 X 105 viable cells/ml.

Determination of T cells; T cells were deter-
mined by the technique of Mysliwskier al. (1977)
with slight modification. Briefly spleen cells sen-
sitized with PHA (10ug/ml) were incubated with
.50 percent SRBC suspension. The suspensions
were kept at 4°C overnight. Rossettes were cnu-
merated in a haemocytometer and expressed as
percentage of the total celi number,

Determination of complement réceptor lympho-
eytes (CRL's). CRL' were determined by the
techniques of Gravely er al. (1976). Briefly it
consists of incubating the lymphoid cells with 5
percent suspension of SRBC(E) sensitized by
rabbit antibody, or Frossman antigen {A) and
mouse complement (C). Rosseties were epumer-
ated in haemocytometer and expressed as per-

cenlage of the total cell number,

Lencocyte migration inhibition test (LM} LM
was performed by following the basic techniques
of Coleman er al. {1976) with a few modifica-
wons. Erythrocytes in spleen cell suspensions
were lysed with 0.85 percent ammoniom chio-
ride. The antigens prepared from infected or
uninfected erythrocytes by the technique of
l.unde and Powers (1976) were employed.

RESULTS

The weight gain or loss by the animals of
groups 1, 1 and s given in Fig. §. Animals of
all these three groups gawned weight, but the
weight gain was significantly higher in group |
(P <005} No significant difference in weight gain
was obtained (P<<0.05) in groups Il or [IL. Animals
of group 1V had a significant fall (P < 0.05) in
body weight but animals of group V gained
weight (Fig. 2). There was a significant decrease
(P < 0.05) in serum albumin and protein in 8
percent protein fed animals{group 1l and [V} but
hardly any change in contral groups (1, Il and
V).

The fur of the animals on low protein diet or low
protein low catoric diet became soily and loose.
Fifty percent of the animals of group 1V (PCM)
showed loss of tur also. -

Parasiraemia: The percentage parasitaemia
developed by ammals is shown in Fig. 3. The
prepatent period in groups |, 11, 11} and V was
identical ie, 2 davs. The animals of group |
developed a peak parasitacmia of 31 £6 percent
and of group 1 28 %5 percent. The peak parasi-
taemia of group [T and V was 184 percent and
20+2.3 percent respectively. The parasitaemia
tevels in animals amongst group 1l remained at
lower levels as compared to animals of groups I,
IH and V throughout the period of patency,
However, parasitagmias in these groups of anim-
als was not significantly (P->0.05) different.
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The parasite rermained patent for 14 days, |7
days, 21 days and 19 days respectively in groups
11, 11 and V. None of the animals of group IV
{PCM)} showed patent parasitaenia during the
course of mfection,

Humearal Ilnvnune  Response: The humoral
smmune respanse as demonstrated by 1HA and
CIEP 1s given in Fahle 2. Yhe animals of groups
1, i1, TH and V had increased haemagglutinin
titres with the increase in parasitaemia. This rela-
tron was maimaiped upto a certain limit. The
dectine of parasitaemia had no effect on the
antibody levels. Comparing the anti-malaria
antibody levels amangst animals of groups .11,
1T and V. it was oblained that animals of group
t} had tendency to have lowest levels of antibo-
sdies. Interestingly, none of the animals of group
1V (PCM} had haemapplutinin in serum. The
precipiting also bebaved similarly {Table 1),

Celliular  formune  Kesponse: The cellular
anmune status of all the groups as measured by
i M1is givenin Table 2. Yo significant difference
(P> 0.05) inpereend 1M was observed in group
t, 1M and V. The animals of groups 1T and IV had
significantly Tower pereent 1M1 (P<0.05) dur-
:ng the course of infection and also after the
<learance of infection from blood.

Fhe 1 and B cell counts of animais of ull the
arvips 18 shown in Fable 20 Inthe group [ 1he
:nean T and B eell connts ot the uninfected amim-
afs were 4327 and 336 respectively, Groups TI
and TV showed decreased T cell counts prior to
mmfection as compared 1o group [ {P<{0.05)}. No
significant difference in 7 or B counts in groups
i1 and V was observed prior to inoculation of
narasite (P> 0.05).

e counts of T oas well as B cells decrcased
gradually with Increasing parasitacmia 2nd had a
tendency to increase after the clearance of paras-

ite i hlood. This was obsecved in ali groups but
group 1V animals, i which none of the animals
developed patent parasite.

The T celt counts of group 1V infected animals
were signiticantly lower as compared to infected
astmais of groups | and V during the course of
infection. However, these animals kad higher B
cell counts as compared to groups | and V
animgls.

IRSCUSSION

The course of 1ntection with P, berghei had been
reported 10 be altered by age {Zuckerman and
Yeoll, 1954} sex and species of animals. I1is {atal
e mice and yoeunger hamsters and self imiting in
rats, However, Kambaoj er al, (1981} reported
that adult Bamsters had a tendency (o develop
citronic malana infection which was found to be
due to age related resistance. The P. bergheiinfec-
ton was {ound to be lethal in young hamsters.
Yhe outcome of inlection has been related with
immune status of host, Thymectomized or ALS
reated  showed  increased rate of intection
iBrown er ol 1968, Siechschulte, 1969 and
Spira et al., 1970) while depressed state of immun-
ity lowered the mortality cate in mice (Sheagren
and Monaco. 1969 Vinayak e al., 1981; Wright,
1968 and Wright et af., 1971). Protein deficiency
15 known te depress the cell mediated immunity
hut its effects on B celis have heen found to vary
(McFarlane and Hamid, 1973; PPuri er af, 1980
and Reddy ez al, 1977) Frequency of T celis in
seripheral blood was much rediced in malnutri-
tion and this reduction paralleled the severity of
weight loss, impaired coancous DTH and T cell
proliferative response ro PH L (Chandra, 1974;
Smythe ef al., 1974, The percertage of B celi
peripheral hlood in malnutntion 15 normal or
mcereased (Chandra, 1977).

In our experimients, we found that protein or
protein calorie malnutntion results in decrease in
I cell counts without effecting B cell counts in
uninfected ammals. However, following P
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herghed infeciion a decrease in Fas well as Beell
counts was observed in all but group 1V, This
cottfd be due to the fact that animals of all the
proups developed patent parasitaemia, while
none of the animals in group 1V had patent
pargsitsemia in blood, We feel that the observed
depression i Foand B cell counts in infecied
animals of group [V representell the alierations
doe to malnuerition only and that subpatent para-
site had little effect an T and B cell counts of
ibese animals.

interesungly, the protemn malnourished  ami-
mals had lower parasitaenia as opposed 10 their
parr fed cantrols or those fed on ad hitum diet.
such observations have already heen made by
some workers, Ramakrishnan {1934), Ratfaal
and Bray (1953), Platt er al., (1960). Recently
Ldirisinghe er al. {1981) observed that P. berghei
infection was directly proportional to protein
vontent in diet. Our results indicaie thar besides
peotein, the protein calories n diet are eguoally
imporant in expression of parasitaemia in
hiood. Thisfactis based an our observations that
M animals did not develop the patent parasite
at all, T climeal study hy Lunn er af, (1966) on
volunteers whe were infected with sporovoite of
P. vivax follawed hy chloraguine therapy, anti
malaria antibodies could not be demonstrated
till the chieroquine therapy continued. The ¢hlo-
riyuine therapy inhibited invasion of erythrocyte
hy the parasite and no paient parasitaemia deve-
tuped which conseguently led to non demonstra-
bility of antibodies, After the chloroquine was
siapped, the patent parasitaemia developed
which led 10 demonstrabie levels of anti malana
antibodies. Because of non-availability of essen-
nal nutrient, essentially PABA for the survival
and multiplication of mataria, in the diet given to
animals of group 1V, the parasite did not develop
1o patency. This precisely 13 the reason for non
Jdemaonsirable levels of antimalarial amibodies in
any of these animals.

[r our cxperiments, the profein or protetn
calorie delicient uninlected animals showed

depressed 1 eell counts but no change in B celi
coums. The CMIR as well as the humoral
immune respanse was depressed towards the
pardsite antigen in anmimals as compared to the
normal det fed animals. Tt will not he out of
place to mention here that the antiplasmodial
antibody levels i protein or protein calorie defi-
cient dict fed amimals were low inspite of the
normal B cell counts. This could be due to the
fact that the antibody response to malaria anu-
pen might be 1 dependent. Since the T cell
counts are decreased in prolein or protein calorie
malnutrition, hence the T helper cells arve also
decreased in turn aftect 1-8 cells cooperation to
torm anubadies.

lhe tow levels of parasitaemia in low protein
or low protein calorie dict {fed animals in our
experiments may be due to pratein ar protein
calorie deficiency itself, or due to the secondary
elfects produced by the protein or protein calornie
deficient diets. In our experiments {unpublished)
we found that addition of PABA increased the
fevels of parasitaemia in rats but could never
hring the levels to pormafcy. We did not suggest
that protein or protein calorie deficiency produ-
ies resistance to Plasmodium berghei infections.
I'he reduction of parasite may be due to the lack
ol certain essential nutrients ke PABA required
for the growth and metabolism of the parasite.
Simtar abservations have been made by Hawk-
ing (1954} and Ferone (1977). Reduction of the
parasite ta subpatent levels or alternatively per-
sistence of the parasite at low levels in the tissues
m low protein ealorie diet ied animals would lead
10 sfrong immunity to parasite on rechallenge.

This could probably explain the Tindings of
Ldirisinghe ef al. (1982) where protein deliciem
animais could develop immunity to rechatlenge.
Detailed studies in this regard are currently being
carried out in our laboratory.
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Experimental Malarial Infection |. Plasmodium herghei
[nfection in Normal and T-cell Deficient Mice

VoOPADMAVATHD. R KUMARL AN MALAVIYAYL and [N MOHAPATRA!

Ihe comse of dethal infecoion with P, berghrer was examined in nosmatand {-celldeticent sess albino micy,
Markedly increased parasitacmia and mortality were observed in deficient animals compared to normal
cantrels during both primary and secondary infections. These results establish the requirment of T-cells for
recovery Junng primary infection as well as far imimunity against & rechallenpe infeciion. 1t is not clear
whether T-ceils are required as hielper cells forantibady praduction or for the devetopment of cell-mediated

HIHTIRNG TesPeisc.

INTRODUUTION

T'he mechanism al imunity against the erythro-
cytic stages of malarial anfection remains a
matter of controversy. The weight of evidence
supports that the humoral factors are piaying o
dominent role in protection (Briggs et al., 1966,
Brown and Phillips. 1974, Brown et gl 1971;
Hruce Chwatt and Gibson, 1955; Coggeshalland
Kumm, 1937, Cohen et al. 1961: Diggs abd Osler,
1964, Javawardena e af. 1978). However, by
cploying thymectomised animals, 0 has been
shown that cell mediated immune responses may
Aso be reguired in the development of immunity
iBrown er al, [968: Spira and Silverman, 1969,
spira er al., 1970; Stechschulte, 1969(a); Stechy-
sehilte, 1969¢h) Weinhaum o al, (1976). In
several infections it hus been shown that (he
mechanism of immunity against a rechallenge
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intection may not be the same as the one that is
responsible (or recovery from a primary infec-
tion (Jayawardera ¢ al., {979: Rank and Wei-
dans, 1976 Roberts and Weidenz, 1879). In the
nresent paper the course of primary and secon-
Jary experimental malarial infections, innormal
and thymectomised mice are compared.

MATERIAL AND METHODS

Angmals: Rundomly bred adult swiss albino
mice weighimg 20-25 3 were used m all expen-
ments. In individual experiments, animals of
anly one sex and of same weight were used.

Huftkine sbram ol rabies ol either sex were used
o raise the antisera against mouse thymocytes.
Mice were mamtained an laboratory standard
diet and rahhits on green vegelables, germinated
arams and water ad libitum,

Farusite: A sivan of P herghed obtained from
the Navonal Trstitute of Communicahle dis-
cases, India, was used moall experintents. [ was
matntamed rottmely by imtraperitoneal inocula-
dion of 1.5 x {11 infected RBCK imto adul mice.
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Infection of the Animals: Intravenous inocula-
uon of 105 P. berghei infected RBCs in 0.2 ml
into adult mice usually produced a lethal infec-
tion lasting for about 3-4 weeks with a peak
parasitaemia (average about 40%) just before
mortality. In order to study the course of secon-
dary infection, mice were cured of their primary
infection at 10-15% parasitaemia with chloro-
quine, 320 mg/1 in drinking water for 7 days.

Mortality, Parasituemia and Packed Cell
Volume (PCT’): The course of infection was fol-
lowed by studying mortality, parasitaemia and
PCV.

Al experimenial mice were observed twice daily
for mortality. Parasitacmia was determined
twice a week by leishman stained thin smears
prepared from tail blood. Degree of parasitac-
mia was recorded by counting the number of
infected RBCs out of 10,000 RBCs. Animals
were considered negative if no parasite could be
detected in thin smears after examining at least
40 oil immersion fields.

Tail blood was allowed to run into heparinised
micro-haematocrit capillaries which were then
sealed and spun at 15,250 g or 5 min on a micro-
haematocrit centrifuge and PCV was measured.

Preparation of 1-cell Deficient Mice: Thyvmec-
tomised mice werc used as a model of T-cell
deficiency. Thymectomy was performed at the
age of 3-4 weeks by suction under light anaesthe-
sia (Miller, 1960). Sham operated mice were used
as controls,

Anti-thymocyte serum (ATS) was prepared in
rabbits as described elsewhere (lLevy and
Medawar, 1966). Pooled ATS was precipitated
with ammonium sulphate and the anti-
thymocyte globulin (ATG) was stored at —70°C
until used.

Ten days after thymectomy, mice received 15

datly injecnons of 0.25 ml AVG and thereafter
two injections a week till the end of the
experiment.

Characierization of T-cell deficiency: Cylotoxic-
ity of ATG was assessed by trypan blue exclusion
technique (James, 1973) and the titre of ATG
was 1:512. Thymectomised and ATG treated
mice were tested for T-cell deficiency by a) skin
allograft rejection pattern (Billingham and
Medawar, 1951: Theones, 1969), b) immunofluo-
rescent staining for B-cells (Holborow, 1970)
using the IgG (raction of fluorescein isothyocya-
nate (FITC) conjugated rabbit antimouse gam-
maglobulin antibody (Cappel laboratories,
USA) at a dilution of 1:20 and ¢) histological
examination of lymphnode and spleen sections.,

Statistical  analysis:  Fach experiment  was
repeated atleast two times, Values shown are the
mean T standard deviation/error of the total
number of animals of a representative experi-
ment. The significance of the differences was
calculated by following unpaired students T test

RESULTS

Establishmen of T-cell deficient mice: Anti-
thymocyte globulin (ATG) was employed fol-
lowing thymectomy as an agent to prepare T-cell
deficient mice. The skin allograft in deficient
mice survived [or 71 £ 9.8 days, whereas it sur-
vived only for 11 20,66 days in normal mice. The
spleen of deficient mice had a higher proportion
(90 + 2.42%) of surface Ig positive cells (B-cells)
while in normal spleen the number was
48.5 £ 0.85% Histological examination showed a
marked depletion of lymphocytes from T-
dependent arca in both lymphnode and spleen in
thymectomised-—ATG treated mice, however,
normal cellularity was retained in B-dependent
areas. In control animals, both T-and B-
dependent areas were intact. These observations
suggest that the ATG treated mice were deficient
in T-cells and its function.
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Course of primary infection: Groups ol normal
and T-cell deficient mice received intravenously
¥ P. herghei infected RBC and the PCV was
measured at weekly intervals (Tablc 1) Both the
groups of animals developed progressive apac-
mia. However, deficicnt mice developedanaemia
taster than normal mice. Table 2 depicts the
morlality ligures in these groups of mice. P
berghtel induced an unitorm lethal inlection in
hatl groups, but deficient mice died muchearlier
than normal mice. All through the course of
infection, the deficient mice maintained a higher
level of parasitaemia in compatison to normal
animals (Table 3).

T-cel) deficient mice

12T

i
Azay 49
i7)
HNairy Th
{4}

Course of secomdary infecfion; Since the primary
infection was fatal, 1t was necessary to cure it
hefore a second infection. The primary infection
ot nermal and T-cell deficient mice was cured
with chloroquine at ahout 10-15%; purasitacmia.
Ten days after chlaroguine treatment the anim-
als were rechallenged with 0% infected RBC.
Primary infection induced somc immunity
against o secondary infection in normal mice.
The degree of immunity, however; varied from
animal to animal. The mortality data during
secondary infechon is compared with that of
pnmary infection in Table 4, After primary
tnfection hoth normal and T-cell deficient mice,

Yable 2. Mortality following inlection wish /% herglei

Mean mortahty vai k4162
S e 4
25

oty gy

Frpuees 1o parestheses sodwate the atmber of ammaly tested

Normal mice | ({4

1havs alter miectione

i-cell deficient mice {10)

124 1354

[3

2
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Table &,

Phays
ter e e et et e e
mfeclion FeCell deleient miey
1 peltE T I N R
(9)"
< o iNS £ 190,20
(2]
{2 182442 + 496,41
{7
iy 261500 F 4i6.19
(k)]
2 200 7.06)
in
by NI

A Liroups of normal and F-cell delicient niee reeeived Ly, 108 8 berehed infceted RBC.

A Pareatheses indicate the number of animuls,
¢ Mean differences are nist signilicant.
4 Animals were mt availishle for testing.

if left uncured, died within four weeks. Follow-
ing secondary infection. almost !/ 3rd of normal
mice survived more than four weeks. By con-
trast, the T-cell deficient mice showed 1004 mor-
tality within 4 weeks after secondary infection.
However, even in normal mice there was no
ahsolule immunity, because all the animals, dur-
ing secondary infection, finally died in about 90
days.

Tahle 4.

Normal mice
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Parayitueia Following infection with £. berghei.

Mean Parasitaenna [ RHC

1 walue

Narma! aned’

T L 3X My - [hAHNy
1
R Y] E N
[R}]
AT775 k Hodi2 <L (LU
{8}
14| 3 £ 2S5 A
16)
2346.25 £ 22110 NY©
{d)
0,00 1 204 S0
{d}

The parasitacima Jurning secondary infection in
normal animals was highly variable, hence the
data cannot be presented as mean. Therefore, for
the sake of simplicity the animals were divided
inlo three groups:

l. Animals that dicd within 2 weeks

2. Animals that died between 24 weeks

1. Animals that survived more than 4 weeks

Muoriity following printary and seceandary iidectivny with 185 £, bergher mfecied RBC

Primary Secondary Pripary Seeondary
inlection mlection inlection infecttom
[11)} {63) (L] (10}
[icd within 2 weeky 4 1 ¥ ¢
Did belween 2-8 weeks H i4 ) q
M

Survived o than 4 weeks

Fagures i opareatheses indicate fotil pumber of animals tested.

*Number of animals dead.
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The Parasitaemia ineach mouse at ddferent peri-
ods following rechallenge with 108 infecied RBC
oy shown i Figures |, 2 and 3 respectively. Mice
that died within 2 wecks had least evidence of
tmmunity ( Fig. 1}, The parasitaemia, even
though highly variable, mostly clustered around
ihe mean of parasitacmia during primary infec-
tion as shown by harizontal bars in the figures.
Animals that died between 2-4 weeks (Fig. 2} and
that survived more than 4 wecks (Fig. 3) had a
definite evidence of immunity. The parasitacmia
in al] these mice, though variabie, was less than
mean parasitaemia during primary infection.
The above data show clear difference in parasi-
lacmia between primary and secondary infection
ih normal mice,

By contrast, the l'<ell deficient mice showed
uniform progressive parasitzemia after secon-
dary infection {Fig. 4). The parasitaemia in these
anmmals was less variahle. There was no differ-
ence after primary and sccondary infectian.

DHSCUSSION

There has been a greater emphasts on humoral
mechanisms of immunity in malaria (Briggs e/
ai, Y966; Brown and Phillips, 1974: Coheneral..
1961). However, investipations into the roic
plaved by cellular components have not been
completely neglected. Thus  thymectomised
animals, anti-lymphocyte serum {ALS) treated
animals, nude mice, thymectomised and X-
irradiated animals have all been shown to suffer
from a markedly exacerbated infection following
challenge with different strains of plasmodia that
infect rodents (Javawardena er af., 1978: Wein-
baum ef nf., 1976; Clark and Allison, 1974; Jaya-
wardena ef al., 1977).

In the present study also, the primary infection
with . berghei in thymectomised mice was
found te be more serious than in the normal
animals, as evidenced by increased mortality,
iigher parasitaemia and more pronounced anae-
mia. These ohservations agree with the earlier

reports { Brown es @l., 1968 ; Stechschulie, 1969a).

Suwe mechamsm of immunity during primary
and secendary infections may be different { faya-
wardena el al., 1979; Rank and Weidanz, [976;
Raherts and Weidanz, 1979), it was considered
worthwhile to investigate how the thymectom-
ised animals would behave 1owards a rechallenge
infection. In order 1o study this, it was necessary
to cure the primary infection, since the strain of
P. berghei used in experiments produced a lethal
infection.

Mice that were allowed to recover from blood
induced P. herghei infections by drug treatment
have been shown to develop resistance to rechal-
lenge infection (Cox, 1957; 58; 59 62; 64; Poels
et al., 1977; 1977a). The degree of resistance,
however, depended upon the duration for which
parasitaemia was allowed to continue during the
primary infection. The longer the period, the
greater was the degree of immunity developed. In
the present study, thesefore, it was decided 1o
cure the animals of the primary infection at
about 10-15% parasitaemia. Interrupting the
infection earlier than this may interfere with
induction of sufficient immunity and any further
delay may lead to high mortality.

Fhe normal animals showed a very definite evi-
dence of immunity against reinfection. The
degree of immunity, however, varied markedty
from animal to animal. Some animals died early
while others survived much longer than noticed
during primary infection. The animals that died
ducing fiest two weeks had but little immunity, as
their parasitaemia was mastly clustered around
the mean parasitaemia during primary infection.
The animals that survived longer had Jess parasi-
taemia, than that during primary infection. Still,
it 15 worth nating that there was no absolute
immunity as all the animals died afier prolonged
survival in about 90 days, The above observa-
tions are consistant with similar studies carried
out eartier {Cox, 1957;58: 59;62:64; Poelset al.,
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1977, 1977a; Box and Gingrich, 1958; Lapierre,
1954).

In contrast o the normal control animals, Lhe
vourse of secondary infection with P, kerghei m
I'-celt deficient anmmals was in no way difterent
from the primary infection.

bt is concluded that T-cells are reginred for the
development of immunity during.primary infec-
tion as well as during reinfection. Conflicting
evidence is available concerning the effects of
thymectomy on the anttbody response in malar-
mal infection. There ts some evidence that the
praduction of specific class of immunoglabulin
is selectively inhibited (Jayawardena er af., 1979;
Jayawardena ef af., 1977} which has heen refuted
by others (Stechschutle, 1969a). In view of these
{indings, the importance of thymus dependent
antibody- production s uncertain. Therefore it
cannot be commenied whether T-cell require-
ment is for the production of thymus dependent
antibodies or for the induction of cell mediated
immunity. Further experiments are pecessary
hefore resolving this issue.,
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isolation of Plasmodium berghei by Density Gradient

Centrifugation on Histopaque

PREITE KUMAR sl SORAIL ATIMALY

Fecatment of Plasmeditens derghed miected eeylhrucyies with tiemolysm resuited m ihe release of intravellu-
tar purasites. The parasites were isolated from this fysate by density gradient centrifugation on Histopague.
Fhe method was found useful for isolating a comparatively pure preparaton of P. berghei antigen.
Subseguent testing of antipen preparation did not appear to show any contamination from host,

srythrocytes.

INTRODECTION

Ihe vemoval of leucocytes fTom parasiized
blood is an important procedure for isolating
Plasmodium berghei in pure form. McEwen et
al. (1971) used cemrifugal clutriation for the
removal of leucocytes. Fikration of blood
through a column of Sephadex G-25 and SkE-
celluiose (Nakao ef al., 1973) has zlso been used
for the same purpose. For the release of parasites
{rom infected erythrocytes, saponin was used by
Christophers and Fulton (1939), while Martin &1
al. (1971) used ammonium chloride. Heidrich e
al. (1979) have described the usefulness of frec
flow electrophoresis for scparaling parasites
from host erythrocyte fragments. Similarly, dif-
terential and density gradient centrifugations
have been used for purilying parasite prepara-
uons by Prier and Kreier (19722) and Lisen
L9,

This communication describes the procedure lor

{eepeted for publivation 20 Now, 4
‘Parasitic immunology Eahoratory,

Department ol Microbiology, J N Medical College,
Aligarh Musltim University, Aligarh-202001, i,

removing feucocyles from parasitized blood by
passing it through a column of ec-cellulose and
microcrystaltiine celtulose {Beutler e7 gl 1976}
{he parasite were released by treating infected
yed blood cells with hemolysin. The parasite
prepavation was purified by means of density
gradient centrifugation on Histopaque.

MATERIAL A ND MEFIIODS

A group of 80 mice (Hissar strain, India) was
infected with P. herghei (NK-65 strain). Each
animal was inoculated intraperitoneally with an
atiquot of blood containing 2 x 10# parasitized
erythrocytes. Blood with 60-80% parasites was
directly obtained from the heart in a tube
containing  Acd  Citrate Dextrose (ACD)
anficoaguiant.

Fqual amounis of w-cellulose (Sigma) and
microcrysialline ceilulose (Sigma) were sus-
pended in excess of 0.154 M sodium chlonde
solution and left overnight at room temperature,
'‘this suspension was packed upto a height of 2
aim in a plastic syringe. The parasitized blood in
ACI) was applied to the column and the leuco-
cyte free blood eluted with normal saline at a
low rate of 13 ml'hour.
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the RBU suspension obtawned after removal of
icicocytes was lysed by the addition of pyocya-
aun free, heat stable bemolysin {titre |- 860, pH
7 O isolated from stratn | of Pseudomonas aeru-
ginosa (L, 1957}, This lysate was washed three
tmes and suspended in G154 M NaCl 0.01 M
sodium phosphate. pH 7.2 (PBS). The abowve
suspension was layered on egual volume of His-
topague (Sigma) and centrifuged at 400 g for 30
orinutes, The brown layer formed at the interface
was withdrawn (Fig. 1), The parasites were dis-
iupled by ultrasonicauon at 9 Ke for 8 mts,

Fie Lo bube atter density pradient centifugition
showing parasite band at ihe interface.

Yhe purity of the above preparation was checkesd
by allowing if to react against normal mouse red
njoad cell aniiserum. The antiserum was raised
by injecting rabhits, intravenous!y, with (0.2 mf of
1% norma) motese RBC suspension on alternite
days for 3 weeks. Meaouse RBC aatiserum and the
parasite preparation were used inthe immuno-
diffusion and counterimmunoelectrophoresis
1ests for checking the RBC contaminants,

HESULTS
We were able 1o remove ahot 99,967 feucocytes

iand B3% platclets on passing the parasitized
binod throughoi-cellulose microcrysialline celfu-

20 Photocrograph show g pacasnes abtained from

ti ingedface afler density gradient cendrifugation
on Histopague. Original magnification 2,000 \.

faer

lase column, he treatment ol infected RBC with
hemotysin resubted in the recovery of intact par-
asttes ([71g. 2}, The materul recovered from the
interface fayer, formed after density gradient
centrifugation on Histopague, did not appear to
contain any mouse RBC contaminants. This
was confirmed immunologically by using the
ahove material against normal mouse RBC
antiserurn  in immunadiffusion and counter-
immunoslectrophoresis rests,

DISCURSEON

The removat of leucocytes by a-celinlose-
micracrystalline cellulose column gave us com-
parativety hetter results as compared fo the
vanious procedures described earlier. The treat-
ment of parasitized erythrocytes with hemoiysin
wats suceessfully employed for liberating the par-
asites in an intact and {ree form. Heidrich ef af.
1 1979) have opined that most commenly encoun-
tereed problem in isolating the parasites from
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miected RBC 15 that of wemoving red cell ghost
contaminanis. Another important host eell con-
teainant s the red blond cell material ingested
by the growing parasites. Diggs (1966) has
painted out that such musierial is usually Yound
tocalized within the phagovytic vacuoles of the
narasite. 1t hays always heen a formidable task 10
remove the contaminants [rom such parasite
preparations. The procedure adopted by ihe
present investigators scems to have a delinite
advantage over many earlier attempts. as nocon-
1aminating bands were immunologically detecta-
hle. The antigen extract which we obtained
appeared to be considerably free (rom some ol its
tnherent contamimants. The use ol Tlistopague
density gradient vields a comparatively more
reflined product Lhan those deseribed earlier by
Prior and Kreter (1972a), Fisen (1977 and Heid-
rich et al. (1979).

In he antigen obtained by us, no host cell con-
taminants were detectable within the sensitivity
irmits of the tests employed tor this purpose. The
mofated antigen was double cheeked by reacting
it against host red cell antiserum. No immune
reaction was oblainable cither in immunoditiu-
s10n or counterimmunpoclectrophoresis  runs.
Further, the parasite antipen prepared as abowe
zave correspondingly hetter results in various
biochemical immunological studies in our
laboratory.
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Mosguitoes of Natnital Terai (U P}

N, NAGEPALL YOUERNDMA KEMARS ENHA SHARMA and VP SHARMA

TwaiRy mie tnyuild spevies belonging o $ genera iz, iiopheles, Avdeomyia, Adedes, Ariigeres,
Cragreiflentalen, Cridex, Mansonia and Mimomvie were coliccted from the six ehsiy of LLP. terai (Nainital)
during mosquilo fauna survey carmied out in Sept, 1980, May-Jupe 1981, Sept -Oct. 1981 und Jan. -Feb.
1982, Thret species of genus Anopheles i.e. A. airkenti, A. lindesavi and 4. kachi were coflected forthe fim
rime [rom shis belt. A. karwariand A. miiminis previousty ceported from tls beh were absent. The seasona!
nrevalnee af samé imporiant anophelines wus stidied,

INYHOTRCTHON

talormation o the mosquito tasea ol terar bel
of Uttar Pradesh s mainly hased on studies car-
ried out in connection with the epidemiology
and control of malari. Robertson (1909},
ameron (1921) and Phillips (1924) recorded a
few anophelines. In subsequent studies Clyde
(1931), Srivastava (1951, Srivastava and Diwan
{1951}, lssaris es @l {1953) and Rahaman er al.
{19563 recorded the existance of about 10-17 ano-
pheline species. Afier a lapse of about a decade
Wattal ef al. (1967) recorded 4 anopheline spe-
z1es 6 species of Culex and | of Aedes. Forahout
last two decades no further observations were
made on the nrosquito fauna of this region.

In vrder to update the information on the muos-
guito fauna, of this region studies were under-
taken during 1980-82 in six tehsils of U.P. terai.
Results of these studies are briefly simmarised in
this paper.

Nevepied for pubfeation. | 23 Lunuary 1984
‘Malaria Rescareh Cenire {10 MR)
22-Sham Nath Marg,

f3eihi-1 16054,

MATERIAL AND METHOBDS

Areq:. Namitai disteict of U, has an area of
6792 sq. km., of which 1243 sq. km. has been
classified as hilly. 3214 sq. km. as forest, 298 sq.
km. Bhabhar, 45 sq. km urban area and 1997 sy.
knt, as terai region. Terai region streches from
Saeda river un the East to Kashipur in the West,
lying between 28°537 and 29°26” North latitude
and between 78253 and 80° East longitude. The
belt comprises six tehsils viz. Kashipur, Bazpur,
Gadarpur, Kichha, Sitarganj and Khatima.
Paddy is ane of the major crops and covers,
1,12,175 hac. n the Nainital district, of which
terdi region has 94,581 hac. (R3.3%). The area is
heavily irrigated and has 1,573 km. length of
canals out of which {,136 ke, (72.21%) runin the
teral region.

Intensive and extensive mosyuito fauna surveys
were done in Sepr. 1980, May-June 1981, Sept.-
Ocl. 1981 and Jan.-Feh. 1982 in six tehsils viz.,
Kashipur, Bazpur, Gadarpur, Kichha, Sitarganj
and Khatima. In May-Janc 1981, Sept.-Oct 1981
and Jan.-Feb. 1982, 74 willages were surveyed,
While in Sept. 1980 only 38 villages were sur-
veyed (Fig. 1).
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Adult mosquitoes were cotleeted with the help off
suction tube from different resting places viz.
cattle sheds, human dwellings, mixed dwellings
paddy crops, forests, tree crevices and other man
made structures, Mosguiloes were also coliected
by pyvrethrum-space-spray. 'mmatures were col-
iecred from ponds, canals, pools, streams, pis,
wells, Lree crevices ete. and kept in field labora-
tory until adult emergence. All freshly emerged
mosguitoes were kiffed with ether and packed in
cellophene papers. All collections were brought
1o the MRC Delhi taboratory for further studies
and preservation. Mosquitoes were identified
with the key of Christophers (1933). Barraud
{1934} and catalog of Knight and S1one (19771

RESULTY AND DISCESSHON

A toal of 20,403 mosquitoes collecied in (ow
sueveys of U P, terat were ulentified into 29 spe-
cies of 8 genera viv, Anopheles. Aedeomyia,
Aedes, Armigeres, Coquillettidia, Culex, Man-
sonia and Mimomvia. The genus Anopheles
comprised of [8 species { 1288 specimens), genus
dedrontvia | species( | specimen). genus Aedes 2
species (3 specimens), genus Armigeres 1 spe-
cies {25 specimens), genws Coyuillettidie 1 spe-
cies (16 specimens), genus Mansonig (72
specimens) and genus Mimomiia {1 specimen),
Tetal number of masyuitoes collected from six
tehsils of terai, and the number of genera and
specics encountered m each Tehsil are given in
Tahles t and 2 respecuvely. Tehsilwise average
collection of cach species s also given inTable 2.

Surveys revealed that A subpicrs dominated
the anopheline collections during Sepiember
{980 and September-October 1981 accounting
for 29.6% and 531.3% respectively, This was fol-
lowed by 4. culicitacies 24.96% and 21.039% and
A fhaviailis 19666, and 802 respectively.
However, during May-June 1981 survey 4. culi-
cifacies dominated (42.59¢) {ollowed by A. sub-
pictus (30.7%) and A. anmudaris{17.0%). During
the Jan.-Feb. 1982 survey, 4. fluviatilis was the
most prevalent species (33.62%) followed by A.
splendidus (25.06%) and A. ewdicifacies (8.09%).
Culex gquinquefaciarus was the most prevalent
species (87.259%) among the culicinae collegtions
in all the 4 surveys. This was followed by Cx.
tritaeniorhynchus (11.38%) and Cx. vishnuwi
{1.16C5).

Two species viz., A. karwari and A. minimus,
recorded in the earlier surveys by Issaris ef al.
{1953) were not found in this survey. A. aitkenii,
A. lindesayi and A. kochiare further additions ro
the fauna of this region. The seasonal prevalence
al some important anophelines are given inTable
3. It was revealed that A. enlicifacies and A.

Shaviaritis were distributed throughout the terai

belt. While A. cudicifacies exhibited two seasonal
peaks. e, in May-June and Sept.-Oct., there was
anly one peak of A. fluviarilis during Jan.-Feb.
contrary to the findings of Issaris er al. (1953)
who had reported onc seasonal peak of A. culi-
cifacies (October-November) and two peaks of
A. fluviatilis {Qctoher-November and March-
Mav). These changes may have occurred due to
the development of an intensive irrigation net-

Fable }. Ocearrence of Misguite Genera and their Species in Ferai

3i Mousagatile 2envia Na. of Species Collected

Naoo Collecied Eashipur Hazpur Gadarpur Kichha Sitargan] Khatima
F Anerphtes 14 1} 9 i1 12 17
2z Awddecmvig t ] 0 1] 0 1}
i Jeedery 2 | ! n 1] a
4, Ctrengeres 1 n i J ! !
5. Copeillenidio ! f { o { 0
B trfex 4 3} 3 1 3 R
' Vignsonia 1 ! ] i [ 1]
0 {} 1] | 4

R Mo yta 0
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wark fa increase agnecitursl production. .
cuficifacies and A. fleviaritis have been incrim-
nated as vectors tn terai by Choudhury and Co-
workers (1983} and the region has became
endemic te malana with Jugh parasite load in the
comnnity,

Table 4 exhibits average seasonal collection #nd
coefficient of variation. Prom the table it s
vbserved that throughout the studies maximum
wiriability in mesquito popidation is found in
she ease of A. splendidus while minimum varia-
hitity in A. culicifacies except in Kichha 1ehsil,
where i1 18 F72.79. In 4. fluviatilis moaximum
coctlicient of variahitity (194.09) 15 found in Baz-
pur while minimum i Khatima ¢154,38),
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Karyotypic Studies on Anopheles fluviatilis

PUSHAK K. VARMA! amd v P SHARMA

Somatic chromasomes from acuroponal cetls ot Anopheles fluviardis, an important vector ol malarsa, were
karyoiyped and measnred 1o construct the sdiogram. The diploid complement consists of six chromosomes
which align mto 3 pairs with distinguishabledengih and morphology. Both the autosomal and sex chromo-
somal pairs were foond to be metacentric. The sex chromosomes were homomorphic in females and

heteromorphic in males.

INTRODEUCTION

A. fluviagilis, an impartant vector of malana in
the {ndian subcontinent. belongs to the group
Myvzamia of the subgenus Cellia. 1t has a wide
distribation throughout India and in pans of the
castern Chriental region. B uecurs throughout the

- year in the plains and foothills and its seasonal
prevalences depend more on the availability of
breeding sites than on the atmospheric condi-
tions. In general, density of A. fluviatilis builds
up significantly soon after monsoon (Vishwana-
than, 1950,

A. fluviaritis is aon ctlicient vectar throughout
Western Ghats and Nijgms. 1t is a vector of
medium efficiency in the east-central India,
Asgsam and Himalayan (oot hills while its lowest
cificiency has been recorded in the piains (Rao,
1981). Recently a sporozoite rate of 1.4-6.2% in
A. fluviarilis was recorded in the followuap ento-
mological studies m the Gadarpur PHC (D.5,
Choudhury, personal communication).

Avcepted for publivation; 4 Feb, 1954
iMataria Rescarch Centre (1CMID)
22 Sham Nath Mary

Prethi-§ E0EY54.

Cytogenetical studies an 4. flaviarilis were
undertaken since the carlier reports on meiotic
and mitotic chromosomes (Sharma and Choud-
hury, 1968 and Chowdaiah and Seetharam,
1975) were brief in their descriptions. The present
study deals with 4 detailed karyotypic analysis of
A fluviatilis,

VA TERIAL AND METHODS

A. fluviauidis strain utilized n the study was col-
lected from (Gadarpur village in U.P. and was
colonized at the Malaria Research Centre fol-
lowing the general procedures of mosquito
colonization. Somatic chromosomes were pre-
pared from the neural ganglia dissected out from
the jourth instar larvae using squash techmigue
of Breland (196t) with some modifications, The
larvae were placed in 0.01% colchincinefor 1-1%
hours and the brain tissue was removed stained
in 204 lacto-aceto-orcein for 10-20 minutes and
squashed, To ascertain the diplotd number, met-
aphases from both the sexes were scored.
Chromesomes were measured on photographic
prints of twenty well spread metaphase plates of
cach sex to-construet an idiogram. The chromo-
somes have heen classified following Levanetral.
{1964} nomenciature.
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RESHLTS AND DISCUSSION

A total of 560 well spread metaphases irom 30
females and 25 males were screened to estabhish
the diploid number of the complement and 1o
study the Karyotype (Tahle 1). The chromosome

chromosomes, was more or Jess simifar in both
the species i.e. about 28% of TCL for X-and 26%.
TCIL for Y-chromosomse respectively, Thus the
difference in the centromeric position in the sex-
chramosome pair in A, fluviarifismay beduetoa

Table 1. Analysis of 4. fluviatilis karyotype (Gadarpur, Terui)

Chromasomes

& TCL Arm ratio
Chromoseme 2 37.86 [:1.23
Chromosome 3 a5 i:1.29
X-chromosnme R07 1:1.53
Y-chromosome 2586 I:1.48

complement of A. fluviarilis consists of two pairs
of autosomes and one pair of sex chromosomes,
XX infemalesand XY in males. The karyotype is
shown in Fig, 1.

The autosome 2 was the largest pair constituting
37-38% of total chromosome length (TCL} fol-
fowed by autosome 3, the second largest pair
comprising 34-36% of the TCL. Sex-
chromosome pair was the smallest, The X-
chromosome varied from 25-280; of the TCL
while the Y-chromosome contributed around
26% of the TCL. Both autosome and sex chrom-
osomal pairs were metacentne with the arm
ratios §: 1.23; (avtosome 2); 1: t 2 (autosome 3);
i 1.53 (X-chromosome} and | 1.48 (Y-
chromoseme), Fig. 2,

In A. culicifacies complex, another member of
the group myzomig, aulosome 2 is metacentric
{Vasantha er.al, 1982) or submetacentric {Sai-
fuddin et al., 1978) while autosome 3 is metacent-
ric as in this species. Howcver, the sex
chromosomes of the two taxa differ. In A. euli-
cifacies species A, X-and Y-chromosomes are
submetacentric while in species B, X.
chromosome is submetacentric and Y-
chromosome is acrocentric {Vasantha er al,
1982}

-Further, it was [ound that the genome size in
terms of the per cent TCL, for the X-and Y-

chromosomal rearrangement, prohuably a peri-
centric inversion during the course of speciation.
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Mosquitoes of Coastal Orissa

BN, NAGPA] ' apd V.P. SHARMA®

A fotsl o W speces of mosguitoes helonging to six peavta o, Anopfudes, Adedes, Atedvomiy, Aemigeres,
Cufex smd Mansonia were collected during the surveys carried out in tiecember |90, September 1981 and
June-August 1982 in Coastal distriets of Balasore, Cuttack, Puri and Ganjarm. Annpheles miininnes and A
pulfcherrimus were recorded for the first time from this region. Four anopheline species i.e, A. jeyporiensis,
A, maculatus, A. sundaicus and A. theobaldi earlier ceportied from this repron were absent.

INTRODUCTION

Fry (1912} appears to have been the first to study
the mosquito fauna of coastal Orissa and Chilka
l.ake areas which revealed the presence of 5
anopheline species. Subsequently, Sarathy
{1932} reported |5 anopheline species from Puri
district. Senior White and Adhikari (1939}
reported the occurrence of Anopheles sundaicus
for the first time of a total of 20 anopheline
species based on larval collection from Chilka
{ake, The collections also included four addi-
tionat records. The study of Covell and Singh
(1942) revealed the existence of 17 anopheline
species which contained one additional record
and three dnapheles recorded by Seninr White
and Adhikari (1939) were absent. Since then
there is no published record dealing on the mos-
guito fauna of coastal Orissa. Because of exten-
sive ecological changes that have takenplace asa

Accepred for publication. 4 teh. 1984
‘Malaria Research Cenire (MR}

21 Shuam Nath Marg

{rethi-1 M54,

result of insecticidal pressure as well as develop-
mental changes in agriculture, industry etc., con-
siderable changes might have taken place in the
mosquito fauna. Therefore, the present faunistic
studies were initiated. The results of observa-
tinns made during the three surveys carried out
m coastal Orissa are summarised in  this
communication,

MATERIAL AND METHODS

Topography. The swate of Onissa s located
on the East coast of India in between 17° 48’ and
22° 34' Narth latitude and 81° 24" and 87° 29’
Fast longitude. Touching the Bay of Bengal, it
stretches along the sea beach to about 482 km.
The alluvia! beit runs along the sea coast of the
state and consists of rugged iracts with jungle
and clad hills of eastern ghats, occasionaily
hroken by ravines and decp valleys. Broadly, the
ereritory of the state is divided into four physiog-
rpahic repions t.e., eastern plateau, the central
river hasin, the eastern hill and the coastal belt,

The coastal belt comprises of four districts, i.e.,

fialasare, Cuttack, Purtand Ganjam {see [Fig. 13,
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Adult mosquitoes that were resting indoor, out-
door and biting man and cattle were collected by
suction tube method both duringdawn (3 AM to
.30 AM) and dusk (5.30 PM 109.30 PM). Col-
iections were made {rom cattle sheds, humuan
dwellings, mix dwellings occupied by man and
cattle mcluding other man made structures, Out
doors resting adull mosguitoes were collected
trom the shrubs around the cattle sheds and
human dwellings, paddy fields, forests, tree holes
and bus depots. in each survey 98 villages werc
covered in 4 districts of coastal Orissa viz. Bala-
sure, Cuteack, Puri and Ganjam. Mosguito col-
lections were made uvsing suction tuhe {rom a
mintmum of 3 cattle sheds and 5 human dwei-
hings (rom each village, in additzon to this total
catches were made from one or two huts. These
viflages were afso scarched for the larval breed-
ing sites and immaitures were collected from
Chilka Lake, pits around the Chilka Lake, paddy
lields, ponds, pools, streams, margins of canals,
weils and tree crevices ete. |arvae werealso col-
lected from the water stored inside houses and
caitle sheds and from 1he discarded tyres. All
larvae were kept in field laboratory until adults
emerged. Emerging adull mosgintoes were kalled
with ether and packed in cellophene papers, All
mosquitoes collected duning the surveys were
brought ¢ the Centre for identification and
(urther study. Mosquitoes were identified using
the key of Christaphers, 1933 and Barraud, [934,
The collection sites {villages) are shown in Fig. 1.

RESTLTS AND DISCUSSION

A total of 30,347 mesquitocs beloaging to thirty
two speeies of 6 genera viz, Anopheles, Acdeo-
mivia, Aedes, Armigeres, Culex and Maonsonia
were cotlected in 3 surveys. Indentification of
masquitoes has revealed that: (1) genus Ano-
pheles consisted of 19 species (27,432 specimens)

(ii) genus Aedes consisted of | species (77 speci-

mens} (ii1) genus dedeamvia consisted of 1 spe-
vies (7 specimens) (1v) genus Armigeres consisted
of 2 species { 103 specimens) (v) genus Culex con-
sisted of 7 species (189] specimens} and (vi)

penues Maenyoria consisted of 2 species (835 speci-
mens) {Tabie 1.

Yable 1. List of mosguitors coilected from Coastal Orissa.

51 Species eollected Fatal mosquitoes
No, collected

Genus Anopheles

1. Anopheles aconits Doatiz, 1502 1457
2 A ammudarts, Van der Wulp, 1844 5548
v A harbirosiris, Van der Wulp, 1884 28R
d. A euficifacies Criles. 1901 1942
5. A Muviatifis James, 1962 1
f.  A. famesii, Theobald, 19 X0
7. A. kgrwari James, 1902 5
2. A. minimus Theobald, 1901 40
9. A nigerrimus, Giles, 191K 4410
H). A pallidus, Theobald, 1901 113
1. A philippinensis Ludlow, {902 6
12, 4. pulcherrimuy Theohald, 1902 EN
13, A. ramsayi Covell, 1927 (713
1. A. splendidus ¥ oidvumi, 1920 2
15, 4. srepfrensi Liston, 191 13
1o, A subpicis Grass, 1399 3605
17, A, tessellatus Theobald. 190! 9
1%, 4. vagus Ponily, 1902 R2R3
14, A varuna yeagar, 1924 93

Genus Aedeomyia

i Aedeomyin venustipes (Skuse), 1889 7
Cienus Aedes

' Adedex avprpt Linnaeus, 1726 o

Crenis Arnliperes

v Armigeres kuchingensis, Edwards, 1915 ¥3
2 e theobaldi Barrand, 1934 22
Crenus Cufex
U i ulex birdeniorfynehus Giles, 1831 2y
T Uk guinguefaciars Say, 1823 T2
P mupucssionss Theobald, 1907 23
4. Cx spensis Theohald, 193 9
4. 'x. qritaeniorAvachus Gies, 1901 623
w. Oy, vshmed Theabald, 1901 329
Vot whitmearre Ciiles, 1904 42

Genus Mansona

i Mansenie anmadifera (Yheobald) 1901 719
Ma. longipaipls Van der Wulp, (892 He

L
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Among the anophelines, the most prevalent spe-
cies was A. vagus (30.19%) (ollowed by A. annu-
faris {23.6%)} and A. nigerrimus (14.619).
Among culicines the most dominant genus was
Culex. In this genus the most prevalent species
was Culex quinguefaciaius (38.4%) followed by
Crlex tritgeniorhynchus (32,9467} and Culex
vishmel (22.580),

A. sundaicus is an important malaria veclor
atthough its zone of influcnce 1s confined to Coas-
ral Orissa which includes Chilka lake area and
parts of Ganjam district as well as parts of
Vuayanagaram district of Andhra Pradesh
(Rao, 1955; Coavell and Singh, 1942; Senior
White and Adhikari, 1939). During the present
study, A. sundaicus was conspicuous by it
absence in the areas where adulbts and larvae of
this species were found in abundance in the car-
lier studies. This would suggest that A. sundaicus
might have disappearcd from its erstwhile
strong holds of Coastal Orissa.

The other three anophclines viz A. maculatus,
1. jeyuporingis snd 4. rtheohaldi which were
reported by Covell and Singh (1942) were not
tound inhis survey. Further, 1wo new additions
o the fauna of this regionare A minimusand A.
pulcherrimus.

A, minimus s an elficient vector of  malaria
and it is likely that in some parts of Orissa it may
be Lransmitting malaria. The focus of this vector
appears to be limited and an effective spraying
cin eliminate A, miinimins {rom Orissa before it
becomes abundant and also resistant to the com-
monly used insecticides. [uring the present
study 40 specimens of 4. minimus were col-

lected, M} from Cuttack and 10 from Balasore
district {Table-2).

A toral o 30 speamens ol A, puicherrimus
were collected from 5 villages of Puri district (5
from cattle sheds, 7 from human dwellings and
I8 from mixed dwellings). Records show that the
distribution of this species appears to have been
confipned to North and North West { Punjab and
t1P.) and Western regions (Gufarat) of India.
1. pulcherrimus does not play any role in the
transmission of maiaria in India. However, it is of
pidemiological importance in northern Afghan-
istan (Onon, 1973) and southern parts of USSR
{Covell, i944).
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Role of Cyclophosphamide in Modulating Behaviour of

P. berghei Infection in Mice

S, SEHGALY, ARUNA FARASHAR! and BX. AIKAT!

Acute malaria was proguced cxperimentally in an outbred stramn of Swiss mice using a standard inocu-
lem of parasitized red eells. Effeet of cyclophosphamide (CY) treatment on the degree of parasitemia,
. percentage of T and B cells and thymic and liver weights was studied longitudinally, Results indicate that
CY, in the dosage of [50 mg/kg given 48 hours prior to the parasite challenge, results in a significant
prolongation of the prepatent period and a statistically significant decrease in parasitemia for the first 12
days. 1 is associated with marked awrophy of thymus and spieen during the first four days along with
lowering of both the subpopulations of Iymphocytes. The spleen weight pick up in due course. The
transitoty profection observed in experimental animals is linked with a marked depression of reticule-
cyte count. After the reticulocyte counts are normalized. parasitcoia in the two groups becomes compar-
able. Acute malaria is also associated with a decrease of NAT and acid phosphatase activity of peritoneat

macraphages although a transitory rise s observed dunng the fisst lorty cight hours.

INTRODUCTION

The intricate and reciprocal relationship
between immunosupression and malaria has
intrigued workers for the past several vears. On
the one hand, immunosupression as a result of
fuiminant malaria ts a well established fact
(McGregor et al., 1962, Greenwood et al., 1972).
On the other hand immunosupression as an
important predisposing factor for Jethal out-
come of malarial infection has alsa been docu-
mented (Clark and Aflison, 1964). However,
there is Jittle or no direct evidence in the litera-
ture as yet to indicate an important effective role
for cell mediated immunity. At present, one
could only postulate that T cells might compie-
ment or supplement the all important humoral
immunity.

Cyclophasphamide (CY) causes profound alter-
ations of the immune system of the host. Further,
there are serious controversies regarding immun-
osupression caused by cyclophosphamide. Ear-

Accepted for Publication ; 25 Feb. 1984
Department of Immunopathology PGIMER,
Chandigarh-160012 (India}

Vier studies indicated that the major burnt was on
the “T" cells { Berenbaum, 1965; Starlz eral.. 1971
and Albright and Albright 1976) while subsequent
observations suggested that the ‘B’ cell compart-
ment is the hardest hit. Linna eral. (1976} offered
convincing evidences that CY could produce a
chemical bursectomy in new bomn chicks. The
thymic lymphoid tissue, if at all, showed only a
fransient sethack. Similarly, Marbroock and
Bagutoy (1976 reported that CY treatment pro-
duces a mouse which is severely depleted of B
cells. Stockman et gl {1973) corroborated these
observations hy morphological studies. Para-
doxically enaugh. stray reports also hint at pro-
tection induced by CY in malarial infections
(Finerty and Edward, 1976). The present study
was therefore designed to investigate the effect of
CY on the sub-populations of lymphocytes and
on Plasmodium berghei infection in an outbred
sirain of Swiss mice.

MATERIAL AND METHODS
Animals. Four to six weeks oid outbred (VRC)

Swiss mice weighing 20-25 gms were selected for
the study and fed ad libitum. ‘Material parasise:
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(Vinvkei & Lips, 1948} sirain of P. berghe:
obtained from NICD New Delht was used in this
cxperiment. It was maintained by weekly serial
intraperiloneal passages in the Swiss mice.

Acute malaria was induced experimentally in 30
control animals by using {x10% malaria infected
red blood cells intraperitoneally as the standard
inoculum. ' o

In the experimental group of 40 animals, cyclo-
phosphamide was given intraperitoncally
{£50/kg body wi.) 48 hours prior to parasite
challenge. Both the groups were observed daily
for the extent of parasitemia (Parashar e/ al.,
1977} and mortakty. Random baiches of mice
from each group were sacrificed al 48 hours
intervals and weights of spleen and thymuses
recorded carefully and splenict and B cells esti-
mations carried out.

Serial samples of peritoneal macrophages were
obtained at 48 hours interval during the course of
infection and acid phosphatase estimated
according to the method of McBride e al,
{1974). A guatitative Nitroblue tetrazofium dye
reduction test was also conducted (Segal and
Levi 1973).

Splenic sub-population of lymphaocyies: Spleens
were taken out, teased in cold minimum essential
medium (MEM) and then passed through a 60
mesh gauze. The celis were centrifuged at 1500
rpm at 40°C for 10 minutes and washed thrice.
The viability was tested with trypan blue, cells
.were counted and adjusted at 2x10¢f/ ml viable
cells.

T cells: These were estimated by the medified
method of Amysliwski er al. (1977). A suspension
of 2x10¢ cell were treated with | g of phytohae-
maggiutinin P (Difco Laboratories) at 37°C for
hall an hour. These were washed twice with
MEM, readjusted and incubated with an equal
volume of 0.5% washed sheep erythrocytes
(SRBC) for 15 minutes at room temperature,
The mixture was centrifuged at 200 rpm for §
minutes and kep1 at 4°C overnight. A total of 500
cells were counted for assessing the percentage of
rosctie forming cells.
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EAC Rosetres: The method of Bianco ef al.
(1970) was used. Briefly, 2 5% suspension of
SRBC was incubated witha 1 in 1000, dilution of
amboceptor for % hour at 37°C and suspended
in Hanks balanced Salt Solution (HBSS), EA
cells were treated with an equal volume of 1 in 10
fresh mouse serum at 37°C for ¥ hour. A 1:5
dilution of EAC was further incubated with an
squal volume of 5x10¢/mi of lymphocytes for 14
hour at 37°C, The mixture was centrifuged at
500 rpm for J minutes and rosetting cells counted
after addition of 0.6 m! of HBSS. Serial reticulo-
cyle counts were done both in the control and in
CY treated animals,

RESUELTS

During acute malaria, in  the controi
animals the thymus weight gradually dropped
from a mean of 50.6 mg* 16.7 to a mean of 8.4
mg 1 2.07 by the 10th day after which the weight
remained stationary up to the 14th day of obser-
vation. The splenic weight on the contrary con-
tinued to rise slowly till the 8th day after which it
revealed a sudden sharp increase and by the 14th
day. the mean weight was 1,000 mg against a
normal mean-of 100 mg {(Fig. 1).
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Fig. 1--F{fect of P. peyghei infection on spleen and thymus
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Effect of CY treatment: (i) Parasitemia: The pre-
patent period in the control group was 2 days
after which there was a progressive rise of para-
sitemia wilh a peak parasitermia of 5% by day 10
{Figs. 2 and 3.

The prepatent period in the CY treated animals
was clearty prolonged by at least 5 days, On the
10th day of CY administration ie.. 8th day of
parasite challenge it was barely 4. 88 £ 3. 7%, while
in the control group it was 42 £ 5.4% on the 8th
day of parasitic challenge. Thus the parasiteima
was significantly greater in the conirol group on
days ¥, [0 {(p< .00y and i 2 (p< 008 of observa-
ston. Fhe differences being highly significani.
After 14 days, the CY treated animals showed a
comparshle degree of parasitemia.

iy Spleen weighr: in the animals given CY the
spleen weight dropped drasticatly during the first
4 days. the mean weight being 35.4 mg + 5.9% on
day 2 of parasite challenge compared with a
conatrol spleen weight of H mg + 44 Onthe 6th
day of eyclophosphamide, the spleen weight had
imcreased 16 554 mp £ 15,07 and by the sthday it
revedled a rebound phenomenon altaining 4
mean wt. of 300 mgs £ §1 which was higher than
the corresponding normat at that time 190 2 27,
The spleen weights gradually increased during
the subsequent course of the infection (Fig. 2).

{1} Thynts weights: The CY treated animals
likewise showed a more drastic drop of the thy-
mus weights as compared to that of the controls.
The resting mean weight was 306 mg £ 6.7, The
mean weight at the end of 48 hours being 10.2 mg
* LY and 96 hours after CY treatment it was
12.75 mg * 4.5 when the thymus weight in the
control was [9.25 ¥ 7.88 mg, the difference being
statsstically signitficant (p< .01). Thereafter, the
difference became insignificant (Fig. 3}.

(iv) T & B cells: The result of modified E and
EAC rosettes indicates thar under the effect of
CY at a dosage of 150 mg/kg body wt., both the
sub populations of lymphocytes show a distinet
deciine in the spleen although il was more
marked in the case of T cells(Fig. 4). Thecontrol
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anmals also revealed a il ingsplenic T cells but i
was less marked that in the CY treated animals.
Further, the B cells revealed a rebound after an
initial dip when by day 10. the mean value was
24.8 + 5.006 as opposced to the control figure of
10.25 + 4.34. Evenuually the B cells dechined as
the parasitemnia progressed (Fig. 5). Aad phos-
phatase activity of the splenic macraphages
increased from 2.2 K AU, to 8.6 by the 2nd day
and 1o [2 6bythedthday. Buton the 6th day, the
activity was only [L13 K. AL The activity
dectined further on 0th day of ohservation,
Results of the NBT test also revealed a similar
irend. during the first 48 hours it rose from [0-
159 to 35 £ 155 and thereafter steadily declined
till the 8th day of observation.

Reticulocytes: The reticulocyte count steadily
increased to a peak of 52t 12.5% before deathin
the control group and paralleled closely the

exfent of parasitemia. n the CY treated animals
on the other hand, no significant reticulocyte
response could be discerned till the 8th of paras-
ite challenge while the control group revealed a
mean of 4.7 = 26. On the day 10, the difference
was still more marked; in the control group the
teticulocyte response was 38.3 + 7.2 while in the
CY treated group it was barely 8 + 3,2, The
difference was statistically significant (p< .001)
Thereafter the differcnce became insignificant.
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DISCUSSION

The purpase of the present stzdy was to invest-
gate the possible mechanisms. of protection (if
any) induced by CY against malaria. The results
of the experiment indicate that CY treatment
causes adistinct delay in the appearance of para-
sitemia with prolongation of the prepatent
period alongwith a statistically significant lower-
ing of parasitemia on days 8. 13 and 12 after the
parasite challenge.

if selective B cell depletion was so conspicuous a
featuse of CY treatment as suggested by Linna et
al. {1976), Wells eral. (1977), and Stockman et al.
(1973} one would expect enhancement of para-
sitemia since humoral factors play a dominant
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rode i1 passive inununity agamst malacial tnee-
tion. Marbook and Baguley (1976) in their study
indicated that CY sefectively ehiminates SRBC
plague forming clones, when the B cell depres-
sion was abrogated by antilymphiocyte serum
(ALS} or steroids suggesting suppression by 7
cells to be a contributing factor. But studies of
Finerty and Edward ¢ 1976) and Spira ot af. (1968)
clearly indicate protection induced by CY in 2
berghei infection, Finerty and Edward ([976) how-
ever, stressed that the main mode of action was
through augmentation of the cell mediated
mmunity. In facl, a somewhat similar mecha-
nism has been postulated by Wyler er af. (1976) who
reported definite augmentation of celt mediated
immunity assoclated with predeciion agains
plasmodium infection after CY. It is inferesting
o note that in our stdy maximum protection
was observed during a period, when there was
atmaost dissolution of spleen and anacute mvolu-
tion of thymus, Further, it is during this phase
that both the subpopulations of lymphocytes
showed a marked decline (Figs. 4 & 5). From the
present study it appears thar thymic involution is
much more drastic under theeffect of cyclophos-
phamide than due to malarial infection per se,
spienic T cells 48 hours after CY being 1175
3.86 while in the control, the mean value was 40+
1.37. In (act, earbier siudics by Berenbaum ¢ 1963)
and Starlz er al. (1971) indicated suppression of
“T" celt activity in man and mice as judged by
prolongation of homograftsurvival after CY. On
the other hand, Albright and Albright {1976) in
their adoptive transfer studies concluded that
CY selectively kills or supresses the supressor T
ceils and that CY treated animals exhibil vigor-
ous antibody response. Their rexults do not cor-
roborate findings of Linna 1 o, (1976). Wells 1
al (1977 or Stockman er. wl (1973}, Obscrva-
vions of Albright and Alheighi are however, cor-
roborated by findings of Poulicr and Turk
{1972 and Askanese 21 af 11915} who claimed
that helper V cells were resistant io the action of
CY. Distant thymic atrophy sbapeith murked
shrinkage of splenic size skonly alter CY inour
study suggests knocking of muhiple functions of
T cells pool. B cells may be efferted suigeneris or

vsa the Aciper Veells and the aitinte nudcome in
A given situation is dependent on the dose, time
af drisg administration and the degree of relative
sty to the subpopulations of lvinphocytes.

vl Bagravge 2 of (1974) surmmarised that
saluaneed susceptibitity of B eells to CY was due
o fugher turaover and thar activated T cells
sottld be equally sensitive 1o the action of CY.,

.1 the preseat stody one can covisage neither “T°
sel nor B eell-dependent mechanisms affording
teansitory profection in P berghied infection mice
since there was 4 universat depression of the bone
marrow. Nince P.ferghel has a preditection for
e reticdneytes, M oseems logical to corclude
Mt CY depietes the bost of the requisite ceft,

fn the nresent stwdy, 1he prolection was con-
tined 10 a period when the reticulocyte count was
low. After the effect of the drag waned off and
reticulocyte respense picked up. there wis a
parallel incredase in the pacasitemia. Therefore. n
5 ftkely to be a spurious protection rather than
true protection. Furthermore, # 1s apparent that
muere estimation of parasitemia may nat be a fool
proal indicalor of prodection,
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Suppressive Action of an Interferon Inducer (6 MFA) on
Blood Induced Rodent Malaria.

ENS YADAVAL, ANJU PHR'and G.P. DUTTEA

Effect uvf &-MFA, an interferon inducer, o the course of Plasmoditem berghei infection in ramiom hred
Swiss mice has been studied and it has heen {ound to produce a significant suppression of parasitacmea
during the carly stage of infection (between days 4-7 post ipoculation} and alse a significant extension of

mean survival time of infecled mice comparced to the controls.

INTRODUCTHON

interferon and interferon inducers are well
known to provide a nomn-specific protection
against viruses {Gupta, 1978; Stewart, 1981,
Statelon an inducer of interferon isolated {rom
Penicillivm stoloniferum (Powell er af., 1952;
Klemschmidt and Probst, 1962} and helenine
produced from P. funicidosum (Shope, 1953) are
known 10 exhibit antiviral activity against Sem-
liki forest and MM viruses. In addition, 6MFA
an interferon inducer from Aspergillus ochra-
ceus has been found to possess broad spectrum
antiviral properties (Maheswari e al, 1971;
1977; 1978, Rama Kam and Gupta, 1976; Lal er
al., 1986). Limited studies conducted so far sug-
gest that interferon inducers like West Nile virus
(WNV) and New Castic disease virus (NDV)
{Huang er af., 1968; Schultz er ¢f,, 1968; Jahiet e
al., 1968; 1969) and other interferon inducers like
Statolon (Jahiel et al., 1969; Bliznakov, 1980)
can exert suppressive action against malaria, The
antimalarial activity of 6-MFA which is a strong
inducer of interferon, has not been evaluated so
far. The present communication reports the sup-
pressive action of 6-MFA on blood induced
rodent malaria.

tovepted for publication . 25 Feb., 1484
Pivisien o Microbiology.

Central Prug Research nstitute, Lucknow.

MATEREAT AND METIIODS

Random bred Swiss muce (weighing 20/ g) from
the CDRI coiony, were used for malaria infec-
tion and antiviral assay.

6-MFA was prepared in the aboratory from
Aspergillus ochraceus (ATCC-28706) according
to the method of Maheshwarier af {1977, Stack
solution of 6-MFA in PRS. (pH 7.2) was
adjusted to contain 1.5 mg/ml of the product
which induces 3000 1U of interferon per ml of
mouse serum {titrated against vesicuar stomatiiis
virus in L-cell system; Personal communication
from Dr. Maheshwari, unpublished data). The
preparation was frozen at -20°C and aliguotes of
cach sampie were assayed for interferon produc-
tion in mice against Semhki Forest Virus, where
it gave 909, or more protection by inoculating
Iml of 6-MF A introperitoneally 24 hours before
challgnpe with the virus (Lal e/ al., 1980).

In arder to assess the protective effect of inter-
feron induced by 6-MFA in Plasmodium infec-
110n, the mice were divided into four groups () to
1V) which were admimsiered 6-MFA by i/p
route. Giroup I received | mi X 3doses ol 0-MFA
iyp tday-1, +4, +8): Group 11 received | mb. + 13
dases, i/p {day-1. +4, +8), Group 1 received
bnd, b/ p (day-f3; and Group VYV received | milifp
(§ hr before infection) Vhe control group as well
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as 6-MFFA trated groups ol mice were infected
with 2. herghei (1+i0¢ parasitized RBC)by i/p
route. The course ol parasitacmia was {oliowed
my exanuning Giemnsa stained smears daily. The
mortality m contred and experimental groups
way recorded.

RESULTS AND DISCUSSION

ke data on mean survival time of -MFA
treated and control mice {ollowing P. berghei
infection, are given in Tabte [. All the 6-MFA
treated groups showed significant extension of
mean survival ume (Range $.80— 16,5 davs)

Fable ).
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stages 0f the parasites.

Schuliz et @l (1968) used NDV against blood
induced P. bergher infection in mice and demon-
strated a slight degree of protection, limited to an
increase in survival time from 7t 9.2 days, when
virus was given either 2 hirs. before or 12-15 hrs.
after malaria infection.

Jahiel er al. (1969) demonstrated the antimalarial
activity of three mterferon inducers namely
NIV, Statolon and the double stranded polyri-
hocytidytic and pelyriboinosinic acid and
observed the highest protection, as evidenced by
prevention of parasitaemia and survival of mice

Effect of 6-MFA on the survival time of mice infected with P. berghes.

A-MEA trearment

I e Route Mo, of mice Mean Survival
Ciroup Nov. of doses (on days} time * SD (Days)
CONTROL. - . 25 §3x 179
o-MEA i1 mi X 3 tday-), +4. 46} ip 5 12.6 + 5.06
11 mi X 3 {day-t, +4, +8) ip fe 16.56 £ 512
S0 1wl X (day-D) i 0 1095 + T4
v Imlx g hr-1} i 20 9.80 + 3.50

Sice were infected with [ 2 100 parasitized RBC nn day 0

compared Lo the controls (8.3 days).

Vhe results presented in Fable 2 show that in all
the four groups (1-1V) of mice treated with 6-
MFA by intraperitoneal route, there was sipnifi-
cant suppression of parasitaemia between day 4
tg 7 of infection as compared to the control
proup. Alter 7th day, the parasitaemia increased
in all groups resulting in 100 per cent mortality,

Yoelt er gf. {1955} first reported the suppressive
elffect of WNY inoculation against blood
wideced P berghei infection m mice. Protection
againsl sporozoite induced infection was
reported hy Iahiel er al. (1968) who ohserved a
marked protection when NDY was given 16-24
hr. after the sporozoite inocuiatzon. Parasitae-
mia developed in only 13 out of 40 mice, How-
uver, when virus was pven 48 hrsafter sporozoite
inoculation, the protection was less marked.
'hey postulated that the main action of inter-
feron was on the late primary exoerythrocytic

against sporozoite induced infection, while pro-
tection aflorded by NDV or Statolon (given 16-
24 hirs. after infection) against blood induced
infection was partial and was limited to only
suppression of parasitacmia between days 3-7.
The use of 6-MFA in the present study against
blood induced P. herghei infection has shown
results which are in close agreement with those of
Jahiel et al. (196%) whe cmployed NDV and
Statalon as inducers. We have observed in 6-
MEA tieated mice, a partial but significant sup-
pression of parasitaemia on day 4, 5, 6 and 7
post-inoculation. In addition, our study has
shown a significant extension of mean survival
time in all the groups of mice treated with 6-
MFA, as compared to the controls.

Interferon inducer {(Statolon) has aiso heen used
i conpuniion with chloroguine to study their
effect on malaria and it was breifly reported that
pretreatment with statolon and chloroguine
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mereased the surviverstup as well as projonged
rhe suevival time of mice infected with P. berghed
tBhznakov, 1980).

Deonahoe and Huang (19713) have suggested Lthal
sierferon and s indocers could exert antiprato-
roal effect by stimulating phagocytosis,

Fhe present study with blood induced rodent
malaria in mice suggest that 6-MFA exerts a
suppressive aciion on malaria which is probably
hnked to inteeferon production and consequent
non-specific immuno-modullory elfect on the
host. Sinee the resuitant infection tn all the 6-
MI‘A 1reated mice was [latal, 1l is certain that
neither inducer {6-MFA) nor interferan exerts a
specific antiparasitic action on the malaria par-
asite. which could eradicate the parasitaermia
from the host completely.
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Detection of Sporozoites in Anopheles subpictus in

Bastar District, Madhya Pradesh

S.M. KULKARND®

in India, vccurrence of oocysts and sporozoites
in Anopheles subpictus was first reported in 1938
{rom Ennore-Neilore and Pattukotiai of Madras
Presidency in Tamit Nadu (Russel er af., 1939).
In recent years, it has been incriminated as a
vector in Maldive Islands and a suspected vector
in Lakshadweep Islands (Roy ef al., 1978} and a
vector in coastal villages of south-east India
(Panicker ef al., 1981). In view of the persistence
of malaria in Bastar district, Madhya Pradesh,
rote of anopheline mosquitoes including 4. sub-
pictus in the epidemiology of malaria was inves-
tigated. Adult anophelines were collected
routinely at fortnightly intervals between Janu-
ary 1980 and January 1982 from five topographi-

cally different areas of the region. The collections
were made from vanous resting habitats and
while biting man and animals. The wild-caught
(emales were identified and dissected for oocysts
and sporozoites.

Out of the 12,107 females of 4. subpicrus dis-
sected, 3 females (0.025%) showed the presence
of sporozoites in the salivary glands. The positive
females were collected one on 23rd February,
and other two on i4th July 1981, inside mixed
dwellings from localities about 6 kms. from Jag-
dalpur town. These localities are surrounded by
plains with paddy cultivation. The length and
breadth of the sporozoites were measured and

Table 1. Comparative measutrements of sporozoites of three species of Anopheles (in microbs)

Length Rreadst: Numbers
Species Min. Max. Avp. Min - Max Avg. measured
4. cudicifacies S 500  J1S0  {0.18 ) 142 1.05 50
A. fluviatilis 3.00 [1.60 10.40 I 1.50 [.15 15
A. subpictis 035 11.55 10.62 | 110 1.05 55

Accepied for publication: 34 December, 1983,
'National Institute of Communicable Diseases
tndian Counci} of Medical Research Scheme for
Malaria Rescarch. Jagdalpur-494 001 (M.P))

* Present address:

National Institute of Virclagy,

Punc-411 00L.

compared with the sporozoites found in the
known vector species viz,, A. culicifacies and A,

Jluviatilis also collected during the study (Table

). All were found similar to cach other. It was
also observed that the size and morphology of
sporozoites were close to the human Plasmo-
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i (Garnham, 196h; Boyd. 196Y). "fhis finding
i further supported by data obrained on density,
host preference and longevity as detailed below.

The species was found ta high densities during
February to early March (PPer man hour 19-48)
and again from late June to August (PMH range
#6-84). The ovanole dissections alse indicated
that the species lived up to 2 weeks in July. The
anthropophilic index of 35.6% based on the pre-
cipitin test of 213 biood meals, also indicates that
under certain ecological conditions, 4. subpictus
may feed on man and transmit the malaria paras-
ites. However, there is a need to undertake long
term intensive studics to establish its potential as
2 vector in Bastar district.
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Anopheles culicifacies: Mitotic Karyotype of Species C

K. VASANTHAG SARALA K. SUHBBARAO! T ADAK and V.P, SHARMA?

Anopheles culicifacies which was earlier repor-
ted to be a complex of two sibling species (Green
and Miles, 1980} is now found to be a2 complex of
three sibling species (Subbarao et al., 1983). These
three sibling species—species A, species B and
species C were identiflied with the help of fixed
paracentric inversions 1n the polytene chromo-
somes. The inversion genotypes are X+'+'
T+5 Y xab 2g'+", and xab 2+ ""h',respca-
nvely, of species A, species B and species C In
addition to the differences in the rearrangements
in the polytene chromosomes, morphological
differences in the Y-chromosomes were observed
in the males of species A and species B(Vasantha
et al., 1982). In species A, the Y-chromosome
was metacentric while it was acrocentric in spe-
cies B.

in order to study the mitotic karyotype in species
C, twenty five metaphases each from female and
male larval neurogomal cells were karyotyped.
Species € colony wasestablished from A. culicif-
acies populations from Singalkanch, a village in
Surat distt., "Gujarat. Preparation of mitotic
chromosomes is describcd by Vasantha er al.
{1982).

Aecepied for publication, 1t February, 19%4,
‘Matariz Research Centre (1ICMR).
22, Sham Nath Marg, Defhi- 10054,

The diploid number, as in other anophelines, was
found to be six. Chromosome 2 was the largest
pair constituting approximately 37.05 to 39.049;
ol total chromosome length (TCL). Chromo-
some 3 comprises of about 31.86te 33,154 TCL.
The arm ratios of chromosome pairs 2and 3 were
b4 and 1:1.1 respectively. The TCL. of the X-
chromosome ranged from 28.169% to 29,509
with an arm ratio of 1:2.25. Following Levan e7
al., {1964) classification, both the autosomes
were  designisted  as  metacentric and  sex-
chromosomes as submetacentric (Plate 1}. With
respect to total chromosome lengih and the posi-
tion of centromere, autosomes of alt the three
sibling speeies are almost similar, Likewise, the
X-chromosomes of all the sibling species are sim-
ilar in being submetacentric while the Y-
chiromosame  of species C which s sub-
metacentric resembles that of species A and
not of species B which is acrocentric (Vasantha et
al., 1982).

On the whole, the species C mitotic complement
seems to bear a closer resemblance to the species
A karyotype rather than 1o the species B karyo-
type. [t may be pointed out that species C differs
from species B by two fixed paracentric inver-
sions on chromosame arm 2 while it differs from
species A by three fixed tnversinns, two in the
X-chromasome and one on the chromosome 2
arm.
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Plate |

fa) Mitouc karyotvpe of species C.

th} Yanations in the mitotic Y-chromaosome of
the sibling species.
Magnification: X | 200

It may be observed that there is a great deal of
variation in the TCL of the Y-chromasome
between the three sibling species which varies
from 20 to 28%. Such variations in the total
genome of the Y-chromosome are not uncom-
mon and have been known to accur both within
and between closely related species.

Speeies A, species B and species C which are
morphologicaily alike can now be distinguished
either by the larval salivary polytene chromo-
somes or by the adult ovarian pelytene chromoe-
sumes or by the male mitotic chromosomes.
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Malaria Epidemic in Shahjahanpur (U.P.)

RK. CHANDRAHAS! and V, P. SHARMA:".

Following 253 deaths in 28 villages of Negoyi
PHC and 96 deaths from 10 villages of Tilar
PHC of Shahjahanpur district of Uttar Pradesh
during August to October 1983, an investigation
was carried out by the Malaria Research Centre
during 3rd week of Qctober 10 determine the
cause of these unusual deaths,

These PHCs are located at about 25 Km North of
Shahjahanpur town. The data collected from the
state health authorities revealed that these
unusual deaths started occuring from first week
of August and continued 1l the third week of
October 1983 with maximum number of deaths
during mid September.

The afected villages were situated in canat irri-
gated zone and had innumerable seepages and
rain water collection sites,

The team carried out survey of fever cases in §
ot of the 28 affected villages in Negovi PHC.
Two villages located outside the affected area

Accepted for publication: 25 Teb. 1984
‘Malaria Research Centre (ICMR}
22, Sham Nath Marg, Delhi-t 13054,

were also surveyed. Of a total of 377 blood
smears collecled and examined, 284 were found
positive for malaria parasites giving the slide
positivity rate of 75.33. Of the total positives, 273
(96.19%) were due to P. falciparum. Blood smears
were also collected from the family members of
the deceased 1n 5 villages. Out of 396 blood
smears collected, 214 were positive for malaria,
the SPR being 54.04, P. falciparum was found in
204 out of 214 positives (95.32%), Tabies | and 2,
It may be noted that a few days before this inves-
ugation was undertaken, the U.P. Health
Department had completed administration of
Mass Radical Treatment (MRT) in all the
affected villages by the end of September 1983,
The administration of Fever Radical Treatment
{FRT) was in progress at the iime of investiga-
tons during the third week of October 1983,
Therefore, it was surprising to find such a high
rate of falctparum malaria even after these treat-
ments. There were 38 deaths among infants out
of a total of 349 deaths {10.8%) in 1} out of 38
affected v iliapes inboth the Primary Health Cen-
tres. Only two infant blood smears were collected
during the fever survey of which the one collected
from Parsona village was positive for P.

falciparum.
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The investigations revealed an epidemic out-
break of faiciparum malaria in these villages. Itis
guite reasonable to surmise that some of the
unusual deaths recorded earlier were due to fal-
ciparum infection. The investigations also
revealed that there was a complete breakdrown
of surveillance in these areas and acute shortage
of anti-malarials and microslides with the Mul-
tipurpose  Workers (MPW) and other
supervisory staff.

The Shahjahanpur episode is of great public
health importance. It highlighted the value of
good surveillance, insecticidal spraying targeted
1o achieve at least 75 1o 80% coverage and

improved laboratory services in fulfilling the
objectives of the Modified Plan of Operations
(MPO) of the National Malaria Eradication
Programme (NMEP).
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The central theme of the Congress will be “PHARMACOLOGY
FOR HEALTH IN ASIA™ In addition, many emerging and frontier
areas of Pharmacolagy will be discussed. The participation of scient-
ists involved . in research in Pharmacology and allied disciplines is
weleame. The registration forms ete. will be mailed 1n May, 1984,

The deadtine tor advance registration and receipt of abstracts is 30
September, 1984,
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