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ABSTRACT

Sporozoite-induced infections in rhesus monkey are useful for establishing
models for causal prophylactic and anti-relapse screening test systems. Ex-
perimental transmission of sporozoite- induced P. cynomolgi B infection through
rhesus monkey has been maintained successfully since 1982 by serial cyclic
passage, using A. stephensi as vector. The radical curative dose of primaquine in
this model had been found to be I mg (base)/kg x 7 day (by oral route), which
gives 100% curative rate. Chloroquine used as companion blood schizontocide
with primaquine was curative at 3 mg (base)/kg x 7 days. A short 3-day treatment
schedule with primaquine as reference drug had been standardized for evaluation
of causal prophylactic activity of potential antimalarials. A dose of 1.78 mg/kg
primaquine (base) x 3 days (days - 1,0 and + I) had been found to be consistently

curative. Sporozoite-induced P. cynomolgi B rhesus infection is the unique
model developed at CDRI for large scale screening of new anti-relapse/causalprophylactic agents.

A new 8-aminoquinoline derivative (CDRI 80/53), [N1-(3-acetyl-4-5-
dihydro-2-furanyl)_N4_(6- methoxy -8 -qu inol iny 1)1, 4- pentanedi amine J,
synthesized at CDRI, Lucknow, showed causal prophylactic activity at 3.16
mg/kg x 3 doses (on days -I, 0 and + I) against sporozoite-induced P. cynomolgi
B infection in rhesus monkeys. This new compound also exerts anti-relapse
(radieal curative) activity at I mg/kg x 7 days.

The communication is dedicated to the memory of Dr Manju Seth who was associated with
the synthesis of their compound (CDRI 80/53)
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Methemoglobin toxicities of primaquine and compound 80/53 were com-
pared in beagles. Primaquine administration at 3 mg/kg for 7 days produced
significantly high (P < 0.01) methemoglobinemia and the levels increased
10.55-fold, while compound 80/53 (at 3.75 mglk'g x 7 days) 'produced only
3.2-fold increase in metHb (P < 0.02). Judging from metHb toxicity levels in
beagle dogs, the new compound 80/53 is 3-4 times safer than primaquine.
Compound 80/53, the potential anti-relapse drug, has entered phase II clinical
trials at CDRI.

INTRODUCTION

I

~

I

I!vcn before the discovery of tissue phl"IOof malaria by Shott and Oarnham (37).
the rclapJu!.uf P. vivlU had been w~1Iknllwn.Oarnhum (20) propClHedthat relapses
WlfCCD\I'II~cIby the uctivatlllll or tJUr/lllllltIissun MIDKCSIInd those IItageswore
Idontlfled 1"1hypnozoites by Krolullkl", al. In liver section fn)ln u P. cynomolRI
infected monkey (24). Though primaquine is known to CUrethe relapses of P.
vivax, efforts have been continued to develop safer 8-aminoquinoline agents for
prophylactic and anti-relapse efficacy against Plasmodium vivax (13,30). The
prophylactic and radical curative efficacies of 8-aminoquinolines against P. vivax
had been well-documented (1,7,9,10,16.22). Researchers carried out by Schmidtet
al. (32-34) established the prophylactic and radical curative efficacies of pama-
quine, pentaquine. primaquine and isopentaquine against simian malaria (P.
cynomolgi strains, MB and Ro). Among these, primaquine was found to be most
active and least toxic t34). Although rodent and avian antimalarial screens for
tissue schizontocidal screening have also been used extensively (12,21,36), the
predictive value of these models to select compounds that would be active against
P. vivax in man is reported to be very poor (31).

Primaquine is the only drug in clinical use for radical cure of P. vivax infec-
tions. Toxicity of 8-aminoquinolines has been documented since 1930 (38).
Primaquine administr;ltion produces a wide range of side effects, including
gastrointestinal disorders, derangement of leukocyte levels, development of
methemoglobinemia with cyanosis, and hemolytic anemia in G-6.PD deficient
individuals (2,5,6,8,39). Moreover, the toxicity of primaquine precludes its use in
pregnant women and infants (4). Fletcheret al. (18) showed a significantelevatior
of methaemoglobin levels in Caucasian volunteers during multiple dose therap)
with chloroquine and primaquine. Studies with primaquine have also been con
ducted to identify safe and less toxic metabolites of primaquine (40). Fo
methaemoglobin toxicity evaluation of new 8- aminoquinolines, beagle dog is th,

ideal test model for establishing the safety of radical curative ag~elonging t.
primaquine series (25). Using the beagle dog model, a neW antl- relapse com
pound, CDRI 80/53, has been identified (15) and subjected to detailed preclinic!
development at CDRI (23, 35).
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MATERIALs AND MEmODS

Maintenance of rhesus monkeys (M. mukztkzj

Rhesus monkeys (4-5 kg) used in the anti~aJariaJ screening programme are
kept under quarantine for four weeks. During quarantine period, monkeys are
chest x -rayed and their blood smears areexamined atweekly intervals for 3 weeks
for the absence of blood protozoans. Tuberculin negative monkeys free from
blood parasites as shown by blood smears are transferred to the experimental wing
and kept under 12 hr photoperiodicity in mosquito-free rooms. They are fed on
standard pellet diet. seasonal fruits, vegetables, and water is given ad libitum.
Parasite

Plasmodium cynomolgi B, a human tranllmissible simian pal'uille (19),
procured in 1979 from Dr W.E. Cullins, CDC, Atlanta (USA), hud I",on main-
tained in CDRI till 19S2by succelillvo blond Induced pallsages. Sinco JIIH2,the
parasite has been regularly transmitted through Anopheles stephen.viIIIUHtfultoes.
Recording of parasitaemia

Both thick and thin blood films of infected rhesus were stained for parasitaemia
recording. The parasitaemia is initially recorded in terms of number of
parasites/mm2 from thick blood smears, on the basis of number of parasites per 50
oil immersion fields, which when multiplied by 20.givesparasitaemia/mm3. When
the number of parasites/50 thick fields is more than 50, further recording is made
from thin blood films by determining the number of parasites/too WBC, and
parasitaemia/mm3 is caJculated after recording the number of WBC/mm3 using
haemcytometer. Finally, when the number of parasites/too WBC is more than
1000, further recording is made from thin films by counting the parasitized
cells/) 04 RBC and parasitaemia/mm3 is calculated after determining the numberof RBC/mm3 using hemocytometer.

Protocol for cyclic passage of P. cynomolgi B

Blood-induced P. cynomolgi B infection in monkeys attains primary peak
parasitaemia of 4.oo,Ooo-8,00.000/mm3in 7-S days after patency. The parasite
number then declines without any treatment and the secondary peak parasitaemiaof 30.000- 60,Ooo/mm3is observed 4-5 days later. '

Infection of mosquitoes

Two or three days old Anopheles stephensi mosquitoes are fed on infected
rhesus monkey showing optimum gametocyte number of 2000-4ooo/mm3. The
monkey is anaesthetized with sodium- intraval (25 mg/kg, iv) and mosquitoes are
allowedto havebloodmealfor 20-30min.The fed mosquitoesare kept in the
insectary. whereas the males and unfed females from each cage are discarded.
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On day 7 after blood meaJ, 5-10 mosquitoes from each of the infected batches
are dissected for determining the number of oocysts on the gut (2~). The mean
number and the size of the oocyts are recorded, which generaJly lie in the range
to-150 and 40-50 J.lD1respectively. Estimation of sporozoite number in infected
mosquitoes is done on day 13after blood meaJ(or one day prior to inoculation of
monkeys).

To harvest the sporozoites for inoculation on day 14, the required number of
mosquitoes are ground in a pre-chilled pestle and mortar, and the sporozoite
inoculum is diluted with rhesus serum-saJine mixture. After grinding, the suspen-
sion is centrifuged at slow speed (2000 rpm for I min at 4°C). The sediment
containing mosquito debris is discarded and the supernatant is further diluted with
lerum- sallne mixture to get the required inoculum. The whole process after
IUluclthetizatlonof mosquitoes 10the Inoeulution:of monkeys should be completed
within4~.6() min. Each monkeyI. Inooulatedvia Iv route wilh I ml of the
Innculum,IIlIdthe exactnumtN'rof IpomwltollInuculatedpermonkeyill deter-
millcil fnull thISsumpla inoculum.

,.

Drug administration

Pure samples of chloroquine-diphosphate and primaquine- diphosphate have
been used as the reference blood schizontocidaJ and anti-relapse drugs respective-
ly. Doses of chloroquine and primaquine calculated to the drug base (1 mg
chloroquine base =1.67 mg chloroquine diphosphate) were suspended in distilled
water or in 0.3% methyl cellulose solution in distilled water and prepared on the
day of treatment. Compound CDRI'SO/53, (N1-(3- acetyl-4-5-dihydro-2-furanyl
~-(6-methoxy-S-quinolinyl) 1.4- pentanediamine), was synthesized at CDRI,
Lucknow (3).

Drugs were administered separately in 10ml volume via oral catheter followed
by 5 ml water to flush the catheter. The treatment was administered once daily for
seven consecutive days when asexual parasitaemia reached levels of approximate-
ly 5000/mm3.

j

I

Protocol for causal prophylactic activity

For causal prophylatic activity. monkeys were inoculated with 1 x 105to 1 X
106 sporozoites intravenously. Treatment with primaquine or compound SO/53
was administered orally either in three doses, i.e. on days -1.0 and +1of sporozoite
inoculation (27). Blood smears from infected/treated monkeys were checked daily
from day S onwards till day 70 post-sporozoite inoculation. Animals which
remained negative throughout this observation' period were recorded as cured.

Protocol for radical curative activity

For radicaJcurative activity tests, the rhesus monkeys were allowed to develop
patent infection after 1X 106sporozoite inoculation. When the parasitaemia level
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MATERIALS AND METHODS

Maintenance of rhesus monkeys (M. mulatttzj

Rhesus monkeys (4-5 kg) used in the antimalarial screening programme are
kept under quarantine for four weeks. During quarantine period, monkeys are
chest x -rayed and their blood smears are examined at.weekly intervals for 3 weeks
for the absence of blood protozoans. Tuberculin negative monkeys free from
blood parasites as shown by blood smears are transferred to the experimental wing
and kept under 12 hr photoperiodicity in mosquito-free rooms. They are fed on
standard pellet diet, seasonal fruits, vegetables, and water is given ad libitum.
Parasite

Plasmodium cynomolgi B, a human tranllmissible simian patulle (19),
procured in 1979 from Dr W.E. Cnllins, CDC, Atlanta (USA), hud tl('on main~
tained in CDRI till 1982 by succeNslvo blond Induced pallsages. Sinca 19H2,the
parasite has been regularly transmitted through Anopheles stephen.,;ilIIuHqultoes.
Recording of parasitaemia

Both thick and thin blood films of infected rhesus were stained for parasitaemia
recording. The parasitaemia is initially recorded in terms of number of
parasites/mm2 from thick blood smears, on the basis of number of parasites per 50
oil immersion fields, which when multiplied by 20 gives parasitaemialmmJ. When
the number of parasites/50 thick fields is more than 50, further recording is made
from thin blood films by determining the number of parasites/IOO WBC, and
parasitaemialmmJ is calculated after recording the number of WBC/mmJ using
haemcytometer. Finally, when the number of parasites/IOO WBC is more than
1000, further recording is made from thin films by counting the parasitized
cells/104 RBC and parasitaemialmmJ is calculated after determining the numberof RBC/mmJ using hemocytometer.

Protocol for cyclic passage of P. cynomolgi B

Blood-induced P. cynomolgi B infection in monkeys attains primary peak
parasitaemia of 4,00,000-8,00,000/mmJ in 7-8 days after patency. The parasite
number then declines without any treatment and the secondary peak parasitaemia
of 30,000- 60,000/mmJ is observed 4-5 days later. '

Infection of mosquitoes

Two or three days old Anopheles stephensi mosquitoes are fed on infected
rhesus monkey Showing optimum gametocyte number of 2000-4000/mmJ. The
monkey is anaesthetized with sodium- intraval (25 mg/kg, iv) and mosquitoes are
allowed to have blood meal for 20-30 min. The fed mosquitoes are kept in the
insectary, whereas the males and unfed females from each cage are discarded.
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On day 7 after blood meal, 5-10 mosquitoes from each of the infected batches
are dissected for determining the number of oocysts on the gut (2~). The mean
number and the size of the oocyts are recorded, which generally lie in the range
10-150 and 40-50 J.lIDrespectively. Estimation of sporozoite number in infected
mosquitoes is done on day 13 after blood meal (or one day prior to inoculation of
monkeys).

To harvest the sporozoites for inoculation on day 14, the required number of
mosquitoes are ground in a pre-chilled pestle and mortar, and the sporozoite
inoculum is diluted with rhesus serum-saline mixture. After grinding, the suspen-
sion is centrifuged at slow speed (2000 rpm for 1 min at 4°C). The sediment
containing mosquito debris is discarded and the supernatant is further diluted with
serum- saline mixture to get the required inoculum. The whole process after
anaclthetizatlon of mosquitoes to the inoculation of monkeys should be completed
within 4S.60 min. Each monkeyi. Inooulntcdvia iv route with I ml of the
Innculum,11m)the eX84~tnumlM'tof lponll.Ultelinoculatedper monkeyilldeter-
mined fnJllllhc sltmpla inocululII.

,.

Drug administration

Pure samples of chloroquine-diphosphate and primaquine- diphosphate have
been used as the reference blood schizontocidal and anti-relapse drugs respective-
ly. Doses of chloroquine and primaquine calculated to the drug base (1 mg
chloroquine base =1.67 mg chloroquine diphosphate) were suspended in distilled

water or in 0.3% methyl cellulose solution in distilled w.aterand prepared on the
day of treatment. Compound CDRI"80/53, (Nl-(3- acetyl-4-5-dihydro-2-furanyl
~-(6-methoxy-8-quinolinyl) 1,4- pentanediamine), was synthesized at CDRI,
Lucknow (3).

Drugs were administered separately in 10ml volume via oral catheter followed
by 5 ml water to flush the catheter. The treatment was administered once daily for
seven consecutive days when asexualparasitaemia reached levels of approximate-
ly 5OOO/mmJ.

Protocol for causal prophylactic activity

For causal prophylatic activity, monkeys were inoculated with I x 105to 1 X
106 sporozoites intravenously. Treatment with primaquine or compound 80/53
was administered orally either in three doses, i.e. on days -1.0 and +1of sporozoite
inoculation (27). Blood smears from infected/treated monkeys were checked daily
from day 8 onwards till day 70 post-sporozoite inoculation. Animals which
remained negative throughout this observation' period were recorded as cured.
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Protocol for radical curative activity

For radical curative activity tests, the rhesus monkeys were allowed to develop
patent infection after 1X 106sporozoite inoculation. When the parasitaemia level




