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One-year follow-up of malaria patients was under-
taken to monitor the antirelapse efficacy of CDRI 
compound 80/53 (Bulaquine). A total of 697 patients 
of Plasmodium vivax malaria were included in three 
arm double blind randomized study comparing 
CDRI 80/53 with placebo and primaquine. Drugs 
were given once a day for 5 days and the dose for 
CDRI 80/53 and primaquine was 25 mg and 15 mg, 
respectively. Thirty-four patients were lost to follow-
up and 663 patients completed one year trial. Two 
hundred and fourteen patients came back with sec-
ond episode during the one-year followup period. A 
detailed analysis revealed that the relapse rate dur-
ing non-transmission period with placebo in 16 
(10.6%) patients was higher than both in primaquine 
(3.0%) and CDRI 80/53 (4.9%) groups.  
 
PLASMODIUM vivax malaria constitutes about 60–65% of 
total malaria cases in India. Mortality in this infection is 
low, but involves high morbidity1. Due to persistance of 
the hepatic or hypnozoite forms of the parasite, relapses 
occur in P. vivax infections at intervals from 6 weeks to 
2 years2,3. Primaquine, an 8-aminoquinoline is the only 
available drug active against hypnozoites of relapsing 
malarial parasites and gametocytes of all human malaria 
species. Although toxic symptoms with primaquine are 
rare when used in usual doses, higher doses may be ac-
companied by gastro-intestinal side effects, leucopenia, 
anaemia and sometimes suppression of myeloid activ-
ity2. Individuals deficient in enzyme glucose-6-
phosphate dehydrogenase may suffer severe haemolysis 
with this drug, even at therapeutic doses. It is usually 
self-limiting, but blood transfusion may be required in 
severe cases4. Further, primaquine is contraindicated in 
pregnant women and infants5. Efforts have thus contin-
ued to develop safer 8-aminoquinolines for prophylactic 
and antirelapse efficacy against P. vivax malaria, viz. WR 
238605 and CDRI 80/53 (WHO assigned INN: Bu-
laquine)6–8. In the quest for newer and safer antimalarial 
drugs, Central Drug Research Institute (CDRI), Lucknow 
has developed activated enamine of primaquine, which  
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is chemically N-(3-acetyl-4-5-dihydro-2-furanyl)-N-(6-
methoxy-8-quinlinyl)1,4-pentadiamine. This compound 
has shown antirelapse activity in preclinical model of P. 
cynomolgi B infection in monkeys8. Toxicological and 
haematological studies in beagle dogs have established 
its safety9. In normal volunteer studies the compound, in 
single dose in the range of 5–75 mg and in multiple doses 
of 25 mg administered for 7 days daily, is safe and well 
tolerated10. The present communication reports the re-
sults of comparative clinical efficacy of CDRI 80/53 vs 
primaquine in preventing relapse in vivax malaria. 

Two clinics (at 2, Nanak Enclave and 22-Sham Nath 
Marg) of Malaria Research Centre (MRC) at Delhi were 
selected for the study. The clinics attract patients from 8 
to 9 periurban villages within 4 to 5 km area. The in-
habitants belong mainly to low socio-economic status. 
The study area has low endemicity for malaria, the pre-
dominant species being P. vivax11. This area is under 
the influence of two malaria vectors, An. culicifacies 
and An. stephensi. An. culicifacies is a monsoon-
associated species and is predominantly involved in 
transmission from July to mid-November, whereas An. 
stephensi is an intradomestic species that is found 
nearly throughout the year, but it attains epidemiologi-
cal significance only during the monsoon and post-
monsoon periods when climatic factors are favourable3. 
Sporadic transmission by An. culicifacies may occur 
during April–May3.  

The study was approved by the ethical committee of 
CDRI. A total of 697 adults (males and females) with 
vivax malaria aged between 15 and 65 years were re-
cruited in the study. Patients with history of vivax infec-
tion in the previous year or treatment with antimalarials 
within the past previous 15 days, concomitant severe 
anaemia (Hb < 5 gm%), clinical evidence of renal im-
pairment, cardiac insufficiency, glucose-6-phosphate 
dehydrogenase deficiency, lactating and pregnant 
women were excluded from the study. Written informed 
consent was obtained from all patients before formal 
enrolment in the study. 

Assuming a 30% relapse rate in vivax malaria without 
antirelapse treatment and reduction of relapse rate to 
10% with the test drug, 206 patients will be needed in 
each arm using α = 0.01 and β = 0.99. 

Patients were given 1500 mg chloroquine base in 
divided doses over 3 days. On day-4 patients were allo-
cated to one of the three drug groups according to serial 
numbers. The three drugs, viz. CDRI 80/53, primaquine 
and placebo were labelled serially at CDRI by using 
random tables and numbered from 1 to 700. The drugs 
were administered strictly under supervision in the 
clinic to ensure compliance and if vomiting occurred 
within half an hour of administration, the dose was re-
peated. 

The clinical examination of patients was done daily 
during drug administration while peripheral smear was 
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prepared on day-0, day-6, fortnightly for 6 months, fol-
lowed by monthly intervals for 1 year. During each 
visit, blood smear was prepared and history of any ill-
ness was taken. In case the peripheral smear was posi-
tive for P. vivax after being negative on day-6, the 
patient was labelled as a case of relapse and grouped 
accordingly. A slide was considered negative only after 
200 fields had been examined without finding a para-
site. Patients were advised to take personal protection 
measures to avoid reinfection during this period. They 
were also instructed to report to the malaria clinic in 
case of fever any time during the follow-up period. 

Between July 1993 and August 1994, 697 patients 
satisfying inclusion criteria were enrolled. Thirty four 
patients were lost to follow-up. Therefore, 663 patients 
were considered evaluable. Two hundred and twenty-
four received placebo, 220 primaquine and 219 were 
given CDRI 80/53. The demographic data of each group 
are shown in Table 1. All treatment regimens were well 
tolerated. All the patients had fever clearance within 
72 h after chloroquine treatment. On day-6, post therapy 
peripheral smears of all the patients were negative. 

In the placebo group 40.1% patients came back with 
second episode, while only 26.8% and 29.6% of pa-
tients, respectively, in primaquine and CDRI 80/53 
groups had second episode during follow-up period of 
one year. However, since differentiation between rein- 
fection and relapse in endemic area during transmission 
is difficult, the results were further analysed on the ba-
sis of relapse rates during non-transmission period in 
the study area. During this period (mid-November– 
March) the relapse rates in the three groups, viz. pla- 
cebo, primaquine and CDRI 80/53 were 10.6%, 3.0% 
and 4.9%, respectively. The categorization of this non- 
transmission period was based on the results of longitu- 
dinal vector incrimination studies carried out in the 
same geographical area, (vectors An. culicifacies and 
An. stephensi) and the likely non-transmission period is 
mid-November to March3.  

In the present study, the incidence of relapse of 
P. vivax malaria in the three groups was analysed. There 
was no statistical difference in the relapse rate between 
two treatment groups during the one-year follow-up 
period, while CDRI 80/53 and Primaquine groups  
 

 
Table 1.   Demographic characteristics of patients 

 Sex  Age (years) Relapse rate 
Drug treatment Male Female Male Female over 1 year (%) 
 
Primaquine 181 39 27.69 30.38 26.8 
   (16–50) (17–45) 
CDRI 80/53  181 38 29.84 29.84 29.6 
   (16–45) (16–45) 
Placebo 182 42  27.25 30.05 40.1 
   (15–52) (17–46) 

showed significantly less number of relapses than the 
placebo group (P < 0.05). 

Similar to the observation of one-year follow-up 
study, during non-transmission period also, the relapse 
rate between placebo and the other two groups (prima-
quine and CDRI 80/53) was significantly different 
(P < 0.05), while there was no difference between pri-
maquine and CDRI 80/53 groups.  

Primaquine is the only drug available for use as anti- 
relapse antimalarial in P. vivax malaria. At recom-
mended doses adverse effects like anorexia, nausea, 
abdominal pain are minimal. However, higher doses, 
viz. 30 mg/day can produce methaemoglobinemia in 
normal individuals3,12. Individuals with congenital defi-
ciency of methaemoglobin reductase are more prone to 
this side effect. The other more serious adverse effect is 
induction of haemolytic episodes in subjects with defi-
ciency of glucose-6-phosphate-dehydrogenase13. The 
occurrence of such an effect has not been seen with 
CDRI 80/53 (ref. 14). Comparative data on primaquine 
and CDRI 80/53 after 7 days administration have shown 
that, with primaquine methaemoglobin levels rise from 
3.97% to 16.32% whereas with CDRI 80/53 the rise 
from 2.29% to 3.02% was insignificant14. In another 
study, CDRI 80/53 did not damage normal as well as 
glucose-6-phosphate-dehydrogenase-deficient erythro-
cytes to the same extent as primaquine15. 

In the present study, efficacy of this new 8-
aminoquinoline was compared with known standard 
antirelapse drug primaquine. The dose schedule used in 
the study for both the drugs was according to the 
national drug policy, where 5-day treatment is given 
instead of international 14-day regimen, because of 
relative safety of the former11. The results of the study 
show that 5-day treatment with both antirelapse drugs is 
not fully effective since a proportion of subjects still 
have relapses. Similar observations have been also re-
ported earlier with primaquine16,17.  

Since there is no statistical difference in relapse rate 
between primaquine and CDRI 80/53 groups, the effi-
cacy of both can be considered to be equivalent. Con-
sidering the lower incidence of haemolytic effects in 
animal model and in vitro studies, it offers a significant 
advantage over primaquine. However, further studies in 
glucose-6-phosphate-dehydrogenase-deficient individu-
als and efficacy of 14-day treatment regimen (followed 
internationally) are needed to confirm the safety and 
efficacy profile of CDRI 80/53. 
 

 
1. Sharma , V. P., Indian J. Med. Res., 1996, 103, 26–45. 
2. Desjardins, R. E., Doberstyn, E. B. and Wernsdorfer, W. H., in 

Malaria Principles and Practices of Malariology (eds Werns-
dorfer, W. H. and McGregor), Churchill Livingstone, 1988, vol. 
1, pp. 846–848. 

3. Adak, T., Sharma, V. P. and Orlov, V. S., Am. J. Trop. Med. 
Hyg., 1998, 59, 175–179.  



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 80, NO. 4, 25 FEBRUARY 2001 563

4. Report of a WHO Scientific Group, WHO Technical Report Se-
ries No. 805, World Health Organization, Geneva, 1990. 

5. Bruce Chwatt, L. J., Black, R. H., Canfield, C. J., Clyde, D. F., 
Peters, W. and Wernsdorfer , W. H., Chemotherapy of Malaria, 
Monograph Series No. 27, World Health Organization, Geneva, 
1986, 2nd edn, pp. 61–65. 

6. Peters, W., Robinson, B. L. and Milhous, W. K., Ann. Trop. 
Med. Parasitol., 1993, 87, 547–552. 

7. Olliaro, P. L. and Trigg, P. I., Bull. WHO, 1995, 73, 565– 
571. 

8. Dutta, G. P., Puri, S. K., Bhaduri, A. P. and Seth, M., Am. J. 
Trop. Med. Hyg., 1989, 41, 635–637. 

9. Puri, S. K., Srivastava, R., Pandey, V. C., Sethi, N., Dutta, G. P., 
Am. J. Trop. Med. Hyg., 1989, 41, 638–642.  

10. Dutta, G. P. et al., Tropical Diseases – Molecular Biology and 
Control Strategies (eds Kumar, S. et al.), Publication Informa-
tion Directorate of CSIR, New Delhi, 1994, pp. 286–300. 

11. Sharma, R. S., Sharma, G. K. and Dhillon, G. P. S., Epidemiol-
ogy and Control of Malaria in India, National Malaria Eradica-
tion Programme, Govt. of India, Shakun Publication, 1996, 1st 
edn, pp. 77–85, 685. 

12. Fletcher, K. A., Prince, E. D. A., Gilles, H. M., Greaves, J. Bun-
nag, D. and Harinasuta, Bull. WHO, 1981, 59, 407–411. 

13. Wernsdorfer, W. H. and Trigg, P. I., Primaquine: Pharmacoki-
netics, Metabolism, Toxicity and Activity, John Wiley and Sons, 
NewYork, 1987. 

14. CDRI document on 80/53, 1997, pp. 50–51. 
15. Anklesaria, P. S., Ashir, V. J., Kshirsagar, N. A. and Gupta, K. 

C., in Tropical Diseases: Molecular Biology and Control Strate-
gies (eds Kumar, S. et al.), Publication Information Directorate 
of CSIR, New Delhi, 1994, pp. 256–261. 

16. Sinha, S., Dua, V. K. and Sharma, V. P., Indian J. Malariol., 
1989, 26, 83–86. 

17. Gogtay, N. Garg, M., Kadam, V. Kamatekar, K. and Kshirsagar, 
N. A., Trans. R. Soc. Trop. Med. Hyg., 1998, 92, 341. 

 
ACKNOWLEDGEMENT.   We are grateful to V. P. Kamboj, Ex 
Director, CDRI, Lucknow for constant guidance, co-operation and 
encouragement during the study. We also thank the staff of MRC for 
technical assistance. 
 
Received 26 May 2000; revised accepted 6 December 2000 

 

 

Higher yields and profits from new 
crop rotations permitting integration 
of mediculture with agriculture in the 
Indo-Gangetic plains 
 
Sushil Kumar*, R. K. Srivastava, A. K. Singh, 
A. Kalra, V. K. S. Tomar and R. P. Bansal 
Central Institute of Medicinal and Aromatic Plants, PO-CIMAP, 
Lucknow 226 015, India 

 
The results of a survey conducted in 100 villages of 7 
districts located in Uttar Pradesh in the central 
Indo-Gangetic plains on the land cropping pattern 
and profits to the farmers per unit land and area are 
presented. It is shown that sugarcane is cultivated in 
about 19.5% of the land. Rice remains the principal 
kharif crop in the area, occupying about 76% of 
land. Conventional rice–wheat/Brassica/legume, 
rice–potato and rice–mint rotations benefitted farm-
ers to the extent of roughly Rs 30,000 ha–1 year–1. 
Introduction of new rotations based upon newly 
available short duration Kosi variety of mint is per-
mitting practice of rice–wheat/Brassica/legume–mint 
and rice–potato–mint rotations, bringing a profit of 
approximately Rs 61,000 ha–1 year–1 to the farmers 
of the area. Future prospects of integration of short 
duration medicinal and aromatic crops (medicul-
ture) between food grain crops (agriculture) like the 
above, for the development of agriculture, industry 
and employment are discussed.  
 
THE Indo-Gangetic plains, through which Himalayan 
rivers, including Ganga and Yamuna flow, comprise 
one of the most agriculturally fertile areas of the world1. 
Before the advent of green revolution, food grains such  
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as wheat, rice, Brassica, groundnut, lentil, pea and pi-
geonpea and the industrial plant sugarcane were the 
main crops of the area. Usually one crop, either in win-
ter rabi or in summer kharif was taken in a year. In the 
era of green revolution, the practice of the rice–wheat 
rotation over rabi and kharif seasons proved to be 
highly productive and economically viable2. In this pe-
riod, the cropping of sugarcane, oil seeds and legumes 
became less popular and area under them contracted. In 
the last decade, the economics of rice–wheat rotation 
turned less attractive and farmers began to adopt diverse 
crop rotations, involving seasonal vegetables and indus-
trial crops, mostly in rotation with rice crop. Although 
these developments improved the income of the farmers 
and local employment opportunities, the area under rabi 
food grains decreased. New crop rotations that have 
been introduced in the last few years are expected to 
remedy this situation in future3. Reliable current statis-
tics are not available on the land cropping pattern and 
related income/profit to the farmers in this important 
geographical region of Indian agriculture. In the present 
work a survey was conducted to elicit the above infor-
mation in an area of the Indo-Gangetic plains spanning 
7 districts of Uttar Pradesh (UP). The present studies 
have shown that in the Indo-Gangetic area surveyed, 
during the last three years about 76% of the cropped 
area was under rice. In the rice-cropped area, rabi 
grains occupied 52% of land, mint or vegetables 19% of 
land, rabi grains followed by mint 18% of land, and 
potato and other vegetables followed by mint 11% of 
land. The relative profits per hectare were Rs 24,000 
(24 K) from rice–rabi grain rotation, 43 K from rice–
mint/vegetable rotation, 58 K from rice–rabi grain–mint 
rotation and 74 K from rice–vegetable–mint rotation.  

Three districts Barabanki, Lucknow and Sitapur in the 
southern part and four districts Udhamsingh Nagar, 
Rampur, Badaun and Moradabad in the northern part of


