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Introduction 

Malaria is an old scourge of mankind and mention of the disease is 

found in ancient writings in India, Egypt and China [1]. The clinical 

symptoms of this disease were described by Hippocrates 400 years be

fore the Christian era [1]. Human population affected by malaria is al

armingly large in tropical regions although in the past the disease was 

also prevalent in temperate regions [1]. The respite from this disease af

ter World War II, due to the success in the control of the vector mos

quitoes and development of new antimalarials, was, however, short 

lived and malaria has staged a come back in recent years. Only two de

cades back WHO had stated 'The clinicians have at their disposal a 

complete series of effective drugs for the treatment of all stages of this 

disease' [2] but in 1971 the same organization considered malaria erad

ication as a difficult problem both technically and politically [3] and 

commented 'Thus there is no avoiding the conclusion that malaria will 

be with us for quite sometime. In order to cope more efficiently with 

this world-wide problem, much more research is required' [4]. It 

would, therefore, be pertinent to analyse the main causes of this set

back. The principal reason is undoubtedly the appearance of drug-re

sistance in malarial parasites. Resistance to all the currently available 

drugs is a reality; even the age-old remedy, quinine, has the same limi

tations as the synthetic drugs. The development of methods for detect

ing the presence of chloroquine resistance in P. Jalciparum and the in 

vitro test, developed by Rieckmann [5, 6], have contributed much tow

ards the chemotherapy of malaria. These methods have also helped in 

mapping the geographical distribution of drug-resistant strains [7]. Re

sistance of P.Jalciparumto 4-aminoquinolines has been reported from 

East Africa, Bangladesh, Burma, China, India, Papua New Guinea, 

the Philippines, the Solomon Islands and Vanuatu (formerly New He

brides) in addition to the previously known areas of northern South 

America and Southeast Asia, though in most cases the phenomenon is 

restricted to only parts of these areas. This large geographical distribu

tion and the stationing of US forces in malaria endemic regions in the 

Far East led the US army authorities to take a major interest in the de

velopment of oral prophylactic and therapeutic agents [19] that would 

be effective against drug-resistant P.falciparum malaria. 

In a massive programme directed towards this objective, over 200000 

compounds were screened as blood schizontocidal agents and at least 
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ten of these were selected for preclinical or clinical studies [19]. How

ever, the programme was not restricted to P.falciparum malaria alone 

and another objective of the study was the related problem of P. vivax 

malaria [19]. Much of the human suffering and temporary disability, 

specially in Asia, are due to infections caused by P. vivax and in this 

context it would not be out of place to mention that the pathogenic role 

of P. malariaestill remains to be elucidated. Moreover, it is known that 

epidemics of P. vivax malaria can recur after eradication since trans

mission of the infection may be re-established from subjects with ex

tremely late manifestation because genetic recombination in mosqui

toes may again produce phenotypes with early activity [8]. Thus the 

various problems of malarial infection, other than P. jalciparum, may 

well represent the 'tip of an iceberg' with the crux of the problem still 

remaining hidden [9]. 

1.1 The importance of 8-aminoquinoline derivatives as 

antimalarials 

The inability of chloroquine, one of the most active 4-aminoquinoline 

antimalarials in clinical use, to prevent relapses in patients with P. vi

vax infection was observed in mid-40's. Since in relapsing malaria, the 

parasites persist at exoerythrocytic sites such as liver parenchymal 

cells and R. B. C., the need to use tissue schizontocidal agents was ob

vious [10]. The introduction of combination therapy with pamaquine 

(III) [11], a derivative of 8-aminoquinoline and quinine for relapsing 

malaria was not successful since the combination was found to be too 

toxic for clinical use. Pentaquine (IV), another candidate 8-amino

quinoline antimalarial tried clinically, in combination with quinine 

against P. vivaxinfection, could significantly reduce the relapse rate in 

malaria infected US army personnel [12]. Further attempts to obtain 

better 8-aminoquinoline antimalarials led to the discovery of prima

quine (I) as the least toxic and most effective [13-15]. With the resur

gence of malaria, interest in development of less toxic tissue schizonto

cidal agents was again focussed on 8-aminoquinolines because the 

Important candidate 8-aminoquinoline 
antimalarials 
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I: Primaquine 
II: Quinocide 

III: Pamaquine 
IV: Pentaquine 
V: Isopentaquine 

VI: Plasmocid 

R = -CH(CH+(CHzh-NHz 
R = -(CHzh-CH(CH3)NHz 
R = -CH(CH3)-(CHzh-N(Et)z 
R = -(CHz)s-NH-CH(CH3)z 
R = -CH(CH3)-(CHzkNH-CH(CH3)Z 
R = -(CHzh-N(Et)z 

sporontocidal effect [1] of this class of compounds on the parasites in 

the mosquito was likely to break the infection cycle necessary for the 

propagation of the plasmodia. 8-aminoquinolines are of interest to 

medicinal chemists not only because they are effective in the treatment 

of relapses but also because they are the only group of compounds 

having well-defined tissue schizontocidal, gametocytocidal and 

chemoprophylactic activities. Fortunately although there are geogra

phic differences in the sensitivity of persistent tissue stages of vivax 

malaria to primaquine [16, 17], true drug-resistance has not been un

equivocally demonstrated. However, the ease with which Arnold et al. 

[18] were able to induce primaquine resistance experimentally in vivax 

malaria, emphasizes the need for alternative tissue schizontocides. 

1.2 Trends of current research on 8-aminoquinolines 

Developing an appropriate screening strategy to identify new tissue 

schizontocides, understanding structure-activity relationship (SAR) in 

8-aminoquinolines for carrying out molecular modifications, elucidat

ing the mechanism of biochemical interactions in the host for reducing 

side effects, studying the fate of the compounds in the biophase and 

toxicity studies represent the current trends of research on 8-amino

quinolines. A proper appreciation of the present status of this class of 

antimalarials is possible only when the current research activities are 

considered against the background of the individual discipline. This 

concept has been followed in the style and format of this review for 

acquainting the reader with the recent developments in 8-aminoquino

line antimalarials. 
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2 Screening strategy, molecular modifications and structure

activity relationship (SAR) in 8-aminoquinoline antimalarials 

2.1 Screening strategy 

Antimalarial screening of tissue schizontocides consists of a sequence 

of steps, each of which gives only one piece of information. In deve

loping the screening strategy, studies on malarias of sub-human 

primates have proved invaluable. There are experimental models of 

malaria which closely parallel the infection in humans in regard to the 

biology, pathology and response to antimalarial drugs. Despite the 

fact that these experimental models are valuable research tools, 

screening of possible antimalarial compounds for tissue schizontocid

al activity, unlike blood schizontocidal screening, is not possible on a 

large scale due to economic constraints. A screening strategy for new 

tissue schizontocides was, therefore, considered necessary and the one 

adopted by WHO appears to be the most suitable. In this procedure a 

compound has to pass through three stages of testing before it can 

qualify for clinical trial. These stages are primary causal prophylactic 

screen in mouse, a pair of secondary causal prophylactic screens and a 

radical curative test in rhesus monkey. The details are as follows. 

2.11 Primary mouse prophylactic screen [19] 

In this screen, the test compound, in the form of a solution or suspen

sion (by ultrasonication) in a suitable vehicle such as arachis oil, is ad

ministered subcutaneously to mice [20]. Mter 2 hours, P. yoelii sporo

zoites or approximately 106 infected donor red cells are given intraper

itoneally to the animals. In the untreated infected animals (controls) 

99 % mortality is observed, with a mean survival time of9.8 days. If the 

test compound, at any given dose, increases the mean survival time in 

¥S test animals to thrice that in the controls, the compound is consid

ered active. Thus, this method provides a rapid screening model for 

identifying possible antimalarial agents which merit screening for 

causal prophylactic activity. 

2.12 Secondary causal prophylactic screens 

The causal prophylactic test described by Gregory and Peters [21] uses 
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two groups of mice which are inoculated with a suspension of sporozo

ites via the tail vein on day zero. After 1 hour the test compound is ad

ministered. The first group is kept as such while the second group after 

48 hours is inoculated intravenously with 107 infected erythrocytes. 

Separate mock-treated controls are used for each group. Thin blood 

films are examined daily from day 3 to day 14 for presence of parasites 

and if all are found to be negative on day 14 then the test compound is 

considered to be a causal prophylactic. If the mathematical analysis of 

the parasitaemia data gives a value less than 1.0, then the activity is 

considered to be insignificant [21, 58]. 

A reduced blood parasitaemia in the second group of mice, indicates a 

residual action longer than the 48 hours duration of the preerythrocyt

ic cycle. A mathematically derived value of less than + 0.5 denotes in

significant residual activity. In the case of the compounds showing re

sidual acticity, blood is collected from infected mice 52-53 hours after 

the initial sporozoite infection and inoculated intraperitoneally into 

clean animals [22]. The blood films of the new recipients are examined 

daily upto 14 days and the development of parasitaemia in less than 

50 % of animals is indicative of activity against the preerythrocytic tis

sue infection of the donors [23]. This model is based on the observation 

that most antimalarial compounds require 3-4 hours to produce irre

versible changes in intra-erythrocythic parasites. 

Yet another model for causal prophylactic screening, developed by 

Most and Montouri [24], helps to differentiate between causal pro

phylactic and suppressive prophylactic activities. The test drug is ad

ministered orally or subcutaneously to rats on two consecutive days 

and on the second day they are incoulated intravenously with either 

10000 or 250000 sporozoites of P. berghei. After 43-45 hours the rats 

receiving a higher inoculum are sacrificed. Their livers are taken out, 

cut into fine sections, stained and microscopically examined for exo

erythrocytic forms. If there is absence or significant reduction of these 

forms, the compound possesses causal prophylactic activity. The rats 

receiving a lower inoculum are examined routinely to follow the 

course of parasitaemia. The absence of parasitaemia, further con

firmed by subinoculation into mice, indicates a parasitological cure 

(suppressive prophylaxis). 
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2.13 Radical curative test [25] 

Schmidt et aI's model of persistent tissue stages of P. cynomolgi bas

tianelli malaria in rhesus monkeys is employed. The test compound is 

given orally to the monkeys for 7 days, beginning 10-12 days after the 

intravenous incoulation of 0.5-1.5 x 106 sporozoites. This roughly 

corresponds to 2-4 days after the appearance of parasitaemia. To eli

minate interference due to blood forms, chloroquine phosphate in a 

dose of 5 mg/kg per day is also given along with the test compound. If 

no relapse of parasitaemia occurs within 100 days, the compound is 

considered to have cured the exoerythrocytic infection. 

2.2 Molecular modifications and SAR in 8-aminoquinolines 

Till 1971 the attempts to obtain better 8-aminoquinoline antimalarials 

were primarily concerned with structural changes in the side chain 

attached to the amino group at position 8 of the quinoline nucleus. 

Molecular modifications carried out since then have been directed to 

the quinoline nucleus, keeping the side chain by and large the same as 

in primaquine (I). 

Salient structural modifications in 8-aminoquinoline antimalarials prior to 
1971 (literature references appear in enclosures) 

Description of the side chain (R) attached to the 8-amino group 

-(CH2)n_N(Et) , n=2-11 [26,27]; -CH(NEt2)-CH-(NH-f....C3H7)NH2 [28]; 
-C(NEt2) (f....ZC3H7)-CH(NH-f....C3H7)NH2 [28]; -CHz-C(Me2)-CH2NEt2 
[28]; -(CH2)z-O-(CH2)2NH2 [29]; -(CH2kNH-n-C4H9 [29]; -CH(Me)
(CH2hNEt2 [30]; -(CH2)nNH2' n= 3-4 [29,30]; -(CH2)n-NH-(CH2)nNH2, 
n=3-4 [31]; -(CH2h-N[(CH2hNH2h [32]; -(CH2h-NH(CH2)]]NEt2 [32]; 
-(CH2kNH(CH2)nCH3' n=0-3 and 6 [33]; -(CH2)rNH-CH(Me)
CH2Ph [33]; -(CH2kNHCH2Ar, Ar= Phenyl or 2-Furyl [33]; -(CH2h
NH(CH2)2NH2 [33]; -CH(Me)-(CH2)n-NEt2, n= 1-2 [34]; -(CH2)n-X
(CH2)n-NEt2' X = S or S02 and n = 2 or 3 [35]; -(CH2h-CH(NH2)-n-C4H9 
[36];-CH(Me)-(CH2)2-CH(Me)-NRR], R= R] = Hor alkyl [36]; -(CH2)nR, 
n = 3-6 and R= N4-benzyl piperazinyl[36]; -CH2-CH(OH)-(CH2h-NHEt 
[36]; -CH(C2HS)-(CH2hNEt2 [37]; -(CH2)n-S-(CH2)nR, n=2 or 3 and 
R=diethylamino, piperidino, morpholino or thiomorpholino [37]; 
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-(CH2hR, R=-NHCONH2 or -NHCH2S03Na or -NH-C6H1206 [38]; 
-CH(Me)-(CH2)cNRRj, R= R] = H or diethyl or i propyl or n-propyl 
[39];-(CH2)sNHR, R=-CH(Me)-(CH2hCH3 or -CH(C2HSh or 
-CH(Me)C2HSor -(CH2)4CH3 or -CH2-C(Meh [40]; -(CH2)nNRRj, 
n=2-5 and R=R] =H or -C(=NH)-NH2 [41]; -CH(Me)-(CH2hNRRj, 
R=R]=-C(=NH)-NHz [41]; -(CHZ)nNHR, n=4 or 5, R=CH(CH3h 
[42];-CO(CHzhNEt2 [43]; -(CHZ)nR, R=2-piperidyl and n=2-7 [44]. 

R 

Description of the nuclear substituents in 8-aminoquinolines (Rl = side 
chains related to pamaquine, primaquine, plasmocid, etc.) 

6-0R, R = CzHs, n-C4H9 or (CHZ)3NHz [29, 30, 47]; 5-Me-6-0Me-6-
OMe [48]; 6-0C6HS [43]; 5-0Ar-6-0Me [45]; 5-C6HS-6-0Me [46]; 4-

Me-6-0Me [49]; 4-R-6-0Me, R = C6HS or C02C2Hs or CH20H or 
CHO or CH(Me)z [50]; 5-CI-6-0Me [31]. 

These modifications were aimed at obtaining 8-aminoquinoline deri

vatives which would be less toxic than primaquine. The major thrust, 

therefore, was on the synthesis of primaquine analogs. The details are 

presented below. 

2.21 2-Substituted primaquine analogs 

The suppressive activity of VII-XIX has been assessed against P. 

berghei infection in mice according to the method of Rane et al. [20]. 

Compounds VII-IX, XI and XIV were active but, except for IX, the 

rest of the compounds showed primaquine like toxicity [53,54]. Of the 

various 2-benzyloxy and thiobenzyloxy derivatives of primaquine 

(XV-XIX) screened, only compounds XV and XVI have been iden

tified as blood schizontocides against P. berghei infection in mice at a 

dose level of 640 mg/kg [51,54]. Compound XVII was found to be ac-
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Compound 
No. 

VII: 
VIII: 
IX: 
X: 
XI: 
XII: 
XIII: 

R 

OCH3 

Cl 

C2HS 

OCH2Ph 
CH=CH2 

NH2 
NHCOCH3 

Compound 
No. 

XIV: 
XV: 
XVI: 
XVII: 
XVIII: 
XIX: 

R 

N(CH3)2 

p-F-OCH2Ph 
0, p- Cl2 - OCH2Ph 
p- Cl- SCH2Ph 
p- CF3 - OCH2Ph 
SCH2Ph 

tive at dose levels of 320 and 640 mg/kg. Screening for radical curative 

activity in rhesus monkeys against P. cynomolgi infection has indicated 

that substituents such as methoxy (VII), chloro (VIII) and ethyl (IX) at 

position 2 of the quinoline nucleus abolished the radical curative activ

ity [52, 53] but compounds XV, XVI, XVIII and XIX have been found 

to exhibit radical curative activity at a dose of 1 mg/kg (p.o.). The test 

has also shown that XV and XVIII are equipotent to primaquine but 

the compounds XVI and XIX are less active. However, dose for dose, 

compounds XV, XVI, XVIII and XIX have been found to be superior 

to X which is curative at a dose of 1.5 mg/kg. These results indicate 

that a substituted benzyloxy residue at position 2 of the quinoline nuc

leus does help in retaining the radical curative activity. It may be noted 

that compounds having substituents, such as fluorine, trifluoromethyl 

and chlorine on the benzyloxy residue are better tolerated by experi

mental animals. Dose for dose, none of the compounds is more active 

than primaquine. 

2.22 3-Substituted primaquine analogs 

Data regarding the radical curative activity of primaquine analogs 

having various substituents at position 3 are not available. It is likely 

that the earlier report about the blood schizontocidal activity of 3-sub

stituted 8-aminoquinoline derivatives [55] might have discouraged the 

synthesis of 3-substituted primaquine derivatives. It would be perti

nent to point out that after 1971 definite stress has been given to gen

erating data relating to radical curative activity and it would be incor

rect to presume that compounds having blood schizontocidal activity 

would also be effective as radical curative agents. 
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2.23 4-Substituted primaquine analogs. 

Unlike the spectrum of substituents at position 2 of primaquine, in the 

4-position alkyl residues consisting of straight or branched chains of 

1-7 carbon atoms [56] have been studied as preferred molecular modi

fication. Other modifications carried out include the introduction of a 

~-alkylvinyl moiety and alkylaryl thioethers [57] at position 4. 

Compound 
No. 

XX: -NH-CH-(CH2h' NH2· fumarate CH2=CH 
I 

Me 

XXI: - NH - CH - (CH2h . 2HBr CH3CH2 
I 

Me 

XXII: -NH-CH-(CH2h' NH2· fumarate p-F-C6H4S(CH2h 
I 

Me 

XXIII: -NH-CH-(CH2h' NH2· H3P04 p-OCH3 -C6H4 -S(CH2h 
I 

Me 

Compounds XX and XXI exhibit blood schizontocidal activity [20, 

56]. The former causes 3/5 cures at doses of 160 and 320 mg/kg and 

215 cures at 640 mg/kg but the last two doses have been found to be 

toxic. The latter compound, although active even at 160 mg/kg, shows 

215 and 515 cures at 320 and 640 mg/kg, respectively. In this model 

primaquine exhibits activity at 80 mg/kg. These results indicate that 

compounds XX and XXI are slightly less active than primaquine but 

are possibly better tolerated by experimental animals. Screening of 

compounds XX-XXII for radical curative activity against P. cynomo

logiinfection in rhesus monkeys has revealed that at a dose of 1 mg/kg, 

compound XXI is as active as primaquine (I) [56, 59], and at a dose of 

0.5 mg/kg, XX and XXII are less active. The causal prophylactic activ

ity of compound XXIII against sporozoite induced P. berghei yoelii in

fection in rodents is evident from 2/5 cures at a dose of 160 mg/kg 
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(p.o.) but the compound is inactive upto a dose of 40 mg/kg (p.o.) [24, 

57]. It is also inactive at doses of 160, 40 and 10 mg/kg (s. c.). The intro

duction of alkyl or substituted vinyl groups at position 4 of the quino

line nucleus (XXIV-XXVII) results in decrease of toxicity but the 

compounds retain their antimalarial activity [56]. 

Compound R Compound R 
No. No. 

XXIV: CH3 XXVIII: C3H7 

XXV: C2HS XXIX: (CH2)3CH3 

XXVI: C6Hll XXX: (CH2)3C6H II 

XXVII: CHlcis) XXXI: CH2 - CH - C2Hs 
I 

Me 
XXXII: CH2C6H II 

Evaluation of the prophylactic activity of XXIV-XXXII against spor

ozoite induced P. berghei yoelii in rodents has revealed that all the 

compounds except XXVI and XXX are active at a dose of 160 mg/kg 

[56,61]. However, these compounds do not show radical curative activ

ity against P. cynomolgi infection in rhesus monkeys [56, 59] but com

pound XXV exhibits blood schizontocidal activity against P. berghei 

in mice [20, 56] at 80-640 mg/kg. These results suggest that increasing 

the length of the saturated or unsaturated alkyl chain at position 4 in 

primaquine results in loss of activity [60]. 

2.24 5-Substituted primaquine analogs 

Anilino, thiophenyl and phenoxy residues with substituents on the 

phenyl ring XXXIII-XLV as pharmacophores at the position 5 of the 

quinoline ring have been studied [64, 65]. A number of thiophenyl pri

maquines XXXIII-XL exhibit radical curative activity and amongst 

these, XXXV and XXXIX give cures at 1 mg/kg but their order of ac-
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tivity is less than that of primaquine which produces 10/12 cures at 0.5 

mg/kg. Early relapse occurs with the ani1ino derivative XLI at 1 and 

10 mg/kg [64]. In the blood schizontocidal screen [63] all the com

pounds are inactive at 640 mg/kg except XXXVIII which exhibits 

weak antimalarial activity at doses of 320 and 640 mg/kg and is less 

toxic. The substituents such as 5-thiophenyl, anilino or phenoxy have 

been found to diminish the toxicity of primaquine but only the phen

oxy moiety does not affect the antimalarial activity [64]. 

2 3 R 

x-0 2 

6 5 

RJ 

Compound X R j R2 
No. 

XXXIII: S CH3CH(NH)(CH2h NH2 2-Cl 
XXXIV: S CH3CH(NH)(CH2hNH2 . H2O 3-Cl 
XXXV: S CH3CH(NH)(CH2h NH2 4-Cl 
XXXVI: S CH3CH(NH)(CH2hNH2 3,4-CI2 
XXXVII: S CH3CH(NH)(CH2h NH2 2,5-CI2 
XXXVIII: S CH3CH(NH)(CH2hNH2 . citrate 4- 0CH3 

XXXIX: S 
j 

CH3CH(NH)(CH2hNH2 • zH20 3- CF3 

XL: S CH3CH(NH)(CH2hNH2 . HzO 3,4- benzo 
XLI: NH CH3CH(NH)(CH2hNH2 3- CF3 

In the murine blood schizontocidal screen, XLII-XLIV have been 

found to exhibit [65] less toxicity even at 640 mg/kg compared to pri

maquine (I) which is toxic at 160 mg/kg. Compound XLIV possesses 

antimalarial activity equivalent to that of primaquine at lower doses 

and causes total cure at 320 and 640 mg/kg. Compounds XLIII and 

XLIV are more effective than XLII. In the monkey screen radical 

cures have been obtained with XLIII and XLIV at doses of 0.5, 0.75 or 

1 mg/kg and of these two, compound XLIV is considered as the better 

candidate. However, replacement of the lipophilic halo groups by the 

hydrophilic acetamido moiety abolishes the antimalarial activity. 
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Compound 
No. 

XLII: 
XLIII: 

XLIV: 

XLV: 

OPh 
p-CI-OPh 

p-F-OPh 

p- CH3CONH - OPh 

H3P04 ·5H20 

H20 

Citrate . ~HzO 

HCI 

Of the various phenoxy substituted primaquines, compounds XLVI, 

LII and LV exhibit radical curative activity equal to that of primaquine 

and are tolerated better by experimental animals [66]. It has been ob

served that a 3-trifluoromethyl or 4-fluorophenoxy substituent is es

sential for better curative activity. 

Compound 
No. 

XLVI: 
XLVII: 
XLVIII: 
XLIX: 
L: 

R 

3- CF3 

4- 0CF3 

4- 0CH3 

2,4-CI2 
3,4-CI2 

Compound 
No. 

LI: 
LII: 
LIII: 
LIV: 
LV: 

R 

3,5-(CF3)2 
4-F, 3-CF3 
H 

4-CI 
4-F 

With the exception of XLVII, these compounds are not lethal even at 

640 mg/kg and even XLVII is less toxic than primaquine. The most ac-
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tive blood schizontocides identified in the screen are XLVI and LV 

and compound LII is less active than XLVI or LV. 

2.25 4,5-Disubstituted primaquines analogs 

The encouraging radical curative activity of 4-methylprimaquine and 

5-phenoxyprimaquine possibly led to the synthesis and antimalarial 

screening of 4-alkyl-5-alkoxyprimaquines [67, 68]. It has been ob

served that compounds LVI, LIX and LX have better curative activity 

than primaquine and slight modification in the side chain attached to 

the amino group at position 8 of the quinoline nucleus does not affect 

the activity [67-69]. 

2 3 R 

0-041 

Compound 
No. 

LVI: 
LVII: 
LVIII: 
LIX: 
LX: 
LXI: 
LXII: 
LXIII: 
LXIV: 

6 5 

R 

R 

4- CH3 

4- CH3 

4- CH3 

4- CH3 

4- CH3 

4- CH3 

4- CH3 

3- CH3 

4- CH3 

3- CF3 

2,4-CI2 

3,4-CI2 

4- 0CH3 

4-F 
H 
3,5-(CF3h 
4-F,3-CF3 

4-F,3-CF3 

The introduction of an additional methyl group at position 2 of the 

quinoline ring invariably reduces the efficacy of the compound. Com

pounds LVI, LIX and LX show 100 % curative activity at a dose of 

0.316 mg(salt)/kg per day for 7 days compared to 1.3 mg/kg per day x 

7 for primaquine. 
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The compounds LXI and LXIII are lethal while LXII and LXIV have 

been reported to exhibit better blood schizontocidal activity than their 

non methyl analogs [67,68]. A methyl group at position 4 is more effec

tive than at position 3, although 4-methylprimaquine without a 5-

phenoxy residue is quite inactive. 

Compound LVI-LX exhibit a very high level of activity in the Rane 

model for suppressive activity against P. berghei in mice [20]. One of 

these is curative at 5 mg/kg while the rest are active at 5 mg/kg. In 

monkeys LVI gives 100 % cure at 1 mg/kg x 7 and is only suppressive 

at the lower dose of 0.0316 mg/kg per day ( x 7). Primaquine only sup

presses but does not cure parasitaemia at doses of 1 mg to 31.6 mg/kg 

per day [67, 68]. Compounds LVI-LX represent a definite break

through in the chemotherapy of malaria because they also possess 

blood schizontocidal activity comparable to that of amino alcohols. 

Besides the 5-phenoxy derivatives of 4-methylprimaquine, com

pounds possessing 5-methoxy derivatives also show an interesting pro

file of antimalarial activity [67]. 

OCH) R2 

H'COW 
~ N° R\ 

HNR3 

Compound R, R2 R3 
No. 

LXV: H CH3 - CH - (CH2hNH2 
I 

Me 
LXVI: H CH3 - (CH2h - CH - NH2 

I 

Me 
LXVII: H CH3 - CH - (CH2h - NH2 

I 

CH2CH3 
LXVIII: H CH3 - (CH2)4 - CH - NH2 

I 

Me 
LXIX: CH3 CH3 - CH - (CH2)3 - NH2 

I 

Me 
LXX: H CH3 - CH - (CH2)4 - NH2 

I 

Me 



Aminoquinoline antimalarials 213 

The suppressive antimalarial activity of LXV, LXVI, LXVIII, LXIX, 

LXXI and LXXII against P. berghei infection has been observed at 

doses lower than those of primaquine and 4-methylprimaquine [62, 

67]. Compounds LXV, LXVI and LXX are active at 40, 20 and 1.25 

mg/kg, respectively. Compound LXX is curative at 20 mg/kg while 

compounds LXXI and LXXII are active at 5 mg/kg. However, none 

of the compounds are less toxic than primaquine but they possess high 

level of suppressive and radical curative activities. In the radical cura

tive antimalarial screen, out of eleven compounds tested, only LXV 

and LXVII were found to effect cures at a dose of 0.125 mg/kg per 

day. A comparative study of the curative activity of various com

pounds at 0.25 mg/kg per day has indicated that primaquine is not cu

rative at this dose, while 4-methylprimaquine gives 57 % cure and com

pounds LXV and LXVI 

(bH~'); Ie: 
~ ,,; 

N 

HN~ 
I NH2 

R 

LXXI: R = CH3,n = 2 
LXXII: R = C2Hs,n = 2 

exhibit 75 and 83 % cures, respectively. However, 100 % curative activ

ity has been found in compounds LXVII and LXVIII [67]. 

2.26 The contribution of the quinoline ring towards curative 

activity 

Three types of molecular modifications have been carried out to ascer

tain the role of the quinoline ring system as a whole. The first one re

lates to a change in the pyridine part of the quinoline ring. The repres

entative compounds of this modification namely the dihydro deriva

tives LXXIII and LXXIV exhibit curative activity against P. cynomolgi 

infection in rhesus monkeys at 10 mg/kg [70], but are inactive at 

1 mg/kg. 

On the basis of the possible mode of action of primaquine, a second 

molecular modification has been made in which the quinoline ring has 

been replaced by a naphthalene residue. Of the various compounds 

screened, LXXV 
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LXXIII: X = H 
LXXIV: X = OCH3 R 

LXXV: X = Br 
LXXVI: X = H 

HN~NH2 

CH3 

LXXVII: R= H 
LXXVIII: R = CH3 

exhibited curative activity at 10 mg/kg [71] and was less toxic than 

(LXXVI). This suggests that a bromine atom at C-6 decreases the toxi

city and maintains the radical curative activity. 

The third modification is the synthesis of 4-amino-2-methoxyacridine 

derivatives which represent the 2,3-benzo analog of primaquine. The 

two analogs LXXVII-LXXVIII evaluated for tissue schizontocidal 

activity are less active than primaquine [72]. 

3 Biochemistry, pharmacokinetics and metabolism of 

8-aminoquinoline antimalarials 

3.1 Biochemistry 

Two main reasons can be ascribed for the widespread interest in study

ing the effect of 8-aminoquinoline antimalarials on the biochemical 

apparatus of host and parasite. These are the necessity of a proper un

derstanding of the biochemical processes which may lead to side ef

fects and the elucidation of the mode of antiparasitic action of these 

compounds. A number of biochemical models have been developed to 

study various enzyme systems but the extrapolation of the results ob

tained in these studies to clinical situations has to be done with cau-
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tion. The effect of 8-aminoquinoline antimalarials on various enzyme 

systems is described below. 

3.11 Effect on amino acylation of t-RNA and polypeptide 

synthesis 

Primaquine has been reported to inhibit the aminoacylation of t-RNA 

and cause a dose-dependent inhibition of phenylalanine incorpora

tion into the aminoacyl-t-RNA complex of the subcellular liver system 

of rat [73-76]. Primaquine also inhibits peptidyl transferase which 

would suggest that the drug induced inhibition of protein synthesis is 

possibly mediated by the inhibition of peptide bond formation, which 

in tum may contribute to the antimalarial activity and toxicity of pri

maquine. This drug inhibits the polypeptide formation directed by po

ly(U) or poly (A, G, U) in rat liver cell free system [76]. Primaquine has 

been found to cause a considerable inhibition of the uptake and incor

poration of 14C labelled amino acids into synchronized cells of Tetra

hymena pyriformis [77]. It also retards the incorporation of amino acids 

into proteins of virus infected chicken embryo cells [78] and, when 

added to the culture medium of Bacillus megatorium, it completely in

hibits their protein biosynthesis [79]. 

3.12 Effect on phospholipid metabolism and lipid biosynthesis 

Pentaquine greatly alters the phospholipid metabolism and osmotic 

stability of human red cells. It also decreases the content of reduced 

glutathione in erythrocytes [80]. Primaquine inhibits the incorporation 

of acetate into lipids by a cell free system from T. pyriformis. This sug

gests that the inhibition of lipid synthesis can lead to alteration of the 

membranes and thus to the inhibition of cell division and growth [81]. 

3.13 Effect on nucleic acid synthesis, phosphorylation of adeno

sine and incorporation of AMP 

Primaquine exhibits little inhibitory effect on the synthesis of RNA 

and DNA by intact nuclei or solubilized polymerases of T. pyriformis 

[82]. It has no effect on the phosphorylation of adenosine by erythro

cyte free malarial parasite [83] but inhibits the incorporation of AMP-

8-3H into nucleic acids [84]. 
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3.14 Interaction with nucleic acids 

Pentaquine and primaquine bind appreciably with DNA but do not 

cause a significant change in the transition temperature or the viscosity 

of the DNA. On the other hand, their interaction with RNA results in 

increasing the sensitivity of the latter to enzymatic hydrolysis by sever

al nucleases. Primaquine does not have any noteworthy effect on ami

no acylation of t-RNA in mouse liver system [85]. In T. pyriformis, pri

maquine inhibits the synthesis of RNA and DNA as shown by the inhi

bited uptake of thymidine, uridine and amino acid [86]. However, leu

cine incorporation into the hepatic proteins in rats and mice remains 

unaffected [87]. 8-Aminoquinolines have been reported to possess in

hibitory effect on certain bacterial DNA polymerases [88]. 

3.15 Effect on energetics of mitochondria 

Primaquine inhibits oxidative phosphorylation in isolated T. pyrifor

mis mitochondria [89]. A study of the effect of primaquine on auto-oxi

dation of isolated chains from human haemoglobin has shown that the 

drug enhances the precipitation of isolated oxidized chains and that 

the process is independent of oxygen radical [90]. Studies on prima

quine induced alteration of glucose metabolism in uninfected red cells 

have revealed an increased flux of glucose through the hexose mono

phosphate shunt in these cells [91]. 

3.16 Effect on other enzyme systems 

It has been suggested that primaquine possibly inhibits active sodium 

transport directly as evident from the inhibition of the short circuit cur

rent and N a + K + - ATPase in toad bladder [92]. Primaquine also inhi

bits alcohol dehydrogenase of human liver, reversibly and non-com

petitively with respect to NAD. The terminal primary amino group of 

the primaquine side chain possibly contributes towards the tight bind

ing of this drug with the enzyme [93]. 

3.2 Pharmacokinetics 

The study of the absorption, plasma concentration, tissue distribution 

and excretion of 8-aminoquinoline antimalarials prior to 1970, has 
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shown that pamaquine and other 8-aminoquinolines are absorbed rap

idly from the gastrointestinal tract of monkeys and that the absorption 

is 85-95 % within 2 hours of drug administration [94]. Since the plasma 

concentration of pamaquine in humans is approximately the same, 

3 hours after administration of the drug, whether oral or intramuscu

lar, it has been concluded that the absorption is rapid and complete 

[95,96]. The plasma level of pamaquine has been the subject of exten

sive investigations. Administration of pamaquine in three doses of 

10 mg each leads to a peak plasma concentration 2-4 hours after the 

individual dose, but after 8 hours the concentration is found to be neg

ligible [96]. The individual variation of the plasma level is very high. 

For example, in a group of ten subjects receiving 60 mg of pamaquine 

daily for 6 days, the plasma level of the drug ranges between 39y II and 

2,000y II [96-98]. Study of the tissue distribution of pamaquine in dogs 

and monkeys indicates that the concentration of the drug in liver, lung 

and spleen is higher than in the plasma; the lowest concentration is, 

however, in brain [94]. Earlier studies on excretion of pamaquine had 

furnished very little information. For example, after a serial oral dose 

of pamaquine given daily to patients, the urinary excretion was only 

1 % of the total dose [99], although the disappearance of 95 % of the 

drug 15 minutes after administration has been noted in humans [96]. 

Possibly the lack of adequate information from earlier studies led to 

renewed interest in the kinetics and metabolism of 8-aminoquinolines 

in man. Recent studies on the pharmacokinetics of a single dose of pri

maquine in humans have revealed that the drug is almost completely 

eliminated from the blood within 24 hours by excretion, metabolism 

and tissue localization [100]. However, G6PD deficiency, does not af

fect the plasma primaquine concentration. It has been observed that in 

humans only a maximum of 2 % of the administered dose of 45 mg of 

primaquine can be detected in the blood plasma [100]. Excretion of un

conjugated primaquine in urine remains extremely low over a period 

of 24 hours. Tracer studies with 14C labelled primaquine in rat indicat

ed a considerable amount of excretion in faeces [100]. Studies with 14C 

ring labelled primaquine have indicated an extensive enterohepatic 

circulation of the drug in rats. No accumulation of the drug in the 

blood plasma has been observed after multiple dose of primaquine 

over a period of 5 days. This study, therefore, indicates that multiple 

dosing has very little effect on plasma primaquine kinetics and that no 

correlation can be drawn between the amount of primaquine excreted 
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and the level of methaemoglobin [100]. In vitro studies on the fate of 

primaquine in mice liver homogenate have shown that rapid elimina

tion of the side chain attached to position 8 of the quinoline nucleus 

takes place [101]. 

Tissue distribution of primaquine has been studied in rats after intra

peritoneal administration. The half-life of unmetabolized primaquine 

is 4 hours in lung, 1.7-1.9 hours in blood, spleen, kidney and heart and 

1.2 hours in liver [102]. Its concentration is highest in lung, followed by 

liver, kidney, spleen, heart, brain and blood. 

3.3 Metabolism 

Studies on the metabolism of 8-aminoquinolines such as pamaquine, 

pentaquine, isopentaquine and primaquine, prior to 1975 had shown 

that dealkylation of the 6-methoxy group and hydroxylation at posi

tion 5 result in the formation of 5,6-dihydroxy derivatives [103-104]. 

Baty in 1975, with the help of gas chromatography and mass spec

trometry, reported the formation of 8-amino-6-methoxyquinoline as a 

metabolite in male subjects [l05]. Field desorption mass spectrometric 

studies of the urinary metabolites of primaquine and other quinolines 

in mice have indicated the presence of 8-amino-6-methoxyquinoline, 

8-amino-6-hydroxyquinoline and 8-amino-5,6-dihydroxyquinoline 

[101]. Recent metabolic studies in dogs have shown that after adminis

tration of tritiated primaquine, 13.4 % of the radioactivity is excreted 

in the urine upto 5 hours and 16 % up to 8 hours [106]. In dog the half

life of this drug in biophase is about 21 hours. The presence of four or 

five metabolic products of primaquine in dog urine has been observed 

and of these only two have been identified by comparison with model 

metabolites, as 6-hydroxy-8-( 4-amino-l-methylbutylamino )quinoline 

and 5-hydroxy-6-methoxy-8-( 4-amino-1-methylbutylamino )quino

line, arising by demethylation and hydroxylation, respectively of pri-

H3CO~ 

yN~ 

HN~COOH 

CH3 

LXXX 

HJCO~ 

yN~ 

HN 

~NHCOCHJ 
CH3 

LXXIX 
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maquine [106]. Two compounds namely, 8-(4-acetamido-1-methy1but

y1amino )-6-methoxyquinoline (LXXIX) and 8-(3-carboxyl-1-methyl

propylamino )-6-methoxyquinoline (LXXX) have been identified as 

microbial metabolites of this drug and one of them (LXXX) has also 

been isolated as mammalian metabolite [107]. 

4 Mechanism of action, side effects, toxicity and miscellaneous 

studies 

4.1 Mechanism of action 

A possible mechanism of action of 8-aminoquinolines was reported by 

Smith in the mid-50's. Studies carried out with radio1abelled penta

quine in rhesus monkeys have indicated that the drug is metabolized to 

redox active 5,6-quinone derivatives [108, 103]. In the early 60's the si

milarity of naphthaquinone antimalarial drugs, such as menoctone 

with these metabolites of 8-aminoquinolines was recognized. Menoc

tone inhibits the ubiquinone linked mitochondrial enzyme system and 

serves as a link for understanding the mechanism of action of 8-am

inoquinolines [18, 148]. A recent publication of Gutteridge and 

Coombes suggests that the mode of action of naphthaquinones and 

primaquine can serve as a link between ubiquinone and pyrimidine 

synthesis [109]. The plausible mechanism involves the enzyme dihyd

roorotate dehydrogenase, an important enzyme for pyrimidine synthe

sis [109]. The enzyme is linked to the oxidation reduction of ubiqui

none and the presence of a redox agent such as a quinoline quinone 

system can be expected to interfere with the ubiquinone oxidation re

duction process and may thus disrupt the synthesis of pyrimidine in 

plasmodia. Dihydroorotate dehydrogenase has been demonstrated in 

P. berghei and P. knowlesi [110, Ill]. An alternative mechanism, sug

gested by Lantz and Vandyke [112], is the inhibition of uptake oftritiat

ed ATP by RNA, which may be due either to blockade of the DNA 

template or to inhibition of RNA polymerase, but the doses required 

to elicit these effects are considered to be too high. A few studies on the 

effect of 8-aminoquinolines on nucleic acids suggest that the former 

interfere with several RNA functions as well as nucleic acid synthesis 

[113, 114]. However, these data are insufficient for elucidating the me

chanism of action in man. 
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4.2 Side effects of 8-aminoquinolines 

A large number of side effects, recorded between 1940 and 1960, are of 

interest for understanding various enzyme interactions. Gastrointesti

nal disturbances associated with nausea, vomiting, anorexia, dizzi

ness, epigastric distress and abdominal pains are the most frequently 

observed side effects of 8-aminoquinolines. The abdominal pain is 

dose-dependent and administration of the drug at meal time has been 

found to increase abdominal distress [115]. The effect of these com

pounds on leucocytes has also been studied. In humans, neutropenia 

and agranulocytosis have been observed with large daily doses of pam

aquine, pentaquine or primaquine but 10 to 30 mg of primaquine daily 

for 14 days does not cause leucocytosis or leucopenia [94,116]. 8-Ami

noquinolines convert haemoglobin into methaemoglobin. Methaem

oglobinaemia occurs when the oxygen carrying ferrous haemoglobin 

is oxidized to non-oxygen carrying ferric form and accumulates in the 

circulating erythrocytes. Clinically methaemoglobinaemia manifests 

itself as cyanosis [117]. It has been observed that in G6PD deficient in

dividuals receiving primaquine, methaemoglobinaemia is less evident 

compared to normal individuals on the same dose. The reason 

ascribed by Brewer is the destruction of older cells in sensitive individ

uals while in normal subject this does not occur [118]. Haemolytic 

anaemia is the most serious toxic hazard of primaquine and other 8-

aminoquinolines observed for G6PD deficient erythrocytes [119]. The 

genetic link of this deficiency has been studied and of the many molec

ular variants of G6PD, the principle ones are the GdA - variant that oc

curs in the haemoglobin of individuals of African descent and the 

GdB- occurring in inhabitants of Mediterranian region [120]. G6PD 

deficient erythrocytes are incapable of rapid generation of reduced 

NADPH [119]. The haemolytic effects of primaquine are changes in 

ultrastructure of membrane and vacuolization [121-123]. Besides 

these, the effect of 8-aminoquinolines on the cardiovascular pharma

cology has also been studied. Frequent high doses of pentaquine mon

ophosphate cause postural hypotension [124] which can possibly be 

explained in terms of impairment of the central sympathetic sys

tem.The impairment of sympathetic cardiovascular reflexes with high

er doses of pamaquine, pentaquine and isopentaquine was observed in 

dogs and monkeys around 1950 [125]. Pamaquine and primaquine ex

hibit quinidine like effects on the myocardium [126, 127]. Primaquine 
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shows better antiarrhythmic effect in experiments in which arterial fi

brillation is induced by intravenous injection of acetylcholine into ne

ostigmin pretreated animals. Pamaquine and primaquine inhibit the 

initiation, atrioventricular conduction and intraventricular trans

mission of impulses [127]. 

Continued interest in the side effects of 8-aminoquinolines is also evi

dent from recent reports. For example, primaquine has been found to 

inhibit mitogen induced human lymphocyte proliferative response 

and in therapeutic doses it has shown immunosuppressant activity 

[128]. However, it is not clear whether patients receiving primaquine 

are immunosuppressed [129]. Primaquine exhibits antimuscarinic ef

fect on the guinea-pig bladder and on gastrointestinal tract motility, as 

evident from the transport of charcoal meal. Thus, primaquine be

haves as an antagonist of acetylcholine [130]. Pamaquine treatment of 

cattle infected with Thuleria sergentihas been found to cause a moder

ate increase in the clotting time, decrease in platelet adhesiveness and 

change in the thromboelastogram [131]. At low concentration, prima

quine produces transient positive chronotropic and ionotropic effects 

in isolated guinea-pig heart, but shows negative chronotropic and 

ionotropic effects at higher doses [132]. 

Recent investigations relate to the understanding of biochemical pro

cesses leading to 8-aminoquinoline induced haemolytic anaemia. It is 

generally believed that the haemolytic anaemia may arise either be

cause of a deficiency of enzymes of the metabolic system that protect 

the cell against the stress of an oxidant [133], or because of the suscep

tibility of molecular variants of haemoglobin to the stress [134]. The 

nature and mechanism of oxidant stress in red cells has, therefore, be

come a subject of detailed investigation. The roles of reduced and ox

idized forms of NADP and glutathione and the detoxification path

way of H202 and oxygen radicals, which are presumed to be toxic to 

the red cells, have been studied [120]. Glutathione reductase and glu

tathione peroxidase form an integrated system with G6PD and 6-phos

phonic gluconic dehydrogenase for the protection of the cell against 

oxidant stress. It has been observed that glutathione peroxidase detox

ifies H20 2, which would partly explain the mechanism of resistance of 

normal cells to stress [120]. The effect of primaquine on the metabo

lism of normal, G6PD deficient and glutathione reductase deficient 

cells has been studied by examining the effect of drug on the ability of 

human red cells to increase the oxidation of 1_14C glucose [120]. Prima-
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quine stimulates the oxidative pathway of glucose metabolism in nor

mal human erythrocytes, as measured by 14C02 production but fails to 

stimulate glucose metabolism in G6PD deficient cells. Production of 

14C02 induced by primaquine is markedly diminished in glutathione 

deficient cells [120]. It is interesting to note that 6-methoxy-8-amino

quinoline, the skeletal framework of primaquine, at same molar con

centrations causes twice the production of 14C02 compared to prima

quine and is also twice as active as primaquine in stimulating 14C02 
production in glutathione reductase deficient cells [120]. It has been 

observed that primaquine exhibits increased production of 14C02 in 

red cells 24 hours after injection of drug, but the nature of the stimulat

ing factor has not yet been established. Nevertheless, the haemolysis 

induced by primaquine, may be due to the failure of one of the steps in 

the oxidative metabolism of glucose to detoxify H20 2 and/or other ox

idants [120]. 

4.3 Toxicity 

The knowledge of the toxic effects of 8-aminoquinolines is based on 

the studies carried out with 85 8-aminoquinolines in rhesus monkeys 

[135]. Two types oftoxic reactions have been identified and correlated 

with the length of side chain attached to position 8 of the quinoline 

ring. Compounds in which the secondary and tertiary amino groups 

are separated from the 8-amino nitrogen by a chain of 2-3 methylene 

groups exhibit irreversible neurotoxicity selectively for brain stem 

nuclei [136]. Electron microscopic studies indicate the degeneration of 

neuronal mitochondria in large multipolar neurons [137]. Compounds 

having more than four methylene groups, exhibit reversible hepatotox

icity and gastrointestinal and haematological disorders [120] because 

of its lower toxicity compared to pamaquine and other 8-aminoquino

lines, primaquine has been preferred for conducting clinical studies. 

The clinial course of haemolysis induced with a daily dosage of 30 mg 

of primaquine in primaquine sensitive healthy Negro males shows an 

acute haemolytic phase on administration of the drug [138-140]; 

30-40 % of the red cells are destroyed, serum bilirubin is raised to 3-5 

mg % and in many cases jaundice has been noticed. However, if the 

treatment is allowed to continue, destruction of erythrocytes stops pos

sibly because only the older erythrocytes are destroyed. Clinical re

covery starts on the 10th-12th day of treatment and haemoglobin level 
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becomes normal in 4-5 weeks. Despite continued drug administration, 

normal haemoglobin level is maintained which can be explained on 

the basis that new erythrocytes are more resistant to further haemoly

sis by primaquine. Besides African subjects, toxicity of primaquine in 

G6PD deficient individuals from Iran, Burma, Thailand, Sri Lanka 

and Arab countries has been reported [141-144]. 

Recent studies on the toxicity of primaquine relate to the change form 

of drug administration [145]. Interest in this area arose because of two 

reasons. Firstly, no 8-aminoquinoline better than primaquine was 

known when the studies were initiated and secondly, no other class of 

compounds, except 8-aminoquinolines, had emerged as effective tis

sue schizontocidal agent. The concept of modified forms of adminis

tration of a drug is aimed at reducing its toxicity. Two main ap

proaches can be identified. One is concerned with making complexes 

of primaquine with a carrier molecule [145], such that the complexes 

are recognized and selectively taken up by the hepatocytes and are not 

cleaved in the blood stream to release the drug. A different approach is 

based on synthesis of a prodrug by appropriate functionalization of 

the terminal amino group of the primaquine side chain. The prodrug 

should be stable in the blood stream and be sequestered by the liver 

alone. It may then be expected to selectively deliver primaquine to the 

liver. The biodegradable appendage of the prodrug should be non tox

ic. Since liposomes are preferentially captured by liver and spleen, pri

maquine entrapped in liposomes has been subjected to toxicity stud

ies. Primaquine when incorporated in liposomes and administered in

travenously is 3.5 times less toxic than the parent drug. The maximum 

tolerated dose of primaquine base in mice has been reported to be 14 

mg/kg compared to the 60 mg/kg of primaquine entrapped in lipo

somes. Similarly, the LDso of primaquine is 22 mg/kg and that of en

trapped primaquine in liposomes 79 mg/kg [145]. Pharmacokinetic 

studies of primaquine entrapped in liposomes indicate 45 % elimina-

LXXXI 
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tion of the drug 1 minute after injection. The distribution of prima

quine in tissues after administration of primaquine entrapped in lipo

somes is very different than that of the water soluble salt of prima

quine. The concentration of primaquine expressed as nm/ gm of tissue 

protein is the highest in spleen (1,900) and is followed by liver (900), 

and other tissues (less than 300). Compared to this, the distribution of 

free primaquine in the biophase is: lungs, 3,700 and liver and spleen, 

600 [145J. Two types of chemical modifications have been carried out 

to obtain a possible prodrug of primaquine. In the first approach a 

small peptide unit has been covalently linked with the terminal amino 

group of the side chain [87J. The amino acid and the peptide units used 

for this purpose are L-Ieucine, N-L-alanyl-L-Ieucine and N-L-ala

nyl-L-Ieucyl-L-alanyl-L-Ieucine. The L-Ieucine conjugates of pri

maquine (leu-PQ), ala-Ieu-PQ and ala-Ieuala-Ieu-PQ are hy

drolyzed by lysosomal enzymes to release free primaquine. However, 

leu-PQ is not hydrolyzed in presence of serum while the other two de

rivatives are hydrolyzed to release leu-PQ. The MTD values ofleu-PQ, 

ala-Ieu-PQ and ala-Ieu-ala-Ieu-PQ are 22 and 29 mg/kg, respec

tively. Similarly, the LDso values of these three derivatives have been 

recorded as 27 and 41 mg/kg, respectively. In the second approach, a 

cyclic enaminone of primaquine (LXXXI) has been synthesized as a 

prodrug of primaquine and found to exhibit radical curative activity in 

rhesus monkey against P. cynomolgi infection [101, 146J. The maxi

mum tolerated dose of this compound is 450 mg/kg, i. p. mice [101J. 

In yet another approach, which is completely different from the two 

approaches discussed earlier, an attempt has been made to reduce the 

toxicity of racemic primaquine by resolving it into its optical antipodes 

[147J. It has been observed that whereas the curative activities of indi

vidual optical antipodes and of the racemate, in rhesus monkeys 

against P. cynomolgi infection are almost identical, I-primaquine is 3-5 

times as toxic as d-primaquine and at least twice as toxic as racemic 

primaquine. It has, therefore, been suggested on the basis of total dose 

required to evoke fatal reactions that a critical comparison of toxicities 

of d-primaquine and racemic primaquine in human volunteers is ne

cessary. 
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4.4 Miscellaneous studies 

Resistance to primaquine in experimental infections in human volun

teers has been demonstrated by Arnold et al. [18] by 36 sequential pas

sages during 250 days of continuous drug selection pressure. Field re

ports regarding treatment with primaquine [18, 150, 151] in Vietnam 

and other places do not mention any serious problems. Sensitive ana

lytical tools for detecting metabolites of 8-aminoquinolines have been 

developed in recent years. These include thin layer chromatography, 

gas liquid chromatography in conjunction with radioactive monitor

ing techniques and mass spectrometric analysis including field desorp

tion mass spectrometry [101]. Besides 8-aminoquinolines, 6- and 7-am

inoquinolines have also been studied recently as causal prophylactic, 

blood schizontocidal and tissue schizontocidal agents [152]. 

5 Conclusions 

Malaria is recognized as one of the major world health problems on ac

count of its remarkable global incidence due to the mobility of human 

population and because of the number of cases imported into coun

tries of the temperate zone. The absence of any immediate prospects of 

a malaria vaccine, emergence of drug-resistance in P.falciparum infec

tion and the limited armamentarium of causal prophylactics and radi

cal curative drugs have made the global eradication of malaria, a hope 

in the extremely distant future. Although the chemotherapy of P. fal

ciparum infection has attracted maximum attention, the need for deve

loping causal prophylactics and radical curative agents against P. vi

vax infection has not been ignored by the World Health Organization. 

Current research activities have raised many questions, a few of which 

have been answered while the rest have yet to be resolved. An analysis 

of the present status of knowledge of P. vivax infection would reveal 

the problems that are of immediate interest for malarial chemother

apy. 

The enormous amount of data generated regarding structure-activity 

relationship (SAR) in 8-aminoquinolines are primarily based on their 

blood schizontocidal activity in experimental models. The available 

SAR data on tissue schizontocidal activity are meagre and very little 

attempt has been made to understand the exact role of the side chain of 

primaquine and other tissue schizontocidal agents. Despite the fact 
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that pharmacokinetic studies of primaquine have indicated sequester

ing of the drug by the liver in the biophase, an understanding of the , 
structural parameters of the side chain, necessary for getting seques-

tered by the liver awaits more experimental data. Addition to knowl

edge in this area would immensely help in the design of new tissue 

schizontocides. Studies on the role of the side chain in enzyme 

8-aminoquinoline metabolite(s) interactions may be very fruitful be

cause primaquine and other 8-aminoquinolines are known to produce 

their antimalarial effect by interfering with the dihydroorotate dehy

drogenase enzyme system in the parasite through their redox active 

metabolites. The significant difference in the toxicities of d- and I-pri

maquine suggests the need for studying the difference, if any, in their 

sequestration by the liver. It is surprising that even the most recent 

pharmacokinetic studies have not been able to establish the immediate 

fate of sequestered primaquine in liver. It would also be interesting if 

the rate of sequestering of 8-aminoquinolines is ascertained in both in

fected and normal livers. The half-life of primaquine, the distribution 

of its optical antipodes in liver, the identification of the hepatic en

zyme(s) involved in the envisaged N-C cleavage of the side chain att

ached to position 8 of the quinoline ring, the distribution of the metab

olite(s) in liver and the exact mechanism by which the metabolite(s) ex

ert their tissue schizontocidal effect in experimental animals are of 

great interest for designing less toxic derivatives of primaquine. It is 

likely that the sequestering effect and metabolism by the liver are dif

ferent in humans and in experimental animals. The problem associat

ed with SAR studies is the non-availability of information about the 

contribution of the quinoline or polysubstituted quinoline ring per se 

to the generation of redox active metabolites in the liver. The under

standing of the toxicity profile of these metabolites is also important 

for designing tissue schizontocidal agents with better therapeutic in

dex. A good experimental model is required for studying side effects 

of possible 8-aminoquinoline antimalarials and their metabolites in 

case of glucose-6-phosphate dehydrogenase deficiency. The under

standing of the state of parasitaemia at doses lower than the radical cu

rative dose in experimental animals may possibly help in the design of 

slow-releasing preparations of 8-aminoquinoline derivatives. 

Besides these, another obvious lacuna in present knowledge is regard

ing the exact number of metabolites of primaquine produced in hu

mans and experimental animals. The mechanism by which the metab-
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olites are produced and localized at their sites of action is also not very 

clear. Studies in these directions are essential in view of the observa

tion that peptide derivatives of primaquine are less toxic than prima

quine diphosphate. While these observations have evoked interest in 

the synthesis of prodrugs of primaquine, the knowledge of pharmaco

phores essential for generating a prodrug is far from satisfactory. 

While the clinical use of tissue schizontocides entrapped in liposomes 

appears to have a future, there is also a need for evaluating 6-methoxy-

8-aminoquinoline as a tissue schizontocidal agent after its delivery in

to the liver has been ensured. This would help to ascertain whether the 

side chain of primaquine is essential only for sequestration of the drug 

by the liver or it is also required for enzyme recognition prior to metab

olism. In this context it is essential to point out that the hepatic distri

bution of 8-aminoquinoline antimalarials and/or their metabolites 

should be studied in greater detail. The various problems which re

quire immediate attention are summarized in the figures. 

Finally, it may be concluded that the development of an acceptable 8-

aminoquinoline antimalarial, better than primaquine, may be realized 

in the not too distant future. 
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