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The pharmacokinetics of proguanil in human subjects 
following a single oral dose 

E. M. C1IILUBA*, K. A. F L E T C H E R A N D A. II. PRICE 
Liverpool School of Tropical Medicine, Pembroke Place. Liverpool, U. K. 

A b s t r a c t 

I he pharmacokinetics of orally administered 
2(M)-mg dose of proguanil in volunteers, one 
African and one Caucasian, is described. The 
drug was rapidly absorbed reaching a peak 
concentration in the blood within 3 h. and 
declining slowly thereafter to give a terminal 
phase elimination half life of 11.20 ± 4 . 1 0 h and 
a systemic clearance of 1.270 ± 0.020 l/h/kg. 
The small apparent volume of distribution 
shows that the drug is confined mainly to the 
blood and is not extensively bound to tissues; it 
undergoes cyclic oxidation in the liver to 
cycloguanil — the active metabolite repsonsible 
for antimalarial activity. Cycloguanil was de-
tected in the plasma 3 h after proguanil inges-
tion and reached peak concentration between 5 
h and 6 h. Excretion of proguanil was rapid. 
60% of the single dose passing through the 
renal system within 24 h. 

Resume 

La pharmacocinetique d une dose de 2(H) mg de 
proguanil administree oralemcnt a des volon-
taires. un Africain el un Caucasien est decrite. 
Le medicament ctait rapidement absorbc pour 
atteindre une concentration maximale dans le 
sang en trois heures et diminucr ensuite lente-
ment jusqi fa une phase d o m i n a t i o n terminale 
(vie moyenne) de 11.20 ± 4.10 heures et une 
elimination du systeme de 1.270 ± 0.020 
l/hcure/kg. Le petit volume apparent de dis-
tribution montre que le medicament se limite 
surtout au sang et n'est pas lie d 'une fa^on 
considerable aux tissus; il subit une oxydation 

"Present address and address for correspondence: 
Tropical Diseases Research Cen t re , P O Box 71769, 
Ndola, Zambia . 

cyclique dans le foie en cycloguanil — le 
metabolite actif responsable pour Pactivitc anti-
paludiquc. Le cycloguanil est d<5tecte dans le 
plasma trois heures apres Tingestion du pro-
guanil el atteint une concentration maximale 
cntre 5 et 6 heures. L'cxcrltion du proguanil est 
rapide, 60% d'une dose unique passe par le 
systeme renal en 24 heures. 

Introduction 

The spread of chloroquinc resistance in many 
parts of the world has stimulated a resurgence 
of interest in the use of proguanil for anti-
malarial chemoprophylaxis (Olsen, 1983; 
Rombo et r//., 1983; McLarty ci at., 1984). This 
is mainly due to its proven efficacy, safety, 
cheapness and freedom from side effects. 
Although it has been used extensively for mass 
prophylaxis against malaria infection, very little 
information has been documented about its 
absorption and disposition following a single 
oral dose. 

The development of specific and sensitive 
assays using high performance liquid chroma-
tography (IIPLC), now permit accurate inves-
tigations of the kinetics of proguanil and of 
cycloguanil, its metabolite, in the plasma. 

The method has been used to monitor this 
drug in army personnel on long term proguanil 
prophylaxis. Maegraith et at (1946) docu-
mented a study of normal subjects and patients 
suffering from either Plasmodium vivax or P. 
Falciparum malaria, on the pharmacology of 
proguanil given as an anti-malarial drug, using 
the methods of Spinks and Tottey (1945) to 
estimate concentrations of the drug in the 
plasma and urine. 

Although they obtained useful information 
about the absorption and elimination of pro-
guanil by this method, they were unable to 
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measure cycloguanil — an aclivc metabol i te of 
proguanil. 

This study, therefore, a t t empted to investi-
gate the pharmacokinetics of both proguanil 
and cycloguanil in human plasma and urine 
following the ingestion of a single oral dose of 
proguanil. Such investigations are considered 
necessary to determine the levels of both 
proguanil and cycloguanil achieved dur ing and 
after prophylaxis. 

Materials and methods 

Chemicals 

Paludrine tablets (each tablet equivalent to 100 
mg proguanil hydrochloride) were ob ta ined 
from Imperial Chemical Industries Ltd, ( ICI) , 
Macclesfield, Cheshire, U.K. 

Cycloguanil standard (4, 6 - d iamine - 1(4 -
chlorophenyl) - 1,2 - dihydro - 2,2 - dimethyl-
s-triazine) was supplied by Dr R. E. Howells 
and metoprine, the internal s tandard , (2,4 -
diamino - 5 - (3.4-dichlorophcnyl - 6 - methyl-
pyrimidine) was kindly donated by Dr C. R. 
Jones. 

Chromatography 

All assays were carried out on a high per form-
ance liquid chromatography system consisting 
of an LKB 2150 IIPLC pump (LKB Instru-
ments Ltd, Croydon, Surrey, U . K . ) , Kratos 
Spcctroflow 757 variable wavelength u.v. 
absorbance detector (Kratos Analytical Instru-
ments, Urmston, Manchester, U .K. ) and a 
Rhcodync injector valve fitted with 50-pl loop. 
A Kipp and Zoncn BD8 flat bed recorder 
(Talbot Instruments, Alderley l ldge, Cheshi re , 
U.K.) was used to record the de tec tor re-
sponse. High performance liquid chromato-
graphy columns were supplied by Phase Separ-
ation Ltd, Queensferry, Clwyd, U .K. and were 
of stainless steel (250 mm long with an internal 
diameter of 4.5 mm, packed with spher isorb 
S5CN), and used in a reverse-phase mode . Full 
features of the method employed have been 
described elsewhere (Kelly & Chi luba , 1986). 

Volunteer study 

Two healthy male volunteers, one Caucasian 

and one African, who were taking no other 
drugs, each received an oral dose of two tablets 
of a standard preparation equivalent to 200 mg 
proguanil . 

The drug was administered in the morning 
af te r overnight fasting. Fasting was continued 
for 3 h when a light lunch was permitted. Blood 
samples were withdrawn by venepuncture into 
heparinized containers before the dose and at 2. 
4, 6, 8, 24, 32 and 48 h after dosing. The 
samples were centrifuged immediately (at 3000 
r .p .m. ) and the plasma removed and stored at 
—20°C until analysis. Urine samples were col-
lected over a 24-h period, and stored at -20°C 
until analysis. 

Assay methods 

Proguanil and cycloguanil were simultaneously 
measured using metoprine as the internal stan-
dard . Samples were chromatographed on a 
nitrile column and eluted with a mobile phase 
of acetonitrile, methanol and water ( 9 : 2 : 8 9 ) 

containing 0.05 M ammonium formate (pi I 4.0) 
as an ion-pairing agent. Detection for both 
cycloguanil and proguanil was achieved at 252 
n m . 

Pharmacokinetic analysis 

T h e peak plasma concentration (Cp k) and the 
t imes at which they were reached (/pk) were ob-
tained graphically. The area under the plasma 
concentrat ion/t ime curve from t = 0 to 48 h 
( AUC,»_4s) was calculated using the trapezoidal 
rule (Gibaldi & Perrier, 1975). The terminal 
phase elimination half-life (/,,) was obtained by 
linear regression analysis (SR-52, Texas Instru-
ments , Texas, U.S.A.) of the post-absorption 
and distribution phase of the plasma concen-
trat ion/t ime data. Systemic clearance (CO, 
elimination rate constant (Kc |) and apparent 
volume of distribution (Kj) were determined by 
model-independent pharmacokinetic formulae 
(Rowland & Tozer, 1980). 

Results 

Table 1 shows the pharmacokinetic parameters 
der ived for cycloguanil and proguanil in plasma 
of two volunteers following a 200 mg single oral 
dose of proguanil base. 
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Pha rmacok ine t i c 
p a r a m e t e r 

Peak c o n c e n t r a t i o n , C p k (ng/ml) 
T i m e t o p e a k c o n c e n t r a t i o n , <Pk n o 
El imina t ion ra te c o n s t a n t . Kc , (pe r li) 
E l imina t ion half- l i fe , / l / t (h) 
Sys temic c l ea r ance . CI "(l/li/kg) 
A r e a u n d e r t he cu rve , A U C „ ^ S (j tg/l/h) 
A p p a r e n t v o l u m e of d is t r ibu t ion , V,, (l/kg) 

Subject 1* Subject 2 t 

Cycloguani l Proguani l Cycloguanil Proguani l 

122.5 172.5 52.5 195.0 
6 .0 2 .0 5 .0 3.0 
0 .089 0.049 0 .073 0.084 
7.78 14.10 8.7 8 .3 
— 1.256 — 1.285 

1857.5 1830.0 892.8 2509.4 
— 25.64 — 15.30 

' S u b j e c t 1 (Caucas ian , body weight 82 kg). 
t S u b j e c t 2 ( A f r i c a n , body weight 64 kg). 
Bioavai labi l i ty (F) of 100% was assumed in the calculat ion of these pa ramete r s . 

Discussion 

The single dose studies in the human volunteers 
in this exercise have shown that proguanil is 
rapidly absorbed from the gastrointestinal tract 
reaching peak concentration of 183.75 ± 15.9 
ng/ml within 3 h. Thereaf ter , the drug levels 
declined fairly slowly with a terminal phase 
elimination half-life of 11.20 ± 4.10 h and a 
systemic clearance of 1.270 ± 0.020 1/h/kg (Figs 
1 and 2). The apparent volume of distribution is 
within the order of 15.30-25.64 l/kg. which 
indicates that proguanil is not heavily bound to 
organs or tissues as also observed by Maegraith 
et al. (1946). 

Renal clearance of either the parent com-
pound or its metabolite cycloguanil represents 
the major route of elimination, as more than 
60% of the dose was recovered from the urine 
of both subjects within 24 h (Fig. 3). 

Proguanil undergoes cyclic oxidation by the 
hepatic microsomal oxidases of the cytochrome 
P-450 system to form its active metabolite, 
cycloguanil (Briggs & Briggs, 1974). Peak levels 
of this metabolite of 87.5 ± 49.5 ng/ml were 
reached between 5 h and 6 h post-dose. 

In view of the paucity of information on the 
pharmacokinetics of proguanil, it is difficulty to 
relate these findings to other studies. However, 
although using somewhat unspecific and less 
sensitive methods, Maegraith et al. (1946) 
reported the rapid absorption of proguanil 
reaching peak concentrations between 2 h and 
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Fig. 1. Plasma concent ra t ions of cycloguanil and 
proguanil as a funct ion of t ime a f te r a single oral dose 
of 200 nig paludr inc to a Caucasian volunteer . 

3 h and observed that 40% of the dose is ex-
creted renally. 

The oxidative cyclization of proguanil to 
cycloguanil by the liver is thought to be 
influenced by many factors, including the inges-
tion of certain types of contraceptives (Kelly, 
1983). It appears from these kinetic studies that 
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1000 r-

A A Proguanil 
• — • Cycloguanil 

i n f e c t i o n , a n d c l e a r l y w a r r a n t s f o r f u r t h e r 
i n v e s t i g a t i o n s . 

A c k n o w l e d g m e n t s 

T h i s s t u d y w a s s u p p o r t e d by t h e U N D P / W o r l d 
B a n k / W H O S p e c i a l P r o g r a m m e f o r R e s e a r c h 
a n d T r a i n i n g in T r o p i c a l D i s e a s e s . W e w i s h t o 
t h a n k D r R . E . H o w e l l s , D e p a r t m e n t o f 
P a r a s i t o l o g y , L i v e r p o o l S c h o o l o f T r o p i c a l 
M e d i c i n e , f o r s u p p l y i n g c y c l o g u a n i l s t a n d a r d 
c h e m i c a l a n d D r C . R . J o n e s , W e l l c o m e 
R e s e a r c h L a b o r a t o r i e s , B e c k c n h a m , K e n t f o r 
s u p p l y i n g m e t o p r i n e . 

i » i J L 
4 12 20 28 36 4 4 52 6 0 

Time (h ) 
72 

Fig. 2. Plasma concent ra t ion of cycloguani l a n d 
proguanil as a function ol t ime a f t e r a single o r a l d o s e 
of 200 mg paludrinc to an Af r ican v o l u n t e e r . 
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Subject I 
• • P roguan i l 
• • Cycloguani l 
Subject 2 

A A P roguan i l 
A A Cycloguani l 

3 0 36 

Fig. 3. Cumulat ive urinary o u t p u t of cyc loguan i l a n d 
proguanil in two vo lun tee rs fo l lowing a s ing le o r a l 
dose of 200 mg pa ludr inc . 

s u b j e c t 2 ( A f r i c a n ) w a s ' u n a b l e ' t o c o n v e r t 
p r o g u a n i l t o c y c l o g u a n i l e f f i c i e n t l y . T h i s i s o f 
c l in ica l i m p o r t a n c e , a s it is t h e c y c l o g u a n i l a n d 

no t t h e p r o g u a n i l t h a t is r e q u i r e d in d e s i r -
a b l e c o n c e n t r a t i o n t o p r o t e c t a g a i n s t m a l a r i a l 
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