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Absolute bioavailabil ity of quinine formulat ions in Nigeria 
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S u m m a r y 
This study compared the absolute bioavailability of quinine 
sulphate as capsule and as tablet against the intravenous 
(iv) infusion of the drug in twelve male volunteers. Six of 
the volunteers received intravenous infusion over 4 h as 
well as the capsule formulation of the drug in a cross-over 
manner, while the other six received the tablet formulation. 
Blood samples were taken at predetermined time intervals 
and plasma analysed for quinine (QN) using rcvcrscd-
phase MPLC method. QN was rapidly absorbed after the 
two oral formulat ions with average t of 2.67 h for both 
capsule and tablet. The mean elimination half-life of QN 
from the iv and oral dosage forms varied between 10 and 
13.5 hr and were not statistically different (P > 0.05). On 
the contrary, the maximum plasma concentration (C n m) and 
area under the curve (AUC) from capsule were comparable 
to those from i v ( P > 0.05), while these values were markedly 
higher than values f rom tablet formulation ( / , < 0 . 0 5 ) . The 
therapeutic QN plasma levels were not achieved with the 
tablet formulation. The absolute bioavailability (F) were 73 
% (C.I., 53.3 - 92.4 %) and 39 % (C.I., 2 1 . 7 - 56.6 %) for the 
capsule and tablet respect ively and the difference was 
significant {P < 0.05). The subtherapeutic levels obtained 
from the tablet form used in this study may cause treatment 
failure during malaria and caution should be taken when 
predictions are made from results obtained from different 
formulations of QN. 
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Resume 
Cctte etude compraree la disposition absoluc de la qui-
nine sulfate oralc ct intraveneux chcz 12 males volontier. 
Six rcccvaiccnt Tinjection intravencux(IV) pendant 4 hcu-
rcs ainsi que les six autrcs rccevaient les capsules oralc. 
Les cchantillons du sang etaicnt prclcvcs pouir determiner 
I ' intcrvallc de temps de disposition ct la eonccntration du 
plasma en quinine(Qn) utilisant la phase reverse de la 
methode de la chromatographic liquidc( HPLC). La qui-
nine etait rapidemcnt absorbec apres les 2 formalutions 
prise. Avcc Ic temps moyen Tmax de 2.6 h pour les compri-
mcs ct capsule. La dcmi-vic d'elimination de la Qn par voic 
Intraveneux ct voic oralc variait cntrc 10-13.5 hr ct n ctaicnt 
pas statistiqucment significatif (P>0.05) Au contrairc, la 
concentration max dans Ic plasma(Cmax) ct la surface sous 
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la courbc (SSC) pour les capsules etaicnt comparable a 
eellcs par IV (/MhOS). Les taux de plasma thcrapcutique de 
la Qn n'ctaicnt pas achevees avcc les comprimes. La dis-
position absolu(F) etait 73%(CI:53.3-92.4%) ct 39%(CI:21.7-
56.6%) pour les capsulcs ct les comprimes respectivcment 
ct la difference etait significativc(P<0.05). Les taux sous-
thcrapcutiquc obtcnus des comprimes pourraient causer 
d 'echcc thcrapcutique ct les les precautions doivent etre 
prise dans la prediction des resultants dans different for-
mulations de quinine. 

Introduction 
Quinine (QN) is employed in the treatment of multi-drug 
resistant malaria and is a drug of choice for the treatment 
of severe and complicated malaria [ 1,2]. It is administered 
by s low in t r avenous ( iv) i n fus ion in s eve re and /o r 
complicated malaria and orally (as capsule, tablet, or syrup) 
in uncomplicated malaria as well as following iv therapy as 
patient conditions improve [3,4]. Earlier studies on absolute 
bioavailability (BA) of QN report that QN is completely 
abso rbed (BA rang ing f rom 64 - 90 % ) a f t e r oral 
administration of tablets [4-8], while information on the 
capsule formulation is lacking. 

Due to the assumption that quinine is completely 
absorbed after oral intake, similar doses of quinine are 
employed in malaria treatment via both iv and oral routes 
and pharmacokinetic parameters such as total clearance 
and volume of distribution have been computed assuming 
complete absorption [ 1,9]. 

QN has a narrow therapeutic index and exhibits 
considerable intra- and inter- individual variations in its 
kinetics [9-12], therefore BA studies of the formulations is 
necessary as required by W H O for such drugs [13]. The 
increasing use of QN, the increasing availability of many 
gcncric forms as well as the "fake drug syndrome" in Africa, 
where malaria is an important disease deem it ncccssary to 
evaluate the bioavailability of QN formulations circulating 
in any country. 

In this present study, the absolute BA of two types 
of oral formulations o f Q N (capsule and uncoated tablet) 
were evaluated against iv administration of the drug in 
healthy subjects. 

Materials and methods 
Subjects 
Twelve male healthy volunteers divided into two groups 
of six participated in the study after giving their informed 
conscnt. Group A subjects (capsule group) were aged 
between 18 and 30 years and weighed between 47 and 66 
kg, while group B (tablet group) were aged between 20 and 
25 years and weighed between 53 and 68 kg. They were all 
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a d j u d g e d h e a l t h y o n t h e b a s i s o f h i s t o r y , c l i n i c a l 
e x a m i n a t i o n , b i o c h e m i c a l a n d e l e c t r o c a r d i o g r a p h i c 
screening pr ior to ent ry to the study. All the volunteers 
were non- smoker s , n o n e had taken qu in ine or any other 
medica t ion at least o n e w e e k be fo re the study. They all 
abs ta ined f rom o ther drugs , c o f f e e , a lcohol and beverages 
such as sot \ or ca rbona ted dr inks th roughout the durat ion 
of the study. T h e s tudy protocol received approval f rom 
the jo int Univers i ty Col lege Hospital and Univers i ty o f 
Ibadan (UCH/U!) Ethics Commit tee . . 

Drug administration and sample collection 
T h e twelve subjects were randomly allocated to two groups 
of six (A & B). On the first day o f s tudy a f te r observ ing an 
overnight fast , sub jec t s in g roup A received oral dose of 
600 m g qu in ine su lpha te capsu les (Eli - Lily and Co. , 
Indianapol is , USA) , whi le sub jec t s in g roup B received 
oral d o s e of 600 m g qu in ine su lpha te plain (uncoa tcd) 
tablets ( a c f C h e m i a f a r m a , Maarsen , Hol land) with 200 ml 
of water. T h e sub jec t s r emained fasted until 4 h post dose 
a f t e r w h i c h food and wa te r w e r e a l lowed freely. Venous 
blood (5 ml ) w a s col lcc tcd f rom the fo rea rm vein be fo re 
and at 0 . 5 , 1 , 2 , 3 , 4 , 6 , 8 , 1 0 , 1 2 , 2 4 , 2 4 , 3 6 and 48 h after drug 
intake. 

T w o w e e k s after , in t ravenous infus ion w a s given 
to sub jec t s in g roup A a f t e r an overn ight fast . 600 m g 
quin ine d ihydroch lor ide inject ion (Avion Pharma , Ham-
burg, G e r m a n y ) w a s added to 0.9 % o f normal sa l ine and 
in fused over 4 h. Venous blood (3 ml) w a s collcctcd by 
indwel l ing catheter be fo re and at 0 . 2 5 , 0 . 5 , 0 . 7 5 , 1, 1 .5 ,2 , 
2 . 5 , 3 and 4 h dur ing infusion and at 0 . 5 , 1 , 2 , 3 , 4 , 5 , 6 , 8 , 2 0 , 
32 and 4 8 h a f te r the infus ion. All blood samples were 
placcd in hepar in ised tubes and ccn t r i fugcd immedia te ly 
for 10 min at 1000 rpm to separate plasma, which was stored 
at - 2 0 ° C until analysis . 

B o t h t h e 6 0 0 m g q u i n i n e s u l p h a t e a n d t h e 
d ihydrochlor ide used in the s tudy were all equivalent to 

" 500 m g base of Q N . All the three fo rmula t ions ( in ject ion, 
c a p s u l e a n d t a b l e t s ) w e r e s u b j e c t e d to s o m e 
pharmaceut ica l assessment such as weigh t un i fo rmi ty and 
chemica l assay fo l lowing British Pharmacopoe ia l (B.P.) 
s tandards [14]. They all gave ac t ive content o f be tween 
97.3 and 100 % wAv, which fell within the limits of 95 to 105 
% specif ied in B.P. 

Sample and data analysis 
T h e p lasma samples were ana lysed for Q N by ion pair 
rcvcrscd-phasc H P L C method developed in our laboratory 
by Babalola c ta l , 1993 [15] af te r validation. A C - 1 8 co lumn 
w a s used with fixed U V de tec to r at 254 n m . Mob i l e phase 
w a s a mix ture of 0 . 0 2 M potass ium d ihydrogen phosphate , 
methanol and acctonotr i lc (75 :15 :10 % v / v ) con ta in ing 74 
m M perchloric acid. T h e limit o f detect ion of this assay 
m e t h o d w a s 10 ngml ' 1 u s i n g 1 ml p l a s m a . In tc rassay 
coeff ic ient o f variat ion ( C V % ) w a s < 6 % for both wi th in 
run and in-between run. Recovery w a s m o r e than 90 % 
over the concentra t ion range ana lysed . P lasma col lcctcd 

prior to Q N adminis t ra t ion (blank) showed no endogenous 
source of in te r fe rence with the assay. 

Pha rmacok ine t i c pa ramete rs were evaluated from 
p l a s m a Q N c o n c e n t r a t i o n v e r s u s t ime data by non-
c o m p a r t m c n t a l m e t h o d s [ 1 6 ] . T h e p e a k p l a s m a 
concentrat ion ( C i u x ) and t ime of peak plasma concentration 
(tn u x) were observed direct ly f r o m plasma concentration 
t ime data of each subjec t . T h e area under the curvc (AUC) 
was ca lcula tcd by t rapezoidal method . T h e extrapolated 

A U C w a s e s t i m a t e d by u s i n g Ct/(3, w h e r e P is the 

e l imina t ion rate cons tan t . (3 w a s de te rmined by linear 
r e g r e s s i o n o f t h e p o s t - d i s t r i b u t i o n p h a s e o f the 
c o n c e n t r a t i o n - t i m e p r o f i l e . A b s o l u t e BA (F) w a s 
d e t e r m i n e d a s A U C / A U C .. T h e c l c a r a n c c ( to ta l i\ oral 
clcarancc , C L , for iv in fus ion and oral clcarancc, C L / F f o r 
capsu le and tablet) w e r e de t e rmined as Dosc /AUC; while 
v o l u m e of dis t r ibut ion ( V , for iv and VJF for oral) were 

calcula ted a s C l e a r a n c e / p . 

Resul ts w e r e recorded a s mean ± S.D. Analysis of 
v a r i a n c e ( A N O V A ) w a s u s e d to p e r f o r m s ta t i s t ica l 
eva lua t ions a m o n g s t the three fo rmula t ions and this was 
fur ther sub jec ted to the Student N e w m a n - Kculs (SNK) 
procedure for compar ison of d i f ferences between individual 
means and pair g roups . In all, a va lue of p < 0.05 was 
c o n s i d e r e d s t a t i s t i c a l l y s i g n i f i c a n t . T h e a b s o l u t e 
bioavailabi l i ty pa r ame te r (F) w a s fur ther analysed using 
90 % conf idcnce interval (C.I .) approach o f W e s t lake [ 17]. 

Results 
A few of the subjects exper ienced s o m e form of side cffccts 
f rom mild to modera t e , all co r re spond ing to t imes of high 
p l a s m a c o n c e n t r a t i o n s . O n e s u b j e c t c o m p l a i n e d of 
hcadachc of 30 minu t e s dura t ion at the third hour of iv 
i n f u s i o n , w h i l e a n o t h e r c o m p l a i n e d o f d i zz ines s and 
abdomina l pain 4 h a f t e r oral intake of the capsule. No 
compla in t s w e r e rece ived f r o m the subjects af ter tablet 
intake. However , all s y m p t o m s experienced were reversible 
and none w a s se r ious e n o u g h to s top any participant from 
comple t ing the study. 

M e a n p l a s m a Q N c o n c e n t r a t i o n s a f t e r 
a d m i n i s t r a t i o n o f t h e th ree f o r m u l a t i o n s (iv infus ion , 
capsu le a n d tablet) arc i l lustrated in Fig. 1, whi le derived 
pharmacokinet ic parameters are summarised in Table 1. The 
dec l in ing phases o f the p l a sma concentrat ion versus time 
eu rves w e r e a p p r o x i m a t e l y parallel to one another. Tn u x 

v a r i e d b e t w e e n 2 a n d 4 h ( m e a n , 2 .7 h) a f t e r oral 
adminis ta r t ion o f both capsu lc and tablet and there was 
no s igni f icant d i f f e r e n c e be tween them (P > 0.05). The 
e l i m i n a t i o n h a l f - l ives (t, J o b t a i n e d a f te r the three 
formula t ions (mean range, 10.2 - 13.5 h) were comparable 
(P > 0 .05) . O n the contrary, the A U C and Cn u v obtained 
af ter tablet in take w e r e s ign i f ican t ly lower (P< 0.05) than 
those ob ta ined a f t e r iv infus ion and capsule intake. The 
abso lu te BA, F f r o m the capsu le w a s 73 % and from the 
tablet, 39 % (P < 0.01). Analys is o f the data using Wcstlake 
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Table I : P h a r m a c o k i n e t i c p 
mg o f the d rug to vo lun teers . 

infus ion and oral adminis t ra t ion o f single dose of 500 

Parameters IV in fus ion Capsu le Tablet 

2 . 6 7 ± 0 . 7 6 2 .67 ± 0 . 5 1 
(2 .0-4.0) (2.0-3.0) 

9 . 4 3 ± 3 .26 6 .68 ± 3 .00 2.41 ± 0 . 7 6 ' 
(8 .27-15 .26) (4.52 12.70) (1 .45-3 .16) 
129.85 ± 3 2 . 2 0 94 .58 ± 3 1 . 9 6 50.82 ± 24 .27 ' 
(81 .20-181 .60) (65 .30-148.40) (29 .37-93.64) 

73 39 
(C.I. , 53.3-92.4) (C:l . , 21 .7-56.6) 

12.18 ± 4 .33 10.20 ± 2 . 8 7 13.64 ± 4 . 0 1 
(7 .00-19 .97) (7 .70-15.64) (7 .00-17.32) 
1.19 ± 0 . 2 9 1.71 ± 0.62 c 3.27 ± 1 . 4 6 " 
(0 .78-1 .60) (0 .98-2.64) (1 .31-4.72) 
1.31 ± 0 . 7 7 1.44 ± 0 .40 J 3.55 ± 1.63d* 
(0 .73-1 .77) (0 .79-2 .00) (1 .96-6.30) 

'„u, <h> 

A U C * ( m g . h m l ' ) 

Bioavailabili ty, 
F (%) 
t,,<H) 

C L ( m l m i n ' k g ' ) 4 

V d ( l k g ' ) h 

I ahws aiv exptvssed ax mean ± S.D. and (range) 
- Total clearance (CL,) for iv; oral clearance (CUF)Jbr capsule and tablet 
h I 'jJi"'' Vd/F for capsule and tablet 
• CL corrected for F = 1.25 ± 0.45 (0.71-1.93) for capsule: 1.27 ± 0.5H (0.5I-I.H4) for tablet 
' I j corrected Jar h = 1.07 ± 0.34 (0.57-1.61) for capsule; I.3S ± 0.65 (0.77-2.44) for tablet 
• significantly different from iv and capsule (p < 0.05) 

90 % C.I. approach showed F range o f 5 3 . 3 - 9 2 . 4 % for the 
capsule and 2 1 . 7 - 56.6 % for the tablet. 

Oral clearance (CL//7) and volume of distribution 
( V J F ) obtained af ter capsule intake were not significantly 
different (P > 0.05) from total clearance (CL r) and Vd alter iv 
infusion, while those obtained af ter tablet intake were 
significantly greater (P < 0.05). However, when correction 
was made for F, the CL and V, estimates were similar for the 
three preparations (P> 0.05). 

Discussion 
The rapid absorption of QN from both capsule and tablet 
formulations ( t n m o f 2 - 4 h) is in agreement with findings 
of earlier studies by Salako el a/, 1992 [5]; Paintaud et al, 
1993 [6]; Jamaludin et al, 1988 [ I I ] and Babalola et al, 1997 
[12]; who have all reported tnux of between I and 4 h. The 
rapid absorption of Q N is expedient in therapy when 
therapeutic levels arc desired within a very short time 
interval. QN was also rapidly eliminated from the body and 
by 48 h after drug administration most o f the drug has 
been eliminated. The fact that the plasma level curves after 
iv and oral doses were essentially parallel (Fig. I); the t 
from oral doses were similar (Table I) and the t | /2 did not 
vary significantly confirm that the route of administration 
of QN does not affcct its pharmacokinetics as reported by 
earlier workers [3,5,9-12]. 

This study demonstrates a marked difference in the 
extent of absorption of QN from the iv, capsule and tablet 
formulations. The two oral dosage forms of capsule and 
tablet arc therefore bio-incquivalcnt although the kinetic 

0 " » » ; K 

FiK. I: Mean olasnut quinine-concentration time profiles in 
healthy subjects after 500 mg of the drag by intravenous infusion 
and oral administration of capsule and tablet formulation 

parameters f rom iv and the capsule formulat ions arc 
statistically equivalent (P> 0.05). The 90 % C.I. o f ± 20 % 
[ 13] approved by FDA was not achieved after both capsule 
and tablet intake, an indication of wide range in the 
bioavailability of QN from both formulations. The lower 
and upper limits for the F value of the tablet (21.7- 56.6 %) 
were so low compared to those of the capsule (53.3 - 92.4 
%). Confidence interval (C.I.) is normally used to determine 
if there are large differences between mean parameters. It 
is a function of sample size and study variability including 
inter- and intra- subject variability [ 18]. The wide margin 
obtained is an indication of wide inter-individual variations 
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o f q u i n i n e a l r e a d y c o n f i r m e d by p r e v i o u s w o r k e r s . 
A l though the sub jec t s w h o took the tablet fo rmula t ion 
w e r e d i f f e r e n t f r o m t h o s e t h a t t o o k iv a n d c a p s u l c 
fo rmula t ions (parallel des ign) , they w e r e f r o m the s a m e 
locality, the s a m e sex and did not d i f fe r s igni f icant ly in age 
or weight . T h e y w e r e all sub jec ted to the s a m e t rea tment 
p rocedure and none o f the ent i re twe lve vo lun tee rs had 
taken Q N before . 

T h e ef fec t ive therapeut ic Q N p la sma level required 
for malar ia c h e m o t h e r a p y is 4 .5 - 10 mgl*1 a l so levels at 
which s o m e s ide e f fec t s arc observed [ 19 ,20] . N o n e of the 
sub jec t s w h o took the tablet a c h i e v e d a C n u up to the 
lower limit of the therapeut ic level, whi le the C obtained 
f rom iv and capsu le all fell wi th in the therapeut ic level 
(Table 1). C u u x f rom tablet ranged f rom 1.45 - 3 .16 mgl*1 

with a mean of 2.41 m g l 1 . T h i s sugges t s that this tablet 
formula t ion used in this s tudy if g iven in the s a m e dose as 
iv o r c a p s u l e , m a y p r o d u c e s u b t h e r a p e u t i c p l a s m a 
c o n c e n t r a t i o n s for an t ima la r i a l p u r p o s e thus a l l o w i n g 
paras i te surv iva l and fac i l i t a t ing d e v e l o p m e n t of d r u g 
resistance. This could have ser ious implicat ions for treating 
a l i fe- threatening d isease susch as malar ia . Switchabi l i ty 
s h o u l d b e p r a c t i s e d a f t e r p r o p e r b i o a v a i l a b i l i t y / 
b ioequiva lence ( B A / B E ) arc es tabl i shed. 

G a m h a m ct al% 1976 [21 ] been reported that sugar 
coated Q N tablets gave delayed and incomplete absorption, 
but the tablets used in the present s tudy w e r e plain and 
absorpt ion w a s rapid as s h o w n by the short t i m (mean < 3 
h). T h e type of salt used (QN su lpha te ) could not have 
also contr ibuted to poor absorp t ion o f Q N f rom the tablet 
s ince Q N sulphate capsulc , wh ich w a s more bioavai lablc 
were also used and Q N sulphate tablets have been reported 
to g ive bioavai labi l i ty o f up to 90 % [4, 6 , 8]. F rom the 
chemical assay, the tablet contained 97 .3% of Q N sulphate, 
which met the official specificat ion o f 9 5 - 105 % [14]. The 
comprcsscd tablet, though c o m p l c x , is o n e of the most 
w i d e l y u s e d d o s a g e f o r m a n d m a n y p r o b l e m s a r c 
encountered due to var ia t ions in manufac tu r i ng process 
unl ike the capsulc prepara t ions [18]. 

Q N absorpt ion is normal ly a s sumed to be comple te 
af te r oral dosage and pharmacok ine t i c pa ramete r s such as 
clearance (CL) and volume of distribution (Vd) arc estimated 
a s suming F value of 100 % [6,22]. Such an es t imat ion 
should be done with caut ion as this m a y not be the case 
with all oral formula t ions o f Q N . T h e capsu le form can be 
said to be complc tc t ly b ioavai lablc s ince oral c learance 
( C L I F ) and VJF es t imates w e r e comparab l e with total 
c learance ( C L r ) and af ter iv infus ion . T h e relat ively 
higher est imates of oral c lcarancc and V , af te r tablet intake 
when compared with iv and capsu le , (Table 1) sugges t 
incomplete BA of the tablet. However , when the values arc 
corrected for F, the es t imates c o m p a r e d favourably with 
those from iv and capsule formulat ions . Th i s is noteworthy 
especially s ince malaria s ignif icant ly al ters the disposi t ion 
o f Q N including C L and Vd [ 1,23]. It is advisab le to take F 
in to c o n s i d e r a t i o n w h e n s u c h p a r a m e t e r s a r c b e i n g 
determined from oral formulations. 

In s u m m a r y , this s tudy has demonst ra ted that Q N 
dispos i t ion is c o m p a r a b l e a f t e r iv and oral administrat ion. 
Q N is m o r e ex tens ive ly abso rbed f rom the capsulc form 
and ve ry poor ly abso rbed f r o m the tablet fo rm used in the 
p r e s e n t s t u d y t h u s c o n f i r m i n g t h e n e e d for a d e q u a t e 
b i o a v a i l a b i l i t y a n d b i o c q u i v a l e n c c s t u d i e s fo r Q N 
p r e p a r a t i o n s . T h e c l in i ca l imp l i ca t i on m a y be that of 
t rea tment fa i lure du r ing mala r i a if such tablet fo rms are 
used. T h i s s tudy e m p h a s i z e s caut ion in swi tch ing tablet 
for iv or c a p s u l c f o r m u l a t i o n s in the s a m e doses . 
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