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Compar ison of the urinary excretion t ime profile of 
amodiaquine in albino rabbits by f luorometr ic and 
h igh-performance liquid chromatographic methods 

F. O . O L A D E I N D E 
Department of Pharmacology and Therapeutics, College of Medicine. University of Ibadan, tbadan, Nigeria 

S u m m a r y 

F luoromet r ic and h igh-per fo rmance liquid 
ch roma tog raph ic ( I I P L C ) me thods have been 
used to s tudy the ur inary excret ion t ime profi le 
of a m o d i a q u i n e in a lb ino rabbi ts a f te r single 
oral (18.5 mg) and i.v. (9 mg) adminis t ra t ion . 
T h e r e was no significant d i f fe rence be tween the 
total mean values ob ta ined for the two me thods 
(P > 0 .05) . A l though the I I P L C me thod is 
more se lec t ive , o n e can still rely on the f luoro-
metr ic m e t h o d to m e a s u r e ur ine concent ra t ions 
of a m o d i a q u i n e for the rapeu t i c d rug moni tor-
ing w h e r e toxicological condi t ions are not taken 
into cons ide ra t ion . 

Resume 

Des p r o c e d e s f l u o r o m e t r i q u e s et l iquides chro-
m a t o g r a p h i q u e s a h a u t e execut ion (I IPLC) ont 
e tc e m p l o y e s d a n s une e t u d e du profi le-
excre t ion-heure -ur ina i re d ' a m o d i a q u i n e des 
lapins blancs , a p r e s une seule adminis t ra t ion 
par la b o u c h e (18.5 mg) et in t raveineuse 
(9 mg) . II n 'y avait pas de d i f fe rence signifiante 
en t r c les va lcurs to ta lcs m o y e n n e s o b t e n u e s en 
utilisant les d e u x m e t h o d e s ( / ' > 0.05). Bien 
q u e la m e t h o d e - l I P L C soil plus select ive, on 
peut t o u j o u r s c o m p t e r sur la m c t h o d e f luoro-
met r ique p o u r m e s u r e r les concen t ra t ions 
d 'u r ine de P a m o d i a q u i n e d ' u n e d rogue th£ra-
peu t ique , abs t rac t ion fai te des condi t ions tox-
icologiques. 

In t roduct ion 

A m o d i a q u i n e — 7-chloro-4- (3 ' -d ie thylamino-
methyl -4 ' -hydroxyani l ino)quino l ine — has gen-
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crally been cons ide red equa l in ant imalar ia l 
activity to the m o r e widely used c h l o r o q u i n e . 
Howeve r , it has been sugges ted by recent 
s tudies that amod iaqu ine is more ef fec t ive than 
chloroquine for the t r e a tmen t of d r u g resistant 
falciparum malar ia (1,2 | . A l t h o u g h amodia -
quine has been shown to give rise to ag ranu-
locytosis in chronic users , it m a y sti'I be useful 
in cases of acu te malaria in e n d e m i c irea* {3, J). 
Knowledge of its disposi t ion in m a n has only 
recently been re-evalua ted as a result of the 
deve lopment of specific h igh-per lormAnve 
liquid c h r o m a t o g r a p h y ( I I P L C ) analyt ical tech-
niques (5—7) O n the o t h e r h a n d , the p h a r m a -
cokinetics of ch lo roqu ine have b e e n m o r e 
extensively s tudied (8-13) A m o d i a q u i n e 
( A M Q ) is mostly used in the tropics w h e r e 
more advanced ch roma tog raph i c m e t h o d s a r e 
not readily avai lable . Because of its toxicity [14] 
on the bone m a r r o w , the rapeu t i c d r u g mon i to r -
ing may be advisable in a few ins tances . 
T h e r e f o r e , the re is the need to d e v e l o p a 
s imple , cheap and rel iable m e t h o d for quan t i fy -
ing amod iaqu ine in biological mater ia l s . In this 
invest igat ion, ur inary d r u g levels were used to 
es t imate the kinetics of A M Q . on the a s sump-
tion that renal c learance was cons tan t and 
ur inary excre t ion rate p ropor t iona l to p lasma 
concen t ra t ion . A d d e d to this, A M Q is rapidly 
conver t ed to its metabol i tes . A lb ino rabbi t s 
were used as that strain was avai lable in the 
cent ra l an imal house . Univers i ty of I b a d a n , 
I b a d a n , Nigeria at the t ime of analysis. 

Mater ia ls and me thods 

Fluorometry 

All f luoromet r i c analyses w e r c c a r r i e d out on a 
Pe rk in -E lmer f luorescence s p e c t r o p h o t o m e t e r 
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(Model 204). Orion ion-specific pi I meter 
(Model 407A) and combination pi I electrode. 
All reagents used were of analytical grade. 1.2-
Dichloroethanc was purified for fluoromctric 
use. as employed by Trenholme el al. | I 5 | . 
Trisodium orthophosphate (Na%P04-121 I iO). 
50% dipotassium hydrogen phosphate 
(K2MPO4) were supplied by BDH. Amodia-
quine tablets and amodiaquine dihydrochloride 
(pure) were from Parke-Davis. 

II PLC 

The equipment and reagents were similar to 
those employed by Winstanley et al. (6). 

Treatment of animals and collection of urine 

Twelve rabbits were divided into two groups (A 
and B) of six (male and female, mean weight 
1.8 kg) They were collected from the animal 
house of the University of Ibadan. Nigeria. 
Rabbits from group A (oral) were given 10 
ing/kg amodiaquine hydrochloride solution 
through a stomach tube, while rabbits from 
group B (i.v.) were given 5 mg/kg amodiaquine 
hydrochloride solution through their ear veins. 
All the rabbits in groups A and B were then 
housed separately in metabolic cages through-
out the study period of 7 days, to facilitate 
complete urine collection. All urine samples 
were kept frozen at - 2 0 ° C until time of 
analysis. Fluoromctric determinations were 
made at the Department of Pharmacology and 
Therapeutics, University of Ibadan, Ibadan. 
Nigeria, while similar samples were later trans-
ported frozen in dry ice. packed in poly-
urcthanc insulation box to the Pharmacology 
Department . University of Liverpool, Liver-
pool, U.K. for the HPLC analysis. All samples 
were analysed within 3 months of collections. 

Fluoromctric assay of amodiaquine 

The method described by Trenholme el al. (15| 
was modified; this modification involved mainly 
the use of phosphate buffer (pH 10.9) instead of 
borate buffer (pi I 9.5). Other changes included 
the addition of 0.1 ml 50% w/v dipotassium 
hydrogen phosphate to 1 ml urine sample 
instead of 0.2 ml; the replacement of 6 ml for 10 

ml 1,2-dichloroethane solution for extraction; 
and the transferra! of 5 ml of the 1,2-dichloro-
ethane layer into 2 ml 0.1 si hydrochloric acid 
instead of <S ml and 3 ml respectively. 

HPLC assay of amodiaquine 

Concentrations of A M Q and dcscthylamodia-
quinc ( A M O m ) were measured as described by 
Winstanley ct al. |6 | . 

Calculations 

The concentration (fluorometry) of A M O was 
calculated from its s tandard curves (0-5 ug/ml) 
in drug-free urine, using the relationship: 

Au 
Concentration = x C s . 

A„ 

where A u = absorbance of the unknown, A s = 
absorbance of the standard and C„ = concentra-
tion of A M O in the standard, while concentra-
tions (HPLC) of A M O and A M O m in ng/ml 
were determined from the size of their chroma-
tographic peaks in standard curves in the range 
of 0-500 ng/ml. Recoveries of A M O . AMOm 
and the internal standard were estimated by 
comparing the peak-height ratio obtained from 
an extracted urine sample with that from 
aqueous solution containing the same amount 
of each compound. Replicate assays of the 
same sample were used to determine the intra-
and inter-assay coefficient of variation for 
A M O and A M O m . 

The half-life (/, J of A M O for the intravenous 
or oral route was estimated from the calculated 
elimination rate constant (Kc l) which is the 
slope of the log linear regression of the plot of 
log-excretion rate (ng h ') against mid-point 
interval of collection time. Assuming that renal 
clearance (CI,) is constant and the urinary 
excretion rate is proportional to plasma concen-
tration |16 | . the areas under the concentration 
time curves from 0 to / (132 h) were calculated 
by linear trapezoidal summation [7] and from 
/ to * by the ratio of C /K c | , where C, was the 
concentration at time t. The area under the 
curve — A U C (0. » ) was then obtained by the 
summation of these two areas. The initial 
concentration of the drug. C n was calculated by 
the method of least squares | IS]. This value, Cn, 
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was then used t o e s t ima t e t h e ur inary excre t ion 
rate, K„ 1I9|. T h e cor re la t ion coeff ic ient (r) of 
individual pa i red rabbi t s for the two m e t h o d s 
was d e t e r m i n e d to test for l ineari ty. Similarly 
d i f ferences w e r e eva lua ted using S tuden t ' s /-
test, and P < 0 .05 taken as significant. 

Results 

T h e cal ibrat ion curve for the concen t ra t ion (0 -5 
|.tg/ml) of a m o d i a q u i n e was l inear (r > 0.99) by 
fluorometry. with a de tec t ion limit of 20 ng/ml. 
For the intra- a n d inter-assay of amod iaqu ine 
(KM) ng/ml) , the coef f ic ien ts of var ia t ion were 
7 .3% and 10.0% respectively. 

A plot of peak-he igh t ratios of A M Q and 
A M Q m to 6 -mcthoxy-8-amino-qu ino l inc as in-
ternal s t anda rd against the co r respond ing con-
cent ra t ions of d r u g - f r e e rabbit ur ine is shown 
(Fig. 1). A M Q m . A M Q and internal s t andard 
were reso lved , with re tent ion t imes of 3 .6 , 4 .8 
and 5 .6 mill respect ively. S tandard curves were 
linear (r ^ 0.9994) for both c o m p o u n d s in the 
ranges of 0 - 5 0 0 ng/ml. T h e min imum detect-
able concen t r a t i ons of A M Q and A M Q m in 
urine s amp le (a peak th ree t imes basel ine noise 
at a m a x i m u m sensitivity of 0.005 A U F S ) was 

of amodiaquine 137 

abou t 5 ng/ml. Reproducibi l i ty of this analyt ical 
m e t h o d was d e t e r m i n e d bo th intra- and inter-
assay for each c o m p o u n d in ur ine . T h e coeff i -
cients of var ia t ion were 6 . 5 % and 8 . 7 % using 
KM) ng/ml A M Q (/; = 7) for int ra- and inter-
assay respectively. Similarly the coef f ic ien ts of 
var ia t ion were 7 . 7 % and 9 . 4 % for A M Q m . 

T h e total qu inol ine va lues of A M Q exc re t ed 
over 7 days a f t e r a single ora l d o s e of 18.5 mg 
amod iaqu ine (Tab le 1) r ange b e t w e e n 1.94 a n d 
2.20 mg by f l uo rome t ry a n d 1 .90-2.32 m g 
( A M Q + A M Q m ) for the s a m e interval w h e n 
assayed by I I P L C . Similarly, the total qu ino l ine 
values ob ta ined were 1.02-1.27 by f l uo rome t r i c 
assay and 1.00-1.20 mg by I I P L C m e t h o d when 
a single i.v. dose (9 mg) of a m o d i a q u i n e was 
given. T h e r e was n o statistically s ignif icant 
d i f ference ( P > 0.05) in the f l uo rome t r i c assay 
of A M Q alone and A M Q + A M Q m by H P L C 
for the two d i f fe ren t rou tes of A M Q adminis -
trat ion. T h e cor re la t ion coeff ic ient (r 2? 0 9S07) 
be tween individual pa i red rabbi t s for the two 
me thods is good. 

T h e pharmacokine t ic p a r a m e t e r s (Tab l e 7) oi 
amod iaqu ine were ob ta ined f rom t h e plo; of 
log-excretion rate (ng/h) of a m o d i a q u i n e (t- tal 
quinol ine) versus mid-point i n t c i v j i of collec-
tion t ime in the urine of a lbino rabbi t s n t c r 

200 300 400 
Concentrat ion (ng/ml) 

500 

*•««- I Plot of peak-height ratios of amodiaquine (AMQ; • ) and dcsethylamodiaquine (AMQm; O) to the 
internal standard versus concentrations of AMQ and AMQm. respectively, in rabbit urine. 
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Urinary excretion of amodiaquine 1 3 9 

Table 2 Kinetics of AMO in the urine of four rabbits per group after single oral and i.v. 
administration measured by fluorometric and IIPLC methods; each result is the mean of 

four determinations 

Method of Kcl C„ K„ AUC„ „ 
Route measurement Rabbit (h ') (h) (mg) (h ') (mg ml 1 h ') 

Fluorometry l 0.046 15.2 2.0 0.009 0.75 
2 0.034 20.3 1.5 0.005 0.54 
3 0.050 14.0 2.2 0.011 0.83 
4 0.03S 18.2 1.6 0.006 0.61 

11 PLC I 0.046 15.2 2.1 0.010 0.73 
2 0.035 19.8 1.6 0.006 0.53 
3 0.049 14.1 2.1 0.010 0.80 
4 0.038 18.3 1.5 0.006 0 60 

Fluorometry I 0.051 13.5 1.7 0.017 0.39 
2 0.055 12.6 1.8 0.020 0 42 
3 0.041 16.7 14 0.011 0.32 
4 0.040 17.3 1.3 0.010 0.28 

IIPLC 1 0.052 13.3 1.6 0.017 0.38 
2 0.055 12.6 1.9 0.021 0.41 
3 0.042 16.5 1.4 0.012 0.31 
4 0.039 18.0 1.3 0.010 0.28 

Correlation coellicient (r) of individual paired rabbits for the two methods > 0.99 

single oral and i.v. adminis t ra t ion by f luoro-
metr ic (Fig. 2a) and I I P L C (Fig. 2b) methods . 
Straight line curves were d rawn for both routes 
by the process of least squares . For the f luoro-
met ry . the e l imina t ion rate cons tant (KC |), 
terminal half-life a rea under the curve 
( A U C u . * ) , a n d ur inary excret ion rate (K„) 
were 0.04 h " 1 , 16.9 h . 0 .68 mg ml" 1 h " 1 and 

0.01 h _ l for the oral r ou t e , and for the i.v 
route were 0.05 h ' 1 , 15.0 h , 0 15 mg m l " ' V 1 

and 0.02 h " 1 respectively. Similarly, the kinet ic 
values for the I I P L C me thod were 0.04 h " 1 , 
16.9 h, 0 .67 mg ml" 1 h - 1 and 0.01 h " 1 for the 
oral route , while the values for the i.v. rou te 
were 0.05 h - 1 , 15.1 h, 0 .35 mg m l " 1 h " ' and 
0.02 h ~ ' respectively. 

1 I I I ! I 1 i ' I i i i ' 
0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168 

Time (h) 

o> c 

x O « s 1 < o> 
o 

5.0 

4.0 

3.0 

2.0 

1.0 

Fij». 2 Log-excretion rate of amodiaquine (AMO) versus time after oral ( • ) and i.v. (O) administration, 
measured by (a) fluorometric and (h) IIPLC methods. 
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Discussion 

In this repor t , the use of phosphate buffer pi I 
10.9 instead of bora te buffer pH 9.5 |15 | 
resulted in a 60% increase in sensitivity of the 
systems to U V detection. This increases the 
limit of detect ion to 20 ug/l as opposed to 50 
Hg/1 when borate buffer is used. The percent-
age recovery was between 98% and 100% while 
that of the previous method was between 80'%. 
and 100% using the same concentration of 500 
Hg/I amodiaquine in the urine of rabbit. This 
shows a substantial improvement in methodol-
ogy. The recovery obtained using the H P L C 
method [6] was 60%. This was quite low. 
However , the use of internal standard ensures 
that errors of extraction are erased when 
variation is largely due to changes in the 
system. T h e limit of detection was between 5 -
10 (jg/l. which makes this system more sensi-
tive than the fluoromctric method. O n e added 
advantage is the separat ion of the metabolites 
and other substances f rom the same extraction. 

The h c t chat there was no statistical differ-
ence (I* > 0.05) between the total mean values 
obta ined for the two methods lends support to 
ihc hypothesis that fluorometry is not selective 
when qutnoline moieties are assayed. This same 
problem was highlighted by Rom bo ci al. [20] 
when they compared the f luorometr ic assay of 
chloroquinc to H P L C . 

T h e total mean concentrat ions of A M O 
excre ted unchanged in the urine of rabbit up to 
48 h for the oral and i.v. routes by H P L C 
(Table I), represent only about 4 .3% and 4 .7% 
respectively of the administered doses. It seems 
probable that the remaining drug will be bound 
to tissues as metabol i tes [21,22] which arc 
released slowly or excreted through o the r 
media ( faeces , bile and skin). 

T h e pharmacokinet ic values (Table 2) sup-
port the findings of Barrow [22] and of 
Winstanley et al. 17] in rats that amodiaqu ine is 
quickly metabol ized and el iminated f rom the 
body. 

In summary , the f luorometr ic and H P L C 
methods have been used to es t imate the urinary 
excret ion t ime profile of amodiaqu ine in urine 
without any significant d i f ference in total 
quinolinc content (P > 0.05). There was a good 
correlat ion coefficient (r > 0.98) of individual 
paired rabbits for the two me thods (Table I). 
Nevertheless , there was inter-individual vari-

at ion. Al though the former method is not 
selective, it may have clinical applicability, 
especially where toxicological climate is not of 
importance. With H P L C . expensive reagents of 
a high level of purity are required. Added to 
this is the high cost of its maintenance. In 
contrast , f luorometr ic ins t ruments do not re-
quire the same high level of at tent ion and 
solvents need not be of the highest level of 
purity. As we have shown, when the propert ies 
of the c o m p o u n d s to be assayed are fairly well-
known. not much is gained by using the more 
expensive chromatographic me thod . 
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