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Comparison of the urinary excretion time profile of
amodiaquine in albino rabbits by fluorometric and
high-performance liquid chromatographic methods

F. O. OLADEINDE

Department of Pharmacology and Therapeunics, College of Medicine, University of Ibadan, Ibadan, Nigeria

Summary

Fluorometric and  high-performance  liquid
chromatographic (HPLC) methods have been
used to study the urinary excretion time profile
of amodiaquine in albino rabbits after single
oral (18.5 mg) and i.v. (9 mg) administration.
There was no significant difference between the
total mean values obtained for the two methods
(P > 0.05). Although the HPLC method is
more selective, one can still rely on the fluoro-
metric method to measure urine concentrations
of amodiaquine for therapeutic drug monitor-
ing where toxicological conditions are not taken
into consideration.

Résumé

Des procédés fluorométriques et liquides chro-
matographiques a haute exécution (HPLC) ont
été employés dans unc étude du profile-
excrétion-heure-urinaire  d’amodiaquine  des
lapins blancs. aprés une seule administration
par la bouche (18.5 mg) et intraveincuse
(9 mg). Il n’y avait pas de différence signifiante
entre les valeurs totales moyennes obtenues en
utilisant les deux méthodes (P > 0.05). Bien
que la méthode-HPLC soit plus sélective, on
peut toujours compter sur la méthode fluoro-
métrique pour mesurer les concentrations
d'urine de I'amodiaquine d'une drogue théra-
peutique, abstraction faite des conditions tox-
icologiques.

Introduction

Amodiaquine — 7-chloro-4-(3’-diethylamino-
methyl-4’-hydroxyanilino)quinoline — has gen-
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erally been considered equal in antimalarial
activity to the more widely used chloroquine.
However, it has been suggested by recent
studies that amodiaquine is morc cffective than
chloroquine for the treatment of drug resistant
falciparum malaria [1,2]. Although amodia-
quine has been shown to give nise to agranu-
locytosis in chronic users. it may sti'l be useful
in cases of acute malaria in endemic areas {3,4).
Knowledge of its disposition in wan has only
recently been re-evaluated as a result of the
development  of specific  high-performance
liquid chromatography (HPLC) analytical tech-
niques [5-7]. On the other hand, the pharma-
cokinetics of chloroquine have been more
extensively  studied  [8-13]  Amodiaquine
(AMQ) is mostly used in the tropics where
more advanced chromatographic methods are
not readily available. Because of its toxicity [14]
on the bone marrow, therapeutic drug monitor-
ing may be advisable in a few instances.
Thercfore, there is the nced to develop a
simple, cheap and reliable method for quantify-
ing amodiaquine in biological materials. In this
investigation, urinary drug levels were used to
estimate the kinetics of AMQ. on the assump-
tion that renal clearance was constant and
urinary excretion rate proportional to plasma
concentration. Added to this, AMQ is rapidly
converted to its metabolites. Albino rabbits
were used as that strain was available in the
central animal house, University of Ibadan,
Ibadan, Nigeria at the time of analysis.

Materials and methods

Fluoromerry

All fluorometric analyses were-carried out on a
Perkin-Elmer fluorescence spectrophotometer
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(Model 204). Orion ion-specific pll meter
(Model 407A) and combination pH e¢lectrode.
All reagents used were of analytical grade. 1.2-
Dichlorocthane was purified for fluorometric
use. as employed by Trenholme er al. [15].
Trisodium orthophosphate (Na;PO,-12H,0).
50%  dipotassium  hydrogen  phosphate
(K;HPOy) were supplied by BDH. Amodia-
quine tablets and amodiaquine dihydrochloride
(pure) were from Parke-Davis.

HPLC

The cquipment and reagents were similar to
those employed by Winstanley er al. [6].

Treatment of animals and collection of urine

Twelve rabbits were divided into two groups (A
and B) of six (nale 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
img/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 car 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 Kkept frozen at —20°C until time of
analysis. Fluorometric 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-
urethane 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.

Fluorometric assay of amodiaquine

The method described by Trenholme ez al. [15]
was modified; this modification involved mainly
the use of phosphate buffer (pH 10.9) instead of
borate buffer (pH 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-dichlorocthane solution for extraction;
and the transferral of 5 ml of the 1.2-dichloro-
cthane layer into 2 ml 0.1 a1 hydrochloric acid
instead of 8 ml and 3 ml respectively.

HPLC assay of amodiaquine

Concentrations of AMQ and desethylamodia-
quine (AMOm) were measured as described by
Winstanley er al. [6].

Calculations

The concentration (fluorometry) of AMQ was
calculated from its standard curves (0-5 ug/ml)
in drug-free urine. using the relationship:
AIl
Concentration = X €
Al

where A, = absorbance of the unknown, A, =
absorbance of the standard and C_ = concentra-
tion of AMQ in the standard, while concentra-
tions (HPLC) of AMQ and AMOm 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 AMQ., AMOm
and the internal standard were estimated by
comparing the peak-height ratio obtained from
an extracted wurine 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
AMQ and AMQm.

The half-life (7,.) of AMQ for the intravenous
or oral route was estimated from the calculated
elimination rate constant (K.) which is the
slope of the log lincar regression of the plot of
log-excretion rate (ng h™') against mid-point
interval of collection time. Assuming that renal
clearance (Cl;) 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 lincar trapezoidal summation [7] and from
1 to = by the ratio of C/K,. where C, was the
concentration at time f. The arca under the
curve — AUC (0, *) was then obtained by the
summation of these two arcas. The initial
concentration of the drug. C,, was calculated by
the method of least squares [18]. This value, Ci.
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was then used to estimate the urinary excretion
rate. K, [19]. The correlation coefficient (r) of
individual paired rabbits for the two methods
was determined to test for lincarity. Similarly
differences were evaluated using Student’s /-
test, and P < 0.05 taken as significant.

Results

The calibration curve for the concentration (0-5
ng/ml) of amodiaquine was lincar (r > 0.99) by
fluorometry. with a detection limit of 20 ng/ml.
For the intra- and inter-assay of amodiaquine
(100 ng/ml), the cocefficients of variation were
7.3% and 10.0% respectively.

A plot of peak-height ratios of AMQ and
AMOmM to 6-methoxy-8-amino-quinoline as in-
ternal standard against the corresponding con-
centrations of drug-tree rabbit urine is shown
(Fig. 1). AMOm. AMOQO and internal standard
were resolved. with retention times of 3.6, 4.8
and 5.6 min respectively. Standard curves were
linear (r = 0.9994) for both compounds in the
ranges of 0-500 ng/ml. The minimum detect-
able concentrations of AMQ and AMOm in
urine sample (a peak three times baseline noise
at a maximum sensitivity of 0.005 AUFS) was

about 5 ng/ml. Reproducibility of this analytical
method was determined both intra- and inter-
assay for cach compound in urine. The coeffi-
cients of variation were 6.5% and 8.7% using
100 ng/ml AMQ (n = 7) for intra- and inter-
assay respectively. Similarly the coefficients of
variation were 7.7% and 9.4% for AMOm.

The total quinoline values of AMQ excreted
over 7 days after a single oral dose of 18.5 mg
amodiaquine (Table 1) range between 1.94 and
2.20 mg by fluorometry and 1.90-2.32 mg
(AMQ + AMOm) for the same interval when
assayed by HPLC. Similarly, the total quinoline
values obtained were 1.02-1.27 by fluorometric
assay and 1.00-1.20 mg by HPLC method when
a single i.v. dosc (9 mg) of amodiaquine was
given. There was no statistically significant
difference (P > 0.05) in the fluorometric assay
of AMQ alone and AMQ + AMQm by HPLC
for the two different routes of AMQ adminis-
tration. The correlation coefficient (r = 0.9807)
between individual paired rabbits for the two
methods is good.

The pharmacokinetic parameters (Table ?2) ol
amodiaquine were obtained from the plot of
log-excretion rate (ng/h) of amodiaquune (t tal
quinoline) versus mid-point intcivan of collee-
tion time in the urine of albino rabbits atier
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Fig. 1. Plot of pcak-height ratios of amodiaquine (AMQ; @) and descthylamodiaquine (AMQm: O) to the
mternal standard versus concentrations of AMQ and AMQm, respectively, in rabbit urine.
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Table 2. Kinetics of AMQ in the unine of four rabbits per group after single oral and i.v.
administration measured by fluorometric and HPLC methods: cach result is the mean of
four dcternunations

Mecthod of Ko o Co Ko AUG, .
Route measurement Rabbit (b ') (h) (mg) (h'') (mgml 'h'')
Oral Fluorometry | 0.046 152 20 0.009 0.75
2 0.034 20.3 1.5 0.005 0.54
3 0.050 140 2.2 0.011 0.83
4 0.038 18.2 1.6 0.006 0.61
HPLC 1 0.046 152 21 0.010 0.73
2 0.035 19.8 1.6 0.006 0.53
3 0.049 4.1 2.1 0.010 0.80
4 0.038 18.3 1.5 0.006 060
(B Fluorometry 1 0.051 135 L7 0.017 0.39
2 0.055 126 1.8 0.020 042
3 0.041 167 1.4 0.011 0.32
4 0.040 173 1.3 0.010 0.28
HPLC | 0.052 133 1.6 0.017 0.38
2 0.055 126 1.9 0.021 0.41
3 0.042 165 1.4 0.012 0.31
4 0.039 18.0 1.3 0.010 0.28

Correlation coclficient (r) of individual paired rabbits for the two mcthods > 0.99

single oral and i.v. administration by fluoro- 0.01 h™' for the oral route, and for the 1.v
metric (Fig. 2a) and HPLC (Fig. 2b) methods.  route were 0.05 h™', 15.0 h, 0 3S mgml~' 4!
Straight line curves were drawn for both routes and 0.02 h™! respectively. Similarly. the Kinetic
by the process of least squares. For the fluoro- values for the HPLC method were 0.04 h™',
metry. the elimination rate constant (Kg). 16.9 h, 0.67 mg ml™" h™" and 0.01 h™! for the
terminal half-life (¢,,), arca under the curve oral route, while the values for the i.v. route

(AUCy..). and urinary ecxcretion rate (K,) were 0.05 h™', 15.1 h, 0.35 mg mI™" h™! and
were 0.04 h™', 16.9 h, 0.68 mg mI™' h™' and  0.02 h™' respectively.

6.0 (a) 6.0 [ (b)
S
g‘a 5.0 .0 5.0 o
oL
P 40l 4.0
23
§3 30 -
38
S0 20} 2.0
‘}’5
<
2 1.0} 1.0
-4
1 i\ ] 1 1 1 ] 1 1 1 1 ] ] J
0 24 48 72 96 120 144 168 O 24 48 72 96 120 144 168
Time (h)
Fig. 2. Log-cxcrenon rate of amodiaquine (AMQ) versus time after oral (@) and 1.v. (O) administration,

measured by (a) fluorometric and (b) HPLC mecthods.
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Discussion

In this report, the use of phosphate buffer pH

10.9 instead of borate buffer pH 9.5 [15]

resulted in a 60% increase in sensitivity of the

systems to UV detection. This increases the

limit of detection to 20 ug/l as opposed to 50

ng/l 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
ng/l amodiaquine in the urine of rabbit. This
shows a substantial improvement in methodol-
ogy. The recovery obtained using the HPLC
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. The limit of detection was between 5-
10 pg/l. which makes this system more sensi-
tive than the fluorometric method. One added
advantage is the separation of the metabolites
and other substances from the same extraction.

The fact that there was no statistical differ-
cnce (£ > 0.05) between the total mean values
obtained for the two methods lends support to
the hypothesis that fluorometry is not sclective
when quinoline moicties are assayed. This same
problem was highlighted by Rombo et al. [20]
when they compared the fluorometric assay of
chloroquine to HPLC.

The total mean concentrations of AMQ
excreted unchanged in the urine of rabbit up to
48 h for the oral and i.v. routes by HPLC
(Table 1), 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 metabolites [21.22] which are
released slowly or excreted through other
media (facces, bile and skin).

The pharmacokinetic values (Table 2) sup-
port the findings of Barrow [22] and of
Winstanley er al. |7] in rats that amodiaquine is
quickly metabolized and climinated from the
body.

In summary, the fluorometric and HPLC
methods have been used to estimate the urinary
excretion time profile of amodiaquine in urine
without any significant difference in total
quinoline content (P > 0.05). There was a good
correlation coefficient (r > 0.98) of individual
paired rabbits for the two methods (Table 1).
Nevertheless, there was inter-individual vari-

ation. Although the former method is not
selective. it may have clinical applicability.
especially where toxicological climate is not of
importance. With HPLC, expensive reagents of
a high level of purity are required. Added to
this is the high cost of its maintenance. In
contrast. fluorometric instruments do not re-
quire the same high level of attention and
solvents need not be of the highest level of
purity. As we have shown. when the properties
of the compounds to be assayed are fairly well-
known, not much is gained by using the more
expensive chromatographic method.

Acknowledgments

This investigation received support from the
Staff Development Fund. University of Ibadan,
Ibadan, Nigeria. I am grateful to Professor
M. Orme and Dr P. Winstanley of the Depart-
ment of Pharmacology and Therapeutics, Uni-
versity of Liverpool. U.K. for facilitating the
cooperative work on the HPLC technique. My
gratitude also goes to Mrs A. A, Adio for
technical assistance.

References

L. Watkins WM. Sixsmith DG. Spencer HC, e al.

Effectiveness of amodiaquine as treatment for

chloroquine resistant Plasmodium  falciparum

infections in Kenya. Lancet 1984:1:357-9.

Looarcesuwan S, Phillips RE, White NJ. er al.

Intravenous  amodiaquine and oral amodia-

quine—crythromycin in the treatment of chloro-

quine resistant  falciparum  malaria.  Lancet
1985:11:805-8.

3. Booth K. Larking K. Maddocks I. Agranulo-
cytosis coincident with amodiaquine therapy.
Br Mecd J 1967:3:32-3.

4. Neftel KA, Woodtly W, Schmidt M, Frick P.
Fehr J. Amodiaquine-induced agranulocytosis
and hver damage. Br Med J 1986:292:721-3.

5. Mihaly GW, Nicholl DD. HPLC analysis of
amodiaquine in human plasma. J Chromatogr
1985:337:166-71.

6. Winstanley P, Edwards G, Orme M. Brecken-
ridge AM. The disposition of amodiaquine n
man after oral administration. Br J Clin Pharma-
col 1987:23:1-7.

7. Winstanley P, Edwards G, Curtis CG. Orme M.
Powell GM. Breckenrnidge AM. Tissue disposi-
tion and excretion of amodiaquine 1 the rat. J
Pharm Pharmacol 1988;40:343-9.

(]



8.

10.

Urinary excretion of amodiaquine 141

Bergqvist Y. Frisk-Holmberg M. Sensitive
method for the determination of chloroquine
and ats metabolite  desethylchloroquine.  J
Chromatogr 1980:221:119-27.

Alvin G, Ekman L. Lindstrom B. Determina-
tion of chloroquine and its desethyl metabolite
in plasma, red cells and urine by liquid chroma-
tography. J Chromatogr 1982:229:241-7.
Gustafsson LL. Walker O. Alvin G. et al.
Disposition of chloroquine in man after single
intravenous and oral doses. Br J Clin Pharmacol
1983:15:471-9.

Walker O. Dawodu AL Adeyokunnu AA,
Salako LA, Alvin G. Plasma chloroquine and
desethylchloroquine concentrations in children
during and after chloroquine treatment for
malaria. Br J Chin Pharmacol 1983:16:701-5.
Walker O, Salako LA, Alvan G, Ericsson O,
Sjoqvist F. The disposition of chloroquine in
healthy Nigerians after single intravenous and
oral doses. Br J Clin Pharmacol 1987;23:295-
301.

Walker O, Dawodu AH. Salako LA, Alvan G,
Johnson AOK. Single dose disposition of chlor-
oquine in kwashiorkor and normal children
— cevidence for decreased absorption in
kwashiorkor. Br J Chin Pharmacol 1987:23:467-
72.

Lind D. Levi J, Vincent P. Amodiaquine-
induced agranulocytosis: toxic cffect of amodia-
quine in bone marrow cultures in vitro. Br Med J
1973:1:458-60.

15

16.

19.

20.

o
o

Trenholme GM. William RL. Patterson EC.
Frischer H. Carson PE, Ricchmann KH. A
mcthod for the determination of amodiaquine.
Bull WHO 1974:51:431-4.

Clark B, Smith DA. An Introduction to Phar-
macokinetics. 2nd ed. Oxford: Blackwell Scien-
tific Publications. 1986:17-9.
Rowland M. Tozer TN. Clinical
kinetics: Concepts  and  Applications.
delphia: Lea & Febiger, 1980:288-91.
Christian GD. Lincar least squares. In: Analyti-
cal Chemistry. 3rd ed. New York: John Wiley.
1980:79-83.

Clark B. Smith DA. An Introduction to Phar-
macokinetics. 2nd ed. Oxford: Blackwell Scien-
tific Publications, 1986:;92-3.

Rombo L. Erksson O, Alvin G, Lindstrom B,
Gustafsson LL. Sjogvist F. Chloroquine and
desethylchloroquine in plasma. serum  and
whole blood: problems in assay and handling of
samples. Ther Drug Monit 1985,7(2):211-5
Berliner RV, Earle DP. jr. Taggart JV, er al
Studies on the chemotherapy of the human
malarials, VI. The physiologicai dispoaition,
antimalarial activity, and toxtaity of scveral
derivatives of d-aminoquinoline J Clin Invest
1948:27:98-107

Barrow A. The disposition and meiaboum of
amodiaquine. Xenobiotica 1971:2 6480

Pharmaco-
Phila-

(Accepted 5 April 1990)





