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A method for the determination of amodiaquine *
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Abstract

A new fluorometric method for analysis of amodia-
quine in serum, plasma, or red cells is described.
Amodiaquine is extracted from alkalinized biological
fluid into 1,2-dichloroethane and is then re-extracted
into 0.1 N hydrochloric acid. Borate buffer is added to
the acid solution and the resultant solution is heated
for 30 min in boiling water. Heating the buffered
solution produces a marked increase in the fluores-
cence of amodiaquine, which may then be measured.
Standard curves prepared in serum and red cells were
linear between 50 and 3 000 utg/litre. Reproducibility
of the assay and recovery of amodiaquine from serum
and red cells were satisfactory. The specificity of the
assay and the nature of the inducedfluorophor are not
known. The paper indicates representative serum and
red cell levels of amodiaquine after the administration
to 5 subjects of 10 mg of amodiaquine base per kg of
body weight.

The principal 4-aminoquinolines currently used in
the treatment of malaria are chloroquine and amo-
diaquine. The only method available at present for
the analysis of amodiaquine in biological fluids is
based on a photochemical reaction devised by
Brodie et al. (1) for the measurement of chloroquine
and related 4-aminoquinolines. In this procedure,
the 4-aminoquinoline is separated from the biologi-
cal fluid by extraction and is exposed to ultraviolet
irradiation from a mercury arc lamp at a constant
distance, time, and temperature. This photochemical
procedure converts chloroquine and related com-
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pounds to unidentified highly fluorescent derivatives,
which may then be measured. Despite simplifications
introduced by McChesney et al. (2), this procedure
remains rather laborious and time-consuming. Fur-
thermore, special ultraviolet irradiators must be
built and precautions must be taken to avoid ocular
damage from the mercury arc source.
With the development ofmore sophisticated photo-

fluorometers, Gaudette & Coatney (3) were able to
use the native fluorescence of chloroquine for fluoro-
metric assay. Unfortunately, this cannot be accom-
plished with amodiaquine because its native fluores-
cence is very low and it must be converted to a more
fluorescent product for measurement. We have
found that the fluorescence of amodiaquine can be
markedly increased, without using the specialized
irradiation process, by heating the drug in an alka-
line solution. In this communication, we present a
simple and accurate fluorometric method of analysis
based on this finding.

Materials and methods
Materials: All reagents used were of analytical

grade. The 1,2-dichloroethane was purified for
fluorometric use by successive washings with 1 N
sodium hydroxide, 1 N hydrochloric acid, and
water (1). The borate buffer was prepared according
to the method of Alving et al. (4) by adding 6 parts
of 0.6 N sodium hydroxide to 5 parts of boric acid
(0.6 mol/litre) in potassium chloride (0.6 mol/litre).
Amodiaquine dihydrochloride dihydrate (75.8%
base content; lot No. 134247) was provided by
Parke, Davis and Co., Detroit, MI, USA, Blood
was collected into tubes containing no anticoagulant
for serum analysis and into tubes containing sodium
oxalate for red cell analysis (Vacutainer tubes from
Becton, Dickinson & Co., Rutherford, NJ, USA).
After centrifugation of the anticoagulated blood
samples, the plasma and buffy coat were removed
and, for ease of handling, the packed red cells were
diluted 1: 1 with distilled water.

Extraction procedure: The extraction procedure is a
modification ofthat used byW. A. Dill & A. J. Glazko
(personal communication, 1972). First, 2-ml samples
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Fig. 1. Comparison of the emission spectra after excitation at 250 nm of two 0.1 N hydrochloric acid solutions
containing 250 tog/litre of amodiaquine base. Borate buffer was added to both solutions. Solution A was heated in
boiling water and solution B remained at room temperature. The small peaks at 250 nm and 500 nm represent
scatter peaks.

of serum a or red cells are placed in a 15-ml glass-
stoppered conical tube and are alkalinized by the
addition of 0.2 ml of 50% dipotassium hydrogen-
phosphate. Then 1,2-dichloroethane (10 ml) is added
to the sample and the mixture is agitated by means
of a Precision-Kohn Shaker (Precision Scientific Co.,
Chicago, IL, USA) at room temperature for 30 min.
The tubes are then centrifuged at 1 500 g for
10 min at room temperature and the upper plasma
phase is discarded. A semi-solid layer often forms
above the lower dichloroethane phase and should be
gently pushed against one side of the tube with a
glass rod. Eight millilitres of the lower dichloro-
ethane phase are then transferred to another 15-ml
glass-stoppered conical tube containing 3 ml of 0.1 N
hydrochloric acid. This mixture is agitated at room
temperature for 15 min. After allowing the two
phases to separate, a 2-ml aliquot of the upper acid
phase is transferred to a test tube containing 1 ml of
the borate buffer. The resultant solution should have
a pH of 9.5.

Conversion to a fluorescent product: The test tube
containing the borate-buffered solution is capped

a Oxalated plasma may be substituted for serum.

with a marble stopper and is suspended in boiling
water for 30 min. The solution is then removed from
the water bath and is allowed to stand at room
temperature for 20 min. A 2-ml aliquot of the
solution is transferred to a quartz cuvette and emis-
sion fluorescence is measured at 390 nm, with excita-
tion at 250 nm, in a spectrophotofluorometer
(Aminco-Bowman).

Results and interpretation

Fig. 1 illustrates the marked effect of heat on the
fluorescence of an alkaline solution of amodiaquine.
Two solutions of amodiaquine (250 ,g base/litre)
were prepared in 0.1 N hydrochloric acid and the
appropriate amount of borate buffer was added.
Solution A was heated and cooled as described
above, whereas solution B was kept at room temper-
ature. Emission spectra were then prepared for each
solution at an excitation wavelength of 250 nm.
Solution B had minimal fluorescence, whereas solu-
tion A acquired a distinct emission peak at 390 nm.
Peak fluorescent intensity is not reached until the
solution has been heated in boiling water for
25-30 min. Solutions should therefore always be
heated for this period of time.
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Fig. 2 shows the standard curves obtained after
the addition of known amounts of amodiaquine to
samples of serum or packed red cells. Although
values below 100 pg/litre are not shown, the lower
limit of linearity for both serum and red cells was
50 ,ug/litre. Table 1 indicates the proportion of amo-
diaquine recovered by this procedure after the addi-
tion of known amounts of the drug to serum and red
cells. To test the reproducibility of the assay, the
concentration of amodiaquine assay was determined
in 20 different serum samples, collected from indivi-
duals in both the fasting and nonfasting states, to
which amodiaquine had been added to produce a
concentration of 250 [kg of amodiaquine base per
litre of serum (Table 2). The mean ± standard error
for all 20 determinations was 247 ±4.2 ,ug/litre; the
coefficient of variation was 7.5 %.
The concentration of amodiaquine in a sample

may be determined by reference to a standard curve
or calculated from an experimental standard as
follows:

Ix - Ibx C
Is - Ib

where I., Ib, and Is = fluorescent intensity of the
unknown, of the blank, and of the standard, respect-
ively, and C. = concentration of the standard. It is

Fig. 2. Standard curves of amodiaquine in serum and
in red cells.

recommended that all samples be assayed in dupli-
cate and that each group of samples include a blank
and an experimental standard.

Table 1. Recovery of amodiaquine added to serum and red cell samples

Serum Red cells

amodiaquine amodiaquine recovery amodiaquine amodiaquine recovery
added measured r added measured M(Mg/mll)g/m %) (Mg/ml) (Og/ml) (%)

0.25 0.23 92 0.25 0.25 100

0.25 100 0.25 100

0.24 96 0.24 96

0.24 96 0.28 112

0.50 0.51 102 0.50 0.54 108

0.48 96 0.51 102

0.45 90 0.50 100

0.50 100 0.45 90

1.00 0.96 96 1.00 1.02 102

1.03 103 1.09 109

0.94 94 0.97 109

1.00 100 0.96 96
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The specific fluorescent derivative(s) produced by
heating an alkaline solution of amodiaquine is not
known. Although amodiaquine can be converted to
a measurable fluorescent derivative, the extent to
which metabolites of amodiaquine contribute to this
fluorescence is also not known. Amodiaquine is
synthesized from 4,7-dichloroquinoline and 5-ami-
no-N,N-diethyl-2-hydroxybenzenemethanamine. To
determine whether our procedure resulted in degra-

Table 2. Reproducibility of the estimation of amodia-
quine in serum

Amodiaquine (gg/litre)

220 231 231 221 262

248 280 256 228 271

246 260 239 270 246

270 235 237 222 260

Table 3. Serum and red cell amodiaquine (,tg/litre) in 5 patients treated with 10 mg/kg of amodiaquine base a

Hours b Subject 1 Subject 2 Subject 3 Subject 4 Subject 5

serum red cell serum red cell serum red cell serum red cell serum red cell

4 561 567 454 334 482 300 677 811 296 164

1 2 244 332 269 302 268 164 345 333 243 209

24 238 299 113 131 154 136 138 233 151 91

48 167 240 <50c 115 97 107 122 133 188 55

72 127 240 55 68 53 64 91 133 79 <50

120 - 200 - <50 <50 57 <50 <50 <50

168 59 173 <50 <50 <50 64 <50 100 <50 <50

a The doses of amodiaquine given to subjects 1, 2, 3, 4, and 5 were 825 mg, 675 mg, 900 mg, 750 mg, and 600 mg, respectively.
b Hours after drug administration.
c Amodiaquine was detectable but below the lower limit of measurability of the assay.

dation of amodiaquine into either one of these
compounds, which might then produce the fluores-
cence observed, each compound was subjected to
heating in an alkaline solution as described in the
assay. No measurable fluorescence was observed.
The serum and red cell concentrations of amodia-

quine in 5 subjects with malaria who received a
single dose of 10 mg of amodiaquine base per kg of
body weight are shown in Table 3. Levels of amodia-
quine in red cells were generally higher than those in
serum. Although amodiaquine was administered as a
dose of 10 mg/kg, a large variation in blood levels

was noted between different subjects, perhaps re-
flecting individual differences in the metabolism of
amodiaquine.
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