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A simple colorimetric method for the determination of
primaquine metabolites in urine

JOHN K. BAKER,' JAMES D. MCCHESNEY,2 & LUCIA JORGE3

A simple method of screening large numbers of urine samples for the presence of
primaquine metabolites has been developed using a commercially available diazonium salt
reagent and an extraction cartridge. The extraction requires only 1.0 ml of urine and is
selective for acidic or neutral primaquine metabolites. With primaquine-dosed rats,
primaquine metabolites could be detected 36 hours after administration of the drug. The
sensitivity of the method wasfound to be approximately 400 ,ug/l.

Although numerous studies of the metabolism of
the antimalarial drug primaquine have been con-
ducted over the past 30 years, remarkably little is
known about its urinary metabolites. Standard
reference texts (1) frequently list the 5, 6-dihydroxy
derivative of primaquine as a major metabolite;
however, its presence in urine has not been confirmed
experimentally. The occurrence of 8-amino-6-
methoxyquinoline, which is frequently found as an
impurity in commercial primaquine diphosphate, was
reported in the urine of humans dosed with this drug
(2). However, more recent studies on rats (3, 4),
monkeys (5), and humans (6) failed to detect
8-amino-6-methoxyquinoline in urine samples.

In rats (3), primaquine is oxidatively deaminated
to carboxyprimaquine or 8-(3-carboxy-l-methyl-
propylamino)-6-methoxyquinoline, which has also
been detected in the plasma of monkeys (5) and
humans (6, 7). Within a few minutes of intra-
peritoneal intravenous injection of primaquine, the
concentration of carboxyprimaquine in plasma is
considerably greater than that of primaquine, and a
large fraction of the injected dose is metabolized to
carboxyprimaquine: 28% in rats (4), 54% in monkeys
(5), and 55% in humans (7). Even though carboxy-
primaquine is the major metabolite found in plasma,
high concentrations of the compound have not been
detected in rat, monkey, or human urine.
The present study describes a rapid, inexpensive,

quantitative method for the determination of
metabolites in urine primaquine. Such a procedure
would be useful in field work for monitoring patient
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compliance and may also be useful in connection with
isolation of the metabolites.

MATERIALS AND METHODS

Commercially available primaquine diphosphate'
was used without further purification. Carboxy-
primaquine was obtained by a fermentation
procedure (8), and this material was found to have the
same spectral characteristics as the synthetic one (9).
The other primaquine derivatives used in the study
were synthesized in our laboratories. Fast Violet
B (4-(benzoylamino)-2-methoxy-5-methylbenzene-
diazonium chloride was obtained commerciallyb and
used without additional purification.
For the metabolism studies, 20 mg/kg primaquine

diphosphate (11.4 mg/kg free base) was administered
to male Wistar rats by intraperitoneal injection. Food
was withheld from the rats after the injection, but
water was provided during the 0-3, 3-6, 6-12, 12-24,
and 24-36-hour urine collection periods.

Selection of optimum reaction conditions

Effect ofthe reaction medium on the derivatization
ofprimaquine. For each of the kinetic runs, 10 itg of
primaquine diphosphate was added to 3.0 ml of the
reaction medium. Subsequently, 100 A1 of an aqueous
solution of Fast Violet B (20 g/l) was added, and
the reaction was followed spectrophotometrically by
monitoring the absorbance at X = 525 nm, with water
in the reference cell. The following reaction media
were studied: a 0.1 mol/l phosphate buffer of
pH 3.02, 0.1 mol/l phosphate buffer of pH 5.09,
0.1 mol/l phosphate buffer of pH 7.11, methanol,

* Aldrich Chemical Company, Milwaukee, WI 53201, USA.
b Sigma Chemical Company, St. Louis, MO 63178, USA.
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and a 1:1-mixture of methanol and 0.1 mol/l
phosphate buffer of pH 5.09.

Effect ofthe reaction medium on the derivatization
ofprimaquine metabolites. The urine of a rat that had
been dosed with primaquine diphosphate (20 mg/kg,
intraperitoneally) was collected over a 36-hour
period. A C-18 extraction cartridgec was washed with
methanol (2 x 1.0 ml) and water (2 x 1.0 ml), 2.0 ml
of the rat urine was passed through the cartridge by
centrifugation, and the cartridge was then washed
with 1.0 ml of water, the washes being discarded. The
cartridge was then eluted with 1.5 ml of methanol by
centrifugation (3000 r/min) into a clean conical
collection tube. The methanol was evaporated at
room temperature with a stream of nitrogen, and the
residue redissolved in 3.0 ml of buffer at pH 3.02,
pH 5.09, or pH 7.11, or methanol. The absorbance
of the mixture was then followed spectrophoto-
metrically after initiation of the derivatization with
100 yd of an aqueous solution of Fast Violet B
(20 g/l).

Working methodfor metabolite quantitation
After the C-18 extraction cartridge had been

washed as described above, 1.0 ml of rat urine sample
was passed through it by centrifugation. The
cartridge was then washed with 1.0 ml of water, and
the metabolites were eluted into a clear conical
Collection tube using 1.5 ml of methanol.
Subsequently, the eluate was mixed with 1.5 ml of
0.075 mol/l phosphate buffer (pH 5.09), and 100 ,d
of Fast Violet B (20 g/l) was added. The tube was then
allowed to stand for exactly 15 min and the
absorbance of the mixture at X = 525 nm was deter-
mined spectrophotometrically, using distilled water
in the reference cell.
The spectrophotometer was calibrated by

performing the same extraction and derivatization
procedures on a series of 1 .0-ml samples of urine from
a control rat to which had been added 2, 5, 10 or
15 Ag of carboxyprimaquine. For experiments in
which the absolute recovery of the extraction process
was measured, the series of carboxyprimaquine
calibration standards was added directly to the
mixture of 1.5 ml methanol and 1.5 ml buffer.

RESULTS

In the reaction of primaquine and Fast Violet B
to form an azo derivative (Fig. 1) electrophilic
substitution of the 5-position by the diazonium ion
reagent was pH-dependent, being slow under acidic

' Bond Elut C-18 cartridge, 100 mg, Analytichem, Harbor City,
CA 90710, USA.

conditions but much more rapid as the pH
approached neutrality. Although the rate of the
derivatization increases with pH, the azo derivative
of primaquine is less stable at higher pH values. For
primaquine, the optimum balance between rate of
derivatization and stability of the derivative was
obtained with the 1 :1-mixture of the pH 5.09 buffer
and methanol.

Previous studies (3-6) have indicated that neither
primaquine nor its primary plasma metabolite,
carboxyprimaquine, is present at high concentration
in urine; in addition, the chemical structures of the
urinary metabolites are not yet known. Since it was
not clear whether the primaquine metabolites react in
an analogous way to that of primaquine with Fast
Violet B, the effect of pH and composition of the
medium on the reaction of the metabolites was also
investigated. The results (Fig. 2) indicated that
derivatization of the metabolites was also pH-
dependent, being slowest at pH 3.02. As observed for
primaquine, the reaction was more rapid at higher pH
values, but the product was correspondingly less
stable.
Although the primaquine metabolites appear to

follow the same kinetic profile as primaquine, other
constituents in the urine also react with Fast Violet B.
After 100 min at pH 7.11 (Fig. 2), the colour of the
reaction mixture began to change because of the slow
appearance of a new absorption peak at a lower
wavelength than that of the metabolite derivatives
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Fig. 1. Effect of pH and solvent composition on the
kinetics of the reaction between Fast Violet B and
primaquine.
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Fig. 2. Effect of pH and solvent composition on the
kinetics of the reaction between the C-18 cartridge
extract of primaquine urinary metabolites and Fast Violet
B.

(Xmax = 525 nm). When pure methanol was used as the
solvent, derivatization of the primaquine metabolites
occurred rapidly, but the rate of reaction with the
natural urine constituents was also pronounced. A
reaction medium of methanol and pH 5.09 buffer
(1:1) was used in the final working version since these
conditions maximized the rate of reaction of the
metabolites with Fast Violet B but minimized the rates
of side-reactions of other urine constituents. With
this reaction medium the ratio of the absorbance of
the test sample to that of the extract of control urine
had a maximum 15 minutes after addition of the Fast
Violet B.
Although extraction with the C-18 cartridge system

had worked well for primaquine metabolites in urine,
the results with primaquine itself were unsatisfactory.
A study of the recovery of primaquine and some of its
potential metabolites using this extraction method
gave the following results: primaquine (3.2%o),

carboxyprimaquine (93.4%), 6-demethylprimaquine
(8.90%o), 6-demethylcarboxyprimaquine lactam
(46.1%/). The basic compounds (primaquine and 6-
demethylprimaquine) were recovered only to a
limited extent, but the acidic or neutral compounds
(carboxyprimaquine or 6-demethylcarboxyprima-
quine lactam) were recovered with reasonable
efficiency.d Primaquine was retained on the C-18
cartridge when the urine sample was passed through
it, but only 3.2%o was subsequently eluted by
methanol.
The final working version of the extraction-

derivatization procedure was calibrated by adding
known quantities of carboxyprimaquine to the urine
obtained from a control rat. After extraction and
derivatization, a plot of the absorbance of the
samples (with distilled water in the spectrometer
reference cell) against the metabolite concentration
was linear. The intercept of this plot (0.111
absorbance units) on the ordinate (Fig. 3) would have
been smaller if a urine blank had been used in the
reference cell, but this would also have obscured the
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Fig. 3. Absorbance of the derivatized extract of control
samples of urine to which had been added various
concentrations of carboxyprimaquine

d The absolute recovery was determined by high-performance
liquid chromatographic analysis of the cartridge eluate for each of
the four compounds. Supplementary determinations were also made
using the colorometric method described in the text.
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various contributions to the background reading. A
calibration plot obtained with aqueous solutions of
carboxyprimaquine intercepted the ordinate at a
lower value of absorbance (0.049 units). Thus it
appears that approximately half of the absorbance
value of the blank of the method arose from traces of
the derivatization reagent and the other half from the
reaction products of normal urine constituents with
Fast Violet B.

Variations in the contributions of the normal urine
constituents to the absorbance reading were found to
be more important than the mechanical or electronic
limitations of the spectrometer in determining the
precision of the assay. Urine from a single rat that had
not received a dose of primaquine was collected at
various times (0-3, 6-12, 12-24, and 24-36 h), then
extracted and derivatized; the variation in absorbance
reading for this "negative control" (average,
0.0735; variation, ± 0.0117 absorbance units) gave
± 340 lsg/l as the standard deviation of the working
method. However, when the urine of control rats of
different ages (66, 77, 127 and 129 days) was
extracted and derivatized, the variation in the
absorbance readings of these "negative controls" was
found to be somewhat higher (mean, 0.0582;
variation, ± 0.0147 absorbance units), corre-
sponding to a standard deviation of ± 432 yg/l.

In order to determine the maximum period of time
over which the assay method could follow the
excretion of metabolites, five rats were injected with
primaquine diphosphate and their urine was
monitored using the final working method. Typically
the concentration of metabolites was highest 3-6
hours after injection (49.7 mg/l), but metabolites
could still be readily detected 36 hours after
administration (3.8 mg/l).

DISCUSSION

Although derivatization with diazo compounds has
previously been used in a method for the analysis of
unchanged primaquine in plasma samples (10), the
present procedure may prove to be more suitable for
monitoring patient dosage or compliance in field

work. For the same dose, the concentration of
primaquine metabolites in urine, as measured by the
method described here, was over 50 times that of the
concentration of primaquine in plasma determined by
the previous method. Other disadvantages of the
previous method are that the diazotization reagent
used is not commercially available, and that it
involves extraction at 4°C using flammable solvents
and necessitates the use of a microcuvette in the
spectrometer. In contrast, the present method uses a
preformed reagent (Fast Violet B) and a single so;id-
phase extraction (C- 18 cartridge) that is more suitable
for the analysis of large numbers of samples in field
work.

Although the sensitivity of the present method
(400 tg/l) is adequate to monitor primaquine
metabolites excreted in rat urine over a 36-hour
period, a somewhat greater sensitivity might be
needed for human studies where the drug is
administered orally. In the present study, the volume
of urine excreted per hour was relatively small, and
the analytical size of the sample was limited to 1.0 ml.
For human studies, however, the sample size can be
increased to 5.0 ml, resulting in a sensitivity of
80 ug/l. Preliminary studies with samples of human
urine indicate that the sensitivity could be higher than
this value since the blank value for human urine is
considerably smaller than that for rat urine.
The analytical method described here is selective

for acidic or neutral metabolites of primaquine that
are unsubstituted at the 5- or 7-position of the
quinoline ring. In rats, monkeys, and man (3-6) most
of the primaquine is initially metabolized to carboxy-
primaquine, which is subsequently further converted
into secondary metabolites that are excreted in the
urine. The present colorimetric method gives results
that correlate (r = 0.689) with the urinary excretion
pattern determined by analysis of the metabolites of
14C-labelled primaquine (4) in urine. It therefore
appears that, although the colorimetric method is
selective for metabolites where only the side-chain has
been modified, it is suitable for monitoring the
products of the major metabolic pathway of
primaquine in urine.
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RtSUMt

METHODE COLORIMETRIQUE SIMPLE POUR LE DOSAGE DES METABOLITES DE LA PRIMAQUINE DANS L'URINE

L'article decrit une methode colorimetrique applicable au
dosage des metabolites de la primaquine dans les urines.
Dans la variante pratique finalement adopt&e, on commence
par laver la cartouche d'extraction C-18 dans 1,0 ml de
methanol et 1,0 ml d'eau et l'on y fait passer un volume de
1,0 ml d'urine. Les metabolites sont ensuite repris dans la
cartouche par elution et recueillis dans un tube contenant
1,5 ml de methanol. Quinze minutes apres reaction sur du
bleu solide B (20 g/l) dans un milieu reactif contenant
1,5 ml de tampon phosphate a pH 5,09, on mesure

I'absorbance a 525 nm. L'etalonnage est effectue par
mesure de I'absorbance d'echantillons d'urines de rats
temoins contenant des quantites connues de carboxy-
primaquine.
La methode est selective pour les metabolites acides ou

neutres de la primaquine. Avec un echantillon d'urine de
1,0 ml, elle a presente une sensibilite de 400 ng/ml et a
permis de suivre 1'evolution de la concentration des
metabolites jusqu'a la 36' heure apres I'administration de la
dose de primaquine.
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