Br. J. clin. Pharmac. (1984), 17, 441446

Pharmacokinetics of primaquine in man: identification of the
carboxylic acid derivative as a major plasma metabolite
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1 A method is described for the simultaneous determination of the carboxylic acid and
N-acetyl-derivatives of primaquine, in plasma and urine.

2 After oral administration of 45 mg primaquine, to five healthy volunteers, absorption
was rapid, with peak primaquine levels of 153.3 + 23.5 ng/ml at 3 * 1 h, followed by an
elimination half-life of 7.1 * 1.6 h, systemic clearance of 21.1 *+ 7.1 I/h, volume of
distribution of 205 = 37 | and cumulative urinary excretion of 1.3 = 0.9% of the dose.

3 Primaquine underwent rapid conversion to the carboxylic acid metabolite of prima-
quine, which achieved peak levels of 1427 = 307 ng/ml at 7 = 4 h. Levels of this metabolite
were sustained in excess of 1000 ng/ml for the 24 h study period, and no carboxy-
primaquine was recovered in urine.

4 N-acetyl primaquine was not detected in plasma or urine.

5 Following [*C]-primaquine administration to one subject, plasma radioactivity levels
rapidly exceeded primaquine concentrations. Plasma radioactivity was accounted for
mainly as carboxyprimaquine. Though 64% of the dose was recovered over 143 h, as
["*C]-radioactivity in urine, only 3.6% was due to primaquine. As neither carboxyprima-
quine nor N-acetylprimaquine were detected in urine, the remaining radioactivity was due

to unidentified metabolites.
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Introduction

Primaquine is the drug of choice against the exo-
erythrocytic stages of Plasmodium vivax and
Plasmodium ovale (Strube, 1975). In spite of
considerable clinical experience with the toxi-
cology of primaquine, there is little information
regarding the mode of action and disposition of
this drug. Drug metabolism studies have been
undertaken in dogs (Strother et al., 1981),
rodents (Baker et al., 1982) and microbes
(Hufford et al., 1983). However the metabolic
fate of primaquine in man has not been reported.

The present study reports the pharmacokinetics
of primaquine in man. Using a newly developed
high performance liquid chromatographic
(h.p.l.c.) method, the formation of a carboxylic
acid derivative (carboxyprimaquine, Figure 1),
as the principal plasma metabolite in man, is
described.

metabolism carboxyprimaquine

Methods
Chemicals

Primaquine diphosphate was supplied by
Aldrich Chemicals Ltd, Gillingham, Dorset,
U.K.,  8-(3-amino-l-methylpropylamino)-6-
methoxyquinoline was a gift from the Walter
Reed Army Medical Research Centre, Washing-
ton D.C., U.S.A., carboxyprimaquine and the
N-acetyl  derivative  (N-acetylprimaquine)
(Figure 1), were kind gifts from Professor J.
McChesney, Department of Pharmacognosy,
School of Pharmacy, University of Mississippi,
U.S.A. The hydroxylated analogues of prima-
quine; 5-hydroxyl-, 6-desmethylene, and 5,6-
dihydroxyprimaquine, were also gifts from the
Walter Reed Army Medical Research Centre.
Indomethacin was obtained from Merck Sharp
and Dohme Research Laboratories, Hertford-
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Figure 1 Metabolic fate of primaquine in man showing known pathways (—) and proposed but

unidentified routes of metabolism (- - -).

shire, U.K. and ["*C]-primaquine (sp. act. 1.55
mCi/mmol) was synthesised by New England
Nuclear, Boston, Mass, U.S.A. Solvents were of
h.p.l.c. grade and obtained from Fisons, Lough-
borough, U.K. All other reagents were of ana-
lytical grade and supplied by British Drug Houses
(B.D.H. Chemicals Ltd), Poole, Dorset, U.K.

Chromatography

All assays were carried out on a Spectra Physics
Liquid Chromatograph. The system consisted of
an SP 8700 Solvent Delivery system with an SP
8750 organiser module equipped with a Rheo-
dyne valve injection system. Chromatographic
separation was carried out on a ‘Rad-Pak’ phenyl
reversed-phase column housed in a ‘“Z-module’
(Waters Assoc., Hartford, Cheshire, U.K.)
Detection was by U.V. absorption at 254 nm.

Assay methods

(a) Primaquine Primaquine levels  were
measured by the method of Ward et al. (1983)
with minor modifications. Samples were chro-
matographed on a ‘Rad-Pak’ phenyl column,
eluted with a mobile phase of methanol: water
(50:50 v/v) containing 1% triethylamine
(buffered with orthophosphoric acid to pH =
7.0) and flowing at 3 ml/min. These modifica-
tions resulted in more rapid chromatography and
a reduction in peak tailing.

(b) Carboxyprimaquine and N-acetylprima-
quine The plasma and urine levels of carboxy-
primaquine and N-acetylprimaquine were
measured using the following sample treatment
and chromatography conditions. To plasma or
urine samples (0.5 ml) containing indomethacin
as internal standard (2.5 ug/25 ul, as an aqueous
solution), was added an equal volume of phos-
phate buffer (NaH,PO,; 0.1 m; buffered to pH
2.6 with orthophosphoric acid) followed by
vortex mixing for 30 s. This mixture was ex-
tracted with a combination of hexane and ethyl
acetate (9:1 v/v, total vol 5 ml), by mechanical
tumbling for 10 min. After centrifugation (1000 g
for 10 min) and separation, the organic phase
was evaporated to dryness at 37°C under a
stream of nitrogen. The residue was reconsti-
tuted in methanol (100 ul) and 25 ul was injected
on to the chromatograph. Chromatographic
separation was achieved on a ‘Rad-Pak’ phenyl
column eluted with methanol:water (65:35) con-
taining 1% triethylamine (buffered to pH 6.0)
flowing at 3 ml/min.

Chromatography of plasma extracts of
samples collected from the volunteers in this
study, consistently gave two sharp peaks cor-
responding to authentic carboxyprimaquine and
indomethacin at retention times of 3.2 and 5.2
min respectively. N-acetylprimaquine was
chromatographed with baseline separation at a
retention time of 4.1 min. Concentrations of
metabolite were quantitated by relating peak
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height ratios of metabolite to internal standard in
chromatograms of samples, to peak height ratios
obtained from known standards. The assay has a
limit of sensitivity of 75 ng/ml for carboxyprima-
quine and 10 ng/ml for N-acetylprimaquine as
measured by a peak corresponding to four times
the size of baseline noise at 0.01 AUFS. The
within day and day to day coefficients of varia-
tion for the carboxyprimaquine assay were 2.9%
and 5.0% respectively. There was no inter-
ference from primaquine, the hydroxylated
analogues (predicted as metabolites, Strother ez
al., 1981) nor from the commonly used anti-
malarials chloroquine and pyrimethamine.

(c) Plasma radioactivity Plasma and urine
levels of ["*C]-radioactivity were measured by
scintillation counting using an Intertechnique
SL33 liquid-scintillation counter.

Volunteer study

Five healthy male volunteers (2445 years) who
were taking no other drugs each received oral
primaquine (I.C.I. pharmaceuticals; 6 X 7.5 mg
tablets = 45 mg as primaquine base) after an
overnight fast. Venous blood samples were
taken pre-dose and at 0.5, 1, 2, 3, 4, 6, 8, 12 and
24 h. Blood was centrifuged (1000 g for 15 min)
and the separated plasma stored at —20°C until
analysis. Urine was collected for 1 h pre-dose
and from O to 24 h. Urine volume and pH were
recorded and an aliquot frozen at —20°C. In
addition to the standard dose one volunteer
(RB) received a tracer dose of ["*C]-primaquine
(8.25 uCi, 2.4 mg) by mouth. In this volunteer
plasma was collected over 120 h and urine collec-
tions were continued serially for 6 days. Plasma
and urine samples were assayed for primaquine,
carboxyprimaquine, and N-acetylprimaquine by
h.p.l.c. and for ["*C] by liquid scintillation count-
ing. All aspects of these protocols were approved
by the Mersey Regional Health Authority Ethics
Committee and Ethics Committee of the World
Health Organisation. Permission for the
administration of ["*C]-primaquine was obtained
from the D.H.S.S. Radioisotopes panel.

Pharmacokinetic calculations

The peak plasma concentration (C,,,,) and the
time at which it was reached (¢,,,,) were obtained
graphically. The terminal phase elimination rate
constant (A,) was determined by least squares
regression analysis of the post absorption and
distribution plasma concentration time data and
the terminal phase elimination half-life (t,,) from
ratio of 0.693/\,. The area under the plasma
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concentration-time curve from time = 0 to time
= t' -was calculated by the trapezoidal rule
(Gibaldi & Perrier, 1975) and from ¢’ to infinity
by the ratio C,/\,, where C, was the plasma
concentration at time = ¢'. The area under the
curve from ¢ = 0 to infinity (AUC) was then
obtained from the sum of these areas. Oral
clearance (CL,) was calculated from the ratio of
dose/AUC and systemic clearance (CL), from
the ratio CL_/F, where F is the bioavailability
and equals 0.74 (unpublished observation). The
volume of distribution was then calculated from
the expression;

_ CLxu,
Z7 7 0.693

Results

The mean plasma concentration-time profiles for
primaquine and carboxyprimaquine are shown
in Figure 2 and the pertinent pharmacokinetic
estimates listed in Table 1. After oral dosage,
primaquine underwent rapid absorption, reach-
ing peak levels of 153.3 = 23.5 (mean * s.d.)
ng/ml, between 2 and 3 h. Thereafter, drug levels
declined rapidly and monoexponentially, with a
terminal phase elimination half-life of 7.1 £ 1.6 h
and an oral clearance of 28.5 = 9.5 I/h. Renal
clearance of unchanged primaquine represented
a trivial route of elimination, as only 1.3 + 0.9%
of the dose was recovered in urine.

Primaquine undergoes rapid sidechain meta-
bolism to carboxyprimaquine. Peak levels of this
metabolite of 1427 + 307 ng/ml, were ten fold
higher than parent drug levels and were reached
between 3 and 12 h post dose. These metabolite
levels were maintained in excess of 1000 ng/ml
for the duration of the study period. However,
carboxyprimaquine was not detected in urine,
suggesting that this compound is subjected to
further metabolism prior to excretion. Further-
more, concentrations of N-acetylprimaquine
were rarely seen to exceed the minimum detect-
able level of (10 ng/ml) in this study.

In one subject (RB), a tracer dose of ["*C]-
primaquine was coadministered with the oral
dose. The pharmacokinetics of primaquine were
comparable in this subject to the other four
volunteers. However, in this subject the plasma
concentration-time profile of [*C]-radioactivity
differed markedly from that for primaquine
(Figure 3). Peak levels of "C were attained
rapidly but exceeded primaquine levels by ten to
twenty fold. Only 1.9% of the total area under
the plasma radioactivity-time curve was
accounted for by primaquine, whereas the car-
boxy-metabolite contributed 55% of the area
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Figure2 Mean plasma concentrations (* s.e. mean)
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Figure 3 Plasma concentrations of primaquine
(@—@ ), carboxyprimaquine (O——O ) and "“C
radioactivity ( A- - -A ) in subject RB following oral
dosage of tracer ["*C]-primaquine (2.4 mg, 8.25 uCi)
together with the standard dose (45 mg).

Table 1 Summary of pharmacokinetic parameters for primaquine and its carboxy metabolite after oral
dosage with primaquine (45 mg). Time to peak plasma concentration (¢,,,,); peak plasma concentration
(Cay); terminal phase elimination half-life (¢,,); oral clearance (CL,); systemic clearance (CL); volume of
distribution (V,) and amount excreted in the urine to 24 h (Ae(24)).

Pharmacokinetic Subjects
parameter N4 GE AB MO RB Mean * s.d.
a) Primaquine (PQ)
tax (h) 3 2 3 2 3 3+1
C ax (ng/ml) 131.2 132.8 180.4 146.0 176.0  153.3 £23.5
ty, (h) 5.8 6.5 7.8 5.9 9.6 7.1+1.6
CL, (I'h) 41.6 28.6 18.5 33.4 20.3 285x95
CL* (1'h) 30.8 21.2 13.7 247 15.0 21.1 =71
Vv, * () 257 198 154 209 208 205 = 37
Ae(24) (% of dose) 1.4 0.5 0.4 1.9 2.4 1.3+09
b) Carboxyprimaquine (PQCO,H)
trmax (h) 8 2 8 12 3 74
Cnax (ng'ml) 1078 1386 1199 1808 1666 1427 = 307
Ae(24) (% of dose) 0 0 0 0 0 0

* calculated using bioavailability = (.74 (unpublished observation)
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(Figure 3). The carboxyprimaquine concentra-
tions declined to below detectable levels by 72 to
96 h, at which time 1.3 x 107%% of the dose was
present per ml of plasma as ["*C]-radioactivity
indicating the persistence of other metabolic
product(s) of primaquine. Nonetheless, 64% of
the radiolabel dose was recovered in urine by 143
h, though mainly as metabolites other than car-
boxyprimaquine or N-acetylprimaquine. Only
3.6% of the dose was recovered as the parent
compound.

Discussion

Although used as an antimalarial for over 40
years, there is a dearth of information regarding
the mode of action and disposition of prima-
quine in animals and man. The antimalarial
activity and toxicity of primaquine, has been
attributed to one, or more, of its metabolites
(Frasereral., 1976; Fletcher et al., 1977). Studies
in microbes (Hufford et al., 1983) have identified
the carboxylic acid and N-acetylated metabolites
of primaquine. By contrast, in rodents, only the
carboxylic acid metabolite has been found
(Baker et al., 1982). In addition several phenolic
analogues have been proposed as metabolites of
primaquine in the dog (Strother et al., 1981). At
present, there are no published reports of the
metabolic fate of primaquine in man.

The plasma kinetics and urinary excretion of
primaquine have been recently investigated
(Greaves et al., 1980). After oral dosage (45 mg)
primaquine was shown to reach peak drug levels
within 1-2 h, undergo a clearance from plasma of
25 I/h and extensive tissue distribution (V, = 200
1). These parameters were calculated assuming a
bioavailability of 100%. However, in pre-
liminary studies by us in two subjects, who were
administered intravenous and oral primaquine,
the bioavailability was shown to be 74% (un-
published observations). Renal elimination of
unchanged primaquine accounted for less than
1% of the administered dose.

The findings of the present study, on the
pharmacokinetics of primaquine, are in broad
agreement with those of Greaves er al. (1980)
(Figure 2, Table 1). In addition, using our
estimate of bioavailability of 74%, systemic
clearance of primaquine can be calculated to be
21.1 = 7.1 V/h which represents less than a
quarter of liver blood flow (90 I/h) and indicates
primaquine to be a ‘low to intermediate clear-
ance’ compound. This calculated value of
systemic clearance allows the volume of distri-
bution to be determined, which at 205 = 37 1,
reflects extensive tissue distribution of the drug.
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The present study has also shown the carboxy
derivative of primaquine, as the principal meta-
bolite in human plasma. Primaquine underwent
rapid and extensive conversion to carboxy-
primaquine which persisted at elevated levels in
plasma for the duration of the 24 h study period.
At24 h, the metabolite levels in plasma were fifty
fold higher than the parent drug. As the area
under the curves for carboxyprimaquine was
considerably greater than that for primaquine,
the clearance of this metabolite must necessarily
have been considerably lower than that for
primaquine. Furthermore by contrast to prima-
quine, which undergoes extensive tissue distri-
bution, the more polar carboxyprimaquine
would be expected to be more restricted to
plasma water and hence have a much lower
volume of distribution. A more detailed
pharmacokinetic study of this metabolite per se
could not be undertaken in the present study. As
only negligible levels of the carboxyprimaquine
were recovered in urine, the metabolite prob-
ably undergoes further metabolism prior to
excretion.

An analogous process of metabolism has been
reported for propranolol where side chain
deamination and oxidation of the terminal
carbon to the carboxylic acid produces the
metabolite naphthoxylactic acid (Walle et al.,
1979). This compound is present in plasma in
considerably higher levels than propranolol, but
unlike carboxyprimaquine, naphthoxylactic acid
is eliminated from plasma at a comparable rate to
propranolol and about 14% of the dose appears
as this metabolite in urine.

The h.p.l.c. assay developed for carboxy-
primaquine enabled the simultaneous deter-
mination of N-acetylprimaquine, previously
identified in microbial metabolism studies
(Hufford et al., 1983), but not detectable in
studies on rodents (Baker et al., 1982). In the
present studies in man, the N-acetylated com-
pound rarely exceeded the minimum detectable
level of 10 ng/ml in human plasma and urine.

Following ['*C]-primaquine administration to
subject RB, the area under the plasma level-time
profile of the carboxyprimaquine constituted
55% of the total area due to plasma radio-
activity. This observation suggests that the
carboxylic acid derivative is the principal meta-
bolite in plasma. This is particularly apparent
over the first 24 h, during which metabolite levels
closely follow plasma ['*C]-radioactivity (Figure
3). Thereafter ["*C] levels in plasma persist, in
spite of falling carboxyprimaquine levels, again
suggesting further biotransformation of this
metabolite. Over a 143 h urine collection period,
3.6% of the administered dose was recovered as
primaquine and none as carboxyprimaquine.
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Urinary recovery of ['*C]-radioactivity over this
period accounted for 64% of the dose, mainly as
unidentified metabolites.

The present study has shown that after oral
dosage primaquine is readily absorbed and
undergoes rapid metabolism to the carboxylic
acid derivative that persists at elevated levels in
plasma. This compound represents the principal
plasma metabolite and is ultimately subjected to
further biotransformation prior to excretion.
The association of this metabolite with pharma-
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