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Studies on the pharmacokinetics of primaquine

K. A. FLETCHER,1 D. A. PRICE EVANS,2 H. M. GILLES,3 J. GREAVES,4 DANAI BUNNAG,5
& TRANAKCHIT HARINASUTA 6

A sensitive and specific assayforprimaquine in plasma and urine using gas chromato-
graphy/mass spectrometry has been developed and used to study the plasma kinetics of
primaquine. Preliminary studies on the effects ofsingle and multiple oral doses have been
carried out. In both cases the drug was completely, or almost completely, removedfrom the
plasma in 24 h. The concentration ofprimaquine in theplasma usually reached apeak 1-2
hours after oral administration. The plasma elimination half-life was about 4 h. Less than
1% of the dose was detected in the urine collected over a 24-h periodfollowing drug inges-
tion. When Caucasian volunteers were given primaquine and chloroquine concurrently,
some ofthem developed significant methaemoglobinaemia. Primaquine was not detectable
in the plasma of any of the volunteers, 24 h after each daily dose.

The kinetics and metabolism of 8-aminoquinolines
in man are largely unknown. Studies on pamaquine (1,
13) and pentaquine (4, 12) indicated that these com-
pounds were extensively metabolized and eliminated
rapidly from the body. These early studies, however,
were hampered by the lack of specific and sensitive
techniques.
An assay has recently been developed which uses gas

chromatography/mass spectrometry (GC/MS), and
which can measure nanogram quantities of drug (7).
This paper describes the application of this technique
to the study of the plasma kinetics of primaquine
following single and multiple drug dosages. Vari-
ations between Caucasian and Thai subjects have been
investigated, as well as the effects of erythrocyte glu-
cose-6-phosphate dehydrogenase (G6PD) deficiency.
The toxicity of primaquine, in terms of haemolytic

reactions and methaemoglobin formation, was first
studied in detail in Caucasians and Negroes in 1952 (2,
9). Later, the effects on methaemoglobin levels of a
standard 14-day course of treatment with the drug
were investigated in Caucasians (3), but no significant
changes were found. The present report describes the
effects on methaemoglobin levels and primaquine
levels in plasma and urine, of concurrent administra-
tion of chloroquine and a standard primaquine treat-
ment to Caucasians.
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MATERIALS AND METHODS

The method of analysis of plasma and urine samples
for primaquine by GC/MS has been described pre-
viously (7). Essentially, primaquine, trideuterated in
the 6-methoxy position, is used as the internal stan-
dard with selected ion monitoring after fragmentation
of the bis(trimethylsilyl) derivatives at an M/Z (mass:
charge ratio) of 403 and 406 or 242 and 245.
The method of Evelyn & Malloy (5) was used to

measure methaemoglobin levels in blood.

Single-dose studies

Six Caucasian and eleven Thai male volunteers were
given an oral dose of 45 mg of primaquine (free base),
after overnight fasting. Five of the Thai volunteers
were deficient in erythrocyte G6PD. Fasting was
continued for a further three hours, then a standard
light lunch was allowed. Urine was collected from the
six Caucasians for 24 hours after the administration of
primaquine and several blood samples were taken
during the same period.

Multiple-dose studies

Three male Thai volunteers were given a course of
15 mg of primaquine base daily for 5 days following
the administration of chloroquine (1.5 g free base)
one week previously. Several blood samples were
taken after the last dose on day 5.

Methaemoglobin studies

Thirty healthy Caucasian volunteers were given a
standard chloroquine/primaquine course of treat-
ment, consisting of 450 mg of chloroquine (base
equivalent) daily for the first three days, in parallel
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with 15 mg of primaquine (base equivalent) daily for
14 days. Blood samples for the subsequent estimation
of methaemoglobin and plasma primaquine levels
were taken immediately before drug administration
was started and before the daily primaquine dose was
given on days 7, 13, and 14. A further blood sample
was taken on day 15, i.e., 24 hours after the last drug
dose. Urine was collected over the 24-h period follow-
ing administration of the last primaquine dose.

All blood samples were centrifuged without delay.
Aliquots of the plasma and urine samples were stored
at -20° C until analysed.

RESULTS

Single-dose studies

The plasma primaquine concentrations had 95%
confidence limits of ± 18 MgAitre (Fig. 1 and Table 1).
The kinetic parameters for primaquine in plasma were
computed from these values using a 'Nonlin'-type
program (11). A two-compartment iterative curve-
fitting program was used to investigate absorption and
removal of the drug from plasma. However, it was
found that insufficient time points had been sampled
to investigate fully the absorption of primaquine.
Similarly, although the concentration curve suggested
a one-compartment model for the elimination of the
drug, more points were needed. Table 2 summarizes
the derived kinetic parameters.
The values for urine primaquine concentrations

ranged from 39-173 pg/litre with 95% confidence
limits of ± 21 glgAitre. During the 24 hours following
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Fig. 1. Change in mean plasma primaquine concentration
with time after a single 45-mg oral dose in the three groups of
subjects investigated: solid line, normal Thais; dashed line,
G6PD-deficient Thais; broken line, Caucasians.

oral ingestion of the drug, 0.24-0.74% of the 45 mg
dose was excreted in the urine.

Multiple-dose studies

The plasma primaquine concentration profiles
from the multiple-dose studies (Fig. 2) were similar to
those seen after a single 45-mg dose. The derived
kinetic parameters are given in Table 3 and also show a
similarity to those derived from the single-dose
studies.

Table 1. Plasma primaquine concentrations (Mg /litre) after a single 45-mg dose of the drug

Time after dosing (hours)

Subjects 0 1 2.5 4 6 9 24

6 normal Thais

Range 0-9 148-337 190-304 101-234 72-139 50-107 0-8

Mean 4 240 233 166 113 78 4

Standard deviation 4 67 47 49 29 21 3

5 G6PD-deficient Thais
Range 0-8 79-385 102-384 91-315 66-206 56-145 6-22

Mean 4 188 199 165 119 93 15

Standard deviation 3 116 111 93 54 33 6

6 Caucasians
Range 2-19 71-139 127-185 123-138 84-113 59-73 24-47

Mean 12 111 162 131 101 65 36

Standard deviation 7 30 20 7 13 6 10
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Table 2. Kinetic parameters obtained from single-dose (45 mg) studies

Volume of distri-
bution (litres)

Elimination Elimination Area under (assumes bio-
Body weight constant half-life curve availability Clearance

Subjects (kg) (h-) (h) (.g.1'.h) is 1.0) (litresh- )

6 normal Thais

Range 47-64 0.15-0.26 2.7-4.5 1009-2204 111-172 20.4-44.6
Mean 51 0.19 3.7 1682 149 28.7
Standard

deviation 6 0.04 0.7 455 28 8.9
5 G6PD-deficient

Thais

Range 44-56 0.081-0.17 4.2-8.6 1227-3219 84-382 14.0-36.7
Mean 51 0.12 6.2 1978 226 24.7

Standard
deviation 7 0.04 1.8 789 111 8.5

6 Caucasians
Range 64-94 0.092-0.16 4.3-7.5 1306-2016 214-267 22.3-34.4
Mean 72 0.11 6.3 1661 241 27.7

Standard
deviation 11 0.03 1.4 270 23 4.6

Methaemoglobin studies
140-

00 ; A one-way analysis of variance of the methaemo-
120 2i\ globin levels measured in each of the 30 Caucasian

subjects on days 0, 7, 13, 14, and 15, indicated that
100 _ there was a significant difference between the mean
cn_ F ss' values before and after treatment (F = 17.44, degrees

., 80 _ j o > of freedom 4 and 145, P<0.001) (Table 4). The mean

,E 60 _ l > methaemoglobin level had risen significantly by day 7,
E _ r _~'_. ~ >_ and continued to rise until day 15. Further blood

X40 _ z tt ~ '~- ~ 2>~ samples were taken on days 17 and 27 from the
volunteer with the highest methaemoglobin values

20 - /.f (19.3 g/litre of blood on day 14, 12.4% of total Hb).
0
t 1These samples had methaemoglobin levels of 13.6 g/

0 1 2 3 4 5 6 7 8 9 litre (8.9%) and 3.5 g/litre (2.3%), respectively.
Time after final dose (h) WHO 81088 Table 4 also shows the amount of primaquine

excreted in the urine during the 24 h following the lastFig. 2. Change in plasma primaquine concentration with drug dose. The mean value was 0.30 mg which repre-
time after the final dose in three Thai individuals who sent only 2% ofth fal dos of maquinepFg3
received a 5-day course of the drug. sents only 2% of the final dose of primaquine. Fig. 3

Table 3. Kinetic parameters obtained from multiple-dose studies in three Thai subjects

Volume of distri-
bution (litres)

Elimination Elimination Area under (assumes bio-
Body weight constant half-life curve availability Clearance

Subject (kg) (h) (h) (iAg.- .h) is 1.0) (litres h-1)

1 45 0.17 4.0 808 320 55.7

2 68 0.12 6.0 593 660 75.9

3 40 0.17 4.0 933 280 48.3
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Table 4. Methaemoglobin concentrations (g/litre of blood) and primaquine excretion (mg per 24 h) during treatment with
primaquine and chloroquinea

Day Range Mean SD

Methaemoglobin concentration 0 0.3-2.8 1.6 0.6

7 0.3-7.7 3.7 2.0

13 2.0-15.6 5.7 2.9

14 1.3-19.3 5.9 3.2

15 0.9-14.8 6.1 2.9

Urinary primaquine concentration (pg/litre) 51-476 190 100

Urinary volume (litres) 0.48-3.77 1.769 0.889

Urinary primaquine excretion (mg) 14-15 0.12 - 0.54 0.30 0.14

B Methaemoglobin results from 30 subjects. Primaquine excretion results from 29 subjects.

shows the effects of the chloroquine/primaquine No primaquine was detected in any of the plasma
regimen on the methaemoglobin levels in the 30 volun- samples collected from the volunteers on days 7, 13,
teers. 14, or 15.

18
DISCUSSION

16 _ Day O
Single-dose studies

14 _ ...14.. This study has shown that primaquine is removed
12 _ ... ::rapidly from the blood, in agreement with the results

of earlier work on pamaquine and pentaquine (1, 2).
10 _ : In the 24 hours following ingestion, the drug was

found to be completely or almost completely elimin-
ated from the plasma of all subjects. Excretion,
metabolism, or tissue localization could account for

=6 _ . . the rapid elimination of primaquine from the plasma.
However, excretion of unconjugated parent com-

wo4 _ .. ... ... pound in urine can be discounted, since less than 1 %o
.0 ... .. ...of the dose was excreted over the 24-h period follow-

E 2 - .... ing ingestion. Tracer studies in our laboratory (unpub-
.... 2..... : lished data, 1980) using '4C-labelled primaquine in the

0 rat, indicated that the parent compound is excreted
not only in the urine but also in significant amounts in

7-. Day 15 the faeces. The latter appears to represent both
6 - unabsorbed primaquine and that excreted via the bile.
5 _- The plasma primaquine concentration profile (Fig.
4 1) shows that there was little, if any, difference

3 _ . . . . . .. . .. :between the two groups of Thai volunteers. This result
2 _ m .:: .: : ... m n was expected since G6PD deficiency should not

0 were also no marked differences between the Thais0 5 10 15 and Caucasians, although a small amount of prima-
Methaemoglobin (g/litre of blood)

quine was found in the plasma of the Caucasians 24 h
WHO 81089 after a 45 mg dose. However, this was not seen in any

Fig. 3. Frequency distribution of erythrocyte methaemo- of the volunteers on the 14-day course of 15 mg of
globin concentration before and after treatment. primaquine daily.
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The range of results within each ethnic group can be
accounted for by many factors such as age, body
weight, diet, gut flora composition, etc., and is
represented by the standard deviation about the mean
of each group (Table 1). However, the larger standard
deviations in the G6PD-deficient group may be
worthy of further investigation. The level of prima-
quine present in the plasma during the 24 h of the
study is reflected by the area under the plasma concen-
tration-time curve and this value (Table 2) is within the
same range for both ethnic groups, as are the clearance
values for the drug. The total amount of plasma
primaquine cannot be determined from the area under
the curve, although an approximation can be made for
any particular time by estimating the body plasma
volume on the basis of body weight. The data indicate
that less than 2% of the administered dose of 45 mg
was present at the time of maximum concentration.
This suggests that the drug was sequestered soon after
ingestion. Possible explanations are degradation
and/or "ion trapping" in the stomach contents,
failure to absorb the drug in the gut, metabolism of the
drug in the gut mucosa, or the sequestering of the drug
by the liver in a "first-pass" effect. The latter
possibility would be consistent with the known action
of the drug against plasmodial exoerythrocytic stages.
Studies in our laboratory (unpublished data, 1980)
using 14C-ring-labelled primaquine show that there is
extensive enterohepatic circulation of the drug and its
metabolites in the rat.

Multiple-dose studies

The multiple-dose studies indicated that prima-
quine did not accumulate in the plasma over the five
days of treatment. No significant concentrations of
drug were found in the pre-dose plasma samples taken
on the fifth day in the three Thai volunteers. This
finding was further substantiated by the methaemo-
globin studies, in which primaquine was not found in
any of the plasma samples, even after 14 days of
treatment. The concentration-time profile of plasma
primaquine in the multiple-dose studies (Fig. 2) was
very similar to that in the Thai volunteers who took a
single 45-mg dose of primaquine. If the plasma con-
centrations of the volunteers from each study are
normalized with respect to dose and body weight,

similar plasma profiles are obtained. These observa-
tions indicate that multiple dosing, and also prior
treatment with chloroquine, have very little effect on
plasma primaquine kinetics. In this study, chloro-
quine would still have been present in the plasma when
primaquine administration was commenced, since the
plasma half-life of chloroquine is 6-7 days (10).
However, chloroquine seemed to influence methae-

moglobin production during primaquine adminis-
tration. Table 4 shows that varying amounts of
methaemoglobin accumulated in erythrocytes, during
a 14-day standard course of primaquine. The forma-
tion of methaemoglobinaemia is probably due to a
direct oxidant effect of primaquine, or its metabolites,
on haemoglobin or individual variations in erythro-
cyte methaemoglobin reductase activity, so that these
subjects were less able to reduce the increased
amounts of methaemoglobin formed by the oxidant
stress. Alternatively, individual variations in the
amounts and types of primaquine metabolites pro-
duced could also explain these results.
The absence of any measurable plasma primaquine

meant that no correlation could be made with methae-
moglobin levels, and there was no relationship
between the amount of primaquine excreted and the
level of methaemoglobin produced. However, the
slow increase in methaemoglobin levels and the
absence of any primaquine accumulation in plasma
during the 14-day treatment, together with the slow
decline in methaemoglobin levels after treatment
(observed in one individual), suggest that a prima-
quine metabolite is responsible for the oxidation of
haemoglobin in the erythrocyte. The observation that
combined chloroquine/primaquine treatment pro-
duced methaemoglobinaemia whereas primaquine
alone did not (3), may mean that chloroquine was
affecting erythrocytes or liver cells. In the red cell, it
might modify the effect of a primaquine metabolite on
haemoglobin or methaemoglobin reductase. Alterna-
tively, chloroquine might cause variations in the
amount or type of primaquine metabolites produced
in liver cells.
Methaemoglobinaemia may be more pronounced

after combined drug treatment, or even produced by
primaquine alone, when the erythrocyte population is
already stressed by malarial infection.
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R-SUMt

ETUDE DE LA PHARMACOCINATIQUE DE LA PRIMAQUINE

Les etudes realisees montrent que la primaquine est
rapidement eliminee de la circulation sanguine. Les para-
metres cinetiques apres administration d'une dose unique de
45 mg (equivalent en primaquine base) etaient analogues
chez des Thallandais avec ou sans carence en G6PD et chez
des sujets de race caucasique. Au moment du maximum de
concentration, moins de 2% de la dose etait present dans le
plasma. Des taux plasmatiques maximaux de 102-385
.g/litre ont ett observes 1 a 2,5 heures apres l'adminis-
tration. Chez les volontaires de race caucasique, moins de
1% de la dose etait excrett en 24 heures sous forme du
compost initial inconjugue.

Les parametres cinetiques obtenus dans les etudes avec
administration de doses multiples (15 mg pendant 5 jours)
chez des Thallandais etaient tres proches, au cinquieme jour
du traitement, de ceux obtenus avec une dose unique. Des
taux plasmatiques maximaux de 56-137 pg/litre etaient
observes 1,5 a 2,5 heures apres l'administration de prima-
quine. Aucune accumulation de primaquine n'a ett observ6e

au-deli des cinq jours du traitement.
Cette absence d'accumulation du compose apres cinq

jours d'administration s'est confirmce lors d'un traitement
de 14 jours (15 mg de primaquine base par jour) a des volon-
taires de race caucasique chez lesquels on a egalement suivi le
taux de methemoglobine dans les erythrocytes. Vingt-quatre
heures apres chaque dose, on ne trouvait plus de primaquine
dans le plasma, que ce soit le septieme, le treizieme, le
quatorzieme ou le quinzieme jour.
Le taux erythrocytaire de methemoglobine augmentait de

fa$on significative chez les volontaires caucasiques en bonne
sante ayant requ un traitement de 14 jours par la primaquine
avec adjonction de chloroquine (1,35 g sur trois jours),
contrairement a ce qu'on avait prec6demment observe avec
la primaquine seule. Les taux de m6themoglobine etaient
sans relation avec la quantite de primaquine excr6t6e.
L'evolution au cours du temps de l'accumulation et de la
disparition de la methemoglobine laisse A penser que cet
effet est dO A un metabolite de la primaquine.
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