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Metabolism of 8-aminoquinoline antimalarial agents*
A. STROTHER,1 I. M. FRASER,2 REZA ALLAHYARI,3 & B. E. TnLTON1

Some ofthe most effective antimalarial agents are derivatives of8-aminoquinoline. The
metabolic products of many of these compounds appear to be toxic to the erythrocytes of
certain human subjects, especially those deficient in glucose-6-phosphate dehydrogenase.
Although a number ofstudies have been conducted overmanyyears, the metabolism ofmost
of these compounds has not been determined. These studies are reviewed.

Adult dogs dosed with tritium-labelledprimaquine were observed to excrete approxi-
mately 16% of the injected radioactivity in the urine within 8 hours. Organic extracts ofthe
urine werefractionated by thin-layer chromatography and the metabolic pattern obtained.
Some primaquine was excreted along with at least five metabolites including 5-hydroxy-6-
methoxy-8-(4-amino-J-methylbutylamino)quinoline (SHPQ) and a small amount of
6-hydroxy-8-(4-amino-1-methylbutylamino)quinoline (6HPQ). The 5HPQ could form a
quinoneimine-type compound which may be a methaemoglobin-forming compound. This
and other metabolites isolatedfrom urine werefound to be active methaemoglobinformers
in in vitro studies. In vitro metabolism ofprimaquine by mouse liver enzymes alsoproduced
compounds capable of methaemoglobin formation. One of these had a blue colour when
exposed to alkaline conditions, air, and light, and mass spectral data and nuclear magnetic
resonance analysis indicated a structure similar to aS, 6-dihydroxy derivative ofprimaquine.
However, the chemical structure of the metabolite was not identified in these studies.

Since the 1940s, many compounds related to
8-aminoquinolines have been studied for their activity
against Plasmodium vivax, and a number of such
agents, e.g., primaquine and pamaquine, have be-
come available for therapeutic use. These com-
pounds, however, are toxic to the erythrocytes of
some individuals, especially those deficient in glucose-
6-phosphate dehydrogenase (G6PD) (EC 1.1.1.49).
Brodie & Udenfriend (1) found that urine from dogs
given pamaquine produced haemolysis of intact red
cells and methaemoglobin (MetHb) when added to
haemolysed red cells. Fraser & Vesell (2) also found
that urine from dogs given primaquine damaged
erythrocytes. These studies appear to imply that meta-
bolic products are responsible for the damage, while
other studies have indicated that metabolites may also
be the active agents against the malaria parasite (3).
Although the 8-aminoquinolines have been used

therapeutically for many years, their metabolism in
the biological system is not well understood. This
paper reviews some of the previous work and presents
some results from current research on their metab-
olism in various animal species.

Brodie & Udenfriend (1) were among the first
workers to report on the metabolism of pamaquine in
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dogs. They isolated metabolic products of the agent
from urine with an organic solvent in alkaline con-
ditions. Their data suggested that pamaquine was con-
verted to a 5-hydroxy derivative which could possibly
act as a methaemoglobin former through reversible
conversion to quinoneimine. They suggested the
metabolic pathway shown in Fig. 1, but did not isolate
the metabolites.
Hughes & Schmidt (4) used the method of Brodie &

Udenfriend to determine the presence of various
8-aminoquinoline compounds and their metabolites
on the basis of their reaction with diazotized sulfanilic
acid. They investigated the metabolism ofpamaquine,
isopentaquine, pentaquine, primaquine, and another
8-aminoquinoline compound in the rhesus monkey.
Since the procedure involved coupling at position 5 of
the quinoline ring system, only two classes of meta-
bolic products could be identified, i.e., those with or
without 5-substitution. Compounds in each of these
categories were degraded to acidic compounds, which
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Fig. 1. Possible metabolic pathway of pamaquine (1).
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were presumed to have resulted either from conver-
sion of the side-chain to a carboxyl group or from
cleavage of the quinoline ring system to yield an
anthranilic acid derivative. Such a reaction is more
likely to occur in a compound that contains a
2-methoxy group, and with one such compound in
their study, acidic compounds were produced that
represented 52%o of the injected dose. However,
unless the other 8-aminoquinolines are also hydroxy-
lated at the 2-position, such ring cleavage seems
unlikely. The 2-position has not been shown to be a
site that is readily hydroxylated in other 8-amino-
quinoline compounds. In studies of the basic organic
extractable compounds, the quinoline ring system of
the 8-aminoquinolines appeared to remain intact.
Josephson et al. (3) isolated a 5,6-quinolinequinone

from the droppings of chickens dosed with pamaquine
and their data suggest that one of the metabolic path-
ways for pamaquine is as shown in Fig. 2. This metab-
olite would result from the O-dealkylation of
5-hydroxypamaquine as suggested by Brodie & Uden-
friend (1). Whether the O-dealkylation occurs before
5-hydroxylation has not been determined, and the
5-hydroxy derivative has not, so far, been definitely
identified as a metabolite of pamaquine. However, a
5-hydroxy derivative has tentatively been identified as
a metabolite of primaquine in dogs.
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8-(diethylamino-1 -methylbutylamino)-
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Fig. 2. Pamaquine metabolism to 8-(diethylamino-1 -methyl-
butylamino)-5,6-quinolinequinone (3).
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Fig. 3. A metabolic pathway of quinoline (5, 6).

then form the quinone as isolated from chicken
droppings (3).
Smith (7) investigated the metabolism of penta-

quine in the monkey. Using two types of pentaquine,
one labelled at the 6-methoxy group (Pent-Meo), the
other at the secondary carbon of the terminal iso-
propyl group (Pent-Iso), he showed that pentaquine
was O-dealkylated rapidly to form 6-hydroxypenta-
quine, but the N-isopropyl group was cleaved to a
lesser extent (Fig. 4). His data supported the concept
that initially the 6-methoxy group would be dealky-
lated, and then the 5-position would be hydroxylated
to form the 5,6-dihydroxy derivative of pentaquine,
contrary to the suggestion by Brodie& Udenfriend (1)
that 5-hydroxylation precedes O-dealkylation. These
compounds were characterized by their behaviour in
column chromatography and their ability to couple
with diazotized sulfanilic acid as well as by their
solubility in an alkaline medium and insolubility
in 1,2-dichloroethane. The side-chain oxidation
products were not characterized further.
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The metabolic pathways of quinoline suggest
possible metabolites of the 8-aminoquinolines. The
2-position is a possible site for hydroxylation, which
has been shown to occur on the quinoline structure.
Smith & Williams (5) isolated a 2,6-dihydroxyquino-
line from the urine of rabbits administered quinoline
and Sax & Lynch (6) showed that rabbit liver meta-
bolizes quinoline to carbostyril (2-hydroxyquinoline)
and 3-hydroxyquinoline in vitro (Fig. 3). However,
none of the 8-aminoquinoline derivatives have been
shown to yield a 3-hydroxy compound as a metabolite.
Carbostyril is then further metabolized by hydroxy-
lation to the 2,6-dihydroxyquinoline derivative. Smith
& Williams (5) also found 5,6-dihydroxyquinoline,
analogous to 5,6-dihydroxypamaquine, which could

Fig. 4. A possible metabolic pathway of pentaquine (7).

There is little information on the metabolism of the
8-aminoquinolines in man. This is probably due partly
to the lack of good characterization of the compounds
and their metabolites in other animal species, and
partly to the lack of reliable methods of analysis. Baty
et al. (8), however, used sensitive gas chromatography
and mass spectrometry to study the metabolism of
primaquine given orally to male subjects, and found it
to undergo N-dealkylation to form a 6-methoxy-
8-aminoquinoline derivative (Fig. 5). This N-dealky-
lated metabolite has not been identified in other
animal studies, but the methods used previously
would not have ruled it out. In our own work with
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Fig. 5. Metabolic conversion of primaquine to 6-methoxy-8-
aminoquinoline (8).

primaquine it has not been identified as a metabolite in
the dog or mouse.
The studies reported here were an attempt to

identify the primaquine metabolites found in dog
urine or produced in vitro by mouse liver, and to
determine their effect on erythrocytes.

MATERIALS AND METHODS

Tritium-labelled primaquine ([3H]PQ) and model
metabolites

Primaquine diphosphate, labelled with tritium in
the ring system, was prepared by a catalysed exchange
of tritium in aqueous media. The crude product was
recrystallized in the laboratory with unlabelled
primaquine to obtain a specific activity of 5.07
MBq/mmol (0.137 mCi/mmol). The purity, deter-
mined by thin-layer chromatography, was greater
than 9007 and the melting point of 203-205 °C was the
same as that of authentic primaquine. The purity
decreased with time even when kept in a cool inert
atmosphere, and periodic recrystallization was
necessary. In each experiment the purity of the
[3 H]PQ used was determined by thin-layer chromato-
graphy.

Urine collection and extraction

Adult female mongrel dogs were anaesthetized with
sodium pentobarbital intravenously and the ureters of
both kidneys were cannulated with polyethylene
tubing to facilitate recovery of urine. Each dog was
hydrated with dextrose solution (50 g/litre) containing
non-radioactive primaquine diphosphate (5 mg/kg of
body weight) through an indwelling catheter in the
femoral vein. After approximately 75 ml of this
solution had been infused, [3 H]PQ was added (21.5
MBq in 25 ml of dextrose solution). Urine was col-
lected at hourly intervals for 6-8 hours, and volumes
recorded. The samples were divided into 20-ml frac-
tions and stored at -15 °C until used. Extraction and
processing of the sample were usually done within 12
hours of collection. Aliquots of urine were taken for

MetHb assay and radioactivity determination, and the
remainder was pooled either in 1-3-hour and 4-6-
hour lots, or all together. The samples were then
divided into convenient working volumes for use on
XAD-2 columns or for solvent extraction, and stored
at acid pH at -15 °C until used. Urine was extracted
with organic solvents at acid pH, and pH 10.
The hydroxylated derivatives of primaquine were

found to be most soluble in butanol so, in some experi-
ments, extractions were made with a chlorinated
hydrocarbon (usually dichloromethane) and with
butanol. In general, urine samples were adjusted to
the desired pH and extracted with 3 volumes of
solvent, which was then evaporated to 1 ml or to dry-
ness under a nitrogen stream and the residue picked up
in 1 ml of methanol for analysis by thin-layer chroma-
tography or by gas-liquid chromatography and radio-
activity monitoring. After initial extraction, 20-ml
samples were hydrolysed by refluxing with 15 ml of
sulfuric acid (5 mol/litre) for 1 hour or by incubating
in a metabolic shaker with 1000 units of beta-
glucuronidase (EC 3.2.1.31) for 8 hours at pH 4.5.
The pH was then adjusted to 10, and continuous
extraction with ether was carried out for 36 hours
under a nitrogen stream.
To compare results obtained with different

methods of extraction, urine was also analysed using
XAD-2 columns, which were prepared from a 5-ml
plastic syringe with a Nalgene funnel as a reservoir and
a glass wool plug to retain 2.2 g of the resin. The
column was pretreated with 5 ml of ammonium
chloride buffer, pH 9.5. Aliquots of 18 ml of urine
were mixed with 2 ml of the NH4 Cl buffer and placed
on the column. The sample was eluted by alternate
washing with 20 ml ofwater and 20 ml of methanol at a
rate of 2.2 ml/min. Most of the radioactivity was
recovered in the methanol eluate. Aqueous eluates
were pooled and hydrolysed as described previously,
applied again to the column and eluted in the same
manner. Methanol eluates were concentrated in vacuo
at below 50 °C and finally under a stream of nitrogen,
and stored under nitrogen at -15 °C until analysed.

Blood collection

Blood was taken from the cephalic vein of dogs by
Vacutainer and a 20-pl aliquot was taken for counting
of radioactivity. A 10-ml sample was centrifuged at
1500 g for 10 minutes to separate plasma and red
blood cells (RBCs), and 20 pl of plasma was taken for
radioactivity determination. The cells were solubilized
in 2 ml of NCS5 by heating in a shaking water bath,
decolorized with 0.8 ml of benzoyl peroxide and
counted in the scintillation cocktail (550 ml of butyl-
PBD per litre of toluene: 2-methoxyethanol; volume
ratio, 2:1) in a spectrometer.

a Solubilizing agent supplied by Amersham/Searle, Arlington
Heights, IL, USA.
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Blood specimens (30-40 ml) were obtained from
normal and G6PD-deficient volunteers with disodium
edetate as the anticoagulant. Suspensions of 25-50%
washed erythrocytes were prepared in a buffered
dextrose saline solution as described previously, using
the method of Fraser & Vesell (2).

Methaemoglobin assay
Urine samples were added to a 10% suspension of

dog or human RBCs in isotonic saline buffered with
0.01 mol of phosphate per litre, and shaken gently to
mix. MetHb formation was estimated grossly on a
scale of 1-4 on the basis of the colour of the mixture,
and recorded after 5, 10, 15, and 30 minutes. Quanti-
tative determination of MetHb production by the
metabolites isolated by thin-layer chromatography
was obtained by the method of Robin & Harley (9) as
modified by Fraser & Vesell (2).

Thin-layer chromatography
Several chromatographic systems were investigated

using known compounds and urinary extracts. Thin-
layer chromatography on silica gel "g", b was the most
useful method for fractionating the urinary extracts.
In general, the thin-layer chromatography was done in
conventional chromatography tanks lined with filter
paper to facilitate chamber saturation. Analytical
plates were coated with a 0.25-mm layer of silica gel
"H". Plates were air-dried, conditioned at 110l C for
1 hour, and kept in a desiccator until used. Plates were
generally developed to 15 cm in the following solvent
systems, which were used to characterize the extracted
material: solvent system A, 57:29:14, benzene:
methanol: glacial acetic acid; system B, 2:1, benzene:
methanol plus 0.5 ml of glacial acetic acid; system C,
2:1, methanol:benzene plus 0.5 ml of glacial acetic
acid, developed to 5 cm on the plate, dried, and devel-
oped to 15 cm in 2:1 benzene:methanol; system D,
2:1, methanol:benzene plus 0.2 ml of glacial acetic
acid. The developed plates were either inspected under
long- and short-wave ultraviolet light, scanned by a
Berhold thin-layer chromatography scanner, or
removed in 1 x 1 cm or 0.5 x 1 cm bands, placed in
vials containing 15 ml of scintillation cocktail (2:1,
toluene: 2-methoxyethanol) and counted in a liquid
scintillation counter. Each experiment was repeated at
least 3 times for quantitative data. Compounds of
known structure were treated similarly and co-
chromatographed for comparison purposes. Selected
areas of radioactivity or visualized spots on the silica
gel layer were scraped into 12-15-ml centrifuge tubes
and extracted with three 1-ml aliquots of methanol.
The methanol eluates were concentrated and re-
chromatographed with known compounds in the

b From Merck, EM Laboratories, Elmsford, NY, USA.

various solvent systems and ultraviolet/visible spectra
obtained.

Gas-liquid chromatography and radioactive moni-
toring.

A number of column liquid phases were investi-
gated; the following gave the best results: 3% SE-30
phase on 100/120 mesh gas chrom Q, 10% DC-200 on
80/100 mesh gas chrom Q, and 3% OV-17 on 100/120
mesh gas chrom Q. The DC-200 was used most in
these studies. Column temperature was 232 °C, with
the injector port and flame ionization detector bath of
the Series 5000 Barker-Colman gas chromatograph at
260 °C and 85 ml/minute of argon carrier gas. The N-
dealkylated compounds eluted in the tail of the
solvent peak at 232 °C but were separated from the
solvent at 190 IC. In some assays the column
temperature was programmed to increase from
145 'C to 232 IC at 10°/minute, to identify early
eluting substances. Peaks obtained by the radioactive
monitoring system were compared with those ob-
tained by the flame ionization detector. The usual
silylation procedures yielded several peaks and did not
provide suitable separation of the hydroxylated
compounds. Primaquine could be silylated by an
excess of trifluoroacetamide, but because there were a
number of derivatives in the samples, it was only
useful in providing circumstantial evidence to support
the other methods of identification. The known com-
pounds were reacted with an excess of acetic an-
hydride in pyridine or trifluoroacetic anhydride in
dichloromethane to form acetates, which were then
used for thin-layer chromatography or for analysis by
gas-liquid chromatography, with increased retention
times. Samples dissolved in acetone gave suitable
peaks for primaquine in the chromatogram and
shifted primaquine to a slightly longer retention time,
indicating a reaction between primaquine and
acetone.

In vitro studies ofprimaquine metabolism
Dealkylation of primaquine to formaldehyde was

carried out by the method of Hewick & Fouts (10).
Male Swiss-Webster mice, 26-35 g in weight, were
sacrificed by cervical dislocation. The livers of 4-6
animals were excised and pooled in a volume of ice-
cold KCl-Tris (11.5 ml of KCI and 25 mmol of Tris
buffer per litre, pH 7.35) equal to twice the weight of
tissue. The liver tissue was homogenized in a glass tube
with a motor-driven Teflon pestle and centrifuged at
9000 g for 20 minutes at 5 'C. The microsomal frac-
tion was obtained from the supernatant by centrifu-
gation at 226 000 g for 45 minutes at 5 'C. The micro-
somal fraction was washed once by resuspension and
centrifugation in KCl-Tris for 30 minutes at 226 000g.
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The final microsomal pellet was resuspended in ice-
cold KCl-Tris to the original volume of the 9000-g
supernatant. Microsomal protein was measured by the
method of Lowry et al. (11) using a bovine serum
albumin standard.
Experiments on the microsomal metabolism of

primaquine were conducted in 25-ml Erlenmeyer
flasks in a shaking water bath at 37 °C under air. Each
flask contained a total volume of 2.5 ml of incubation
mixture, consisting of 11.0 mmol of Tris buffer per
litre (pH 7.35), 62 mmol of KC1 per litre, 0.1 mmol of
primaquine phosphate per litre, approximately 5 mg
of microsomal protein (as washed microsomes or
9000-g supernatant), and an NADPH-generating
cofactor mixture consisting of 1.6 mmol of NADP+
per litre (4,mol/flask), 10 mmol of G6P per litre
(25 jmol/flask), 6 mmol MgCl2 .6H2O per litre
(15 pmol/flask), and 1 unit of G6PD per flask. This
cofactor mixture was omitted from the control flasks.
In experiments on MetHb formation, 0.5 ml of a 50%
erythrocyte suspension was included in the total
volume of 2.5 ml to produce a final erythrocyte con-
centration of 10%. In experiments on formaldehyde
formation, 7 mmol of semicarbazide hydrochloride
per litre was added to the incubation mixture.
MetHb formation. The reaction was stopped after

30 minutes by placing the flasks in an ice bath for 5
minutes. The erythrocytes were then separated by
centrifugation at 1500 g for 10 minutes at 5 'C. They
were washed twice by resuspension and recentri-
fugation in ice-cold buffered saline-dextrose solution
and finally resuspended to produce a 50%o suspension.
A 0.1-ml aliquot was used for the measurement of
MetHb, as described previously.

Formaldehyde formation. 5 ml of perchloric acid
(0.6 mol/litre) was added to the incubation mixture to
stop the reaction. The precipitated protein was
removed by centrifugation, and the supernatant was
analysed for formaldehyde.

Metabolite analysis. Protein was precipitated by
100o trichloroacetic acid, centrifuged, and the
aqueous portion extracted with 3 volumes of methy-
lene chloride at acid pH. The aqueous phase was
adjusted to pH 9 with 10 mol/litre NaOH and again
extracted with 3 volumes of dichloromethane. The
organic extracts were pooled and both the acidic and
basic organic phase were evaporated to 0.5-1.0 ml
under a nitrogen stream, and spotted on thin-layer
chromatography plates.

Mass spectrometer and nuclear magnetic resonance
analysis of metabolites
The data reported for the mouse studies were ob-

tained on a Finnigan Model 3500 mass spectrometer

interfaced to a digital computer and a Varian 390 MHz
nuclear magnetic resonance instrument.

RESULTS

Fig. 6 illustrates the structure of primaquine and
some possible metabolic products, all of which, except
the N-hydroxy compound (NHPQ), were synthesized
for comparison with the isolated metabolites.
The urine samples collected from the dogs up to 5 h

after administration of [3 H]PQ were found to con-
tain, on average, 13.4%o of the injected radioactivity,
while those collected over a total of 8 h contained
16%o. Solvent extraction removed 39.1lo of the ac-
tivity as unconjugated drug. Extraction using the
XAD-2 column yielded 60%o of the activity applied to
the column in the methanol eluate.
The rate of elimination of primaquine and its meta-

bolic products from the dog was higher than that seen
by Smith (7) for elimination of pentaquine in the
monkey, when only 34% of 14 C-labelled pentaquine
was excreted in the urine in 7 days. However, it is in
close agreement with the results of Zubrod et al. (13)
and Arnold (14), who observed rapid excretion of
both pamaquine and primaquine. The elimination of
radioactivity from the body was found to be linear
with time, for up to 7 hours after administration of
[3 H]PQ and approximately 85% of the activity
remained at 7 hours. Extrapolation of this relation-
ship suggests that less than 1%6 of the injected radio-
activity would be left in the body of the dog after 44
hours, and that the half-life would be about 21 hours.
These studies indicated that 6.5 mg/litre of prima-
quine-equivalent compounds were recovered per hour
in the urine. If it is assumed that a level of 6.5 mg/litre
reflects the blood plasma concentration at 1 hour
(from a dose of 5 mg/kg of body weight), these data
compare favourably with the 8.8 mg/litre of prima-
quine equivalents in the monkey (from a dose of
6 mg/kg of body weight) reported by Hughes &
Schmidt (4). However, whole blood data indicated a
blood half-life of approximately 3 hours, which sug-
gests that primaquine may be localized in other tissues
as suggested by Zubrod et al. for pamaquine (13).
Thus the assumption of a close correlation between
urinary concentration and plasma concentration may
not be valid for these compounds.

Table 1 indicates that the MetHb-forming ability of
urine from dogs dosed with primaquine increased with
time after administration of primaquine to the dogs
and that maximum activity was reached after 3 hours.
It was also observed that the dog erythrocytes
appeared to be more sensitive than did those from
G6PD-deficient human subjects, an observation
which is in agreement with that of Brodie & Uden-
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Fig. 6. Structure of primaquine and model metabolites.

friend (1). These data indicate that metabolic
products of primaquine are probably being formed in
the dog and that the amount or activity increases with
time.
The metabolic conversion of primaquine to MetHb-

forming compounds was observed in vitro when
erythrocytes were incubated with primaquine and
mouse liver microsomes. Data in Table 2 indicate that,
in the absence of cofactors, little MetHb was formed
by the 9000-g supernatant or microsomes with either
normal or G6PD-deficient human red blood cells.
However, when cofactors were added to permit
metabolism of primaquine, there was significant
MetHb formation. The G6PD-deficient cells were
more sensitive to the action of primaquine and its
metabolites as evidenced by increased amounts of
MetHb formation in both liver fractions.

In order to compare the MetHb-forming ability of
isolated primaquine or its metabolites with that of the
model metabolites, in vitro studies of model
metabolites were carried out with G6PD-deficient red
blood cells. The data in Table 3 indicate that with the
exception of MAQ, the model metabolites are very
active MetHb formers, even at low concentrations.
Compounds with a hydroxyl group in the 5 position,
such as the dihydroxy derivative of primaquine
(DHPQ), the 5-hydroxy derivative (5HPQ), and the
N-dealkylated 5-hydroxy derivative (MHQ), are the
most potent MetHb formers. However, the O-dealky-
lated derivative (6HPQ), without 5-hydroxylation, is
only slightly more active than primaquine itself. The
side-chain does not seem necessary for such activity
since the MHQ was also a very active MetHb former.
Other work is in progress to determine the effects of
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Table 1. Estimation of methaemoglobin produced in dog
and human red blood cells by urine from dogs administered
primaquine (on a scale of 1-4)

Time of urine
collection
(hours after Blood
dosage) source

1 Dog
Humana

2 Dog
Humana

3 Dog
Humana

4 Dog
Humana

5 Dog
Humana

Control Dog
Humana

Time after mixing urine and blood (min)

5 10 15 30

1 3 4 4
?b 2 2 3

2 3 4 4
?b 2 3 3

4 4 4 4
?b 3 3 3

4 4 4 4
?b 3 3 4

4 4 4 4
?b 3 3 4

?b 3 4
?b 2

Table 3. Methaemoglobin formation' in G6PD-deficient
human erythrocytes by primaquine and model metabolic
products at various concentrations

Concentration (mol/litre)

Compound 1X1O-4 10x10' 1x10-6 Control

Primaquine 1.6±0.2 - - 0.8±0.2

6 HPQ 2.2±0.4 1.3±0.2 - 0.8±0.1

5 HPQ 47.0±1.2 10.1±0.9 1.7±0.3 1.0±0.2

DHPQ 49.4+1.3 7.5±0.3 2.2±0.2 1.0±0.3

AQD 55.9±2.3 10.2±1.1 1.7±0.4 0.8±0.1

AQL - 4.2±2.3 2.6±1.5 -

MHQ - 22.3±2.0 15.9±2.6 -

MAQ - 1.1±0.04 - -

8 As a percentage
experiments).

of total haemoglobin. Mean ± SEM (3-5

a Blood from G6PD-deficient human subjects.
b Unclear result.

these compounds on the biochemistry of the red blood
cell.
The chromatographic pattern obtained by gas-

liquid chromatography of the urine samples from
dogs given [3H]PQ is shown in Fig. 7. The urine
extract (upper trace) does not appear to contain much
primaquine (shown in the lower trace), but the over-
lapping peaks make it impossible to say definitely that
primaquine is not present. These peaks could not be
separated further. The last peak in the urine extract
corresponds to that of 6HPQ on the DC-200 column
when detected with the flame ionization detector.

Table 2. Methaemoglobin formationa in normal and G6PD-
deficient red blood cells by primaquine incubated with
mouse liver homogenate, with and without cofactors

Normal RBCs G6PD-deficient RBCs

Supernatant Microsomes Supernatant Microsomes

cofactors 1.15±0.45 1.35±0.2 1.7±0.6 1.5±0.1

With 30.9±1.0 18.2±2.2 46.7±1.0 29.8±1.3cofactors

a As a percentage of total haemoglobin. Mean value ± SEM.

GLC-RAM

TIME (_m)

Fig. 7. Chromatogram obtained by gas-liquid chroma-
tography/radioactive monitoring of urinary extracts from
dogs after dosage with tritiated primaquine.

Urinary extracts were also fractionated by thin-
layer chromatography and Fig. 8 shows results from
an extraction, with 1,2-dichloroethane containing
20 ml of ethanol per litre, of unhydrolysed dog urine
developed in solvent system D. The broad peak B,
which co-chromatographed with primaquine, indi-
cates that the drug may be present as the free base
form. At least two other areas contained unconju-
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Fig. 8. Thin-layer chromatogram using solvent system D, of
unhydrolysed urinary extracts from dogs given tritiated
primaquine.
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Fig. 9. Thin-layer chromatogram in solvent system A of
hydrolysed urine from dogs given tritiated primaquine. The
urine extracts were obtained using an XAD-2 column.

gated metabolites of primaquine. The N-dealkylated
model metabolites (AQD, AQL, MHQ) and DHPQ
also chromatographed in the forward edge of this
peak, and in peak C (MAQ); thus the 1-cm fractions
isolated from the chromatographic plate did not allow
for complete separation of these compounds, or of
6HPQ and 5HPQ (forward portion of peak A) in this
solvent system.

Fig. 9 shows the chromatogram of hydrolysed urine
extracted on an XAD-2 column, eluted with
methanol, and developed in solvent system A. Peak A
again co-chromatographed with 5HPQ and peak B
with primaquine itself. The O-dealkylated model
metabolite 6HPQ, occurred between peak A and B.
Peak C may represent more than one compound as
indicated by the leading edge and the width of the
peak. The leading edge of the radioactive area co-
chromatographed with the N-dealkylated 5HPQ
(MHQ), but it is not possible to identify it as such at
this time because of the difficulty in obtaining good
separation of the N-dealkylated compounds. Peak C
co-chromatographed more closely with AQL, AQD,
and DHPQ which also could not be separated further
by thin-layer chromatography. It is of interest that
there is apparently little or no N-dealkylated
primaquine (MAQ) in the hydrolysed extract.

Hydrolysed and unhydrolysed urine extracts,
processed through the XAD-2 column and eluted with
methanol, produced similar chromatograms with
differences mainly in the relative amounts of radio-
activity in the various peaks. Peak C was usually larger
in the hydrolysed samples where it constituted
approximately 20-39% of the radioactivity applied to
the plate.

Fig. 10 shows a chromatogram obtained from the
methanol XAD-2 eluate of urine applied as a band in
the centre of the thin-layer chromatography plate and
developed in solvent system B. Peak A consists of at
least two compounds although they were not always
identifiable as such in many of the chromatograms
thus developed. The farthermost migrating area co-
chromatographed with 5HPQ. Peak B co-chromato-
graphed with 6HPQ in this system and peak C with
primaquine. The broad peak D appears to correspond
to peak C of Fig. 9 and is slightly ahead of DHPQ,
AQD, and MHQ but very close to AQL, which is un-
stable and yields two spots on thin-layer chromato-
graphy. The peak may thus contain one or more of
these compounds, which could not be separated in any
of the systems investigated. There would therefore
seem to be an appreciable amount of 5HPQ (peak A)
in the dog urine, some primaquine (peak C), and a
small amount of6HPQ (peak B). The 6HPQ area was
not seen clearly in all the chromatograms. It appears
to break down into several radioactive compounds
when isolated and rechromatographed in other
solvent systems and consequently quick processing of
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Fig. 10. Thin-layer chromatogram in solvent system B of
methanol eluates of urine from dogs given tritiated
primaquine. The extraction was carried out on an XAD-2
column.

the extracts was required. N-dealkylation of 6HPQ
would yield AQL and could account for the radio-
activity at the relative band speed (Rf) of AQL. Some
breakdown was also observed when peaks A and B
were rechromatographed in other solvent systems.
Peak C (tentatively identified as primaquine)

rechromatographed with primaquine (Fig. I 1) al-
though it often streaked on the plate, which may indi-
cate the presence of another compound, or decompo-
sition. It also yielded two other peaks migrating with
AQD, AQL, and MHQ, and one near the solvent
front ahead of MAQ. However, after working with
several different fractionations ofC it is believed to be
mostly primaquine. Preparative thin-layer chromato-
graphy was used to isolate and recover the radio-
activity in area C. Non-radioactive primaquine was
added to the isolated material and recrystallized as a
diphosphate salt. Approximately 30%o of the radio-
activity was recovered in the recrystallized primaquine
when corrected for a crystallization recovery of 59%.
Chromatography of this material showed only one
spot at the Rf of primaquine.
Peak A co-chromatographed with standard 5HPQ

and another compound which migrated on thin-layer
chromatography with the N-dealkylated 5HPQ

5 10 15

Distance from origin (cm)

Fig. 11. Thin-layer chromatogram, in solvent system B, of
radioactive areas isolated from thin-layer chromatography
and rechromatographed with model metabolites.

(MHQ). Strother et al. (12) tentatively identified
5HPQ as a metabolite in peak A. Further evidence for
the existence of two compounds in peak A was
obtained by isolating it as two fractions, one
composed of the forward portion (5HPQ) and one of
the rest of the peak. When the 5HPQ portion was
rechromatographed (Fig. 11), two peaks appeared,
one of which co-chromatographed with 5HPQ (small
dashed line), while the other migrated with the N-deal-
kylated degradation products of 5HPQ (MHQ and
another unknown substance) near the solvent front.
When the rest of the fraction was rechromatographed
(solid line), a similar pattern was observed with peaks
overlapping 5HPQ and MHQ, but the compound
nearer the solvent front was not present. The farther-
migrating components may have occurred during
chromatography or isolation but MHQ, if present,
could only be derived from 5HPQ, since it would not
have migrated in the initial chromatogram near the Rf
of 5HPQ. However, since breakdown of known
5HPQ to MHQ was not detected it is not yet possible
to identify the substance as such.
When the radioactive areas on thin-layer chromato-

graphy corresponding to 5HPQ, 6HPQ, primaquine,
and the farthermost migrating area were removed
quantitatively and the percentage of activity in each
area calculated, the data shown in Table 4 were
obtained. Peak A (predominantly 5HPQ) was found
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Table 4. Percentage of radioactivity recovered from urinary 15cm
extracts applied to thin-layer chromatography, at the
relative band speed (Rf) of various known compounds

Radioactivity recovered
Known compound (%)a

5HPQ 46.1+1.2

6HPQ 9.5±0.4

Primaquine 19.7+0.9

N-dealkylated metabolites
and DHPQ 7.1±0.3

Total 82.4±4.1

0-

8 Radioactivity recovered at the Rf of known compounds, as
a percentage of the total activity applied to the thin-layer
chromatography plate. Mean value + SEM.

to contain most radioactivity (467o). The area
migrating with 6HPQ contained the smallest amount
of radioactivity whereas approximately 20% co-
chromatographed with unmetabolized primaquine.
The radioactive areas of the thin-layer chromato-

graphy plates that co-chromatographed with prima-
quine and the various known compounds were eluted
from the plate with methanol, concentrated, and
tested for their ability to form MetHb. Synthesized
compounds were treated and tested similarly for
comparison purposes. Data in Table 5 indicate that
the radioactive areas do contain substances capable of
MetHb formation. The area migrating with prima-
quine produced a small amount ofMetHb but slightly
more MetHb than primaquine itself. This may indi-
cate the presence of other more potent MetHb-form-
ing compounds, in addition to primaquine. However,

Table 5. Methaemoglobin production in dog erythrocytes
by primaquine metabolites extracted from dog urine and
isolated by thin-layer chromatography

Methaemoglobin level°

Provisional identification Synthesized
of extract Urine extractb compound

5HPQ 17.6+1.0 13.9

6HPQ 34.0±1.8 23.2

Primaquine 11.7±0.9 5.0

Other (DHPQ, N-dealky- 5.3±1.2
lated metabolites)

8 As a percentage of total haemoglobin.
b Mean ± SEM (of at least 3 experiments).
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Fig. 12. Thin-layer chromatogram of model primaquine
metabolites and extracts from in vitro incubation of
primaquine with mouse liver microsomes (OBS).
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Fig. 13. Data obtained by plotting radioactivity eluted from
thin-layer chromatograms against relative band speed (Rf)
for extracts from in vitro incubation of primaquine with
mouse liver microsomes (OBS in Fig. 12).
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the exact amounts of the compounds tested are
not known so the increase may be a dose-related
phenomenon. Although the area migrating with
6HPQ makes up a smaller fraction of the radioactivity
on the plate, it is a much more potent MetHb former
than the synthesized 6HPQ. It is therefore likely that
there is more than one compound present in the area,
one of which is provisionally identified as 6HPQ on
the basis of its thin-layer chromatography charac-
teristics. As discussed previously, the compounds
from this area may be partly oxidized during rechrom-
atography, which could lead to increased formation of
MetHb. Further work is in progress to investigate this
possibility.

It was previously mentioned that in vitro studies
with mouse liver microsomes produced metabolites
from primaquine which produced MetHb when incu-

Primaquin. (PO)
._

M/a
Fig. 14. The mass spectrum of primaquine (upper panel),
and unmetabolized primaquine (lower panel) isolated from in
vitro incubation of primaquine with mouse liver microsomes.

bated with G6PD-deficient erythrocytes. Assays for
formaldehyde formation from primaquine indicate
that the mouse liver does produce O-dealkylation, so
it was expected that some 6HPQ would be present.
Fig. 12 is a thin-layer chromatogram of the extractions
of the incubation mixtures. Two major spots were
readily observed, one of which was of a blue colour
(dark spot) while the other (lower migrating one) co-
chromatographed with primaquine. However, none
was observed at the Rf of 6HPQ. After elution, the
radioactivity on the plate was determined and two
large peaks were seen (Fig. 13). The farthest-migrating
one was then eluted from thin-layer chromatography
and a mass spectrum was obtained which was identical
with that of primaquine (Fig. 14). The molecular ions
at mass to charge ratio 259 and 201 (corresponding to

100

a,rZ

C

1 00

200

200

300

300

Fig. 15. The mass spectrum (chemical ionization) of the blue
decomposition product of 5,6-dihydroxyprimaquine (DHPQ)
and the blue metabolite isolated from in vitro incubation of
primaquine with mouse liver microsomes.
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partial loss of the alkyl side-chain) are evident in the
spectrum. Nuclear magnetic resonance analysis of the
isolated area was also similar to that for known prima-
quine. The other peak co-chromatographed with the
bluish spot on thin-layer chromatography. This area
also migrated to the same Rf as that of the blue
products of 5HPQ, DHPQ, and 6HPQ on their ex-
posure to alkaline conditions, air, and light. Mass
spectral analysis of the blue of DHPQ and the metab-
olite indicate they have a very similar structure
(Fig. 15). Preliminary analysis of the metabolite using
infra red and nuclear magnetic resonance methods
suggests that the blue-coloured compound is a
quinoneimine, probably derived from DHPQ. Ad-
ditional work is in progress to identify more definitely
the structure of this metabolite.

DISCUSSION

The data obtained from dogs given primaquine
indicate that the drug is metabolized quickly or is
distributed in the body, so that it does not constitute a
large proportion of the urinary excretion products.
Preliminary work with blood taken from these dogs
indicates that the RBCs take up primaquine for 2-4
hours but then lose some of it by 6 hours; this appears
to be in agreement with data obtained in human sub-
jects by Baty et al. (8) who found primaquine in red
cells but not in plasma extracts. The length of time
between dosage and sampling of blood may be a
critical factor in determing the drug's distribution.
Zubrod et al. (13) indicated that pamaquine dis-
appears rapidly from the blood of human subjects and
the high rate of disappearance could not be explained
in terms of metabolism and excretion only but was
probably due to tissue localization. Arnold et al. (14)
also reported the disappearance of primaquine from
blood within 24 hours, which would indicate a half-

life of approximately 12 hours compared with the
extrapolated half-life of 21 hours in our dog studies.
This difference may be a result of more tissue localiz-
ation in the dog producing a difference between blood
concentration and urine concentration. More work is
needed in this area to clarify the situation.

It appears that four or five metabolic products of
primaquine are present in the urine of dogs within
5 hours after dosage. Some of these products, as
isolated by thin-layer chromatography, cause signifi-
cant MetHb formation and may account for the
damage to erythrocytes in many sensitive persons. The
metabolite 5HPQ could form the quinoneimine and
hence damage the red cell, as suggested by Brodie &
Udenfriend (1).
The 5HPQ derivative is obtained by hydroxylation

of primaquine, and since O-dealkylation appears to
yield some 6HPQ one should expect to find some
DHPQ and possibly the corresponding quinoid
product analogous to the 5,6-quinone of pamaquine
as isolated by Josephson et al. (3). The model
metabolites 5HPQ, 6HPQ, and DHPQ, on alkaline
extraction in the presence of light and air, are con-
verted to a blue compound which migrates to the same
Rf on thin-layer chromatography, regardless of the
starting material.

Identification of the metabolic products, through
comparison with model metabolites, indicates the
presence of 6HPQ [6-hydroxy-8-(4-amino-l-methyl-
butylamino)quinoline], of 5HPQ [5-hydroxy-6-
methoxy-8-(4-amino- 1 -methylbutylamino)quino-
line], and of some unmetabolized primaquine. The
compound supposed to be 5HPQ appears to make up
the greater part of the isolated metabolites and N-
dealkylated compounds are present in only small
amounts, if at all. Additional studies are in progress to
identify the metabolites isolated in in vitro studies with
mouse liver, and with several other animal species.
These studies should provide a better understanding
of possible metabolic pathways of primaquine.
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RESUMtf

METABOLISME DES ANTIPALUDIQUES DERIVEtS DES AMINO-8 QUINOLEINES

Les d6rives des amino-8 quinoleines sont parmi les anti- des sujets carences en glucose-6 phosphate-deshydrogenase
paludiques les plus efficaces en therapeutique, mais un (G6PD). La primaquine et la pamaquine sont des exemples
grand nombre d'entre eux sont nocifs pour les erythrocytes representatifs de ce groupe de medicaments. Une revue de la
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litterature montre que seuls quelques-uns des produits meta-
boliques des antipaludiques derives des amino-8 quinoleines
ont ett identifies avec certitude et que dans la plupart des cas
seuls les composes de depart non modifies ont et identifies.
Aucune voie metabolique n'a donc ett reconnue pour les
membres de cette categorie d'antipaludiques. Les schemas
metaboliques proposes sont examines et discutes. On a
propose d'expliquer I'aptitude de ces composes a former de
la methemoglobine par une structure de type quinone ou
quinone-imine.

Les etudes metaboliques in vivo chez des chiens traites par
la primaquine ((amino-4 methyl-l butylamino)-8 methoxy-6
quinoleine) ont revele la presence de quantites significatives
d'hydroxy-5 primaquine dans l'urine. L'urine de chiens
pretraites entrainait la formation de methemoglobine
lorsqu'on la melangeait au sang de sujets carences en G6PD.
Un certain nombre de composes consideres comme des
metabolites possibles de la primaquine ont ett synthetises, et

plusieurs ont entraine la formation de m&hemoglobine. De
la primaquine O-desalcoylee ((amino-4 methyl-l butyl-
amino)-8 hydroxy-6 quinoleine, ou 6 HPQ) a W trouvee en
petite quantite dans l'urine du chien; elle a une moindre
aptitude a former de la methemoglobine.

I1 a e egalement demontre que les enzymes hepatiques de
la souris metabolisent la primaquine en des produits
capables d'entrainer la formation de meth6moglobine. Un
de ces metabolites, isole d'une solution alcaline, prend une
coloration bleuatre foncee en presence d'air et de lumiere.
La structure de cette substance bleue n'a pas ett complete-
ment determinee; toutefois, les resultats de la resonance
magnetique nucleaire et de la spectrometrie de masse
montrent que cette structure est proche de celle de
l'analogue dihydroxy-5,6 quinoleine de la primaquine. Cette
substance existe aussi sous forme de quinone-imine. Le
travail d'identification de ce metabolite et d'autres
metabolites de la primaquine est en cours.
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