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Abstract Rhesus monkeys were adminis-
tered primaquine diphosphate (6.0 to
10.5 mg/kg, 1.V.), and plasma samples were
analyzed by high performance liquid
chromatography for the presence of the
unchanged drug and the major metabo-
lite, 8-(3-carboxy-l-methylpropylamino)-6-
methoxyquinoline (IT). Primaquine had an
unusually high affinity for tissue compart-
ments which produced a rapid initial drop in
plasma concentration. Within 15 minutes,
the plasma concentration of II far exceeded
that of primaquine. 35 to 83 % of the prima-
quine dose was converted to II; moreover,
metabolite II possessed much lower affinity
for the tissue compartments than primaquine
itself.

Primaquine (I) is used for the prophy-
laxis of malaria in endemic areas.
Though it probably is the most effective
drug for this use, it has a fairly low
therapeutic index, and its use is fre-
quently associated with hemolytic
anemia and methemoglobin formation.
It is also thought that the toxicity of
primaquine results from biotransforma-
tion of the drug. Only trace quantities of
unchanged primaquine have been found
in urine, and 6-methoxy-8-amino-
quinoline was the only metabolite that
has been positively identified. However,
this metabolite represented only 4 % of
the dose (2). More recently, it has been
shown that the major metabolite of
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primaquine by fungi (3) and by rats
(4, 5) is the oxidative deamination pro-
duct (IT), 8-(3-carboxy-l-methylpropyl-
amino)-6-methoxyquinoline.

The objective of the present study
was to determine the extent of conver-
sion of primaquine diphosphate to II in
Rhesus monkey as a common animal
model for malaria studies.

These studies with Rhesus monkeys
might more accurately reflect the phar-
macokinetics and metabolism of prim-
aquine in man than the previous studies
with rats (4, 5).

Materials and Methods

Primaquine diphosphate was utilized as
obtained from Aldrich (Milwaukee,
WI), and the metabolite IT was obtained
from the fermentation of primaquine as
previously reported (3). This material
had spectral and chromatographic prop-
erties identical to synthetic II.

The analysis of the plasma samples
for primaquine diphosphate and II was
accomplished using high performance
liquid chromatography with a C-18
reversed phase column and ultraviolet
detection as previously reported (4).
The identification of primaquine and II
was based on comparisons of retention
times and the absorbance ratios of
254 nm and 280 nm with a dual UV
detector system of the test samples, the
two reference standards, and plasma
blanks.

In the metabolism studies, the Rhesus
monkey (M. Mulatta) was first sedated
with ketamine HCI (12 mg/kg); then an
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1.V. drip (30 drops/min) of lactated rin-
gers solution was administered to the
restrained animal. After I. V. administ-
ration of the test drug, 10 ml blood
samples were collected at 5, 10, 15, 30
minutes and thereafter at 1, 2, 4, 8, and
24 hours using an indwelling catheter.
The primaquine diphosphate was ad-
ministered as an aqueous solution.
Because of the low water solubility of 1,
this material was first converted to the
water soluble salt by the addition of an
equivalent amount of sodium hydroxide
immediately before administration.

Results

Following I. V. administration of prim-
aquine diphosphate, an extremely rapid
fall in plasma concentration of the drug
was observed in the three monkeys that
were tested (Fig. 1). Furthermore, con-
centration of the metabolite in plasma
after 15 minutes was far greater than
that of the drug (Fig. 2). The concentra-
tion of the metabolite remained high and
at a fairly constant level during the 2to 8

Plasma Conc., pg/ml

Hours

Figure 1: Plasma concentration of prim-
aquine diphosphate following IV administra-
tion: O, monkey #183 given 10.5 mg/kg
primaquine diphosphate; CJ monkey #413
given 10.5 mg/kg primaquine diphosphate;
A, monkey #331 given 6.0 mg/kg prim-
aquine diphosphate.
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Figure 2: Plasma concentration of the car-
boxylic acid metabolite II: O, monkey #183
given 10.5 mg/kg primaquine diphosphate;
O, monkey #413 given 10.5 mg/kg prim-
aquine disphosphate; A, monkey #331
given 6.0 mg/kg primaquine diphosphate.

hour period, and it remained at readily
detectable levels for 24 hours. These
results are similar to those observed with
rats (4, 5) except that monkeys pro-
duced a much higher concentration of
the metabolite II.

The monkeys were also given II
directly (Fig. 3, top curve) in order to
determine the relationship between
dose and the area under the curve
(AUC) for the metabolite. From a com-
parison of the AUC (as measured by the
trapezoidal method) for II following
administration of primaquine diphos-
phate and the AUC for II following
administration of II, the extent of con-
version of primaquine to the metabolite
was calculated (Tab. I). The dose level
did not appear to have a large effect on
the conversion (6.0 mg/kg gave 43 %
conversion; 10.5 mg/kg gave 35 % con-
version), but these results were obtained
in two different animals. However, it
was observed that the younger, lighter
weight subject gave a higher yield
(83 %) of the metabolite.
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Table I: Extent of conversion of primaquine diphosphate to the carboxylic acid metabolite
ar.

Monkey Weight Dose of primaquine disphosphate % conversion to II
#413 13.5 kg 10.5 mg/kg 35%

#183 6.2 kg 10.5 mg/kg 83 %

#331 12.0 kg 6.0 mg/kg 43 %

The plasma concentration of prim-
aquine diphosphate (Fig. 3, bottom
curve) was analyzed using a non-weight-
ed linear least squares regression of the
feathered data and it was found to con-
form to a two compartment model of the
following form:

C = Ae® + Be *

where: which allows:

A = 4.84 yg/ml ky = 0.94 hr ~*

o =493hr! kg = 3.30 hr !

B =0.95pug/ml kg = k; + k4
=0.85 hr 7!

B =016hr ™! V4 = 7.92 liters

The plasma concentration-time curve
of II following I. V. administration of II
(Fig. 3, top curve) also conformed to a
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Figure 3: Plasma concentration of prim-
aquine diphosphate and II following I. V.
administration: O, conc. of II following
administration of II (6.35 mg/kg) to monkey
#331; @, conc. of II following administration
of primaquine diphosphate (6.0 mg/kg) to
monkey #331; 0, conc. of primaquine
diphosphate following administration of
primaquine diphosphate (6.0 mg/kg) to
monkey #331. The solid lines are computer
generated using the models described in the
text.

two compartment model, but the extent
of distribution to the tissue compart-
ment was markedly reduced.

C = Ae™ + Be™™

where: which allows

A =156 pg/ml k5 = 0.36 hr !

o« =230hr ' ke =191hr !

B =69.9 uyg/ml ks, = 0.18 hr *

B = 0.146 hr ™' V4 = 0.96 liters

In order to determine the rate of
conversion of primaquine diphosphate
to metabolite II (Fig. 3, middle curve),
two different methods were used. For
monkey #331 it was found that 43 %
(Tab. I) of the primaquine diphosphate
had been converted to metabolite IIL
Since k. = 0.85 hr ~! for primaquine,
one can estimate for k; = 0.37 hr "' (i.e.
43% of 0.85 hr Y). A second approach
to the estimation of k; was to compare
the biexponential models for the plasma
concentration of II following the
administration of II and following the
administration of primaquine diphos-
phate. It was assumed that § = 0.146
hr 7! in both cases, and that the forma-
tion of the metabolite followed first
order kinetics. The first part of the biex-
ponential was then obtained by a least
squares regression analysis of the feath-
ered data to give:

C = 20.9 (670,14& —_e —0.4491)

Using this approach, one arrives at an
estimate of k; = 0.45 hr ~! which is
within the experimental error of the
previous estimate. The value for k4 (0.40
hr ~!) (Fig. 4) was then obtained by
subtracting ks from the total metabolism
and excretion rate constant for prim-
aquine diphosphate (ko = 0.85 hr 7).
From a combination of the phar-
macokinetic data in these three experi-
ments with monkey # 331, the overall
model for primaquine and metabolite IT
was constructed (Fig. 4). This model
suggests that primaquine was taken up
into the tissues very quickly (t,, = 13
min). Moreover, the distribution of
primaquine into the tissues (kjy/ky =
3.51) was markedly higher than that
observed for the metabolite (kis'ks; =
0.19). In addition to this difference in
the distribution of primaquine and
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Figure 4: Pharmacokinetics of primaquine diphosphate and II in monkey #331.

metabolite II in slowly perfused tissue, a
striking difference in the distribution to
highly perfused tissue was also observed.
The volume of distribution for prima-
quine diphosphate (7.92 liters) was mar-
kedly higher than the volume of dis-
tribution for metabolite IT (0.96 liters).
In previous studies with '*C-labeled
primaquine given to rats (5), very high
concentrations were found in lung and
liver tissue within seconds of administra-
tion of an I. V. dose.

Several factors appeared to contri-
bute to the high plasma levels of IT as
compared to primaquine itself. First, the
rate of formation of IT (k; = 0.45 hr 71)
was considerably faster than the rate of
its elimination (ks = 0.18 hr ~!). Sec-
ondly, IT was not taken up by the tissue
to any significant extent in comparison
to primaquine. Thirdly, a large fraction
of the dose (35 % to 83 %) is converted
to this metabolite.

Discussion

Previous studies on the distribution of
xenobiotics in isolated lung tissue have
shown that compounds containing a
large aromatic ring structure linked by
an alkyl chain to a basic nitrogen (pKa >
8.5) were rapidly (ty, = 3 min) taken up

into the tissue (6). Our earlier studies (5)
with C-labeled primaquine in rats have
also shown that this drug is selectively
and rapidly (t,, < 3 min) concentrated in
lung and liver tissue. The present study
with monkeys also shows that prim-
aquine is rapidly taken up into highly
perfused tissues (ty, < 13 min). The
primary amino group of primaquine is
rather basic (pKa = 10.39) (7), while
the nitrogens of the aromatic ring system
would not be positively charged under
physiological conditions (quinoline nit-
rogen pKa = 3.20, aniline nitrogen pKa
= —1.5). Thus the properties of prim-
aquine under physiological conditions fit
the characteristics of the model
developed by Orton (6) for the rapid
accumulation of drugs by lung tissue.
The carboxylic acid metabolite (II) on
the other hand, possesses an ionized
carboxyl group on the alkyl chain which
may account for its negligible accumula-
tion in tissues of monkeys and rats (5).

The extent of the conversion of
primaquine to metabolite II (35% to
83 %) in monkeys was higher than that
observed previously (5) with rats
(22 %). There was some indication that
the younger monkey could more effi-
ciently convert primaquine to II. In
future studies with humans, subject age
should be a significant variable in the
experimental design. In preliminary
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human studies (1.3 mg/kg primaquine
free base, oral admin.) a plasma con-
centration of 4.8 pg/ml for II was
observed 2 hours after the dose, which is
at least ten times higher than the dose
normalized concentration of II for rats
given primaquine orally (4), but approx-
imately equal to the levels observed in
the present study with monkeys.

When C-labeled primaquine was
given by intravenous administration to
rats (5), nearly half of the dose was
excreted in the feces, and enterohepatic
recirculation of the drug occurred. In
monkeys, the loss of primaquine to
‘other metabolites and excretion’
(Fig. 4, k4 = 0.40 hr 1) likely repre-
sents loss to the feces rather than excre-
tion of unchanged drug in the urine or
metabolic conversion to metabolites
other than II.
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