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Tissue and blood concentrations of chloroquine following chronic
administration in the rat

S. A. ApeLusl *L. A. SaLako, Department of Pharmacology and Therapeutics, University of Ibadan, Ibadan, Nigeria

The antimalarial drug, chloroquine, is extensively
distributed in tissue and slowly eliminated such that
after a single dose, a plasma half-life of 3-5 days has
been found (McChesney & McAuliff 1961; McChesney
et al 1967). A peak tissue/plasma concentration ratio
greater than 300 is obtained in many tissues and after a
single dose the drug can be found in the liver and urine
for up to five years (Gaudette & Coatney 1961; Rubin et
al 1963; Zvaifler et al 1963).

Chronic administration of chloroquine for the treat-
ment of rheumatoid arthritis has revealed an ocular
toxicity due to accumulation of the drug in the pigmen-
ted layers of the eye, particularly the choroid (Fuld &
Horwish 1958; Fuld 1959). A more recent indication for
chronic administration of chloroquine is in the prophy-
laxis of malaria, for which the drug is administered at a
dose of 300-600 mg weekly to adults. The long term
toxic effects of chloroquine when administered in this
way are unknown but no ocular toxicity has been
reported even after five years of such use. Since tissue
toxicity and other untoward effects are largely determi-
ned by tissue stores (Fuld & Horwish 1958; Fuld 1959)
and blood levels (Laaksonen et al 1974; Frisk-Holmberg
et al 1979) of the drug, it is useful to know the changes
occurring in tissue and plasma concentrations during
chronic administration. Previous studies in animals have
given conflicting results. McChesney et al (1965) found
a steady increase in the tissue and plasma concentra-
tions in rats throughout a 3-month period although the
increase was fastest in the first month. Grundmann et al
(1972) found that most rat tissues were saturated with
chloroquine between the 10th and the 16th weeks.
Plasma concentrations were not measured hence the
effect of tissue saturation on blood levels was not
determined, yet saturation of tissue stores would be
expected to lead to a rapid increase in plasma concentra-
tion that could affect the pattern and incidence of
adverse reactions to the drug. We have reinvestigated
the uptake of chloroquine by rat tissues during chronic
administration of the drug and in particular to relate the
tissue levels to plasma concentrations.

Materials and methods

Albino rats of the Wistar strain, 130 and 170 g, fed on
standard diet were weighed and chloroquine 10 mg kg-!
in 0-9% NaCl (saline) or saline alone was administered
intraperitoneally every week for 28 weeks.

* Correspondence.

At the end of weeks 1-6, 8, 12, 16, 20, 24 and 28, six
rats from the chloroquine treated group and one from
the control group were slightly anaesthetized with ether
and 3-4 ml blood withdrawn by cardiac puncture into a
lithium-heparin bottle, centrifuged (2500 rev min-!
10 min) and the separated plasma and red blood cells
stored at —10 °C until analysed. The rats were then
killed and the liver, kidneys, spleen, lungs, heart, eyes,
brain, a sample of abdominal skin and the gastrocne-
mius muscle removed, blotted dry, weighed, and also
stored at —10 °C until analysed.

Drug analysis. Samples of tissues (0-5 g) were weighed
accurately, homogenized in 5-10 ml 0-1 m HCI, the
homogenate centrifuged and the supernatant used for
analysis. 1-0 ml of the packed red blood celis was
accurately measured and diluted to 5 ml with 0-1 M
HCl, shaken well and centrifuged and the supernatant
used for analysis.
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Fic. 1. Chloroquine concentration in high perfusion tissues
(kidney (A) liver (A) spleen (W), lung (O) and heart (O))
during treatment of rats with 10 mg kg-! chloroquine
intraperitoneally once a week. Each point represents the
mean for 6 rats.
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Table 1. Tissue/plasma chloroquine concentration ratios at
different intervals in the high perfusion tissues. Each value
was the mean for 6 rats treated with 10 mg kg-' chloroquine
weekly.

Week  Liver Kidney Spleen Lungs Heart
1 385-0 2967 3350 306:7 1483
2 541-4 4186 4357 3229 1771
3 3586  310-7 3993 2136  114-3
4 2681 3129 2286  173-8 96-7
5 2826 2696 2563  199-6 99-3
6 318-4  280-0 2542 2648 1171
8 260-5 2590 2373 2222 1051

12 2337 2088 2009  166-1 90-4
16 2141 226-8 2033 1649 76-2
20 2227 199-6 1980  172:4 74-7
24 213-8 2119 1843 1702 76-0
28 208-5 21149 1932 1726 81-9

The tissue homogenates, prepared red blood cells and
plasma were analysed for chloroquine by the fluorime-
tric method of Rubin et al (1965) as modified by Adelusi
& Salako (1980). 1 ml of each sample was made alkaline
with 0-2 ml ammonia solution (s.g. 0-91), extracted with
diethyl ether, the extract washed with borate buffer, pH
9-5, and then shaken with borate buffer, pH 7-85, to
remove metabolites. Chloroquine was then reparti-
tioned into aqueous solution by shaking the washed
ether extract with 0-1 M HCl. The acid extract was
mixed with alcoholic NaOH and the fluorescence of the
final solution (pH 9-9) was read on a Perkin-Elmer
spectrofluorimeter using excitation and emission
wavelengths of 331 and 386 nm respectively. This
method has a lower limit of sensitivity of 5 ng ml-! and
gives a recovery rate of over 95% (Adelusi & Salako
1980). Samples from control rats were used as blanks.
Chloroquine sulphate (a gift from May and Baker,
Dagenham, U.K.) quantities administered are given in
terms of the base.

Results

The results are summarized in Figs 1 and 2, and Tables 1
and 2. The concentration of chloroguine rose steadily in
all tissues studied up to the 28th week except for brain
where irregular fluctuations occurred from week to
week. The highest concentrations were found in liver,
kidney, spleen and lungs (Fig. 1), and the lowest
concentration in plasma (Fig. 2). Erythrocytes in the
first few weeks had the next lowest concentrations but in
the final weeks they rose above those of brain and skin.
For all the high perfusion tissues (liver, kidney, spleen
and lungs), the tissue/plasma concentration ratio rose to
a maximum in the second week and then declined
steadily. At the 28th week, the ratio for these tissues
was still about 200 (Table 1). The red blood cell/plasma
concentration ratio remained at between 5-5 and 9-0
throughout (Table 2). In the low perfusion tissues (skin,
skeletal muscle, brain), the tissue/plasma concentration
ratios were much lower, the lowest being in skin, for up
to 3 weeks and then in brain (Table 2).
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Discussion )
We have used doses of chloroquine similar to those
recommended for prophylaxis in man (5-10 mg kg-!
weekly) to investigate the tissue and blood concentra-
tions in rats of the drug during a 28-week period. Our
results show that the tissues remained unsaturated with
the drug and are thus similar to those of McChesney et
al (1965) who gave a much higher dose (40 mg kg-! per
day) for 3 months and found a progressive increase in
the tissue and plasma concentrations throughout the
period. Our results differ from those of Grundmann et
al (1972) who gave 30 mg kg-! chloroquine daily to rats
over 24 weeks and found that, with the exception of
skeletal muscle and brain, most tissues were saturated
with chloroquine between the 10th and the 16th weeks.
Both groups of authors used clearly toxic doses and it is
possible that if McChesney et al had continued adminis-
tration for longer than 3 months (as did Grundmann et
al) tissue saturation could have been observed. Our
failure to observe tissue saturation after 28 weeks of
treatment suggests that the dose was not large enough to
produce tissue saturation within the period.

The results of McChesney et al (1965) showed
chloroquine tissue concentration to fall by over 70% in 9
days and by over 90% in 15 days on stopping the drug.
This rapid fall in tissue concentration might contribute
to the failure to observe tissue saturation in our study in
which the drug was administered weekly and tissue
specimens were taken 7 days after a dose.

Brohult et al (1979) determined plasma chloroquine
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F16. 2. Chloroquine concentration in plasma (@) red blood
cells (O) and low perfusion tissues (Brain (W), Skin (O),
Skeletal muscle (A) and eye (A)) during treatment of rats
with 10 mg kg-! chloroquine intraperitoneally once a week.
Each point represents the mean for 6 rats.
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Table 2. Tissue/plasma chloroquine concentration ratios at
different intervals in low perfusion tissues and red blood
cells (RBC). Each value was the mean for 6 rats treated
with 10 mg kg-! chloroquine weekly.

Weeks  Eye SM.* Skin Brain RBC
1 63-3 25-0 18-3 38-3 8-3
2 74-3 24-3 18-6 629 9-0
3 557 12-9 12-9 321 6-5
4 48-1 114 11-9 10-5 6-4
5 374 11-5 11-9 52 7-6
6 38-1 16-8 12:3 6-8 7-5
8 334 21-5 10-7 9-3 7-0

12 277 17-2 81 7-0 5:5
16 226 14-6 77 8-8 5-6
20 20-9 152 77 4.4 7-8
24 21-5 13-8 7-3 4-8 8:4
28 21-3 129 7-0 31 82

* Skeletal muscle.

concentrations during prophylactic administration of
the drug in man. At 300 mg chloroquine per week
(approximately 5 mg kg-! body weight), a steady state
plasma concentration was reached in 6 weeks. The
plasma concentration 24 h after each dose remained
below 250-400 ng ml-! above which level a higher
incidence of side effects has been reported (Laaksonen
et al 1974; Frisk-Holmberg et al 1979). When the dose
of chloroquine was doubled, the plasma concentration
24 h after each dose was above the reported threshold
for increased side effects. We have failed to confirm in
rats the steady state plasma concentration observed in
man after 6 weeks of weekly administration of 5 mg kg
chloroquine. It is presumed that tissue store saturation
did not occur in the human studies since saturation of
tissue stores would most likely lead to a big rise in
plasma concentration.

The concentration of chloroquine in the eye, in our
study, is similar to that in other low perfusion tissues
and much less than in the liver, kidney, spleen and
heart. The concentration applies to the entire eye and
the concentration in different fractions may differ
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(Lindquist 1973). However, it is well known that the
highest concentrations of chloroquine are found in
melanin-containing tissues. The relatively low values in
the eye and skin in our study may be due to the fact that
we used albino rats in which the concentrations of
melanin are low (McChesney et al 1965).

This investigation received support from the UNDP/
World Band/WHO Special Programme for Research
and Training in Tropical Diseases. We are grateful for
technical assistance by Mrs R. A. Adio.
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