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Abstract—Free (0-6 mg), and liposome encapsulated chloroquine (0-6, 3 mg), were injected intraperito-
neally, intramuscularly and subcutaneously in mice. Intraperitoneal administration of liposome-encapsu-
lated chloroquine resulted in high and long lasting concentrations of chloroquine in the blood compared
with intraperitoneal administration of free chloroquine. After administration of the liposome-en-
capsulated chloroquine the concentrations in the spleen were also higher, indicating that chloroquine
liposomes reached the blood compartment intact after intraperitoneal administration. After intramuscular
and subcutaneous administration the chloroquine liposomes acted as a local depot, giving a slower release
from the subcutaneous fat layer than from the muscle depot. After the 0-6 mg dose a burst effect was found
at about 7 h in most of the animals; this was not found after the 3 mg dose. This finding and the slower
release after the 3 mg dose than after the 0-6 mg dose could be explained by the formation of aggregates after

the injection.

Chloroquine remains an important antimalarial drug (WHO
1984); it is cheap, widely available, well tolerated and orally
well absorbed. However, on fast parenteral administration
life threatening cardiac toxicity may result because of high
concentrations during the distribution phase (White 1985).
This could be avoided by a slow parenteral release system.
Liposomes have proved to be useful in this context (Nds-
sander et al 1990).

Peeters et al (1989a) found that encapsulation of chloro-
quine by liposomes, for intraperitoneal administration to
mice, appeared to result in an increase in the therapeutic
index and prophylactic efficacy, possibly owing to an altered
distribution of the encapsulated drug. Compared with the
maximum safe dose of the free form a tenfold dose of
chloroquine in liposome form does not exhibit toxicity.

Chloroquine is partly metabolized in man to the active
desethyl metabolite (McChesney & Fitch 1984). The basic
and clinical pharmacokinetics in man have recently been
reviewed (White 1985, 1988).

Materials and Methods

Materials
Cholesterol, L-a-distearoylphosphatidylcholine (DSPC) and
L-a-dipalmitoylphosphatidylglycerol (DPPG) were obtained
from Sigma Chemicals (St. Louis, MO, USA).
Desethylchloroquine (des-CQ) and hydroxychloroquine
were gifts from Dr F. Schobben (Academic Hospital,
Utrecht, The Netherlands).
Chloroquine diphosphate met the requirements of the
British Pharmacopoeia. Solvents and other reagents were of
analytical grade.

tPresent address: Pharma Bio-Research Int. B.V., Assen, The
Netherlands.

Correspondence to: H. A. C. Titulaer, Department of Pharma-
ceutics, University of Utrecht, Croesestraat 79, 3522 AD Utrecht,
The Netherlands.

Preparation of chloroquine-containing liposomes

Negatively charged, gel state, chloroquine-containing,
reversed phase evaporation vesicles were prepared as de-
scribed previously (Szoka & Papahadjopoulos 1978). The
molar ratio of the lipids was DSPC:DPPG:choles-
terol=10:1:10. An amount of 2-4 mmol lipid was used.
After the extrusion of the resulting liposome dispersion
through 600 and 200 nm polycarbonate membranes (Nucleo-
pore Corp., Pleasanton, USA), the non-encapsulated chloro-
quine was removed by ultracentrifugal sedimentation three
times for 45 min at 80 000 g. The liposome pellet was restored
inisotonic (NaCl) 100 mm acetate buffer pH 7-4 at 4 °C under
a nitrogen atmosphere.

The resulting liposome (lipCQ) dispersion was analysed
for total chloroquine and lipid phosphate by spectrophoto-
metry, the free chloroquine was measured spectrofluorime-
trically. Mean particle size was calculated from dynamic light
scattering data.

A justification of the type and chemical composition of the
liposomes used in this study and a detailed description of
their preparation and characterization has been given by
Pecters et al (1989a).

Animal experiments

Outbred Swiss mice, 27-6 +4-8 g (mean +s.d.), were obtained
from colonies of the animal facility of the University of
Nijmegen. Groups of five mice received chloroquine either
free in solution (0-6 mg) or as liposomes (0-6 or 3-0 mg).
Injections were given intraperitoneally, intramuscularly in
the gluteus muscle or subcutaneously in the pouch of the
hind neck region. For different amounts of lipid, the
liposome dispersion was diluted to produce equal injection
volumes.

At predetermined sampling times, 50 pL heparinized
blood was taken from the tail vein and diluted with 200 uL
bidistilled water. All samples were stored at —20°C until
analysis. Animals were killed with ether, the vascular system
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perfused with phosphate buffer saline and the heart, liver and
spleen were removed and stored at —20°C pending analysis.

Assay of chloroquine and desethylchloroquine

Total chloroquine and desethylchloroquine concentrations
in whole blood and tissues were measured by a normal phase
HPLC method with fluorimetric detection as described by
Alvan et al (1982) (column: 5 um spherical silica (Waters
Ass.); mobile phase: acetonitrile: methanol:diethylamine
(84:5:15-0:0-5 v/v); flow rate: 0-5 mL min—").

Heart, liver and spleen tissues were defrosted, weighed and
homogenized according to de Groot & Wubs (1987) before
further determination.

After addition of 40 uL of 4 mg L-! hydroxychloroquine
solution as an internal standard and 1-2 mL freshly prepared
0-1% (v/v) diethylamine and 0-5 mL 5M ammonia, 125 uL of
the diluted whole blood samples or tissue samples were
extracted with freshly prepared dichloroethane-diethylether
(60:40) by end over end rotation at 30 rev min—! for 30 min.
After separation of the phases by centrifugation for 15 min at
5000 g, the organic layer was evaporated in a clean tube by a
stream of nitrogen at 25°C. After reconstitution in 500 uL of
cluent, 50 uL was injected. Chloroquine and des-CQ concen-
trations were calculated by comparing peak height ratios of
chloroquine or des-CQ and internal standard of unknown
samples to standards. The absolute limit of detection,
calculated as 3 times the baseline noise, was 2 ng for
chloroquine and 1 ng for des-CQ. The limit of detection
expressed as blood concentrations was 400 ng mL~! for
chloroquine and 200 ng mL~! for des-CQ.

Pharmacokinetic and statistical evaluation

Areas under the curve were calculated by the linear trapezoi-
dal rule. Results were considered to be normally distributed
when the mean was larger than twice the standard distribu-
tion of the data set and no indications for deviant distribu-
tions existed (Zuidema & Wynne 1989). For difference
testing in cases of normally distributed data, Students ¢-test
for non-paired results was used; for non-normally distri-
buted data, the Wilcoxon rank sum test for two independent
groups was applied. The level of significance was chosen at
P=0-05. Graphical representation of difference testing was
performed, where relevant, by confidence intervals.

Results

Characterization of chloroquine-containing liposomes
Analysis of the liposomal chloroquine dispersion resulted in
22 mg chloroquine-base and 98 umol phospholipid per mL
buffer. Particle size analysis of the vesicles yielded a mean size
of 0-26 um (n=3). Non-liposome associated chloroquine
after the clean-up procedure was 2% of the total.

Intraperitoneal administration
Fig. 1 shows the concentration time curves after intraperito-
neal administration of 0-6 mg free and 06 mg liposome
encapsulated chloroquine. The Tp., value was short when
free chloroquine was administered, indicating that uptake in
the bloodstream of free chloroquine proceeded immediately.
The profiles after intraperitoneal administration of liposo-
mal encapsulated chloroquine (Fig. 1b) exhibited T ., values
of 2-8 h.

10
0.6 mg free CQ, i.p.

Conen (ug mL'1)
(o]

0 8 16 24
Time (h)

200 - -
0.6 mg CQ liposomes, i.p.

160J

120 A

Conen (ug mL™)

80

0 8 16 24
Time (n)

FiG. 1. Chloroquine (CQ) concentration-time curves of intraperito-
neally administered 0-6 mg free CQ (a) and 0-6 mg liposome-
encapsulated CQ (b). The curve of set a is presented as a mean curve,
vertical bars indicate confidence intervals.

After administration of liposome-encapsulated chloro-
quine, chloroquine blood concentrations were significantly
higher over the observation period than after free chloro-
quine. The differences in AUC, s were also significant
(P=0-002).

The ratio chloroquine/des-CQ was calculated and values
are depicted in Fig. 4. Levels of des-CQ were lower than
chloroquine (not separately shown). No differences of any
significance in the ratios were found after administration of
free 0-6 mg chloroquine. When the drug was given intraperi-
toneally as the liposome encapsulated form, the ratio was
relatively high.

Intramuscular and subcutaneous administration
Table 1 shows the concentrations after intramuscular and
subcutaneous administration of free and liposome-asso-
ciated chloroquine. For both free and liposomal prep-
arations the chloroquine concentrations were of the same
order of magnitude when they were given intramuscularly or
subcutaneously; however, chloroquine concentrations were
higher or similar over the whole observation period when
given as liposomes intramuscularly or subcutaneously com-
pared with the free administration form, indicating sustained
release from a depot. After the intramuscular dose, the initial
concentrations tended to be higher than after the subcuta-
neous dose, which may indicate a stronger retarding effect of
the latter. A burst effect was visible at 7 h in four of the five
animals after intramuscular administration.

Chloroquine concentrations in the blood were lower after
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Fi1G. 2. Chloroquine (CQ) concentration-time curves after intramus-
cular administration of 0-6 and 3 mg CQ liposomes. Vertical bars
indicate confidence intervals.

a 3 mg dose than after a 0-6 mg dose over the first 24 h. (Fig. 2
for the intramuscular administration).

The chloroquine concentrations in the spleen (Fig. 3) were
high in the spleen after intraperitoneal administration of
liposome-associated chloroquine compared with the other
two routes.

The data for des-CQ exhibit a tendency to higher concen-
trations when 0-6 mg free chloroquine was given compared
with the 0-6 mg liposome-encapsulated form. A similar
organ distribution was found but with lower concentrations
compared with chloroquine itself (results not shown).

Discussion

The effectiveness of liposomes as potential drug carriers in
rodent malaria chemotherapy was demonstrated by Peeters
et al (1989b). The concentration time profiles after i.p.
administration described in the present study correlate well
with the results therein described.

After the intraperitoneal injection of liposome encapsu-
lated chloroquine the total chloroquine blood levels were
much higher compared with those after the administration of
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free chloroquine. No toxic effects were observed in the mice
treated with the liposome preparation indicating that the
major part of chloroquine remained encapsulated in the
liposomes. This is supported by the high area under the curve
found after liposomal injection (lower apparent distribution
volume).

In Fig. 4 the chloroquine/des-CQ ratios are shown for the
free and the liposome i.p. and i.m. administrations. The s.c.
curve resembles the i.m. curve. The ratio after i.p. adminis-
tration of liposome-encapsulated chloroquine is significantly
higher for most time points than after administration of free
chloroquine, whereas the ratios of free and liposome i.m. and
s.c. administrations are all comparable. The most likely
explanation is that the encapsulated chloroquine is not
available for desethylation. This is also strong evidence for
transport of intact liposomes from the peritoneal cavity to
the bloodstream.

Indication of the intact absorption of liposomes from the
peritoneal cavity is also found in the high chloroquine
concentrations in the spleen and liver after the intraperito-
neal experiments (Fig. 3). Both are organs where liposomes
and other colloidal carriers are accumulated by phagocytosis
through the action of the macrophages of the MPS-cells
(Nassander et al 1990). High concentrations of the desethyl
compound were found in the spleen after intraperitoneal
administration, suggesting that chloroquine is released from
liposomes in the tissue and is subsequently degraded.

The T« values varying from 2-8 h following intraperito-
neal administration of liposomes compared with the rapid
absorption and elimination of chloroquine after the adminis-
tration of the free dose, indicate a relatively slow and variable
absorption from the peritoneal cavity. The presence of long-
lasting relatively high des-CQ concentrations over the obser-
vation period indicates a continuing chloroquine releasc
from the liposomes since both chloroquine and des-CQ are
rapidly cleared in mice.

From studies with double labelled liposomes which were
intraperitoneally injected, it is known that liposomes are

Table 1. Blood concentration of chloroquine following the administration of free
chloroquine or liposome-encapsulated chloroquine.

Mean chloroquine concentrations (ug mL '),

Intraperitoneal Intramuscular Subcutaneous
Free Liposomes Free  Liposomes Free Liposomes
Dose (mg) 0-6 0-6 30 06 0-6 30 0-6 06 30
Time (h)
0 0 0 0 0 0 0 0 0 0
0-2 3-99 49 5-86
0-5 270 165 196 349 167 120 384 055 082
20 1-50 97-1 697 458 28 124 221 051 056
29 1-07 3-05 1-07
45 446 896 1-24 096 038  0-50
4-9 0-75 4-01 077
55 55-4 466 1-03 082 024 051
65 26-1 724 1-10  0-64 027 040
7-5 19-4 2:11 042
79 0-71 483 0-46
240 069 148 021 139 022 024
250 123 0-35 0-20
480 5-07 0-28 0-15
72 0-30 0-53 0-33
AUCyup 20-86 539 13003 72-11 41-81 3224 1582 845 1895

(ug hmL~")
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F1G. 3. Tissue distribution of chloroquine (CQ) in heart, liver and
spleen after 24 h. (a) 0-6 mg free CQ, and (b) 0-6 mg CQ liposomes.
Vertical bars indicate confidence intervals.
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F1G. 4. Mean ratio plots of chloroquine/des-CQ versus time afteri.p.
(a) and i.m. (b) administration of 0-6 mg free chloroquine (CQ) and
CQ liposomes. Vertical bars indicate confidence intervals.

absorbed intact over a few hours with variable speed
(Nissander et al 1989). The slow appearance of chloroquine
in the circulation can therefore be ascribed to a slow
appearance of the liposomes in the circulation.

The data after intraperitoneal injection of chloroquine

liposomes differed from the findings after intramuscular and
subcutaneous injection. The liposomes were apparently not
absorbed as such but acted as sustained release depots in the
injection area.

Increasing the dose from 0-6 to 3 mg intramuscularly in
this study resulted in lower blood levels, which cannot be
explained fully at present. Similar phenomena were observed
with intramuscularly administered aqueous suspensions.
Factors such as spreading behaviour and the tendency to
aggregation have been shown to be critical aspects in
dissolution and/or diffusion rate dependent absorption from
particles (Hirano & Yamada 1983). In the experiments with
the lower dose, the particles may be more vulnerable because
of their lower aggregation status. This might also explain the
burst effect at about 7 h. This burst was absent in the first 48 h
of the higher dose. The increasing concentrations after 48 h
observed in all animals, might, however, be ascribed to
deaggregation.
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AHR-15010—A Novel Anti-arthritic Agent
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Abstract—AHR-15010 (3-(2-methoxyphenoxy)-1.2-propanediol bissulphamate ester) is a compound of
novel structure that displays anti-arthritic activity in adjuvant arthritis in rats. When given orally from days
18 through day 50, (excluding weekends) after adjuvant injection, AHR-15010, at doses of 3-16 to 100 mg
kg~!, produced significant anti-inflammatory activity and reduced the severity of the hind paw joint lesions
as monitored by X-ray analysis. AHR-15010, however, has no acute anti-inflammatory activity in the Evans
Blue-carrageenan pleural effusion assay in rats, has no analgesic activity in mice, and has no activity in a
classic, delayed-type, hypersensitivity assay in mice or in a cotton pellet granuloma test in rats. These data,
in conjunction with biochemical data showing that AHR-15010 has no prostaglandin synthetase inhibiting
activity, suggest that AHR-15010 is an anti-arthritic with a unique mechanism of action. AHR-15010 is a
carbonic anhydrase inhibitor. Data are presented that suggest that AHR-15010 and acetazolamide, a
prototype carbonic anhydrase inhibitor, may present novel approaches to the treatment of arthritis.

The arthritic diseases are characterized by the loss of the
connective tissue structures of the joint. This joint degenera-
tion is mediated by a variety of inflammatory cells and
soluble factors released from those cells (Harris 1986).
Recent work has also shown that bone resorption is an
important clinical feature of the arthritic diseases (Alwan et
al 1988; Sambrooke & Reeve 1988). This resorption can be
induced by interleukin-1, bradykinin, or PGE; (Robinson et
al 1975; Lerner et al 1987; Alwan et al 1988). Several drugs,
including the NSAIDs and the gold salts. may exert some of
their positive effects via inhibition of bone resorption (Katz
& Gray 1986, Vargas et al 1987; Klaushofer et al 1988). In
further support of this concept, Nolan et al (1989, unpub-
lished data) shown that carbonic anhydrase inhibitors, which
have been shown to inhibit bone resorption in-vitro and in-
vivo (Minkin & Jennings 1972; Kenny 1985; Raisz et al
1988), display anti-arthritic activity in the rat.

0SO,NH;

OCH,CHCH,0S0,NH,

OCH3
I

L. Structure of AHR-15010, 3-(2-methoxyphenoxy)-1.2-propanediol
bissulphamate ester.

In our anti-arthritic programme, evaluation of anti-
secretory and anti-arthritic compounds led to the identifica-
tion of AHR-15010; 3-(2-methoxyphenoxy)-1.2-propane-
diol bissulphamate ester (I), as a unique agent for the
treatment of arthritic discases. This report describes the anti-
arthritic activity of AHR-15010.

Correspondence to: J. C. Nolan. cio Dr A. J. Lewis, Wycth-Ayerst
Research. CN 8000. Princeton. NJ 08543-8000, USA.

Materials and Methods

Drugs and materials

AHR-15010 was synthesized in the Chemical Research
Department at the A. H. Robins Co. (Richmond, VA).
Indomethacin, acetazolamide, cyclophosphamide, triamci-
nolone acetonide, acetylcholine bromide, methylated bovine
serum albumin (MBSA), and bovine carbonic anhydrase
were from the Sigma Chemical Co. (St. Louis, MO).
Cyclosporin (Sandimmune) was from Sandoz, Inc., (East
Hanover, NJ), carrageenan (Viscarin) was from Marine
colloids, Inc., (Springfield. NJ). Mycobacterium butyricum
and Complete Freund’s Adjuvant were from Difco Labora-
tories (Detroit, MI). Sheep vesicular glands were from the
Wilson Food Corp. (Albert Lea, MN).

In-vivo methods

Rat adjuvant arthritis. Arthritis was induced in female Lewis
Wistar rats by a method modified from that of Walz et al
(1971). Fifty uL of a suspension of 1:5% Mycobacterium
butyricum was injected into the subplantar surface of the
right hind paw of all rats. Eighteen days later, the volume of
both hind limbs was determined by mercury displacement,
and the rats with significant uninjected hind paw oedema
(paw volume > 2-4 mL) were assigned to treatment groups of
7 by balancing with regard to paw volume size. In the
therapeutic dosing regimen, drugs were administered by
gavage once daily to the rats beginning on day 18 after
adjuvant injection and continuing through day 50 after
adjuvant injection (excluding weekends). In the prophylactic
experiments drugs were administered daily to groups of 10
rats beginning on the day of adjuvant injection and continu-
ing for 50 days. Oedema was determined on day 29 and day
S0 by paw volume difference (from day 18 paw volume in
therapeutic experiments and from day O paw volume in
prophylactic experiments). On day 50 the rats were killed by
CO;inhalation and the uninjected hind limb cut off above the
knee and X-rayed by standard procedures using a dental
X-ray unit (Gendex, Model GX-770, Milwaukee, WI). The



