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Retention and Distribution of Liposome-entrapped
[*H]Methotrexate Injected into Normal
or Arthritic Rabbit Joints

W. C. FOONG* AND K. L. GREEN

School of Pharmacy and Biomedical Sciences, Portsmouth Polytechnic, White Swan Road, Portsmouth PO1 2DT, UK

Abstract—Normal or arthritic rabbits were injected intra-articularly (i.a.) with free [*H]methotrexate
(PHIMTX) or liposomes containing [PHIMTX with ["*C]cholesteryl oleate as a lipid marker. The
distribution of *H and C in the injected joint and other tissues was determined. Free PHIMTX was rapidly
cleared from the joint, 79% being excreted in the urine within 24 h of injection. Liposome-entrapment
retarded PHIMTX clearance from the joint (P <0-001), 45-5% being recovered from the joint 24 h after
injection. Uptake of liposomes by the inflamed synovium was lower than expected, 4% liposomal [P'HIMTX
injected being associated with the synovium after 24 h. Nevertheless, this was 40-fold greater than when free
[PHIMTX was injected. Liposome entrapment should improve the efficacy and reduce the side effects of

drugs injected directly into the joint cavity.

The rationale for treating arthritic joints with drugs injected
intra-articularly (i.a.), is that high concentrations of drug can
be attained in the joint cavity whilst causing minimal
systemic toxicity. However, the efficacy of i.a. therapy is
compromised by the rapid clearance of drugs from the joint,
so that the beneficial effect is of short duration. Hunneyball
(1986) has recently reviewed developments which improve
drug retention in the joint. For example, the effects of
corticosteroids are prolonged by using a water-insoluble
microcrystalline suspension and the retention of '8Au or Y
in the joint to induce radiosynovectomy is effected by using a
colloidal system. Other approaches have invoived the use of
carriers such as drug-protein conjugates (Foong et al 1985),
biodegradable polymers (Ratcliffe et al 1984; Davis et al
1985) or liposomes (Shaw et al 1979). The latter workers have
shown that liposome-entrapment greatly enhances
the anti-inflammatory effects of corticosteroids injected into
arthritic joints, although the duration of effect was limited to
3 or 4 days.

Methotrexate (MTX) has been administered i.a. to control
the synovitis in arthritic joints, but the results have generally
been disappointing, possibly because adequate concentra-
tions of drug could not be maintained in the joint (Bird et al
1977, Wigginton et al 1980). We have investigated the
possibility of entrapping MTX in liposomes for direct
injection into the joint cavity to suppress synovitis in arthritic
joints. It was anticipated that liposome-entrapped MTX
injected i.a. would be selectively taken up by phagocytic cells
in the inflamed synovium, so exerting a prolonged inhibitory
effect on synovial proliferation, whilst causing minimal
systemic toxicity or damage to the articular cartilage.

We report here on the retention and distribution of
liposomes containing [PHJMTX with [“C]cholesteryl oleate
as a lipid marker injected into arthritic rabbit joints.
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Materials and Methods

Materials
[3,5',7-*H]Methotrexate sodium (160 mCi mmol-")
(PHIMTX and cholesteryl [1-'*Cloleate (58 mCi mmol')
were obtained from Amersham International. Specific acti-
vity of PHIMTX was adjusted to 4-7 mCi mmol~! with
methotrexate sodium (MTX) from Lederle. Cholesterol,
dicetylphosphate, egg phosphatidylcholine type VE and
ovalbumin were from Sigma. Other materials were obtained
as follows: Freund’s complete adjuvant (Difico), heparin
(Evans), pentobarbitone sodium (May & Baker), prome-
thazine hydrochloride (Fisons) and Soluene 100 (Packard
Instruments).

Rabbits were inbred of the Old English strain. They
weighed 1-4-1-6 kg at the time of antigen sensitization and
1-9-2-1 kg when PHIMTX was injected.

Liposome preparation

PHIMTX (4-7 mCi mmol-') was entrapped in the aqueous
phase of negatively charged multilamellar liposomes pre-
pared by prolonged shaking (20 h) at 20 °C with lipids in the
molar ratio, egg phosphatidylcholine-cholesterol-dicetyl-
phosphate, 5:5:1 as previously described (White et al 1983).
In addition ['*C]cholesteryl oleate was incorporated as a lipid
marker contributing 0-2 mol % of the total lipid content.
Free and liposome-entrapped [PHJMTX were separated by
repeated washing and centrifuging at 40 000 g (r,, 8-2 cm) at
4 °C for 20 min.

The liposomes had a mean diameter of 1-07 um as
measured by photon correlation spectroscopy. Liposomes
routinely injected i.a. contained 1 mg MTX (10 uCi
PHIMTX), 5 uCi ['*C]cholesteryl oleate and 99 + 3 umot lipid
suspended in 1 mL phosphate buffered saline (pH 7-4).

Antigen-induced arthritis

An arthritis was induced in the knee joint of rabbits using a
procedure similar to that described by Consden et al (1971).
Ovalbumin 20 mg mL-! in sterile 0-9% NaCl (saline) was
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emulsified with an equal volume of Freund’s complete
adjuvant. Rabbits (1-4-1-6 kg) were sensitized by injecting
s.c. a total of 1 mL emulsion at five sites between the
scapulac. The sensitization procedure was repeated three
weeks later. After a further 10 days the rabbits were skin
tested with ovalbumin 10 ugi.d., those animals producing a
positive skin reaction of at least 16 mm diameter 24 and 48 h
later being considered adequately sensitized.

Arthritis was induced in one knee joint by injecting 5 mg
ovalbumin in 0-5 mL saline into the joint cavity through the
supra-patella ligament using a 27 gauge needle. 30 min before
ovalbumin challenge rabbits were pretreated with prometha-
zine 5 mg kg~' i.p. to mitigate some of the effects of acute
anaphylaxis. Arthritis was assessed by measuring changes in
joint diameter and skin temperature over the joint. Three
weeks after induction of arthritis, the diameter of control
knee joints was 18-8 +0-2 mm-and of contralateral arthritic
joints 23-8+0-4 mm (n=20). Skin surface temperature of
control joints was 34-5+0-3 °C and of arthritic joints
38-:01+0-5 °C (n=20).

Measurement of [PH]MTX and ["“C |cholesteryl oleate
distribution
Phosphate buffered saline (1 mL) containing PHIMTX free,
orentrapped in liposomes with ['*C]cholesteryl oleate as lipid
marker, was injected into normal knee joints or joints in
which arthritis had been induced three weeks previously. The
rabbits were housed in metabolism cages to enable radioacti-
vity excreted in the urine to be monitored. Blood samples
were collected at regular intervals from a marginal ear vein
and the *H and '*C content of 0-2 mL plasma aliquots
determined. Total plasma volume of the rabbits was esti-
‘mated from body weight by reference to tables (Spector
1956). The rabbits were killed 4 h, 24 h, 3 days or 7 days after
‘injection of PHIMTX by injecting pentobarbitone sodium
‘i.v. and the distribution of *H and “C in the joints and other
tissues determined.

Urine was collected 4, 24, 48, 72 and 92 h after injection of
PHIMTX. Rabbits were administered 20 mL water orally
immediately after injection of PHJMTX and then every 24 h
to increase the volume of urine excreted. When the rabbits
'were killed, urine in the bladder was pooled with that
collected over the previous collection period.

Recovery of [’H] and [*C] from articular tissues

Synovial fluid was collected by injecting 0-6 mL heparinized
saline (10 units mL~") into the knee joints immediately after
the rabbits were killed. The joints were flexed and massaged
before aspirating the fluid with gentle suction. Washing and
aspiration of the joint cavity was repeated 10 times and the
joint was then opened by cutting the patella ligament to
expose the supra-patella pouch. The joint was again washed
repeatedly with heparinized saline and the *H and '*C content
of the pooled washings measured.

The synovial membrane, underlying fat pads, patella,
medial and lateral menisci were excised, washed in saline
(4 °C), blotted dry, weighed and digested with Soluene 100
for 24 h at 40 C. Radioactivity in the patella and menisci
cartilage was measured in preference to the articular carti-
lage because of difficulty in obtaining representative samples
of the latter.

Recovery of *H and "C from extra-articular tissues

The liver, spleen, kidneys and lungs were removed, washed
in saline (4 °C), blotted dry and weighed. Each tissue was
homogenized, 200 mg aliquots of the homogenate digested
with Soluene 100 for 24 h at 40 °C and the *H and '*C content
measured. Radioactivity of tissue aliquots was measured by
liquid scintillation counting and expressed as a percentage of
the amount injected. In some cases the specific activity of
tissues (d min~' g~') was compared.

Statistics
Results are expressed as mean + s.e. mean, statistical signifi-
cance being determined using an unpaired Student’s ¢-test.

Results

The efficiency of the recovery procedure used to determine
the retention of PHJMTX in the joints was assessed by
injecting PHIMTX (10 uCi) i.a., immediately killing the
rabbits and measuring the [*H] content of the articular
tissues. 87-3+2:7% of PHJMTX injected was recovered,
most being in the synovial fluid (Table 1).

Retention and distribution in articular tissues

The clearance of free PHJMTX from normal or arthritic knee
joints was rapid, in both cases only approx 3-7% of *H
injected being recovered from the joint 4 h after injection
(Table 1). However, a greater percentage of the *H recovered
was associated with the synovium of arthritic joints than with
normal joints (P < 0-05).

Liposome-entrapment greatly enhanced the retention of
[PHIMTX in injected joints. Thus, 24 h after injection of free
PHIMTX, less than 0-6% was recovered from the joint,
compared with 45-5+ 3-:0% when liposomal [PHJMTX was
injected, an 81-fold increase (Table 1). At this time approx
91% of H and "C recovered from the joints was in the
synovial fluid, 6:1 +2% being associated with inflammatory
cells in the synovial fluid, predominantly polymorpho-
nuclear leucocytes and lymphocytes. Liposome-entrapment
increased *H associated with the synovium. Thus, 24 h after
injection of liposomal [PHMTX, 4:0+0-3% *H was asso-
ciated with the synovium, compared with only 01 +0-02%
when free PHJMTX was injected. There appeared to be no
significant difference (P < 0-05) in the articular distribution
of liposomal PHJMTX and [“C]cholesteryl oleate.

To inhibit synovial proliferation and minimize cartilage
damage, i.a. therapy for arthritis should result in much
greater drug uptake by the synovium than by the cartilage.
24 h after injection of free [PH]MTX, specific activity of *H in
the synovial membrane was 2-[-fold (P <0-05) greater than
in the patella and menisci cartilage. By contrast, 24 h after
injection of [PHJMTX liposomes, the difference in specific
activity was 14-8-fold (P <0-05) and 7 days after injection
had increased to 33-fold (P <0-001). Thus, liposome entrap-
ment selectively enhanced [PHIMTX association with the
synovium.

Although liposome-entrapment of PHIMTX favourably
altered its retention and distribution in the joint, association
of the drug with the synovium was relatively low, 3 days after
injection approx 83% of [PHJMTX recovered from the joint
being in the synovial fluid. To ascertain whether the low
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Table 1. Recovery of *H and '*C from normal or arthritic joints after i.a. injection of
PHIMTX or liposomes containing [PHIMTX with ['*C]cholesteryl oleate. Values are
percentage of injected *H or '“C recovered (mean +s.e. mean, n=4 to 6).

Percentage of *H or "*C recovered

Total
Time of  Synovial Patella &  recovered
Treatment injection fluid Synovium  menisci from joint
Recovery of *H

Free PHIMTX Oh 87-224+2:66 <0-01 0-02+0-00 87-26+2-67

injected into

normal joints 4h 345+043 0-10+0-03 0-16+0:02 3724045
Free FHIMTX 4h 3-18+0-55 0394005 0-16+002 3-74+0-53

injected into

arthritic joints 24 h 0444001 0-10+002 0024001 0-56+004

Liposomes (99 umol 4h
phospholipid)

46-45+460 2:04+020 0-16+0-03 48-65+4-85

containing 24h 41-38+2-93 4001031 0111002 45494296
FHIMTX & ['C)
cholesteryl oleate 3 days 2574243 5194042 0204002 31-14+2-58
injected into
arthritic joints 7 days 466+090 554+034 0-11+0-02 10-314098
Recovery of '*C
Liposomes (99 umol 4 h 48-324+0-48 2224022 0-14+0-01 50-68 +0-58
phospholipid)
containing 24h 50-10+2-65 4724045 0-13+0-01 54954272
FHIMTX & [*C]
cholesteryl oleate 3 days 19-374+2:02 5004016 0-144+0-02 24-51+2-37
injected into
arthritic joints 7 days 2:9940-74 564+0-32 0-13+0-:03 8-76+1-01
Liposomes (4-95umol 4h 34-87+1-87 343+0-15 0-05+0-01 3835+1-94
phospholipid) 24h 24-45+1-60 691+0-34 0-07+£0-01 32434197
containing

[“C]cholesteryl
oleate injected into
arthritic joints
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F1G. 1.*H or *Cin blood ?lasma afteri.a. injection of free PHIMTX
or liposomes containing [P’HJMTX and ['*C]cholesteryl oleate. Free
[PHIMTX injected into normal SO) or arthritic joints (O). Liposomes
containing [*"HJMTX (&) and ['*C]cholestery! oleate (a) injected into
arthritic joints. (mean +s.e.m., n=4-6)

association of liposomal [PHJMTX with the synovium was
due to the large amount of lipid injected saturating the
mechanisms involved in liposome uptake, the amount of
liposomal lipid injected was reduced 20-fold. When 4-95
umols instead of 99 umol phospholipid were injected, the
percentage of *H injected associated with the synovium 24 h
later was approx 1-5 fold greater, whereas the percentage
associated with the patella and menisci cartilage was approx
50% lower (P <0-01) (Table 1).

Extra-articular distribution

Peak plasma concentrations of PHJMTX occurred 1 h after
i.a. injection of either free or liposome-entrapped FHIMTX
(Fig. 1). The highest plasma levels were attained when
arthritic joints were injected with free PHIMTX, 1 h after
injection, 6-8 + 0-3% >H injected being present in the plasma,
compared with 5-5+0-9% when normal joints were injected.
Plasma levels of *H attained after i.a. injection of liposomal
[FHIMTX were approx 7-fold less than levels produced by
free PHIMTX. However, after liposome injection plasma
levels of *H increased more rapidly than “C, suggesting that
some entrapped PHJMTX leaked from the liposomes soon
after injection.

[PHIMTX which leaked from the joints was rapidly
excreted in the urine. Thus, when free PH]MTX was injected,
352+ 1-7% and 79-3 + 2:2% was excreted in the urine within
4 and 24 h, respectively. By contrast, when liposome-
entrapped PHIMTX was injected, 20-4 +3-6% was excreted
over 24 h, with only 0-:25+40-12% "C detected in the urine at
this time (Fig. 2). The liver and kidneys contained appreci-
able amounts of *H, levels in these organs being maintained
longest in rabbits injected with liposomes, presumably due
to the slower but sustained release of PHJMTX from the
injected joint (Table 2).

Discussion

The rapid clearance of free PH]MTX from rabbit knee joints
was similar to that reported for the clearance of MTX from
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F1G. 2. Urinary excretion of *H (open columns) and "*C (hatched
columns) after i.a. injection of liposomes containing [P(HIMTX and
["*Clcholesteryl oleate (mean +s.e.m., n =4-6).

human arthritic joints, where peak plasma concentrations
of MTX occurred 1 to 2 h after injection (Bird et al 1977).
Liposome-entrapment reduced the clearance of PHJMTX
from rabbit joints, plasma levels of *H 1 h after injection
being 7-fold less than when free PHIMTX was injected.
However, plasma levels of *H increased more rapidly than
those of "C, suggesting that some entrapped [PHMTX
leaked from the liposomes within a few minutes of injection.

This is in accord with results we obtained on liposome
stability in synovial fluid in-vitro, approx 10% of entrapped
[FHIMTX leaking from liposomes within the first hour of
incubation (White et al 1983).

Plasma levels of *H after i.a. injection of PHMTX
inversely reflected drug retention in the joint. Thus, 24 h after
injection of liposome-entrapped [PHIMTX, 45-5% was reco-
vered from the joint compared with less than 0-6% when free
drug was injected. At this time only 4% of liposomal
[PHJMTX injected was associated with the synovium, and
although this was 40-fold greater than when free drug was
injected, it was much lower than has been reported by other
workers for liposome-entrapped material. For example,
Bard et al (1983) reported that injection of liposome-
entrapped chelated 5'Cr into rabbit knee joints resulted in
over 90% of the radioactivity being associated with the
synovium 24 h later. Similarly, Shaw et al (1979) injected
arthritic rabbits with liposome-entrapped corticosteroids
and, depending upon the duration of the arthritis, found 10
to 60% of drug associated with the synovium, uptake being
greatest in joints with arthritis of 2 days duration. In the
current study the arthritis was of 21 days duration and the
low uptake of liposomal PHJMTX by the synovium may
have been due in part to the chronicity of the arthritis. Both
Shaw et al (1979) and Bard et al (1983) induced arthritis by
the i.a. injection of a complex of hyaluronate and poly-D-
lysine. In our experience, arthritis induced by injection of the
complex is less severe and less persistent than antigen-
induced arthritis, perhaps accounting in part for the reported
differences in liposome uptake by the synovium. Also, in the
present study the large amounts of lipid injected may have
saturated the phagocytic processes involved in liposome
uptake by the synovium. Thus, in the initial study 99 umol of
liposomal lipid was injected, but when this was reduced 20-
fold the percentage of the “C-lipid marker associated with
the synovium increased approx 50%. By contrast, Bard et al
(1983) injected only 2 umol lipid, which could account for the
high liposomal uptake (> 90%) by the synovium which they
observed. Another factor responsible for the low uptake of

Table 2. Recovery of *H and '*C from extra-articular tissues after i.a. injection of
[PH]JMTX or liposomes containing PHIMTX with ['“C]cholesteryl oleate. Values

are percentage of injected *H or !

C recovered (mean +s.e. mean, n=6).

Percentage of *H or '*C recovered

Spleen Kidney Lung

Recovery of *H

Time of

Treatment Injection Liver
Free PHIMTX 4h 3-48+0-40

injected into

arthritic joints 24 h 0-4140-20
Liposomes 4h 1-89+0-28

containing

PHIMTX & ['*C] 24 h 2:09+0-25

cholesteryl oleate
injected into
arthritic joints

0034001 1-75+008 0-03+0-01

<001 0:14+004 <0-01
0-03+0-02 1-70+0-48 0-03+0-01

0-044+001 0194006 0-1810-03

Recovery of 1C

Liposomes 4h
containing
PHIMTX & ['*C] 24 h
cholesteryl oleate
injected into
arthritic joints

0-83+042

1'14+040 0014001 0-08+0-01 0-08+0-01

<001 0071003 0-21+0-09
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liposomes by the synovium could have been their high
cholesterol content. Liposomes with a high cholesterol
content were used because they were shown to be stable in
the presence of synovial fluid in-vitro (White et al 1983).
However, a high cholesterol content has been shown to
depress liposome uptake by macrophages in-vitro (Foong &
Green 1988) and by the liver and spleen in-vivo (Patel et al
1983). Furthermore, the degradation of liposomes taken up
by macrophages appears to be inhibited by a high cholesterol
content (Johnson 1975).

MTX was selected as a suitable cytotoxic agent for this
study because it has been shown to be beneficial in the
systemic therapy of arthritis and it has the potential advan-
tage that toxicity can be limited by folic acid rescue (see
Wilke & Mackenzie 1986). In the current study, although the
uptake of liposome-entrapped MTX by the synovium was
less than had been expected, it is of note that association of
[PHIMTX with the synovium 24 h after injection was 40-fold
greater than when free PHIMTX was injected, while levels
in the patella and menisci cartilage were not significantly
increased. Thus, liposome-entrapment should favourably
enhance the inhibitory effect of MTX on synovial prolifera-
tion, whilst having minimal effects on the cartilage. Lipo-
some-entrapped cytotoxic drugs may be preferable to radio-
isotopes for treating synovitis, since the latter, even when
selectively taken up by the synovium, can irradiate and
damage adjacent articular cartilage (Bard et al 1984).

Acknowledgements

This work was supported by a grant from the Nuffield
Foundation. We thank Lederle for generous supplies of
MTX.

References

Bard, D. R., Knight, C. G., Page Thomas, D. P. (1983) The retention
and distribution in the rabbit knee of a radionucleotide complexed
with a lipophilic chelator in liposomes. Clin. Exp. Rheumatol. 1:
113-117

Bard, D. R., Knight, C. G., Page Thomas, D. R. (1984) Treatment of
a rabbit experimental arthritis with 177-Lu in chelator liposomes.
Ann. Rheum. Dis. 43: 111

Bird, H. A, Ring, E. F., Daniel, R., Bacon, P. A. (1977) Comparison
of intra-articular methotrexate with intra-articular triamcinolone
hexacetonide by thermography. Curr. Med. Res. Opinion 5: 141-
146

Consden, R., Doble, A., Glynn, L. E., Nind, A. P. (1971) Production
of a chronic arthritis with ovalbumin. Its retention in the rabbit
knee joint. Ann. Rheum. Dis. 30: 307-315

Davis, S. S., Hunneyball, 1. M., Illum, L., Ratcliffe, J. H., Smith, A.,
Wilson, C. C. (1985) Recent advances in the use of microspheres
for targeted therapy. Drugs Exp. Clin. Res. 11: 633-640

Foong, W. C., Green, K. L., Patterson, K. H., Brown, J. E., Brown,
J. R. (1985) Treatment of arthritis in the rabbit with intra-articular
daunorubicin linked to protein. J. Pharm. Pharmacol. 37 (Suppl):
98P

Foong, W. C., Green, K. L. (1988) Association of liposome-
entrapped *H-methotrexate with thioglycollate-elicited macro-
phages in-vitro. Ibid. 40: 171-175

Hunneyball, 1. M. (1986) Intra-articular administration of drugs.
Pharm. Int. 7: 118-122

Johnson, S. M. (1975) The inability of macrophages to digest
liposomes containing a high proportion of cholesterol. Biochem.
Soc. Trans. 3: 160-161

Patel, H. M,, Tuzel, N. S. Ryman, B. E. (1983) Inhibitory effect of
cholesterol on the uptake of liposomes by liver and spleen.
Biochim. Biophys. Acta 761: 142-151

Ratcliffe, J. H., Hunneyball, I. M., Smith, A., Wilson, C. G., Davis,
S. S. (1984) Preparation and evaluation of biodegradable poly-
meric systems for the intra-articular delivery of drugs. J. Pharm.
Pharmacol. 36: 431-436

Shaw, I. H., Knight, C. G., Page Thomas, D. P., Phillips, N. C.,
Dingle, J. T. (1979) Liposome-incorporated corticosteroids: I.
The interaction of liposomal cortisol palmitate with inflammatory
synovial membrane. Br. J. Exp. Pathol. 60: 142-150

Spector, W. S. (1956) Handbook of Biological Data. Saunders,
Philadelphia, pp. 340.

White, G. L., Foong, W. C., Green, K. L. (1983) The influence of
cholesterol on the stability of liposomes containing methotrexate.
Biochem. Soc. Trans. 11: 305-306.

Wigginton, S. M., Chu, B. C., Weisman, H., Howell, S. B. (1980)
Methotrexate pharmacokinetics after intra-articular injection in
patients with rheumatoid arthritis. Arthritis Rheum. 23: 119-122

Wilke, W. S., Mackenzie, A. H. (1986) Methotrexate therapy in
rheumatoid arthritis. Current status. Drugs 32: 103-113



