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Abstract

This paper describes a novel approach for designing drug delivery systems for intra-articular (i.a.) treatment of rheumatoid
arthritis. Retention of these systems was evaluated by radiolabeling with Tc-99m and gamma scintigraphy in arthritic rabbits.
Liposome, niosome, lipogelosome and niogelosome formulations of Diclofenac Sodium (DFNa) have been prepared and drug
release properties and in vitro characterisation studies have been carried out. According to characterisation results L1 (DMPC.:
CHOL: DCP (7:1:2)), L1J1 (DMPC: CHOL: DCP (7:1:2) in C-940 1:1 (w/w)), N (SUR I: CHOL: DCP (7:1:2)) and NJ1 (SUR I:
CHOL: DCP (7:1:2) in C-940 1:1 (w/w)) formulations were chosen for the further studies. Retention time of these formulations
was evaluated by gamma scintigraphic imaging studies. Rabbits with antigen-induced arthritis were injected intra-articularly
with Tc-99m labelled drug delivery systems. Serial scintigraphic images were obtained to investigate the retentions of labelled
drug delivery systems in the arthritic joints and choose a suitable formulation for the treatment protocol of arthritis.

At the end of the scintigraphic imaging studies it was observed that radiolabelled lipogelosome formulation containing
DFNa (L1J1) retained much longer in the experimentally arthritic knee joints of the rabbits. This formulation was used for the
treatment protocol of arthritis. Mono articular arthritis was induced in the knee joints of rabbits and it was monitored at regular
time intervals by measuring changes in knee joint diameter. Also macroscopic and histopathologic evaluations were performed
for further evaluation of arthritis. Great retention of DFNa in the arthritic joint might reduce potential adverse systemic effects
of the drug because of local administration into the diseased area. It appeared to be a promising drug delivery system for
intra-articular drug delivery.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Also treatment of arthritis by i.a. administration
of anti-inflammatory drugs encapsulated in drug
Rheumatoid arthritis (RA) is a chronic, inflamma-  delivery systems prolongs the residence time of the
tory condition of unknown aetiology that affects about drugs in the joint Trif et al., 200). It was therefore
1% of the general populatiofr¢ldmann et al., 1996  anticipated that liposome/niosome entrapment would
and is the most common cause of chronic inflamma- enhance the efficacy of drugs in the inflammatory sides
tory synovitis Watson-Clark et al., 1998 Although (Monkkonnen et al., 1995; Pennanen et al., 1995
spontaneous remission can occur, it often progresses Current treatment of RA frequently includes the
to a chronic state associated with significant functional use of NSAIDs, such as Diclofenac Sodium (DFNa)
disability (Geletka and Clair, 2003 The number of (Pittier, 2000andMotta et al., 2008 DFNa has a very
drugs used in the treatment of RA has increased over short plasma half-life and most common side effects.
the past 10-20 years. An ideal therapy in RA should Due to short biological half-life and adverse effects in-
ameliorate disease, prevent the development of extra-cluding gastrointestinal side effects such as gastritis,
articular complications such as vasculitis, serositis, and peptic ulcer and bleedingSupta and Kumar, 2000
lung fibrosis and prevent premature dedhlfinovich, DFNa is considered as an ideal candidate for con-
2000. However, there is still an urgent need for more trolled drug release formulations. It has been shown
effective drugs with reduced side effectSaofvo et to be effective for relieving pain in rheumatic and non-
al., 2003. Non steroidal analgesic anti-inflammatory rheumatic disease3drres-lopez et al., 1997with a
drugs (NSAIDs) have been used extensively for treat- good safety profileltsinger et al., 1986
ment of RA owing to their quick onset of analgesic In the presented study our aims were: (1) To develop
effects and mild anti-inflammatory properties despite and choose an optimum drug delivery system with
the potential associations with various side effects such reduced systemic effects for the treatment of antigen-
as ulceration of gastrointestinal tract and kidney tox- induced arthritis (AIA) with assessing the retention
icity with systemic administrationJung-Ah Lee and  kinetics of i.a. administered radiolabelled drug deliv-
Kavanaugh, 2003; Srinath et al., 2Q0Mtra-articular  ery systems. (2) To observe the value of scintigraphic
(i.a.) drug delivery is chosen for the rationale treatment imaging in the detection of the retention amounts of
of arthritic joints with drugs due to attaining high con-  different drug delivery systems. Based on our purpose
centrations of drug in the joint and causing minimal we prepared drug delivery systems containing DFNa
systemic toxicity Dingle et al., 1978 and we performed characterization, in vitro release
A major limitation in the administration of soluble  and scintigraphic imaging studies of these systems.
drugs by the i.a. route is their rapid clearance into the
systemic circulation\igginton et al., 198 Various
particulate systems, which are retained effectively 2. Materials and methods
within the joint, have been investigatediebb et al.
(1969) showed that i.a. injected colloidal particles 2.1. Materials
are taken up by both normal and inflamed synovium;
however there was still some degree of extra-articular ~ Dimyristoyl phosphotidyl choline (DMPC) and dis-
spread with these materiaRatcliffe et al. (1986and tearyl phosphotidyl choline (DSPC) are representative
other workers Barrera et al., 2000have shown that  of liquid and gel state phospholipids, respectively, and
factors such as particle size, physical form and degree were obtained as gift from Nattermann GmBH (Ger-
of inflammation may influence the clearance rate. Itis many). Surfactant I (polyglyceryl-3 cethyl ether (SUR
assumed that incorporation of drugs in drug delivery 1)) was supplied by L'Oreal. Dicethyl phosphate (DCP),
systems such as liposomes and niosomes may increasélEPES, ovalbumin, cholesterol (CHOL), Freud's
accumulation in the sites of inflammation, possibly Complete Adjuvant (FCA) and carboxhymethyl cel-
by extravascularization through the gaps formed lulose (CMC-Na) were purchased from Sigma (USA).
between the endothelial cells of the vasculature and Chloroform was obtained from Merck (Germany).
reduce the side effects by reducing the availability of All chemicals used in experiments were of analytical
the drug in systemic circulatiorS{mionescu, 1980 grade.
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2.2. Preparation of liposome/niosome dispersions basis. pH measurements were done by using pH me-
ter (Inolab, Germany). All the pH of formulations was
Liposome and niosome dispersions were prepared adjusted to pH 7.4.
by film technique Bangham et al., 19§5Briefly, lipo- Composition, ratio and code of the liposome, nio-
somes and niosomes were prepared by dissolving thesome, lipogelosome and niogelosome formulations are
40pmol mL~1 of phospholipids and/or the surfactant given inTable 1
in 30 mL chloroform in around-bottom flask. The chlo-
roform was removed using a rotary evaporator (Buchi
461, Switzerland) under reduced pressure to form a thin
film over the wall of the flask. The dried film was then
hydrated over a water bath with 10 mM HEPES (pH
7.4) containing 10 mgmt! DFNa. Free DFNa was
removed by centrifugation three times at 17,500 rpm
for 45 min in each. The pellets that were obtained after
the centrifugations were treated with detergent (Triton
X-100in 10 mM HEPES (pH 7.4) buffer) and then final
clear solutions were analysed for drug content spectro- 2.4.2. Determination of liposomal phospholipid
metrically atA =303 nm. Determination of lipid content gives an idea about
Encapsulation efficiency was calculated as a fraction the efficiency of method of preparation of liposomes.
of drug in the liposome/niosome pellet expressed as a Liposomal phospholipid content was determined by the
percentage of total drug content. colorimetric method oRouser et al., 1970

2.4. Characterization of liposome/niosome
dispersions

2.4.1. Particle size measurement

Mean particle size and size distributions of the dis-
persions were measured by dynamic light scattering
method (Malvern Mastersizer 2000, UK).

2.3. Preparation of lipogelosome and niogelosome  2.4.3. Invitro release of DFNa from liposome and
formulations niosome formulations
In vitro release of DFNa from liposome and
Lipogelosome and niogelosome formulation were niosome formulations was measured spectrophoto-
prepared by incorporation of liposomes and niosomes metrically ata=275nm by incubation of 0.1 mL of
in structured vehicles. Carbopol 940 (C-940) at the con- liposome and niosome formulations in 10 mL 10 mM
centration of 1% in distilled wateF@rshi etal., 1996 ~ HEPES (pH 7.4) buffer at 37C in mild shaking water
and CMC-Na at the concentration of 2.5%sa@vola et bath. Samples were withdrawn at fixed time intervals
al., 1995 was used as ge| forming agents because of and absorbance was noted of 275 nm with 1cm path
their good bioadhesive properties. length quartz cuvettes by using UV spectrophotometer
For preparation lipogelosomes/niogelosomes, gel (Schimadzu UV 160A, Japan). No interference
formulations of C-940 and CMC-Na and liposo- of the empty formulations was detected at this
mal/niosomal DFNa were mixed 1:1 ratio on weight Wwavelength.

Table 1

Composition, ratio and code of the liposome, niosome, lipogelosome and niogelosome formulations containing DFNa

Formulation Composition Ratio Code
Liposome DMPC: CHOL: DCP 7:1:2 L1
Liposome DMPC: CHOL: DCP 7:1:2 L2
Niosome DSPC: CHOL: DCP 7:1:2 N
Lipogelosome (DMPC: CHOL: DCP) +C-940 1:1 (wiw) L1J1
Lipogelosome (DMPC: CHOL: DCP) + CMC-Na 1:1 (wiw) L1J2
Lipogelosome (DSPC: CHOL: DCP) +C-940 1:1 (wiw) L2J1
Lipogelosome (DSPC: CHOL: DCP) + CMC-Na 1:1 (wiw) L2J2
Niogelosome (SUR I: CHOL: DCP) + C-940 1:1 (wiw) NJ1

Niogelosome (SUR I: CHOL: DCP) + CMC-Na 1:1 (wiw) NJ2
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2.5. Characterization of lipogelosome and 2.7. Animal experiments
niogelosome formulations
2.7.1. Induction of arthritis

2.5.1. Viscosity measurements New Zealand rabbits weighing 2.5-3 kg were used

Viscosity measurements of lipogelosomes and for the in vivo experiments. A physiological solu-
niogelosomes were performed by using rheometer tion (0.9% NaCl) of ovalbumin at a concentration of
(Brookfield, USA) at 25 and 37C. The shear rate 20 mg mL~! was emulsified with an equal volume of
was increased from O to 100 rpm. The viscosity was Freud's Complete Adjuvantpong and Green, 1993;
determined from the flow curve obtained at different Ceponis et al., 2001 In order to obtain homoge-
values of shear rate. nous dispersion, the emulsion was passed through a
homogeniser for three times. To obtain inflammation
1 mL of the emulsion sample was injected into right
knee joints of each rabbit. Collateral knees used as the
control joints were injected 1 mL of 0.9% NacCl solu-
tion. Monoarticular arthritis developed in 10 days after
the i.a. injection.

2.5.2. Invitro release of DFNa from
lipogelosomes and niogelosomes

In vitro release properties of liposome and niosome
dispersions were evaluated by using Franz-type diffu-
sion cell. About 0.5 of sample was introduced into a
donor compartment separated by a cellophane mem-
brane (Thomas Sci. Comp., USA) from the receptor
compartment, 20 mL of HEPES buffer (pH 7.4). The
whole assembly was placed in a water bath, maintaine
at 37°C and continuously well stirred. Care was exer-
cised to remove any air bubble from the under side of
the membrane and the receiving solution.

At specified time intervals 1 mL samples were re-
moved from the receiver compartment, i.e. partial sam-
pling and refilled with an equal volume fresh buffer. All
samples were analysed for DFNa content spectropho-
tometrically using the wavelength of 275 nm.

2.7.2. Assessment of the arthritis

Inflammation of the knee joints was assessed for
dthe degree of swellingRichards et al., 1999 For
histopathological evaluation, the joint capsule of the
right knee was removed fixed in 10% formalin and
processed through routine paraffin embedding and sec-
tioning. Calcified tissue was decalcified in formic acid.
After staining by haematoxylin and eosin, the sections
were examined under light microscopyopez-Garcia
et al., 1993. Pathological results were graded on a
scale (0-3) as follows: (1) normal sinovium with a few
plasma cells and lymphocytes; (2) increased hyperpla-
sia and cellular infiltrate with vasculitis; (3) cellular
2.6. Labelling and quality control of liposome and infiltration of whole sinovium, pannus formation,
niosome formulations cartilage and bone erosioRong and Green, 1988

L1, L1J1, N and NJ1 formulations were labelled 2.8. Scintigraphic |ma_g|ng studies
with 9°™T¢ by stannous reduction methdgrlajan et
al., 1999. Tc-99m pertechnetaté¥™cO, ~) was ob- 99MT¢ labelled formulations were used to demon-
tai_ned from a generator (CIS Biointernational, France). strate which formulation would stay longest in the
Briefly 0.2mL SnC (1 mg-mL—l) and 74-111MBq  arthritic joint cavity before therapy protocol. After in-
99MTcO,~ were added to liposome/niosome formula-  duction of arthritis, each rabbit was administered with
tions. The mixture then allowed to stand 20 minatroom 37 MBq of 99™Tc¢ labelled formulations (L1, L1J1,
temperature and radiochemical purity (RCP) was de- N, NJ1) intra-articularly into the inflamed right knee
termined by impregnated thin-layer chromatography joints. The rabbits were placed under a single-headed
(ITLC) using ready silica-gel plates of ITLC-SG (Gel-  gamma camera (ADAC, Cirrus, Gamma camera). Se-
man Sci., Germany) with acid citrate dextrose (ACD) quential gamma images from the anterior projection
(Erdajan et al., 2000Ergun et al., 200R The la-  of the knees were carried out at 5, 15, 30 min, 1, 2,
belled liposomes/niosomes stayed atthe originand free 3. 4 and 24 h. ROIs were drawn over the arthritic knee
99MTcO,~ and hydrolysed-reducéd™c moved with  joints on the sequential images. Counts calculated from
the solvent front§aha, 1992; Rubin, 1989 ROIs were corrected by decay factor and plotted on a
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graph for retention kinetics for each radiolabelled for- 350000
mulation. Additionally whole body scintigraphic im- 466000+
ages from the anterior projection were performed for I
each rabbit at 20 min to determine the systemic leakage ~ 2°°%%°1
of the Tc-99m labelled formulations. « zooooo;

ﬂE 150000,
3. Results and discussion 16000041

50000 E 3 "
Liposomes have been proposed as efficient carriers 0 ' H t

for controlled drug delivery. They are able to entrap 0 20 40 60 80 100 120
hydrophilic drugs in the large aqueous interior and Shear Rate (rpm)

#L1J2-25°C = L2J2-25°C = NJ2-25°C wlL1J2-37°C aL2J2-37°C @ NJ2-37°C

lipophilic drugs inserted in the lipid bilayer. Derived
f_rqm naturally occurring, b'_Odegradable' and nOI’_]tOXIC Fig. 1. Rheological behaviour of C-940 lipogelosomes and niogelo-
lipids, they are good candidates for local targeting of somes.

therapeutic agents to the site of interest, while reducing —

systemic toxicity. In the case of arthritic diseases,

it has been reported that the i.a. administration of 1000000§

anti-inflammatory drugs encapsulated in liposomes [

shows prolonged residence in the joint and reduction , 800000

of inflammation. Moreover, the greater retention of & 6000004

the drug at the injection site should reduce potential E 4000002

adverse effectsTtif et al., 200). Film method was

used due to its simplicity, reproducibility and high 2000001

efficiency of aqueous phase encapsulation. Extrusions ” e . .

were used for homogenisation of size distribution 0 20 40 60 80 100 120
of MLV liposomes and niosomes obtained by the Shear Rate (rpm)

Film method. Approximately 10% of the total drug in ¢LIIESTC MERIESTC ARIESTC wLIJIATIC - LAILITIC AT

the aqueous phase Wa,s entrapped with the IIpOSOmeFig. 2. Rheological behaviour of CMC-Na lipogelosomes and nio-
and niosome formulations. It was observed that gelosomes.

formulation L1 (DMPC: DCP: CHOL (7:1:2)) has
the highest encapsulation efficiency, phospholipid 1988. Due to good physical, chemical and biological
content and entrapped volunigable 2illustrates the properties of hydrophilic polymer gel&futh et al.,
characterization studies of DFNa containing liposome 1993 we have chosen polymers of acrylic acid (Car-
and niosome formulations. All the formulations have bopolresins) and cellulose derivatives. The viscosity of
a monophasic and similar particle size distribution C-940 and CMC-Na lipogelosomes and niogelosomes
(200-250 nm). was determined at various shear ratéig§. 1 and 2

A vehicle used for preparation of lipogelosome and As the shear rate increased, the viscosity of the Ii-
niogelosome formulations should provide adequate pH pogelosome and niogelosome formulations decreased.

value and rheological characteristicSkalko et al., All the formulations were displayed a non-Newtonian
Table 2

Characterization of DFNa loaded liposome and niosome formulations

Formulation Size (nm) Encapsulation efficiency (%) Phospholipid content (%) Entrapped velumms (1)

L1 2354+0.011 10.8+ 0.002 97.3:2.230 4.38+0.06

L2 242+ 0.027 9.7+ 0.002 92.2+ 3.025 4.19:0.01

N 272+0.017 9.6+ 0.002 - 3.86£ 0.02

Each value represents the mean vati@.D. of six experiments.
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Table 3 120

Cumulative amounts of DFNa released from different drug delivery

systems at the end of 24 h 2
Formulation DFNa released (%) §
Liposome formulation L1 86.7 3‘:’
L2 99.5 =
Niosome formulation N 78.9 L
Lipogelosome formulation L1J1 48.2 2
L1J2 42.8
L2J1 58.2 0
L2J2 42.8 0 10 20 30 40 50 60
Niogelosome formulation NJ1 50.4 Time (h)
NJZ 418 :hfn _—_-_—-:].;1—-—L1J2 o2 —a—L2N1 J2J)2— - =N

Each value represents the mean vait.D. of six experiments. Fig. 3. Release profile of DFNa loaded liposome, niosome, lipogelo-

some and niogelosome formulations.

prolonged the DFNa released compared with the
liposome and niosome formulation§i§. 3). The
release of DFNa from the lipogelosome and niogelo-
some formulations is a combination of the release of
free, surface-bound and encapsulated drug through the
micellar network channel structures of the gel. Also

behaviour at both 25 and 3T. Difference between the
viscosities of lipogelosome and niogelosome formula-
tions was found statistically significarf® € 0.05)

The drug release profiles of DFNa from the
formulations were examined in 10 mM HEPES (pH
7.4) buffer. The cumulative amount of DFNa released
in 48 h from the formulations was given ifable 3 the release rate of a drug dissolved in the liquid phase
As expected, liposome and niosome formulations of lipogelosome and niogelosome formulations may
showed higher release of DFNa than lipogelosome be affected by the type and concentration of gelling
and niogelosome formulations. The lipogelosome agent and by processing conditiorRe@ldon et al.,

and niogelosome formulations significant§ < 0.05) 1996.

(b e 0

(c)

2 (d)

NG

A\

\
\

Fig. 4. Histopathological analysis in paraffin wax section of knee joints isolated from untreated rabbits. Normal articular cartilage before
induction of arthritis (a); lymphocytes 1 week after induction of arthritis (b); synovial hyperplasia 2 weeks after induction of arthritis (c);
cartilage destruction at last stage of arthritis (d).
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At the end of the characterisation studies L1, L1J1, 120
N and NJ1 formulations were chosen for scintigraphic 100
studies according to release, viscosity properties and in
vitro characterisation results.

AlAinrabbits provides one of the best models of RA
available. The rabbit knee joint is anatomically simi-
lar to the human knee joint, the area of the body with
the highest incidence of RAVeijers, 2003. The joint 201
histopathology of AlA closely resembles RA and its re-
sponsiveness to anti-rheumatic and anti-inflammatory 0 200 400 600 800 1000 1200 1400 1600
drugs is similar to that of the clinical diseas@lynn, Time (min)

1968; Zvaifler, 1973; Foong and Green, 1R9Bhe =Ry = s BT (n=2) — = L1 2y —e— L1 (0=2)
injection of ovalbumin and Freud's Complete Adju-
vant emulsion resulted in an increase of the diame-
ter of the knee joint of the rabbits, from #30.16 to
194 0.08 mm, 2 weeks after the i.a. injection. Both
knee measurements and histopathologi€al.(4) and 100 4
macroscopic assay indicate that AIA was successfully

80

60

Count (%)

40

Fig. 5. Time—active curves which shows retentions of Tc-99m la-
belled DFNa formulations in the arthritic knee joints.

120 4

induced in rabbits. 9 80+
Scintigraphic imaging studies were performed to E 604
detect the retention times of the formulations and to é

choose the optimum formulations for the further in 40+
vivo studies. For this purpose, selected formulations for
scintigraphic studies were labelled wR#"TcO,;~ by
stannous reduction method and RCP of these systems 0 . e s ™ i
were checked with thin-layer chromatography. Accord- Thissi{filn

ing to the quality control results it is concluded that the i et} = L1 e

labelling efficiency was found higher than 90% each all

formulation. The efﬁciency has to be more than 90% Fig. 6. Time—active curves which shows retentions of Tc-99m la-
fora good Iabelling. Our results are in agreement with belled L1 and L1J1 formulations in the arthritic knee joints.

literature Erdajan, 2001; Billinghurst et al., 2004 formulations Fig. 5). L1 and L1J1 were further evalu-
According to the scintigraphic imaging results, it ated in arthritic joints because of the similar results. It

was observed that L1 and L1J1 formulation stayed in \yas found that Tc-99m labelled L1J1 formulation was

the arthritic joint longer in comparison with the other the most significantly retained radiopharmaceutical

204

Table 4
Percentage retention amounts of L1, N, L1J1 and NJ1 formulations in the arthritic knee joints
Formulation Count (%)

5min 15min 30min 1h 2h 3h 4h 24h
L1 100 100 101 100 81 77 78 60
N 100 84 84 66 70 64 59 49
L1J1 100 100 95 97 104 77 68 67
NJ1 100 98 98 84 75 70 70 54
Formulation Count (%)

5min 15min 30min 1lh 2h 3h 4h 24n
L1 100 97 91 83 81 71 69 52

L1J1 100 97 95 94 90 80 80 61
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at the end of 24 h with 67% of the injected activity the retention of liposome-entrapped corticosteroids in
(Fig. 6, Table 4. Enhancing the retention time of the the injection was greatly enhanced.

drugs is very important in i.a. therapy. It was shown Fig. 7 displays scintigraphic images throughout at
that liposome-entrapped methotrexate injected i.a. 5, 15, 30min and 1, 2, 3, 4 and 24 h. These images
approximately 10-fold more effective than the free showed that at the end of 24 h, Tc-99m radiolabelled
drug in arthritis Foong and Green, 198®ingle et al. L1J1 formulation was still significantly present in the
(1978) first proposed the use of liposome-entrapped arthritic knee joint. Extra-articular uptakes in whole
drugs for i.a. injection, and subsequently showed that body scintigrams such as kidneys indicated that a

Fig. 7. Scintigrams of i.a. Tc-99m L1J1 injected arthritic rabbit in different time intervals: 5 min (a); 15 min (b); 30min (c); 1h (d); 2h (e); 3h
(f); 4 h (g); and 24 h (h). K: kidneys; B: bladder; arrow: arthritic knee joint.
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Fig. 8. Whole body scintigram of i.a. L1J1 injected arthritic rabbit.
K: kidneys; B: bladder; arrow: arthritic knee joint.

negligible amount of radiolabelled formulation passed
into the systemic circulatiorF{g. 8). Free®™TcO,~
is physiologically taken up by the thyroid gland and

S. Turker et al. / International Journal of Pharmaceutics 296 (2005) 34-43

vivo results treatment and biodistribution studies with
L1J1 formulation with rabbits are being performed in
our departments.
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