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EFFECT OF PENTOXIFYLLINE ON
ADJUVANT-INDUCED ARTHRITIS
IN ALBINO RATS

By

Karawan M., Abdel Rahman

From
Department of Clinical Pharmacology. Faculty of Medicine.
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ABSTRACT
Rheumatoid arthritis (RA) is a
common inflammatory autoimmune
disorder. Non-steroidal anti-
inflammatory drugs (NSAIDs) have
become an integral part of RA thera-
py. Adverse effects of these drugs
are widely expanding. Data implicate
the cytokine tumor necrosis factor-
alpha (TNF-a) in the pathophysiology
of RA as well as involved in the indo-
methacin induced gastrointestinal
damage. Pentoxifyline (PTX), a
methylxanthine derivative is docu-
mented to possess anti-inflammatory

and anti-TNF-a properties.

The present study was conducted
to investigate the effect of PTX on
edema, serum malondialdehyde
(MDA) and TNF-a in experimentally

345

induced collagen Il adjuvant arthritis
in albino-rats. Forty-two male albino
rats weighing 200-250 grams were
‘'used throughout the study. The ani-
mals were divided into seven equal
groups. Group (1): Non-arthritic con-
trol rats received daily 0.5 m! intra-
gastric isotonic saline for 6 weeks.
Group (2):
ceived daily 0.5ml isotonic saline in-
tragastrically for 6 weeks. Group (3):
Arthritic rats treated intragastrically
with indomethacin (1.3 mg/kg/day) for
6 weeks. Group (4): Arthritic rats
treated with daily intragastric PTX (50
mg/kg) for 6 weeks. Group (5): Arthrit-
ic rats treated with PTX (100 mg/kg/
day), intragastrically for 6 weeks.
Group (6): Arthritic rats treated with
PTX (50 mg/kg/day) given 30 minutes
before administration of indomethacin

Arthritic control rats re-
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346 STUDY OF THE EFFECT OF PENTOXIFYLLINE etc..

(1.3 mg/kg/day), intragastrically for 6
weeks. Group (7): Arthritic rats treat-
ed with PTX (100 mg/kg/day) admin-
istered 30 minutes before administra-
tion of indomethacin as above.

It was found that administration of
collagen Il and complete freund's ad-
juvant to rats produced a significant
arthritic changes as assessed by paw
edema thickness, analgesmetric pres-
sure and C-reactive protein, arthritic
rats developed a significant increase
in serum MDA and TNF-c. Daily intra-
gastric administration of either indo-
methacin, PTX alone or in combina-
tion induced a significant decrease in
paw edema thickness, CRP, MDA as
well as induced increase in analges-
metric pressure tolerance. Adminis-
tration of PTX (50 mg or 100mg/kg) to
arthritic rats produced significant de-
crease in TNF-a. Mean while admin-
istration of indomethacin alone to ar-
thritic significant
increase in TNF-a.. Administration of
PTX (50 or 100 mg/kg/day) 30 min-
utes before indomethacin induced a
significant decrease in TNF-o as
compared to administration of indo-
methacin alone. These findings sug-
gest that PTX is effective in treatment

rats produced
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of collagen-Il induced adjuvant arthri-
tis. In addition the present work sup-
port the concept that antagonizing
TNF-c is successful in treating inflam-
matory disorders as RA. PTX may
have to be used as adjuvant therapy
in RA.

INTRODUCTION

RA is a common inflammatory au-
toimmune disorder with a widely vary-
ing degree of severity (1). NSAIDs
have become an integral part of the
rheumatological disorders therapy (2).
The gastro-intestinal and renal toxici-
ty of these medications are well
known (2.3),

Collagen |l induced arthritis (CIA)
is an experimental model of autoim-
mune disease that can be induced
in rats by immunization with type Ii
collagen (1:4). Many features of CIA
resemble those of RA in human.
It has been shown that both cellular
and humoral immune responses to
collagen Il are involved in patho-
genesis of CIA (4), Data implicates
the cytokine TNF-a in the pathophy-
siology of RA (). In vitro data suggest
that PTX may possess anti-TNF-a
properties (7). PTX has been used for
more than 20 years in the treatment
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of peripheral vascular disease be-
cause of its potent hemorrheological
properties (6) subsequently, PTX was
found to have anti-inflammatory prop-
erties mediated via inhibition of phos-
phodiesterases (7).

In vitro, PTX inhibits monocyte
production of TNF-a (8) that thought
to play a central role in the pathogen-
esis of many diseases like RA. Mod-
est clinical effects have also been ob-
served in RA (5.34)  Beneficial effects
of PTX have been reported in idio-
pathic dilated cardiomyopathy (9),
childhood type | diabetes (10), and
systemic vasculitis (11). Furthermore,
PTX inhibits lipopolysaccharide in-
duced production of TNF-a. by mono-
cytes and T-cells as well as interleu-
kin-2 induced (IL-2) adherence to
leukocytes (12.13), Sybstantial evi-
dence indicates that inflammatory cy-
tokines subserve a crucial role in joint
destruction and disease propagation
in RA (14). Among these cytokines,
TNF-a. has been considered as the
pivotal factor to induce and sustain
tissue damage by activating the in-
flammatory mediator cascade, stimu-
lating the mechanism of angiogenesis
and up-regulating the vascular endo-

thelial adhesiveness (15), TNF-q is
found in elevated level in sera of RA
patients (15), Thus this study was car-
ried out to examine whether treat-
ment with PTX ameliorates edema
and, inflammation in rats with CIA.
Furthermore this study aimed to test
the hypothesis that PTX inhibits pro-
inflammatory cytokine (TNF-a) pro-
duction in CIA in rats.

MATERIALS AND METHODS
Drugs used :

* Pentoxifylline (PTX) powder is sup-

plied by Sigma Co, dissolved in
sterile isotonic saline. Control rats
received an equivalent volume of
the vehicle. :

» Indomethacin, Sigma Co, dissolved
in sterile isotonic saline.

Statistical Analysis :

One-way analysis of variance
(ANOVA) was done to compare be-
tween the studied groups followed by
Student's "T" test according to Pip-
kins (17) to compare stastistically the
significant changes between control
group and test group. P values < 0.5

were considered to be stastistically
significant.
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Animals used :

Forty-two male albino rats aged 3-
4 months and weighing 200-250
grams each were used throughout
the experiment. They were put under
similar housing conditions; kept on
diet of milk and bread, and liberally
supplied with water.

Animal grouping :

This experiment comprised 7
equal groups (n=6), received medica-
tions daily intragastric for 6 weeks.
Group (1) : Non-arthritic control rats

treated with daily intragas-
tric isotonic  saline (0.5
mi).

Group (2) : Arthritic control rats
treated with 0.5 ml isoton-
ic saline.

Group (3) : Consisted of arthritic rats
treated with indomethacin
[single daily dose of
1.3mg/kg(18)].

Group (4) : Arthritic rats treated with
daily intragastric PTX (50
mg/kg) (19).

Group (5) : Arthritic rats treated with
PTX (100 mg/kg/day)
(19).

Group (6) : Arthritic rats treated with
(50 mg/kg/day) PTX
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which administrated 30
minutes before indometh-
acin (1.3 mg/kg/day).

Group (7) : Consisted of arthritic rats
treated with PTX (100 mg/
kg/day) administered 30
minutes before indometh-
acin.

INDUCTION OF ARTHRITIS

CIA was produced in albino rats
according to the method of Eckhardt
et al (20), Collagen Il (C11)) was dis-
solved overnight at 4°C in 0.1M ace-
tic acid (prepared by addition of 5.7
mi glacial acetic acid to one litre of
distilled water at a concentration of
4mg/ml). The solution was clarified by
centrifugation, diluted when neces-
sary with 0.1M acetic acid. The previ-
ously prepared C11 was emulsified in
an equal volume of complete freund's
adjuvant (CFA) which composed of
dried heat killed mycobacterium in
mineral oil (this was supplied by Difo
laboratories, Detroit, Michigan). This
emulsification was done by using Vir-
tis 23 homogenizer (Gardmer, New
York).Centrifugation was done at 300
r.p.m for 5 minutes. A total volume of
0.1 ml of the cold emulsion was in-
jected intradermally (ID) into the tail
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base of each rat. A boaster dose was
given after 3 weeks. After 45 days the
systemic arthritis was manifest in
both hind paws. Inflammatory and
anti-inflammatory effects (pain toler-
ance and edema development and
suppression) were assessed by using
the analgesmeter and paw edema
tests respectively (21.22) At the end
of the experiment, all rats were sacri-
ficed by knife. Trunk blood of each rat
was collected and centrifuged at 1000
r.p.m for 15 min. the unhaemalyzed
serum samples were separated care-
fully and stored at -70°C until used
for assay. Serum CRP was meas-
ured by using latex particles of ag-
glutination (23.24), Lipid peroxidation
was assessed spectrophotometrically
by measuring serum MDA using
thiobarbituric acid method (29). In ad-
dition to measurement of serum tu-
mor necrosis factor-a. according to
Carti et al (26)-

RESULTS
Induction of collagen-ll adjuvant
arthritis produced a significant de-
crease in analgesmetric pressure tol-
erance, significant increase in paw
edema thickness as well as signifi-
cant increase in serum CRP, MDA

and TNF-a (Tab.1).

Daily administration of indometha-
cin (1.3 mg/kg) for 6 weeks produced
significant increase in analgesmetric
pressure tolerated by the arthritic
rats, significant decrease in serum
CRP and MDA but significant in-
crease in serum TNF- o (tab. 2&3).

Intragastric administration of PTX
in a dose of 50 or 100 mg/kg/day pro-
duced significant improvement of ar-
thritic rats. This improvement was in-
dicated by significant decrease in
serum CRP and MDA as well as in-
crease in analgesmetric pressure tol-
erated by the rats . Also of PTX in ei-
ther doses  produced significant
decrease in TNF- ¢ as compared to
the arthritic control (Tab.2 &3). More-
over, administration of PTX in either
daily dose 50 mg/kg or 100 mg/kg 30
minutes before administration of indo-
methacin (1.3 mg/kg/day, intragastri-
cally for 6 weeks) induced significant
increase in analgesmetric pressure
tolerated by the arthritic rats and sig-
nificant decrease in paw edema thick-
ness as well as significant decrease
in serum TNF-a. as compared to ad-
ministration of indomethacin alone
(tab. 2 &3).
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DISCUSSION

Collagen induced arthritis (CIA) is
an experimenfal model of autoim-
mune disease (27). It can be induced
in mice(27), rats(28), and monkeys(29)
by immunization with type Il collagen
(C11). Many features of CIA resem-
ble those of RA in human (30),

In the present study CIA devel-
oped within 45 days after ID injection
of C11 in CFA as evidenced by signit-
icant decrease in pain threshold and
increase the mean hind paw edema
thickness accompanied by increase
in serum CRP, MDA and TNF-a
These results are in accord with
those observed by Rodringuez et al
(31) and Yamaki et al (32)

Intragastric administration of indo-
methacin in a dose of 1.3mg/kg/day
for 6 weeks to rats with CIA produced
a potent anti-inflammatory activity as
assessed by decrease paw edema
thickness, increased analgesmetric
pressure tolerance, and serum CRP.
These findings are in aggreement
with Yamaki et al (32), Furthermore,
administration of indomethacin to CIA
rats resulted in significant increase in

TNF-c.. This finding is supported by

the study of Reuter and Wallace and
by the study of Souza et al (19.33),
Also, they suggested that PTX pre-
vented acute gastric mucosal dam- -
age and neutrophil migration induced
by indomethacin and reduced indo-
methacin induced release of TNF-c.
TNF-o acting via tumor necrosis fac-
tor- alpha receptors-1 (TNF-ct. R1) is
involved in indomethacin induced
gastric damage and granulocyte infil-
tration. In present study administra-
tion of indomethacin to arthritic rats
induced a significant decrease in ser-
um MDA. This findings is consistent
with Twoney and Dale (16) as they
have been documented that NSAIDs
can either attenuate or depress the
neutrophil respiratory burst that oc-
curs when cells become activated by
specific stimuli. The respiratory burst
generates the superoxide anion
which give rise to tissue damaging
oxygen metabolites.

In the present study, administra-
tion of PTX to the arthritic rats in a
dose of 50 mg/kg/day or 100 mg/kg/
day, intragastrically for 6 weeks re-
sulted in significant improvement as
indicated by decreased serum CRP,
MDA as well as increase in an anal-

MANSOURA MEDICAL JOURNAL
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gesmetric pressure tolerated by the
arthritic rats. These results are sup-
ported with clinical studies (34.35,45)
which found that PTX exerted mod-
est beneficial effects in RA. Neutroph-
ils enter the affected joint in RA and
become activated to secrete tissue
damaging granule enzymes and reac-
tive oxygen metabolities. Synovial
fluid contains oxidatively altered com-
ponents and neutrophil derived pro-
teins such as myeloperoxidase that
are detected within joints in RA sug-
gesting that degranulation has oc-
curred (38), Interestingly low doses of
PTX have been associated with sup-
pression of neutrophil function such
as chemotaxis, superoxide anion pro-
-duction, hydrogen peroxide produc-
tion, deformability, phagocytosis and
degranulation (37). Furthermore,PTX
has been shown in human and ani-
mal studies to have a variety of physi-
ological effects at the cellular and
vascular levels (38), Administration of
PTX (50 or 100 mg/kg/day) for 6
weeks to arthritic rats produced signif-
icant decrease in TNF-c.. This results
could be explained on the light of the
study done by Porter et al (39) as they
reported that PTX in a dose of 100
mg induced a significant decrease in

Vol. 37, No. 1 &2 Jan., & April, 2006

lipopolysaccharide (LPS) induced
production of TNF-ct, but administra-
tion of PTX in a dose of 50mg/kg/day
resulted in a non-significant change in
TNF-a levels induced by LPS (39.40),
PTX prevents the degradation of
CAMP leading to an increase in the in-
tracellular concentration of cAMP,
which suppresses TNF-a production
(41), Increased cAMP activates pro-
tein kinase A (PKA) which catalyzes
the phosphorylation of protein, alter-
ing their conformation and activity .
Perhaps increased PKA activity alters
factors such as activation of phos-
pholipase C, PKC and protein tyro-
sine kinase which play role in cyto-
kine synthesis (3941). In present
study CRP was reduced in arthritic
rats treated by PTX. CRP was proved
to have direct pro-inflammatory ef-
fects on endothelial cells, including
the expression of adhesion molecules
and monocyte chemotactic protein-1
(43). Furthermore CRP is implicated
in the synthesis of TNF-a (42), Hence,
a reduction in serum CRP by PTX
could have beneficial effect on RA by
decreasing TNF-c.

Administration of PTX either in a
dose of 50mg/kg/day or 100mg/kg/
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day, 30 minutes before administration
of indomethacin produced significant
increase in analgesmetric pressure
tolerated by the arthritic rats and a
significant decrease in paw edema
thickness, as well as of significant de-
crease in serum TNF-c, as compared
to administration- of indomethacin
alone. These results could be ex-
plained on the light of study of Cou-
turier et al (44). Those authers report-
ed that the intestinal damage
produced by indomethacin could be
significantly attenuated by pre-
treatment with specific type IV phos-
phodiesterase (PDE)inhibitor (RO-20-
1724) by decreasing TNF-a. On the
other hand Reuter and Wallace (19),
reported that PDE inhibitor (PTX) had
its protective effect against NSAID
enteropathy through a mechanism in-
dependent of TNF-o. synthesis inhibi-
tion. So the present study support the
concept that antagonizing the action
of TNF-o is successful in treating in-
flammatory disorders (RA) and for op-
timal effect in treating RA, PTX may
have to be used as adjuvant therapy.
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