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Abstract

Background and aim of the study

PDE inhibitors are possible agents against chronic inflammatory diseases such as rheumatoid
arthritis. PDE4 inhibitors reduce the synthesis and release of proinflammatory mediators,
cytokines and active oxygen species. The present work aims at investigating the effect of
rolipram, as a representative of PDE-4 inhibitors, and its solvent dimethylsulfoxide on edema of
arthritic joints and cytokines in adjuvant-induced arthritis (AlA).

Methods

AlA was induced by by intradermal injection of 0.1ml squalene before inoculation of Freund's
adjuvant into a different site in the subplantar surface of right hind paw. Volume of edema, in
both hind paws, was measured daily from day O until day 30 after adjuvant inoculation. Serum
samples were taken for TNF-alpha and IL-10 assay.

Results

Prophylactic and therapeutic rolipram significantly (P<0.05) inhibited the increase of hind paws
volume of arthritic rats in a dose- dependent manner. Interestingly, prophylactic and therapeutic

DMSO protocols were effective in inhibiting the increase in right hind paw volume and its
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prophylactic administration entirely prevented the change of left hind paw volume. Prophylactic
or therapeutic administration of rolipram did not alter significantly the serum level of TNF-a.
Serum levels of IL-10 were significantly higher (P<0.05) in rat groups given therapeutic rolipram

compared to levels in adjuvant non-treated animals.
Conclusion

Systemic use of rolipram and its solvent dimethylsulfoxide significantly ameliorated edema of
inflamed joints in rats and increase level of the anti-inflammatory cytokine IL-10. Further
studies are needed to prove whether the dramatic antiinflammatory and immunmodulatory

effects are owed to rolipram or to its solvent.
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Introduction

Rheumatoid arthritis (RA) is a chronic progressive and disabling T cell- mediated autoimmune
disorder of unknown cause. It is a highly inflammatory polyarthritis disease often leading to joint
destruction, deformity and loss of function ( Pincus and Callahan, 1993). Phosphodiesterase
(PDE) inhibitors were known to suppress asthmatic immunopathology caused by chronic
inflammatory and immune responses (Giembycz, 2007). At the same time, this approach was
also expanded to consider PDE inhibitors as a possible agent against the other chronic
inflammatory diseases such as RA, because of the elevation of intracellular level of cyclic AMP
in leukocytes which is accompanied by inhibition of production of TNF-alpha (Teixeira et al.,
1997).
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The PDE 4 family of enzymes is cAMP specific and particularly abundant in neutrophils, T-
lymphocytes, macrophages and eosinophils. In these cells, PDE4 inhibitors reduce the synthesis
and release of proinflammatory mediators, cytokines and active oxygen species .These effects on
immunocompetent cells may explain the anti-inflammatory and bronchodilatatory effects
induced by PDE4 inhibitors in animal models of inflammatory diseases ( Souness et al., 2000
and Huang et al., 2001).

Rolipram is a representative of PDE 4 inhibitors. Harada et al., (2008) mentioned that the PDE 4
inhibitors cilomilast, roflumilast, and rolipram have curative effects in dermatitis mouse model.
Kobayashi et al., (2007) reported that PDE IV inhibitors could have therapeutic effects on
pannus formation in rheumatoid arthritis by inhibition of cytokine production by macrophages

and synovial fibroblast proliferation.

The present work aims at investigating the anti-inflammatory and immunomodulatory activities
of  rolipram, as a representative of PDEIs, and its solvent dimethylsulfoxide on edema of
arthritic joints and cytokines in adjuvant-induced arthritis (AlA), a model of RA in rats that
exhibit several pathological changes similar to those occurring in RA. Experimental RA model,
AlA, created by the administration of Freund’s adjuvant has been used extensively in studying

the roles of autoimmunity and inflammation in the pathogenesis of joint disease.

Materials and Methods

Animals

The experimental study was carried out using adult female albino rats of the Sprague-Dawely
strain weighing between 160-200 grams. The animals were acclimatized in a light- and
temperature- controlled room (23+1°C) with a 12-12 hr dark-light cycle. The rats were fed with
commercial pelleted rat feed and water was given ad libitum. Food was placed on the floor of the
cage to facilitate access, as the pain which accompanies adjuvant-induced arthritis renders the
rats immobile and unable to use their hind limbs to obtain food from the cover mesh of the cage.
The experimental protocol was approved by the local ethical committee.
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Reagents and Drugs

Complete Freund’s adjuvant (CFA) was purchased from Difco laboratories, Detroit, Michigan,
USA. Squalene was purchased from MP Biomedicals, Inc. Rolipram was dissolved in 1% diluted
DMSO.

Experimental Induction of arthritis

Rat model of AIA, induced by the administration of Freund’s adjuvant, has been used
extensively in studying the roles of autoimmunity and inflammation in the pathogenesis of joint
disease. It exhibits several pathological changes similar to those occurring in RA (Weichmann,
1989).

Preliminary experiments showed that signs of arthritis did not appear in the contralateral non-
injected hind paws after CFA inoculation. Also, the use of squalene, a known adjuvant for
induction of arthritis (Carlson et al.,2000), alone failed to induce arthritis in the contralateral
hind paw. So, the method of induction of adjuvant arthritis by Trentham et al (1977) was
modified by intradermal injection of 0.1ml squalene before inoculation of CFA into a different
site in the subplantar surface of right hind paw to increase the sensitivity of rats to CFA.
Squalene was also used by others to potentiate the effect of CFA (Santos and Tipping,1994).
Each animal in all groups was injected with 0.1ml squalene and 0.1 ml CFA except animals of
control non-adjuvant group. The day of inoculation was regarded as day 0 while day 16 was the

day in which edema in the contralateral, non-injected, hind paw was observed.

Volume of hind paws edema was measured daily from day O until day 30 after adjuvant
inoculation. At the end of the study, the animals were sacrificed and the blood was collected.
Blood samples were immediately centrifuged at 3000 rpm for 10 minutes and serum samples
were stored at -80::C until assayed for TNF-alpha and IL-10. To assess the secondary immune
reaction, specimens of left ankle joint tissues were also examined for histopathology.

Investigation of the effect of rolipram and its solvent dimethylsulfoxide on adjuvant
arthritis in rats

Two groups (I&I1) of 6 animals each served as control non-adjuvant and adjuvant non-treated
arthritic rats received saline intraperitoneally (i.p.) daily. Other animals were randomly allocated
into two treatment protocols (prophylactic or therapeutic). Each treatment protocol contains 6

groups of 6 animals each. Drug treatment was started on day 5 till day 14 in prophylactic
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protocol and on day 16 till day 25 in therapeutic protocol. Groups IV, V and VI in each protocol
received i.p. rolipram alone in doses of 4.5,3 and 1.5 mg/kg/d respectively. Rats of groups IlI
were given orally 1 ml of dimethylsulfoxide (1% diluted in water).

Measurement of paw volume changes

For each rat in the previously described experimental groups, volumes of hind paws were
measured before and daily (till day 30 after disease induction) after adjuvant inoculation by
using water displacement plethysmometry (David et al., 2001). The water displacement produced
by the immersion of rat's hind paw in the water chamber of the plethysmometer induced a
change in the conductance of the platinum electrode. The changes of volumes of hind paws, from
those of day 0, were calculated.

Measurement of cytokines

Animals were sacrificed on day 30 after disease induction and samples of blood were taken to
separate sera from control ,adjuvant non-treated and SNP-treated arthritic rats .Serum levels of
TNF- alpha and 1L-10 were determined using enzyme-linked immunosorbent assay (ELISA) kits
from (Bender Medsystems,Vienna, Austria). Antibodies specific for rat TNF- alpha and IL-10
were coated onto the wells of the microtiter strips and the samples including standards of known
rat TNF-alpha and IL-10 were pipetted into the wells, incubated and washed. Intensity of the
color was determined at (450) nm with a correction wave length of (630) nm.

Statistical Analysis

The results are presented as the mean xstandard error. Hind paws volumes and serum levels of
cytokines, measured in different treatment groups, were compared with control groups by one

way analysis of variance (ANOVA) and Student’s t-tests for significance.

Results

Effect of rolipram on changes of paw volume (see tables 1A&B):

Starting from day 1 after inoculation of CFA , volumes of the right hind paw of non-treated
control rats (group 1) exhibited significant increases (P<0.05) compared with that of non-

adjuvant control animals (group I). The change in the volume of the right paw was 1.38+0.15ml
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on day 5 and increased on day 30 to 1.57+0.1ml On the other hand, little change was noticed in
the volume of left non-injected hind paw before day 16. The increase in volume of the left hind
paw was peaked on day 20; it was 0.3+0.03 ml then slightly decreased on the subsequent days to
become 0.26+0.04ml on day 30 after adjuvant inoculation.

The increase of right hind paw volume of arthritic rats was significantly (P<0.05) inhibited by
prophylactic as well as therapeutic rolipram alone in a dose- dependent manner. The changes of
right hind paw volume of groups treated with 4.5, 3 and 1.5 mg/kg/d rolipram were 0.35+0.01ml,
0.66+0.01ml and 0.88+0.02ml respectively in prophylactic protocol and 0.45+0.01ml,
0.53+0.02ml and 0.55+0.01ml respectively in therapeutic protocol. The later changes were
significantly lower (p<0.05) compared with those of vehicle-treated arthritic rats (0.96+0.03ml
and 0.66+0.01ml). Prophylactic rolipram entirely prevented the change of left hind paw volume.
However, the protective effect of the therapeutic rolipram was less than that of prophylactic

rolipram.

Compared with adjuvant arthritic control rats, prophylactic and therapeutic DMSO protocols
were effective in inhibiting the increase in right hind paw volume and its prophylactic

administration entirely prevented the change of left hind paw volume.

Serum TNF-alpha and IL-10 in adjuvant arthritic rats

As shown in Table (2) serum TNF-alpha level was insignificantly and slightly greater in
adjuvant arthritic non-treated control rats (group Il) than that of control non-adjuvant saline-
treated animals on day 30 after adjuvant inoculation (31.04+1.4 picograms, P>0.05 in group Il
compared with 30.7 +£2.3 picograms in saline-treated rats, group 1). Serum IL-10 level was
significantly lower (P<0.05) in adjuvant non-treated control rats, 171.6£34 picograms, P<0.05
compared with 345.6+£64.4 in saline- treated rats). TNF-alpha levels in sera , obtained on day 30
after adjuvant inoculation, of arthritic rats treated with 3 mg/kg/d rolipram, either
prophylactically or therapeutically ( groups V) were insignificantly altered. Serum levels of IL-
10 were insignificantly higher (P>0.05) in rats given prophylactic rolipram alone (382 £97.04)

while they were significantly higher (P<0.05) in rat groups given therapeutic rolipram
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(454.2£150.2) However, 1L-10 levels in the aforementioned groups were insignificantly higher

(P>0.05) compared those of saline-treated non adjuvant arthritic animals (group I).

Table 1 A: Effect of prophylactic administration of rolipram on the change of left hind paws
volume (ml) of adjuvant arthritic rats

change of left hind paw volume (ml)

Drug treatment

Day 5 Day 9 Day 14 Day 30
Saline-treated non adjuvant rats (group 1) 0 0 0 0
Adjuvant non- treated arthritic rats (group 0 0 0.04+0.01 0.26+0.04
I
Vehicle-treated (1% DMSO) adjuvant 0 0 0* o*
arthritic rats (group 1)
Rolipram-treated  (4.5mg/kg/d) arthritic 0 0 0* 0*
rats (group 1V)
Rolipram-treated (3mg/kg/d) arthritic rats 0 0 0* 0*
(group V)
Rolipram-treated  (1.5mg/kg/d) arthritic 0 0 0* 0

rats (group V1)

Table 1B: Effect of therapeutic administration of rolipram on the change of left hind paws
volume (ml) of adjuvant arthritic rats

change of left hind paw volume (ml)

Drug treatment

Day 15 Day 20 Day 25 Day 30
Saline-treated non adjuvant rats (group 0 0 0 0
1)
Adjuvant non- treated arthritic rats 0.12+0.01 0.3+0.03 0.26+0.04 0.26+0.04
(group 11)
Vehicle-treated (1% DMSO) adjuvant 0.14+0.02 0.12+0.001 0.11+0.001* 0.1+0.002*
arthritic rats (group 111)
Rolipram-treated (4.5mg/kg/d) arthritic 0.14+0.02 0.08+0.002 0.05+0.002*°  0.04+0.001*°
rats (group 1V)
Rolipram-treated  (3mg/kg/d) arthritic 0.14+0.02 0.12+0.01 0.11+0.01* 0.07+0.001* °
rats (group V)
Rolipram-treated (1.5mg/kg/d) arthritic 0.16+0.02 0.15+0.01 0.13+0.02* 0.08+0.001*

rats (group VI)

Values represent the mean+SE.* p<0.05 vs. groups 11, © p<0.05 vs. groups 11,1 p<0.05 vs. groups V, ANOVA.
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Table 2: Effect of rolipram on serum levels of TNF-a and IL-10 in adjuvant arthritic rats

Serum levels ( picograms )
Group Drug treatment
TNF- a IL-10
| Saline — treated (non- adjuvant) 30.7+£2.3 345.61£64.4
I Adjuvant arthritic (non-treated) 31.04+1.4 171.6x34%
\ Rolipram-treated [3mg/kg/d] (Prophylactic protocol) 27515 382+97.04
\/ Rolipram-treated [3mg/kg/d] (Therapeutic protocol) 30.1+1.8 454.2+150.2*

Samples were taken from rats on day 30 after adjuvant inoculation. Values represent the mean£SE. * P <0.05 for groups
V, VIl and IX vs. group I, T P <0.05 for group 11 vs. group ,ANOVA.

Discussion

It has been reported that both nonselective as well as PDE4 specific inhibitors were effective in
ameliorating autoimmune disease in different experimental autoimmune encephalomyelitis
models ( Sommer et al., 1995) and collagen-induced arthritis models ( Nyman et al., 1997).
However, the therapeutic utility of PDE4 inhibitors and their new structural classes to suppress
inflammation have not been disclosed till now due to lack of tolerability (Span, 2008; Giembycz,
2008). Several recent studies reported that PDE4 inhibitors possesed anti-inflammatory activities
due to their ability to reduce the synthesis and release of proinflammatory mediators, cytokines
and active oxygen species. Mendes et al., 2009 found that cilostazol, a PDE4 inhibitor, and
pentoxifylline decreased angiogenesis, inflammation, and fibrosis in sponge-induced
intraperitoneal adhesion in mice. Paintlia et al., 2008 reported that rolipram, a PDE 4 inhibitor,
suppressed the severity of experimental autoimmune encephalomyelitis when it was combined
with lovastatin. Also, Harada et al., 2008 mentioned that the PDE 4 inhibitors cilomilast,

roflumilast, and rolipram had curative effects in dermatitis mouse model.
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Findings of our work provided evidence for an anti-inflammatory effect of rolipram. It was
observed that rolipram therapy, either prophylactic or therapeutic, significantly led to marked
suppression of adjuvant arthritis in rats depending on the dose administered. The therapeutic
efficacy of rolipram was evidenced by decreased hind paw volumes of arthritic rats. These
results were in remarkably good agreement with previous studies demonstrating an inhibitory
effect of rolipram in other models of arthritis in mice (Ross et al.,1997; Yamaki et al.,2004,
2005) and rats (Francischi et al.,1997;Laemont et al., 1999; Nyman et al., 1997; Sekut et
al.1995). YM-393059, an attractive phosphodiesterase 7 and 4 inhibitor, was investigated by
Yamamoto et al.,2007 for the treatment of rheumatoid arthritis in several animal models and it
potently inhibited proinflammatory cytokine production and ameliorated mouse collagen-
induced arthritis. On the contrary, McCluskie et al., (2006) reported that PDE 4 inhibitors,
roflumilast and piclamilast, possessed both pro- and anti-inflammatory properties.

The present work demonstrated that joint inflammation was significantly attenuated by DMSO
treatment as evidenced by reduced paw swelling. However, there was a significant difference
between rolipram- and DMSO-treated groups. This is in line with the observation of Santos and
Tipping, 1994 that the reactive oxygen species (ROS) scavenger DMSO, inhibited all indices of
arthritis in a dose-dependent fashion providing an evidence for ROS scavenging as the
mechanism of attenuation of injury in adjuvant arthritis of rats. Colucci et al.,(2008) mentioned
that oral administration of DMSO produced anti-inflammatory effects on zymosan-induced
edema in the mouse paw, whereas local administration potentiated the inflammatory action
exerted by zymosan. Simons et al.,(2009) reported that topical diclofenac in DMSO vehicle was
an effective treatment option for knee osteoarthritis with efficacy similar to, but tolerability

better than oral diclofenac.

Several potential mechanisms may underpin the anti-arthritic actions of rolipram. Inhibition of
leukotriene B4 (LTB4) (Griswold et al.,1993), interferon-gamma (IFNy) ( Sommer et al.,
1995; Essayan et al., 1997), tumor necrosis factor-alpha (TNF- a) (Pettipher et al.,1996; Singh et
al.,1997), interleukin-4 (IL-4) and interleukin-5 (IL-5) (Essayan et al.,1997), increase of
interleukin-10 (IL-10) release and suppression of T-lymphocyte function, as well as direct,
protective effects on cartilage and bone (Souness and Foster,1998), are all potential mechanisms

by which the anti-inflammatory effects of roliparm are mediated. Inhibition of (TNF- o) is
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especially important because of the pivotal role this cytokine plays in inflammatory processes by
attracting leukocytes ( Pettipher et al.,1996; Kiely et al.,1995), activating endothelial cells
(Sekut et al.,1995; Shimmer et al.,1995) and contributing to edema (Sekut et al.,1995).

The present study demonstrated that prophylactic or therapeutic administration of rolipram did
not alter significantly the serum level of TNF-a. Regarding IL-10, our study demonstrated a
significantly augmenting effect of treating adjuvant arthritic rats with rolipram, from day 16 to
day 25 after disease induction in a dose of 3 mg/kg/d given orally. Serum levels of IL-10 in the
aforementioned groups were significantly higher compared to levels in adjuvant non-treated
animals. This confirmed the anti-inflammatory activity of IL-10 in adjuvant- induced arthritis in
rats and in agreement with other previous studies. Hisadome et al., (2000) reported that a novel
antirheumatic drug, Y-39041, has an anti-arthritic effect through not only TNF- a and interlukin-
6 suppression but also interleukin-10 augmentation. Eigler et al., (1998) demonstrated that
CAMP- elevating agents like rolipram enhance lipopolysaccharide- induced IL-10 synthesis and
suppress TNF- a production. Also, Kambayashi et al., (2001) reported that cAMP-elevating
agents, especially PDE inhibitors, increase IL-10 and inhibit TNF- a and IL-12 production and
these drugs shift the immune response towards a Th2 phenotype. Autoimmune disease models
which are Thl- mediated such as collagen-induced arthritis (Nyman et al., 1997) have been
successfully treated with PDE 3 and 4 inhibitors. On the contrary, Jimenez et al., (2001) have
found that the specific inhibition of PDE4 by rolipram reduces the production of several
cytokines such as IL-5, IL-10, TNF- a and IL-2 but poorly affects IFN-y and T-cell proliferation
in response to activation by anti- CD3. Other reports indicated that PDE inhibitors, such as
pentoxifylline and rolipram, also inhibited IL-4, IL-5 and IL-10 secretion by T cells (Chan et al.,
1993; Essayan et al., 1995; Crocker et al., 1996; Foissier et al., 1996).

In conclusion, our results presented in this study revealed that systemic use of rolipram and its
solvent dimethylsulfoxide significantly ameliorated edema of inflamed joints in rats and
increase level of the anti-inflammatory cytokine IL-10. Further studies are needed to prove
whether the dramatic antiinflammatory and immunmodulatory effects are owed to rolipram or to

its solvent.

Thabet, et al., 2016: Vol 4(3) 37



American Journal of Research Communication www.usa-journals.com

References

Carlson BC, Jansson AM, Larsson A, Bucht A, Lorentzen JC (2000). The endogenous adjuvant
squalene can induce a chronic T-cell-mediated arthritis in rats. American Journal of Pathology
156:2057-2065.

Chan SC, Li SH, Hanifin JM (1993). Increased IL-4 production by atopic mononuclear
leukocytes correlates with increased cyclic adenosine monophosphate- phosphodiesterase
activity and is reversible by phosphodiesterase inhibition. J Inv Dermatol 100: 681-684.

Colucci M, Maione F, Bonito MC, Piscopo A, Di Giannuario A, Pieretti S (2008). New insights
of dimethyl sulphoxide (DMSQ) effects on experimental in vivo models of nociception and
inflammation. Pharmacol Res.57(6):419-25.

Crocker IC, Townley RG, Khan MM (1996). Phosphodiesterase inhibitors suppress proliferation
of peripheral blood mononuclear cells and interleukin-4 and -5 secretion by human T-helper type

2 cells. Immunopharmacology 31: 223-235.

David LB, Elizabeth AK, Michael FJ, Chih-Hung L, Shripad SB, Michael W, Gary SF (2001).
Anti-inflammatory effects of ABT-702, a novel non-nucleoside adenosine kinase inhibitor, in rat
adjuvant arthritis. J Pharmacol Exp. Ther 296:495-500.

Eigler A., Siegmund B., Emmerich U., Baumann K.H., Hartmann G. and Enders S. (1998). Anti-
inflammatory activities of cAMP- elevating agents: enhancement of IL-10 synthesis and
concurrent suppression of TNF production. J Leukocyte Biol 63: 101.

Essayan DM, Huang SK, Kagey- Sobotka A, Lichtenstein LM (1995) Effects of nonselective and
isozyme sclective cyclic nucleotide phosphodiesterase inhibitors on antigen-induced cytokine

gene expression in peripheral blood mononuclear cells. Am J Respir cell Mol Biol 13: 692-702.

Essayan DM, Huang S-K, Kagey-Sobotka A, Lichtenstein MD (1997). Differential efficacy of
lymphocyte-and monocyte-selective pretreatment with a type 4 phosphodiesterase inhibitor on

antigen driven proliferation and cytokine gene expression. J. Allergy Clin Immunol, 99: 28-37.

Thabet, et al., 2016: Vol 4(3) 38


javascript:AL_get(this,%20'jour',%20'Pharmacol%20Res.');

American Journal of Research Communication www.usa-journals.com

Foissier L, Lonchampt M, Coge F, Canet E (1996). In vitro down-regulation of antigen- induced
IL-5 gene expression and protein production by cAMP- specific phosphodiesterase type 4
inhibitor. J pharmacol Exp Ther 278: 1484-1490.

Francischi J.N., Pereira L.M.S., Castro M.S.(1997). Cyclosporin effects on hyperalgesia and
oedema presented by arthritic rat: role of the central nervous system, Braz. J. Med. Biol. Res. 30
pp. 101-111.

Giembycz MA (2007). Re-inventing the wheel: Non-selective phosphodiesterase inhibitors for
chronic inflammatory diseases. In: Beavo JA, Francis SH, Houslay MD (eds). Cyclic Nucleotide

phosphodiesterases in Health and Disease. CRC Press. Boca Raton. Pp 649-665.

Giembycz MA (2008). Can the anti-inflammatory potential of PDE4 inhibitors be realized:
guarded optimism or wishful thinking ?. Br J Pharmacol 155:288-290.

Griswold DE, Webb EF, Breton J, White JR, Marshall PJ, Torphy TJ. (1993). "Effect of
selective phosphodiesterase type IV inhibitor, rolipram, on fluid and cellular phases of

inflammatory response.”. Inflammation. 17 (3): 333-44.

Harada D, lkedaa Y, Nosakab Y, Kobayashia K, Manabea H ( 2008). Curative effects of
phosphodiesterase 4 inhibitors cilomilast, roflumilast, and rolipram in dermatitis mouse model.
Journal of Dermatological Science 51( 3), 215-219.

Hisadome M, Fukuda T, Sumichika H, Hanano T, Adachi K (2000). A novel anti-rheumatic drug
suppresses tumor necrosis factor- o and augments interleukin-10 in adjuvant arthritic rats. Eur. J.
Pharmacol. 409: 331-335.

Huang Z, Ducharme Y, Macdonald D, Robichaud A (2001).The next generation of PDE4
inhibitors, Current Opinion in Chemical Biology 5, pp. 432-438.

Jimenez JL, Punzon C, Navarro J, Munoz-Fernandez MA, Fresno M(2001) Phosphodiesterase 4
inhibitors prevent cytokine secretion by T lymphocytes by inhibiting nuclear factor-x B and

nuclear factor of activated T cells activation. J Pharmacy. Exp Ther. 299:753-759.

Thabet, et al., 2016: Vol 4(3) 39


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T87-4SPSHGX-1&_user=1052409&_coverDate=09%2F30%2F2008&_alid=868873244&_rdoc=44&_fmt=high&_orig=search&_cdi=5079&_sort=d&_docanchor=&view=c&_ct=854&_acct=C000051060&_version=1&_urlVersion=0&_userid=1052409&md5=1bcea1e36081a5aa05ced82a15f05543#implicit0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T87-4SPSHGX-1&_user=1052409&_coverDate=09%2F30%2F2008&_alid=868873244&_rdoc=44&_fmt=high&_orig=search&_cdi=5079&_sort=d&_docanchor=&view=c&_ct=854&_acct=C000051060&_version=1&_urlVersion=0&_userid=1052409&md5=1bcea1e36081a5aa05ced82a15f05543#implicit1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T87-4SPSHGX-1&_user=1052409&_coverDate=09%2F30%2F2008&_alid=868873244&_rdoc=44&_fmt=high&_orig=search&_cdi=5079&_sort=d&_docanchor=&view=c&_ct=854&_acct=C000051060&_version=1&_urlVersion=0&_userid=1052409&md5=1bcea1e36081a5aa05ced82a15f05543#implicit0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T87-4SPSHGX-1&_user=1052409&_coverDate=09%2F30%2F2008&_alid=868873244&_rdoc=44&_fmt=high&_orig=search&_cdi=5079&_sort=d&_docanchor=&view=c&_ct=854&_acct=C000051060&_version=1&_urlVersion=0&_userid=1052409&md5=1bcea1e36081a5aa05ced82a15f05543#implicit0
http://www.sciencedirect.com/science/journal/09231811
http://www.sciencedirect.com/science/journal/09231811

American Journal of Research Communication www.usa-journals.com

Kiely P., Gillespie K., Oliveira D. (1995). Oxpentifylline inhibits tumor necrosis factor-o mRNA
transcription and protects against arthritis in mercuric chloride-treated brown norway rats. Eur. J.
Immunol 25: 2899-906.

Kobayashi K, Suda T, Manabe H, Miki I (2007). Administration of PDE4 inhibitors suppressed
the pannus-like inflammation by inhibition of cytokine production by macrophages and synovial
fibroblast proliferation. Mediators Inflamm 2007:58901.

Laemont K. D., Schaefer C. J., Juneau P. L. and Schrier D. J (1999). Effects of the
phosphodiesterse inhibitor rolipram on streptococcal cell wall-induced arthritis in rats. Int. J.

Immunopharmacol. 21: 711-725.

McCluskie K, Klein U, Linnevers C, Ji Y-H, Yang A, Husfeld C, Thomas GR (2006.
Phosphodiesterase type 4 inhibitors cause proinflammatory effects in vivo. J Pharmacol Exp
Therap. 319(1):468-476.

Mendes JB , Campos PP, Rocha MA , Andrade SP (2009). Cilostazol and pentoxifylline
decrease angiogenesis, inflammation, and fibrosis in sponge-induced intraperitoneal adhesion in
mice. Life Sci ;84(15-16):537-43.

Nyman U, Mussener A, Larsson E, Lorentzen J, Klareskog L (1997). Amelioration of collagen
II-induced arthritis in rats by the type IV phosphodiesterase inhibitor rolipram. Clin. Exp.
Immunol. 108, 415-419.

Paintlia AS, Paintlia MK, Singh I, Singh AK (2008). Combined medication of lovastatin with
rolipram suppresses severity of experimental autoimmune encephalomyelitis. Experimental
Neurology,214 (2), 168-180.

Pettipher ER, Higgs GA, Henderson B. (1986). Interleukin 1 induces leukocyte infiltration and
cartilage proteoglycan degradation in the synovial joint. Proc Natl Acad Sci USA,; 83: 8749-53.

Pincus T, Callahan LF (1993). What is the natural history of rheumatoid arthritis?. Rheum Dis
Clin North Am.;19(1):123-51.

Thabet, et al., 2016: Vol 4(3) 40


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T99-4VM446B-1&_user=1052409&_coverDate=02%2F14%2F2009&_alid=868197839&_rdoc=6&_fmt=high&_orig=search&_cdi=5109&_docanchor=&view=c&_ct=43&_acct=C000051060&_version=1&_urlVersion=0&_userid=1052409&md5=aa9155413d04711ee4a1f1877ac57a37
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T99-4VM446B-1&_user=1052409&_coverDate=02%2F14%2F2009&_alid=868197839&_rdoc=6&_fmt=high&_orig=search&_cdi=5109&_docanchor=&view=c&_ct=43&_acct=C000051060&_version=1&_urlVersion=0&_userid=1052409&md5=aa9155413d04711ee4a1f1877ac57a37
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T99-4VM446B-1&_user=1052409&_coverDate=02%2F14%2F2009&_alid=868197839&_rdoc=6&_fmt=high&_orig=search&_cdi=5109&_docanchor=&view=c&_ct=43&_acct=C000051060&_version=1&_urlVersion=0&_userid=1052409&md5=aa9155413d04711ee4a1f1877ac57a37
javascript:AL_get(this,%20'jour',%20'Life%20Sci.');
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WFG-4T5CGX4-2&_user=1052409&_coverDate=12%2F31%2F2008&_alid=868861368&_rdoc=10&_fmt=high&_orig=search&_cdi=6794&_sort=d&_docanchor=&view=c&_ct=361&_acct=C000051060&_version=1&_urlVersion=0&_userid=1052409&md5=abf3e61a30a36411bda1ca960bc379b9
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WFG-4T5CGX4-2&_user=1052409&_coverDate=12%2F31%2F2008&_alid=868861368&_rdoc=10&_fmt=high&_orig=search&_cdi=6794&_sort=d&_docanchor=&view=c&_ct=361&_acct=C000051060&_version=1&_urlVersion=0&_userid=1052409&md5=abf3e61a30a36411bda1ca960bc379b9

American Journal of Research Communication www.usa-journals.com

Ross SE, Williams, RO, Mason L.J., Mauri, C., Marinova- Mutafchieva, L., Malfait, AM, Maini,
R.N., Feldman. M. (1997). Suppression of TNF-a expression, inhibition of Thl activity, and

amelioration of collagen- induced arthritis by rolipram. J. Immunol. 159, 6253-6259.

Santos L, Tipping PG (1994). Attenuation of adjuvant arthritis in rats by treatment with oxygen
radical scavengers. Immunology and Cell Biology 72:747-749.

Sekut L., Yarnall D., Stimpson SA., Noel LS., Bateman-Fite R., Clark RL., Brackeen MF.,
Menius JA., Jr., Connoly KM. (1995): Anti-inflammatory activity of phosphodiesterase (PDE)-
IV inhibitors in acute and chronic models of inflammation. Clin. Exp. Immunol. 100: 126-132.

Shimmer R., Schrier D., Flory C., Dykens J., Tung D., Jacobson P., Friedl H., Conroy M.,
Schimmer B., Ward P. (1997): Streptococcal cell wall-induced arthritis: requirements for
neutrophils, p-selectin, intercellular adhesion molecule-1 and macrophage-inflammatory protein-
2.J. Immunol 159: 4103-8.

Simon LS, Grierson LM, Naseer Z, Bookman AA, Zev Shainhouse J (2009).Efficacy and safety
of topical diclofenac containing dimethyl sulfoxide (DMSQO) compared with those of topical
placebo, DMSO vehicle and oral diclofenac for knee osteoarthritis.Pain.;143(3):238-45.

Singh H., Blancuzzi V.,Greenwood S., Skiles J., O'Byrne E.(1997). Synovial fluid levels of
tumor necrosis factor-alpha in the inflamed rat knee: modulation by dexamethasone and
inhibitors of matrix metalloproteinase and phosphodiesterase. Inflammation Research 46: S153-
S154.

Sommer N., Loschmann P., Northoff G., Weller M., Steinbrecher A., Steinbach J., Lichtenfels
R., Meyermann R., Reithmuller A., Fontana A., Dichgans J., Martin R. (1995): The
antidepressant rolipram  suppresses cytokine production and prevents autoimmune

encephalomyelitis. Nature Med. 1: 244-8.

Souness JE, Aldous D , Sargent C.(2000). Immunosuppressive and anti-inflammatory effects of

cyclic AMP phosphodiesterase (PDE) type 4 inhibitors, Immunopharmacology 47, pp. 127-162.

Souness J. E., Foster M. (1998). Potential of phosphodiesterase Type IV inhibitors in the
treatment of rheumatoid arthritis. IDrugs 1: 541-553.

Thabet, et al., 2016: Vol 4(3) 41


javascript:AL_get(this,%20'jour',%20'Pain.');

American Journal of Research Communication www.usa-journals.com

Span D (2008). Phosphodiesterase 4 inhibitors: Current status. Br J Pharmacol 155:308-315.

Teixeira MM., Gristwood RW., Cooper N., Hellewell PG (1997). Phosphodiesterase (PDE)4

inhibitors: anti-inflammatory drugs of the future? Tends Pharmacol. Sci. 18, 164-167.

Trentham DE, Townes AS, Kang AH (1977). Autoimmunity to type Il collagen: an experimental
model of arthritis. J Exp Med 146:857-68.

Weichmann BM (1989). Rat adjuvant arthritis A model of chronic inflammation. In: Weishmann
BM, ed. Pharmacological methods in the control of inflammation. New York: Alan R. Liss Inc
363-80.

Yamaki K, Alam AH, Hossain MA, Taneda S, Yanagisawas R, Takano H, Yoshino S (2005).
Effect of rolipram, a phosphodiesterase IV inhibitor, on allergic footpad swelling using various

adjuvants in mice. Scandinavian journal of Immunology 62, 378-384.

Yamaki K., Li X., Uchida H., Alam AH., Hossain MA., Yanagisawa R., Takano H., Taneda S.,
Hayashi H., Mori Y. and Yoshino S. (2004). Effects of the Phosphodiesterase 1V inhibitor

rolipram on Thl and Th2 immune responses in mice. J Pharm Pharmcol 56 (7): 877-82.

Yamamoto S, Sugahara S, lkeda K, Shimizu Y (2007). Amelioration of collagen-induced
arthritis in mice by a novel phosphodiesterase 7 and 4 dual inhibitor, YM-393059. European J.
Pharmacol. 559:219-226.

Thabet, et al., 2016: Vol 4(3) 42



