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ABSTRACT

The aim of this study is to investigate the anti-inflammatory effects of simvastatin alone and in combination with aspirin,
the most widely used analgesic, antipyretic and anti-inflammatory agent, and to evaluate the effect of using them in
combination which may produce synergistic effect and lower the dose required for each agent. 72 Male Wistar albino rats
suffering from air pouch granuloma were used. They were divided into 12 groups each comprising 6 rats, they received
either simvastatin (20 mg/kg/day) or aspirin (25 mg/kg/day) or combined therapy (simvastatin & aspirin) for either 3 or 6
executive days. The control groups received the solvents only for the same periods. Biochemical markers of inflammation
as serum tumor necrosis factor-o, interleukin-6 and interleukin-4 were measured by an Elisa method. Antioxidant activity
was calorimetrically assessed by measuring serum nitric oxide concentration. Results indicated that treatment with
simvastatin alone had no significant difference from treatment with aspirin alone which give solid ground for the predicted
anti-inflammatory effects of simvastatin. Furthermore, our study demonstrated that treatment with the combined therapy
reduced the extent of inflammation as compared to treatment with simvastatin alone or aspirin alone indicating that aspirin-
simvastatin combination represents a synergistic combination concerning the immune response to the inflammatory
challenge. The combination treatment with agents that inhibit different aspects of the signal transduction pathways will be
transformational and have better efficacy with fewer side effects.
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INTRODUCTION

The inflammatory response is an attempt by the body to
restore and maintain homeostasis after injury or infection and
is an integral part of body defense. For the survival of the
host, inflammation is a necessary and beneficial process but
chronic inflammation can cause harm. " Soluble mediators
such as nitric oxide (NO), tumor necrosis factor-a (TNF-a),
and interleukins usually play a role in controlling important
functions such as the regulation of blood pressure, platelet
aggregation, and body temperature. ™ Under pathologically
inflammatory conditions, however, the production of these
molecules promotes events ranging from increased leukocyte
infiltration and vascular permeability to organ failure. ! The
selective inhibition of these and other inflammatory activities
remains an important goal for the effective treatment of
inflammation.

The aim of this study is to investigate the possible predicted
anti-inflammatory effects of simvastatin comparing it with
Aspirin; the popular and effective drug that inhibit
inflammatory reactions and platelet aggregation and to
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evaluate the possibility of combination of statins and aspirin
to improve inflammation and in turn reduce unwanted side
effects possibly caused by high dose single agent
administration.

Simvastatin is a hypolipidimic drug belonging to the class of
pharmaceuticals called statins. ¥ Statins, competitive
A

(HMG-CoA) reductase, the rate limiting enzyme in
cholesterol synthesis, are widely prescribed for the treatment
of hypercholesterolemia ! and are the principal therapy for
more than 25 million people at risk of cardiovascular disease
worldwide. ' McCarey et al. reported that Statins appear to
have therapeutic benefits in diseases that are unrelated to
elevated serum cholesterol levels, such as rheumatologic
diseases and ischemic stroke. "’ Statins might exert beneficial
effects beyond cholesterol reduction; include improving
endothelial function, decreasing vascular inflammation,
inhibiting smooth-muscle proliferation and
immunomodulation. Most of these effects are mediated
through inhibition of isoprenoid synthesis, with subsequent
effects on multiple downstream signaling pathways. [

Acetyl salicylic acid (Aspirin) is the most widely used drug
in the world because it possesses profound analgesic, anti-
thrombotic and anti-inflammatory properties. */ Aspirin
causes irreversible inhibition by selectively and rapidly
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acetylating a serine residue (Ser 530) near the C-terminus of
the COX family of enzymes. ! There are at least two
different types of cyclooxygenase: COX-1 and COX-2.
Aspirin irreversibly inhibits COX-1 and modifies the
enzymatic activity of COX-2. Normally COX produces
prostaglandins, most of which are pro-inflammatory, and
thromboxanes, which promote clotting. Aspirin-modified
COX-2 produces lipoxins, most of which are anti-
inflammatory. !'"

MATERIAL AND METHODS

Induction of inflammation

After a period of adaptation, induction of inflammation was
done by air pouch method in which animals were
anaesthetized with ether, and then 5 ml of air were injected
under the skin on their backs. ' After 3 days, the pouches
were reinjected with 3 ml of air. On day 6, 1 ml of 1%
carrageenan (Fluka, Switzerland) in saline was injected into
the pouches. !'*! At the day of injection, the animals (72 male
Wistar albino rats) where divided into 12 groups each
comprising 6 rats, they received the anti-inflammatory
treatment for either 3 or 6 executive days.

Doses

Simvastatin-treated rats received a daily intraperitoneal (i.p)
injection of simvastatin (Julphar, UAE) at a dose of (20
mg/kg/day). 41 The final concentration used was 8mg/ml;
this dose was chosen based on findings in mice of maximal
stroke protection. ") Simvastatin was prepared by being
dissolved in 0.5% carboxy methyl cellulose (CMC) " and
the control groups were given an equal volume of vehicle.
Aspirin-treated rats received a daily I.P injection of aspirin
(Aspegic-Amriya Pharm. Ind., Egypt) at dose of (25
mg/kg/day). "' The final concentration used was 10
mg/ml; this dose was chosen based on findings that high dose
of aspirin is used as antirheumatic therapy, abrogate COX-2
activity, suggesting that non selective doses of NSAIDs
should be used with caution because they may deprive the
heart of its innate defensive response. '

Combined therapy-treated rats received a daily i.p injection
of both simvastatin (20 mg/kg/day) and aspirin (25
mg/kg/day); the control groups were given an equal volume
of both vehicles.

Experimental design

Group I: received 0.5 ml 0.5% CMC ip for 3 days and
served as simvastatin control group for 3 days.

Group II: received (20 mg/kg/day) simvastatin in 0.5%
CMC i.p for 3 days and served as simvastatin treated group
for 3 days.

Group III: received 0.5 ml 0.5% CMC i.p for 6 days and
served as simvastatin control group for 6 days.

Group IV: received (20 mg/kg/day) simvastatin in 0.5%
CMC i.p for 6 days and served as simvastatin treated group
for 6 days.

Group V: received 0.5 ml saline i.p for 3 days and served as
aspirin control group for 3 days.

Group VI: received (25 mg/kg/day) aspirin in 0.5% saline
i.p for 3 days and served as aspirin treated group for 3 days.
Group VII: received 0.5 ml saline i.p for 6 days and served
as aspirin control group for 6 days.

Group VIII: received (25 mg/kg/day) aspirin in saline for 6
days and served as aspirin treated group for 6 days.

Group IX: received 0.5 ml CMC & 0.5 ml saline for 3 days
and served as combined therapy control group.

Group X: received (20 mg/kg/day) simvastatin in 0.5%
CMC and (25mg/kg/day) aspirin in saline for 3 days and
served as combined therapy treated group.

Group XI: received 0.5 ml CMC and 0.5 ml saline for 6
days and served as combined therapy control group for 6
days.

Group XII: received (20 mg/kg/day) simvastatin in 0.5%
CMC and (25 mg/kg/day) aspirin in saline for 6 days and
served as combined therapy treated group for 6 days.
Samples: At the end of the experiment (after 3 or 6 days),
animals were anaesthetized; blood was collected and allowed
to clot, centrifuged at 2,000 r.p.m for 10 min. The serum was
separated and used in the same day for the measurement of:
Nitric oxide (NO). The rest of the serum was kept deeply
frozen at (-20°C) for the measurement of: Tumor necrosis
factor-o (TNF-a), Interleukin-6 (IL-6) and Interleukin-4 (IL-
4).

Chemicals

Evaluation of antioxidant activity by measurement of nitric
oxide concentrations colorimetrically using kits from
Biodiagnostic Co, Egypt according to reported methods. !'*
Investigation of tumor necrosis factor-o, quantitatively by an
Elisa method using Kits from Bender MedSystems, Austria
according to the reported methods, "*?"! interleukin-6 was
quantitatively assayed by an Elisa method using kits from
from Bender MedSystems, Austria, following the reported
methods, '?* and interleukin-4 was also quantitatively
measured by an Elisa method using Kits from Bender
MedSystems, Austria according to reported procedures. 224
Statistical analysis

Data from the control and treated animals in the different
groups in the present study where characterized by their
means and standard errors. Comparisons between results of
samples of different groups were tested by ANOVA &
Tukey-Kramer multiple comparison tests. Statistical analysis
was done by using GraphPad prism program version 5
produced by GraphPad Software Inc. and an IBM PC/AT
compatible computer. Statistical significance was set up at p
<0.05,p<0.01 or <0.001.

Table 1: Effect of i.p injection of simvastatin (20 mg/kg/day), aspirin (25
mg/kg/day) or their combination for 3 or 6 days on serum levels of nitric
oxide (NO) in rats subcutaneously injected 1ml of (1%) carrageenan in
saline into dorsal pouch

Serum levels of
nitric oxide

Serum levels of

nitric oxide
Groups

(umol/L) (4™ (umol/L) (7™
day) day)
Simvastatin control group (n=6) 13.05+1.14 12.27£1.07
Simvastatin group (n=6) 31.26 “+2.82 31.67°+2.64
Aspirin control group (n=6) 14.74+1.32 10.54+0.87
Aspirin group (n=6) 31.6°+2.89 34.499+2.53
Combined Therapy control group
(n=6) 15.11+0.98 12.36+1.02
Combined Therapy group (n=6) 34.58“+3.35 42.58 “P<¢£1.09

n: Number of rats

“ :Significance against corresponding control group at p<0.001

b . Significance against simvastatin treated group 4" day at p <0.05

°: Significance against aspirin treated group 4" day at p <0.05

¢: Significance against simvastatin treated group 7™ day at p <0.05
Values are expressed as mean of 6 rats + S.E.M. and compared using
ANOVA & Tukey-Kramer multiple comparison tests.

RESULTS

Our results (Table 1, Fig. 1 & 2) showed obviously that i.p
injection of simvastatin (20 mg/kg/day), aspirin (25
mg/kg/day) or their combination for 3 days or 6 days resulted
in significant increase of serum levels of NO at (p < 0.001) as
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compared to corresponding control groups. Moreover, (Fig.
3) showed significant increase in serum NO levels in the
combined therapy treated group in the 7™ day as compared to
simvastatin and aspirin treated groups in the 4™ day & against
simvastatin treated group in the 7" day at (p < 0.05).

i.p injection of simvastatin (20 mg/kg/day), aspirin (25
mg/kg/day) or their combination for 3 days or 6 days (Table
2) resulted in dramatic decrease of serum levels of TNF-a
below the detection limit.

Table 2: Effect of i.p injection of simvastatin (20 mg/kg/day), aspirin
(25 mg/kg/day) or their combination for 3 or 6 days on serum levels of
tumor necrosis factor-alpha (TNF-a) in rats subcutaneously injected 1
ml of (1%) carrageenan in saline into dorsal pouch

Serum levels of Serum levels of

Groups TNF-a (pg/ml) 4™  TNF-a (pg/ml) (7"

day) day)

Slm"asmn(r; :‘6’;‘“"1 group 160.1114.45 191.1£14.87
Simvastatin group (n=6) <39¢ <39¢

Aspirin a‘l’fg)"l group 150.9+12.50 216.9419.35
Aspirin group (n=6) <39¢ <39¢

Combined Therapy control 175.7+13.76 196.749.89

group (n=6)
Combined TElerapy group <394 <394
(n=6)

4™ day at (p < 0.05) and as compared to simvastatin and
aspirin treated groups in the 7t day as well at (p < 0.05).

Our results shown in (Table 4, Fig. 7) demonstrated that
serum concentration of IL-4 was highly increased after the i.p
injection of simvastatin (20 mg/kg/day), aspirin (25
mg/kg/day) or their combination for 3 days or 6 days as
compared to corresponding control groups which had serum
levels below the detection limit. i.p injection of simvastatin
(20 mg/kg/day) or aspirin or (25 mg/kg/day) for 6 days
resulted in similar significant increase of serum levels of I1L-4
at (p < 0.05) as compared to groups received either
simvastatin or aspirin for 3 days. While i.p injection of
combined therapy for 6 days caused higher significant
increase in IL-4 serum levels at (p < 0.05) when compared to
i.p injection of simvastatin, aspirin and combined therapy for
3 days and as compared to i.p injection of aspirin for 6 days.

Table 4: Effect of i.p injection of simvastatin (20 mg/kg), aspirin (25
mg/kg) or their combination for 3 or 6 days on serum levels of interlukin-
4 (IL-4) in rats subcutaneously injected 1 ml of (1%) carrageenan in
saline into dorsal pouch

Serum levels of 1L-4 Serum levels of 1L-4

n: Number of rats

“: Significance against corresponding control group at P < 0.001
Values were expressed as mean of 6 rats + S.E.M. and compared using
ANOVA & Tukey-Kramer multiple comparison tests.

Table 3: Effect of i.p injection of simvastatin (20 mg/kg/day), aspirin (25
mg/kg/day) or their combination for 3 or 6 days on serum levels of
interlukin-6 (IL-6) in rats subcutaneously injected 1 ml of (1%)
carrageenan in saline into dorsal pouch

Groups (pg/ml) (4" day) (pg/ml) (7" day)
Simvastatin control group <16 <16
(n=6) ’ ’
Simvastatin group (n=6) 3.22940.32 6.24°°¢+£0.45
Aspirin control group <16 <16
(n=6) ' ’
Aspirin group (n=6) 3.26°+0.22 5.46°°¢£0.45
Combined Therapy <16 <16
control group (n=6) ’ :
Combined Therapy group 5319bedlyq 56 77794052
(n=6) : ' : :

Serum levels of Serum levels of

Groups IL-6 (pg/ml) (4™ IL-6 (pg/ml) (7™
day) day)
Slm"“ta“(r;:g;““’l group 534.5£8.90 556.60+14.68
Simvastatin group (n=6) 112.6" £6.37 94.84" +3.98
Aspirin control group (n=6) 547.60+12.55 570.80+15.04
Aspirin group (n=6) 106.70" +4.64 91.65% +4.48
Combined Thera_py control 557941237 541.50416.01
group (n=6)
Combined Therapy group (n=6) 93.59" +3.90 67.70°F £3.70

n: Number of rats

: Significance against corresponding control group at P < 0.001

: Significance against simvastatin treated group 4" day at p < 0.05

: Significance against aspirin treated group 4" day at p < 0.05

: Significance against combined therapy treated group 4" day at p < 0.05
: Significance against simvastatin treated group 7" day at p < 0.05

: Significance against aspirin treated group 7" day at p < 0.05

Values were expressed as mean of 6 rats + S.E.M. and compared using
ANOVA & Tukey-Kramer multiple comparison tests

The of i.p injection of simvastatin (20 mg/kg/day), aspirin
(25 mg/kg/day) or their combination for 3 days or 6 days
(Table 3, Fig. 4 & 5) resulted in dramatic significant decrease
of IL-6 serum levels at (p < 0.001) as compared to
corresponding control groups. Furthermore, (Fig. 5) showed
that combined therapy treated group in the 7 day triggered
significant decrease in serum IL-6 levels as compared to
simvastatin, aspirin treated groups in the 7™ day at (p < 0.05).
Significant decrease in IL-6 serum levels was recorded in
aspirin treated group (Table 3, Fig. 6) in the 7™ day as
compared to simvastatin treated group in the 4™ day at (p <
0.05). In addition, I.P injection of combined therapy for 6
days caused significant decrease in serum IL-6 levels in the
combined therapy treated group in the 7 day as compared to
simvastatin, aspirin & combined therapy treated groups in the

n: Number of rats

“: Significance against corresponding control group at P<0.001

: Significance against simvastatin treated group 4" day at p<0.05

: Significance against aspirin treated group 4™ day at p<0.05

: Significance against combined therapy treated group 4" day at p<0.05
: Significance against aspirin treated group 7™ day at p<0.01

Values were expressed as mean of 6 rats + S.E.M. and compared using
ANOVA & Tukey-Kramer multiple comparison tests.

e

~

DISCUSSION

Free oxygen radicals are general mediators of signal
transduction pathways, which are able to induce cytokine
production from various cell types. > Studies attesting the
role of antioxidants, which potentially inhibit oxidant-
mediated activation of transcription factors, reported that
antioxidants also prevent the transcriptional activation of
inflammatory cytokines. These studies suggest that
antioxidants may play a role in decreasing the immune
response by suppressing the oxidative stress. **) Our work
revealed that ip injection of simvastatin resulted in
significant increase of serum level of NO as compared to
corresponding control groups. The increase of endothelial
nitric oxide production may inhibit NF-kB via the induction
and stabilization of inhibitory kappa B-alpha (IkB-a). 2"
Laufs & Liao ™ mentioned that mevalonate destabilizes
endogenous nitric oxide synthase (eNOS) mRNA and statins
increase its half-life by blocking mevalonate synthesis i.e
statins increase eNOS expression by prolonging eNOS
mRNA half-life rather than by inducing eNOS gene
transcription. Birnbaum ez al. * assessed that statins are also
anti-inflammatory because they trigger 15-epi-lipoxin A4
synthesis, endothelial NO synthase-derived NO, dampens
proinflammatory cytokines and thereby inhibiting T cell
activation. Wang er al. ' concluded that the mechanism is
owing to inhibition of RhoA geranylgeranylation, alteration
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Fig 1: effect of I.P injection of (20mg/kg) SVS, (25mg/kg) ASA or their combination for 3 days on
serum levels of nitric oxide(No) in rats compared to corresponding control groups.
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Fig. 2: effect of I.P injection of (20mg/kg) SVS, (25mg/kg) ASA or their combination for 6 days on serum
levels of nitric oxide (No) in rats compared to corresponding control groups.

Values were expressed as mean of 6 rats + S.E.M. and compared using ANOVA & Tukey-Kramer multiple comparison tests.
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Fig 3: comparison between the effects of I.P injection of (20mg/kg) SVS,
(25mg/kg) ASA or their combination for 3 & 6 days on serum

levels of nitric oxide (No) in rats.
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Fig. 4: effect of I.P injection of (20mg/kg) SVS, (25mg/kg) ASA or their combination for 3 days on
serum levels of interlukin-6 (IL-6) in rats compared to corresponding control groups.

Values were expressed as mean of 6 rats + S.E.M. and compared using ANOVA & Tukey-Kramer multiple comparison tests.
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Fig. 5: effect of I.P injection of (20mg/kg) SVS, (26mg/kg) ASA or their combination for 6 days on
serum levels of interlukin-6 (IL-6) in rats compared to corresponding control groups.
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Fig. 6: comparison between the effects of I.P injection of either (20mg/kg) SVS,
(25mg/kg) ASA or their combination for 3 & 6 days on serum levels of
interlukin-6 (IL-6) in rats.

Values were expressed as mean of 6 rats + S.E.M. and compared using ANOVA & Tukey-Kramer multiple comparison tests.
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Fig. 7: comparison between the effects of I.P injection of (20mg/kg) SVS, (25mg/kg)
ASA or their combination for 3 & 6 days on serum levels of

interlukin-4 (IL-4) in rat.

Values were expressed as mean of 6 rats = S.E.M. and compared using ANOVA & Tukey-Kramer multiple comparison tests.

of the cytoskeleton and localization of the eNOS mRNA.
Alongside, this study showed that I.P injection of aspirin
resulted in significant increase of serum level of NO as
compared to corresponding control groups. Aspirin increases
c¢GMP via NO and subsequent activation of soluble guanylyl
cyclase which is clearly demonstrated by a series of
experiments. °°! The enhanced activity of the NO/cGMP
system under the influence of aspirin is attributable to a
direct stimulatory effect of aspirin on eNOS. These findings
confirm the role of the NO/cGMP pathway in this process
and point specifically to cGMP as a causative mediator in
antioxidant protection. *'!

In comparison, there was no significant difference in serum
NO level after simvastatin therapy as compared to using
aspirin therapy, which give evidence regarding the
antioxidant activity of simvastatin which is comparable to
that of aspirin. On the contrary, there was significant increase
in serum NO levels in combined therapy treated group in the
7h day as compared to simvastatin and aspirin treated groups
in the 4™ day& against simvastatin treated group in the 7™
day which indicates that the antioxidant activity of combined
therapy increased with longer time and the combination of
the two drugs. This elevation may be due to potentially
overlapping mechanisms of both aspirin and simvastatin.

The present study demonstrated that simvastatin had
decreased serum level of TNF-a and IL-6 (below the
detection limit in case of TNF-o) as compared to
corresponding control groups. Simvastatin exerts direct anti-
inflammatory effects via peroxisome proliferator—activated
receptor alpha (PPARa), independent of its plasma
cholesterol lowering activities. PPARa is a nuclear receptor
that regulates gene expression; PPARa not only regulates
lipid metabolism but also exerts pronounced anti-
inflammatory activities by negatively interfering with
proinflammatory signaling pathways including NFxB.*%
This molecular action is exemplified by the inhibition of
inflammatory induction of genes, such as vascular cell
adhesion molecule-1, IL-6, and TNF-a. PPARa clearly plays
a functional role in the anti-inflammatory effects of
simvastatin in vitro and in vivo. ¥ The present work showed

that I.P injection of aspirin had resulted in a dramatic
decrease of serum levels of TNF-a and IL-6 as compared to
corresponding control groups.

Yoo et al B assessed that ASA inhibit proinflammatory
cytokine production by blocking NF-«kB activation. They also
demonstrated that this inhibitory effect of ASA on NF-«B
activation is secondary to the stabilization of inhibitory kappa
B-alpha (IkB-a) by blocking the phosphorylation of IkB-a
and its subsequent degradation. This blocking of IkB-a
phosphorylation by ASA was due to the inhibition of
inhibitory kappa B kinase (IKK) activity.

Injection of combined therapy (simvastatin and aspirin) had
led to a significant decrease of serum levels of TNF-a and
IL-6 compared to corresponding control  groups.
Furthermore, injection of combined therapy for 6 days
caused significant decrease in serum levels of IL-6 as
compared to simvastatin, aspirin and combined therapy
treated groups in the 4th day and as compared to simvastatin,
aspirin treated groups in the 7th day as well.

This decrease is due to modulation of signal transduction
pathways caused by statins, as simvastatin negatively
interfers with proinflammatory signaling pathways including
NF-«kB activation. Beside, aspirin has inhibitory effect on
NF-«B activation so combination regiments with statins and
aspirin significantly enhanced the efficacy of either type of
agents administered alone. Such potentiated effect may
provide a solid ground for the combined therapy.

IL-4 has properties that exemplify many of the characteristics
of the set of immune recognition-induced lymphokines. It is
made in response to immunologic recognition, principally,
not exclusively, by CD4" T lymphocytes. It mediates much of
its action in short range interactions between target cells and
IL-producing T cells, and it has a wide range of function. ¥
In the present work, serum levels of IL-4 were highly
increased after the i.p injection of simvastatin, for 3 or 6 days
as compared to corresponding control groups which had
levels below the detection limit. Moreover, i.p injection of
simvastatin for 6 days resulted in significant increase of
serum level of IL-4 as compared to groups received
simvastatin or aspirin for 3 days.
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The increase in the level of IL-4 after simvastatin treatment
may be due to reduction of inflammatory infiltration,
abrogated the Tyl immune responses and diminished T-cell
proliferation, probably via direct engagement of the T-cell
receptor. **) The type of immune response supported may
also depend on the ability of statins to induce the release of
the Ty2-promoting cytokines (e.g. IL-4 and IL-10), and
diminish secretion of the Tyl subtype (e.g. IL-2, IL-12, or
IFNy). 16!

This study revealed that, serum levels of IL-4 were highly
increased after the i.p injection of aspirin, for 3 or 6 days as
compared to corresponding control groups which had levels
below the detection limit. Also, i.p injection of aspirin for 6
days resulted in significant increase in IL-4 serum levels as
compared to groups received simvastatin or aspirin for 3
days. The increase in the level of IL-4 after aspirin treatment
may be attributed to the biosynthesis of endogenous aspirin-
triggered lipoxins (ATLs); ATLs can in turn act directly on
polymorphonuclear leukocyte (PMN) and/or the appearance
of IL-4. This represents that lipoxins induce upregulation of a
potential anti-inflammatory cytokine such as IL-4. Hence, it
is of particular interest that IL-4 inhibits PMN influx in acute
antibody-mediated inflammation. &7/

Our study showed that serum levels of IL-4 were highly
increased with combined therapy for 3 or 6 days as compared
to corresponding control groups which had serum levels
below the detection limit. Also I.P injection of combined
therapy for 6 days caused significant increase in IL-4 serum
level when compared to groups treated with mono therapy of
either simvastatin, aspirin & combined therapy for 3 days and
against the group treated with aspirin for 6 days.

We can summarize that injection of simvastatin resulted in a
significant increase of serum level of NO which was
accompanied by dramatic significant decrease of serum
levels of TNF-o and IL-6. Also, serum levels of 1L-4 were
highly increased after injection of simvastatin. In
comparison, there were no significant differences between
simvastatin treated groups as compared to aspirin treated
groups in serum levels of NO, aspirin also conferred dramatic
significant decrease of serum levels of TNF-a below the
detection limit which was comparable to that happened after
simvastatin therapy, while aspirin caused more reduction of
IL-6 level in serum as compared to group received
simvastatin. Simvastatin or aspirin treatment yielded the
same significant increase of serum levels of IL-4. Combined
therapy possesses better antioxidant activity as it resulted in
significant increase of serum level of NO as compared to
simvastatin or aspirin therapy. This elevation may be due to
that simvastatin and aspirin act by distinct but potentially
overlapping mechanisms that give evidence that combination
therapies might be even more effective than any single
therapy alone. Treatment with combined therapy resulted in
decrease of serum levels of TNF- a below the detection limit
and caused better significant decrease of IL-6 as compared to
either simvastatin or aspirin therapy alone. Contrarily, serum
levels of IL-4 were highly increased after the injection of
combined therapy compared with either simvastatin or
aspirin therapy alone. This is because both simvastatin and
aspirin dampens proinflammatory cytokines that affect
immune response and account for appearance of IL-4 that
inhibits PMN influx in inflammation.

CONCLUSION

We can conclude that treatment with simvastatin alone had
no significant difference from treatment with aspirin alone
which give solid ground for the predicted anti-inflammatory
effects of simvastatin. Furthermore, our study demonstrated
that treatment with the combined therapy reduced the extent
of inflammation as compared to treatment of simvastatin
alone or aspirin alone. So, the combinations of statins plus
aspirin may produce synergy and have additive effects and a
lot of benefits in immune response. The combination
treatment with agents that inhibit different aspects of the
signal transduction pathways will be transformational and
have better efficacy with fewer side effects. Finally, therapies
directed specifically against proinflammatory cytokines have
to be tested in appropriate prospective clinical trials to
investigate their potential in inflammation management.
Strategies to diminish proinflammatory cytokine signals
should target the mechanisms of immune activation, the
intracellular pathways regulating cytokine production and/or
the fate of cytokines once they have been released into the
circulation.

ACKNOWLEDGEMENT

The authors extend their thanks and gratitude to all the staff
members of the departments of biochemistry and
pharmacology and toxicology, faculty of pharmacy,
University of Mansoura for their continuous help and
support.

REFERENCES

1. Beutler B. Innate Immune Responses to Microbial Poisons:
Discovery and Function of the Toll-Like Receptors. Annu Rev
Pharmacol Toxicol. 2003; 43:609-628.

2. Funk CD. Prostaglandins and Leukotrienes: Advances in
Eicosanoid Biology. Science 2001; 294:1871-1875.

3.  D’Acquisto F, May MJ, Ghosh S. Inhibition of Nuclear Factor
kappa B (NF-B): An Emerging Theme in Anti-inflammatory
Therapies. Mol Interven. 2002; 2:22-35.

4. Liao JK, Laufs U. Pleiotropic Effects of Statins. Annu Rev
Pharmacol Toxicol. 2005; 45: 89-118.

5. Evans M., Roberts A, Davies S, Rees A. Medical Lipid-Regulating
Therapy: Current Evidence, Ongoing Trials and Future
Developments. Drugs. 2004; 64:1181-1196.

6.  Wang CY, Liu P, Liao JK. Pleiotropic Effects of Statin Therapy:
Molecular Mechanisms and Clinical Results. Trends Mol Med.
2008; 14:37-44.

7. McCarey DW, Mclnnes 1B, Madhok R. Hampson R, Scherbakova
O, Ford I, Capell HA, Sattar N. Trial of Atorvastatin in Rheumatoid
arthritis (TARA): Double-Blind, Randomized Placebo-Controlled
Trial. Lancet 2004; 363:2015-2021.

8. Vane JR, Botting RM. The Mechanism of Action of Aspirin.
Thromb Res. 2003; 110:255-258.

9. Turnbull CM, Marcarino P, Sheldrake TA, Lazzarato L, Cena C,
Fruttero R, Gasco A, Fox S, Megson IL, Rossi AG. A Novel Hybrid
Aspirin-NO-Releasing Compound Inhibits TNF-Alpha Release
from LPS-Activated Human Monocytes and Macrophages. J
Inflamm. 2008; 5:12.

10. Mitchell JA, Warner TD. Cyclo-oxygenase-2 Pharmacology,
Physiology, Biochemistry and Relevance to NSAID Therapy. Br J
Pharmacol. 1999; 128:1121-1132.

11. Sedgwick AD, Sin YM, Edwards JC, Willoughby DA. Increased
Inflammatory Reactivity in Newly Formed Lining Tissue. J Pathol.
1983; 141:483-495.

12. Diomede L, Abani D, Sottocorno M, Donati MB, Bianchi M,
Fruscella P, Salmona M. In vivo Anti-inflammatory Effect of
Statins is Mediated by Nonsterol Mevalonate Products. Arterioscler
Thromb Vasc Biol. 2001; 21:1327-1332.

13. Conforti A, Bellavite P, Bertani S, Chiarotti F, Menniti-Ippolito F,
Raschetti R. Rat Models of Acute Inflammation: A Randomized
Controlled Study on the Effects of Homeopathic Remedies. BMC
Complement Altern Med. 2007; 7:1-10.

14. Girgis RE, Li D, Zhan X, Garcia JG, Tuder RM, Hassoun PM,
Johns RA. Attenuation of Chronic Hypoxic Pulmonary

IJPSDR April-June, 2011, Vol 3, Issue 2 (89-96) 95



20.

21.

22.

23.

24.

25.

26.

Hassan et al. / Anti-inflammatory Effect of Simvastatin-Aspirin................

Hypertension by Simvastatin. Am J Physiol Heart Circ Physiol.
2003; 285:H938-H45.

Endres M, Laufs U, Huang Z, Nakamura T, Huang P, Moskowitz
MA, Liao JK. Stroke Protection by 3-Hydroxy-3-methylglutaryl
(HMG)-CoA Reductase Inhibitors Mediated by Endothelial Nitric
Oxide Synthase. Proc Nat Accad Sci. 1998; 95:8880-8885.
Shinmura K, Kodani E, Xuan Y, Buddhadeb D, Tang X, Bolli R.
Effect of Aspirin on Late Preconditioning Against Myocardial
Stunning in Conscious Rabbits. ] Am Coll Cardiol. 2003; 41:1183-
1194.

Zheng L, Howell SJ, Hatala DA, Huang K, Kern TS. Salicylate-
Based Anti-inflammatory Drugs Inhibit the Early Lesion of
Diabetic Retinopathy. Diabetes 2007; 56:337-345.

Montgomery HC, Dymock JF. The Determination of Nitrite in
Water. Analyst 1961; 86:414-416.

Beutler B, Cerami A. Cachectin (Tumor Necrosis Factor): A
Macrophage Hormone Goverming Cellular Metabolism and
Inflammatory Response. Endocr Rev 1988; 9:57-66.

Cerdan, C, Martin Y, Brailly H, Courcoul M, Flavetta S, Costello
R, Mawas C, Birg F, Olive D. IL-1 Alpha is Produced by T
Lymphocytes Activated via the CD2 Plus CD28 Pathways. J
Immunol. 1991; 146:560-564.

Cayphas S, Van Damme J, Vink A, Simpson RJ, Billiau A, Van
Snick J. Identification of an Interleukin HPI-Like Plasmacytoma
Growth Factor Produced by L Cells in Response to Viral Infection.
J Immunol. 1987, 2965-2969.

Hirano T, Kishimoto T. Vol. 139. Interleukin-6 in: Handbook of
Experimental Pharmacology. Peptide Growth Factors and Their
Receptors, Sporn MB & Roberts AB (Eds.). Springer-Verlag,
Berlin, 1990, pp: 633-665.

Brown M, Hu-Li J, Paul WE. IL-4/B Cell Stimulatory Factor-1
Stimulates T Cell Growth by an IL-2 Independent Mechanism. J
Immunol. 1988; 141:504-511.

Lee JD, Swisher SG, Minehart EH, McBride WH, Economou JS.
Interleukin 4 Downregulates Interleukin 6 Production in Human
Peripheral Blood Mononuclear Cells. J Leukocyte Biol. 1990; 47:
475-479.

Makay B, Makay O, Yenisey C, Icoz G, Ozgen G. Unsal E,
Akyildiz M, Yetkin E. The Interaction of Oxidative Stress
Response with Cytokines in the Thyrotoxic Rat: Is There a Link?.
Mediat Inflamm. 2009: 1-7.

Tapia G, Fernandez V, Varela P, Comnejo P, Guerrero J, Videla LA.
Thyroid Hormone-Induced Oxidative Stress Triggers Nuclear

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Factor-kB Activation and Cytokine Gene Expression in Rat Liver.
Free Radic Biol Med. 2003; 35: 257-265.

Peng HB, Libby P, Liao JK. Induction and Stabilization of IxB-a by
Nitric Oxide Mediates Inhibition of NF-kB. J Biol Chem. 1995;
270: 14214-14219.

Laufs U, Liao JK. Post-Transcriptional Regulation of Endothelial
Nitric Oxide Synthase mRNA Stability by Rho GTPase. J Biol
Chem. 1998; 273: 24266-242671.

Birnbaum Y, Ye Y, Lin Y, Freeberg SY, Nishi SP, Martinez JD,
Huang MH, Uretsky BF, Perez-Polo JR. Augmentation of
Myocardial Production of 15-Epi-Lipoxin-a4 by Pioglitazone and
Atorvastatin in the Rat. Circulation 2006; 114: 929-935.

Polte T, Abate A, Dennery PA, Schroder H. Heme Oxygenase-1 is
a cGMP-Inducible Endothelial Protein and Mediates the
Cytoprotective Action of Nitric Oxide. Arterioscler Thromb Vasc
Biol. 2000, 20: 1209-1215.

Polte T, Schroder H. Cyclic AMP Mediates Endothelial Protection
by Nitric Oxide. Biochem Biophys Res Commun. 1998; 251: 460-
465.

Marx N, Duez H, Fruchart J, Staels B. Peroxisome Proliferator-
Activated Receptors and Atherogenesis: Regulators of Gene
Expression in Vascular Cells. Circ Res. 2004; 94: 1168-1178.

Yoo CG, Lee S, Lee C, Kim YW, Han SK, Shim YS. Effect of
Acetylsalicylic Acid on Endogenous IkB Kinase Activity in Lung
Epithelial Cells. Am J Physiol Lung Cell Mol Physiol. 2001; 280:
L3-9.

Paul WE. Interleukin 4/B Cell Stimulatory Factor 1: One
Lymphokine, Many Functions. FASEB J. 1987; 1: 456-1461.

Aktas O, Waiczies S, Smorodchenko A, Dorr J, Seeger B,
Prozorovski T, Sallach S, Endres M, Brocke S, Nitsch R, Zipp F.
Treatment  of  Relapsing  Paralysis in  Experimental
Encephalomyelitis by Targeting Th1 Cells Through Atorvastatin. J
Exp Med. 2003; 197: 725-733.

Youssef S, Stuve O, Patarroyo JC, Ruiz PJ, Radosevich JL, Hur
EM, Bravo M, Mitchel DJ, Sobel RA, Steinman L, Zamil SS. The
HMG-CoA Reductase Inhibitor, Atorvastatin, Promotes a Th2 Bias
and Reverses Paralysis in Central Nervous System Autoimmune
Disease. Nature 2002; 420: 78-84.

Saleem S, Dai Z, Coelho SN, Konieczny BT, Assmann KIJ,
Baddoura FK, Lakkis FG. IL-4 is an Endogenous Inhibitor of
Neutrophil Influx and Subsequent Pathology in Acute Antibody-
Mediated Inflammation. J Immunol. 1998; 160: 979-984.

IJPSDR April-June, 2011, Vol 3, Issue 2 (89-96) 96



