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A B S T R A C T

Even though cilostazol was assessed before in several models of atherosclerosis, so far its full systematic effect as
a natural anti-inflammatory and anti-apoptotic mediator in the protection of liver damage and complication has
not been fully clarified, which is the target of this study. For that purpose, we examined the protective effect of
cilostazol (10 and 5 mg/kg, p.o. b.wt.) in an acute hepatic injury model by orally injecting it for 3 weeks prior to
a single dose of TAA (300 mg/kg, i.p) injection. Ursodeoxycholic acid was used as a standard drug (50 mg/kg,
p.o. b.wt.). After injection of thioacetamide by 48hr, rats were sacrificed. On the serum biochemical level,
cilostazol ameliorated the thioacetamide consequence, where it presented a significant enhancement in the liver
enzymes activities [Aspartate aminotransferase (AST) & Alanine aminotransferase (ALT)]. On the other hand, at
the tissue level (Liver), it revealed a significant improvement in pro-inflammatory cytokines [Tumor necrosis
factor alpha (TNF-α), Interleukin 1 beta (IL-1β), Nuclear factor kappa B (NF-κB), NF-κB (P65/P50 nucleus
translocation), caspase-3, cleaved caspase-3 & C-reactive protein (CRP)], redox level [Reduced glutathione
(GSH) & Malondialdehyde (MDA)], histopathological findings, Reverse transcription polymerase chain reaction
(RT-PCR) analysis (expression of TNF-α and NF-κB mRNA levels), and immunohistochemical reaction (caspase-3
& TNF-α). Obviously, the high dose of cilostazol (10 mg/kg, p.o. b.wt.) displayed a more pronounced effect than
its lower one and nearly equal to ursodeoxycholic acid in the most of the parameters. These results give a new
awareness into the hopeful molecular mechanisms by which cilostazol attenuates several factors participated in
the progression of liver damage.

1. Introduction

The liver is a highly vital organ, playing an important role in the
metabolic functions. From the last years, the morbidity and mortality of
many forms of liver diseases have increased all over the world (Trivedi
and Hirschfield, 2013; Suk et al., 2014).

Cilostazol is a type III phosphodiesterase enzyme (PDE3) inhibitor
with partial type V phosphodiesterase (PDE5) activity, which has been
related to the elevation of the intracellular cyclic adenosine mono-
phosphate (cAMP) level by preventing its hydrolysis (Kimura et al.,
1985). Moreover, cilostazol reduces recurrent cerebral infarction
(Gotoh et al., 2000) and mitigates ischemic brain injury post-transient
focal cerebral ischemia by cyclic adenosine monophosphate response
element binding protein (CREB) activator of progenitor cells and en-
hance hepatic blood flow and sinusoidal perfusion besides regulating
pro-inflammatory cytokines (Akcan et al., 2006; Uchiyama, 2010).

Ursodeoxycholic acid is a secondary bile acid, which is a metabolic
derivative of intestinal bacteria and it has anti-oxidative properties
(Chun and Low, 2012). The positive effects of ursodeoxycholic acid in
non-cholestatic liver injury is through preventing the damage of the
liver mitochondrial functions and maintaining its structure in chronic
alcohol toxicity (Lukivskaya et al., 2007). The mechanism of the urso-
deoxycholic acid action could be related to the transposition of toxic
bile acids from the bile acid pool as well as immunomodulatory and
cytoprotective effects, and we used it in this study as a reference drug in
evaluating cilostazol effects (Dilger et al., 2012; Kotb, 2012).

In this experiment, we decided to investigate the ability of cilostazol
in combination with ursodeoxycholic acid in mitigating or restoring
liver damage accompanied by inflammatory disorders, and complica-
tions.
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2. Material and methods

2.1. Drugs and chemicals

Thioacetamide was purchased from [Sigma-Aldrich Co., USA],
while cilostazol (Pletal) from Otsuka Pharmaceuticals (UK) and urso-
deoxycholic acid (Ursofalk) from MINAPHARM-Egypt. Cilostazol and
ursodeoxycholic acid were administered orally, which they suspended
in distilled water.

2.2. Animals

Mature male Wistar albino rats weighing 120–130 g were obtained
from the National Research Centre Animal House (Dokki, Giza, Egypt)
and were kept in a standard polypropylene cages under standard en-
vironmental conditions with equal light-dark cycles. Rats were adapted
for 1 week and were fed rat normal pellet diet and water ad libitum,
prior to the beginning of the experiment.

2.3. Ethics statement

This experiment was carried out in according to the recommenda-
tions in the Guide for the Care and Use of Laboratory Animals published
by the US National Institute of Health (NIH Publication No. 85–23,
revised 1996) and under regulations of Animal Care and Use of National
Research Centre in Egypt. All surgery was performed under deep so-
dium pentobarbital anesthesia and all efforts were made to minimize
the suffering of animals.

2.4. Induction of liver damage and experimental design

60 rats were divided into 5 groups, the first group was fed normal
diet and received the vehicle (distilled water) to be considered as
normal control group. While, the second one received a single dose of
thioacetamide (300 mg/kg, i.p) to induce a liver damage and is con-
sidered as control positive group (Mostafa et al., 2017). The third and
fourth groups were administered cilostazol (5 and 10 mg/kg, p.o, re-
spectively) for 3 weeks before the injection of a single dose of Thioa-
cetamide (300 mg/kg, i.p) (Lee et al., 2010; Gokce et al., 2012),
whereas the fifth group received ursodeoxycholic acid (50 mg/kg, p.o)
for 3 weeks before the injection of a single dose of Thioacetamide
(300 mg/kg, i.p) (Hatano et al., 2017). After injection of thioacetamide
by 48hr, rats were fasted 18 h before killing to diminish the food-re-
lated variations in biochemical parameters levels.

2.5. Serum collection for analysis

Blood was collected from the retro-orbital venous plexus under so-
dium pentobarbital anesthesia and was centrifuged (700×g, 4 °C,
20 min) to separate serum. Serum was used to determine liver enzymes
by using colorimetric reagent kits (AST and ALT) (Quimica Clinica
Aplicada, Spain).

2.6. Liver tissue extracts

After serum collection, rats were killed under a deep sodium pen-
tobarbital anesthesia. The liver was separated out, washed, weighed
and homogenized in phosphate buffer saline (PBS) [10%]. First part of
the aliquot was centrifuged at 1500×g at 4 C° for 15 min and the su-
pernatant was collected and stored at −80C° for the direct assessment
of certain parameters and the second part of the aliquot was exposed to
two repeated freeze-thaw cycle to break the cell membranes, then
centrifuged at 5000×g for 5 min and stored at −80C° for the assess-
ment of the other parameters.

2.7. Protein assay

The protein content in the liver tissue homogenates was analyzed
using the Bradford technique and the bovine serum albumin was used
as a standard (Bradford, 1976).

2.8. Assessment of liver parameters

ELISA rat kits were used for the estimation of TNF-α and IL1-1β
(RayBiotech, USA), NF-κB (EIAab, China), NF-κB (P65/P50 nucleus
translocation) (Cayman Chemical, USA), CRP level (IBL, Germany),
MDA, GSH (CELL BIOLABS, USA), and total oxidant system (Dr. Franz
Tatzber KFG, Austria). Also, caspase-3 (CUSABIO, China) and cleaved
caspase-3 (DuoSet IC, USA) were estimated by ELISA rat kits.

2.9. Reverse transcription polymerase chain reaction (RT-PCR) assay

The number of the mRNA copies of NF-κB and TNF-α was assessed
by quantitative RT-PCR in RNA extracts from hepatic tissue homo-
genates from rats of the all different groups. Total RNA was extracted
from tissue using a QIA amp. RNA Mini kit Cat. No. 62341 (QIAGEN
GmbH, Germany) as designated in the manufacturer's protocol. RT-PCR
assays to specifically quantify rat NF-κB and TNF-α mRNA were carried
out by using PCR fluorescence quantitative kits (SNP Biotechnology R&
D Ltd., USA) and a detection system (Step one Plus™ Real-time device,
Applied Biosystems, USA), according to the manufacturer's directions.

2.10. Liver histopathological examination

Different sections from different lobes of the liver control and
treated rats were excised and fixed in 10% neutral buffer formalin.
Then the tissue sections were dehydrated and embedded in paraffin
blocks. Sections of 5 µm thickness were cut and stained with H&E then
examined by light microscopy for routine histopathological examina-
tion. Ten liver sections per group were examined.

For assessment of hepatocellular degeneration and necrosis, a semi-
quantitative lesion scoring was performed according to the method of
Shirai et al., (2015) with some modifications, in which: grade 1 re-
vealed mild vacuolar degeneration of hepatocytes and hepatocellular
swelling was restricted to the centrilobular area; grade 2: extensive
vacuolar degeneration of hepatocytes with diffuse hepatocellular
swelling; grade 3: extensive vacuolar degeneration of hepatocytes and
hepatocellular necrosis was confined to individual cell; grade 4: cen-
trilobular necrosis was demonstrated in ˂ 33% of tissue sections; grade
5: centrilobular necrosis was demonstrated in ≥ 33% of tissue sections.
The obtained data were statistically analyzed.

2.11. Liver immunohistochemical examination

Immunohistochemical staining for a demonstration of caspase-3 and
TNF-α immune reactivity was performed on formalin-fixed paraffin
sections according to the method of Hegazy et al. (2016) and Filliol
et al., (2016). The tissue sections were deparaffinized and incubated in
3% H2O2. Then the tissue sections were incubated with Rabbit poly-
clonal anti-caspase-3 and rabbit polyclonal anti- TNF-α (Bioss) as pri-
mary antibodies in Ventana automated machine (Ventana Medical
Systems, USA). Diaminobenzidine (DAB) (Ventana Medical Systems,
Tucson, AZ, USA) was used to demonstrate the immune reactive cells.
Hepatocytes with brown cytoplasm were considered immune reactive
cells. The Caspase-3 and TNF-α immune reactive cells were counted in
five random high microscopic fields (40×) according to the method of
Ibrahim et al., (2015). Then the obtained results were statistically
analyzed.
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2.12. Statistical analysis

Values were stated as mean± S.E.M. of 8–10 rats and the variances
between groups were tested for significance using analysis of variance
(ANOVA), followed by Tukey-Kramer post-hoc test estimated by SPSS
software, version 21. The level of statistical significance was at
P<0.05.

3. Results

3.1. Serum liver function parameters (AST & ALT)

The control positive group showed a significantly marked elevation
in serum AST and ALT levels compared with the normal control group
as shown in Table 1. Protected groups treated with either cilostazol 5 or
10 mg/kg exhibited a significant decrease in these 2 parameters level in
comparison with the control positive group, but the effect of cilostazol
(10 mg/kg) was more predominate and significant than cilostazol
(5 mg/kg) in serum AST level. Meanwhile, the protected group treated
with only ursodeoxycholic acid presented a highly significant decline in
liver function level compared to the control positive group or with ci-
lostazol (5 mg/kg) group, however, it was comparable with cilostazol
(10 mg/kg).

3.2. Hepatic oxidative stress and antioxidant defense parameters (Total
oxidant system, MDA & GSH)

Table 2 represented that the control positive group exerted a sig-
nificant elevation in hepatic total oxidant system and MDA level, and at
the same time showed a significant decline in hepatic GSH level com-
pared with the normal control group. But, groups protected with either
cilostazol 5 or 10 mg/kg displayed a noticeable alleviation in these
parameters level in comparison with the control positive group. How-
ever, the effect of cilostazol (10 mg/kg) was more obvious than cilos-
tazol (5 mg/kg). The protected group treated with ursodeoxycholic acid
showed a more significant progress in these 3 parameters level com-
pared to the control positive group or with either treatment alone ex-
cept its effect on GSH, which was the same that of cilostazol (10 mg/
kg).

3.3. Hepatic pro-inflammatory cytokines and apoptotic biomarkers (TNF-α,
IL-1β, NF-κB, NF-κB (P65/P50 nucleus translocation), caspase-3, cleaved
caspase-3 & CRP)

The control positive group exhibited a marked increase in the levels
of TNF-α, IL-1β, NF-κB, NF-κB (P65/P50 nucleus translocation), cas-
pase-3, cleaved caspase-3 and CRP in comparison with the normal
control group (Fig. 1). While, protected groups treated with either ci-
lostazol 5 or 10 mg/kg confirmed a significant down-regulation in these
parameters level in comparison to the control positive group, but the
effect of cilostazol (10 mg/kg) was more obvious and significant than
that of cilostazol (5 mg/kg) and ursodeoxycholic acid protected groups
except for NF-κB and caspase-3 in which the effect of cilostazol 10 mg/
kg was the same as that of ursodeoxycholic acid. Also, the control po-
sitive group protected with ursodeoxycholic acid showed a significant
improvement in all these parameters level related with the control
positive group or with the protected group treated with cilostazol
(5 mg/kg) except its effect on TNF-α which was the same of cilostazol
(5 mg/kg).

3.4. Hepatic RT-PCR analysis of expression of TNF-α and NF-κB mRNA
levels

Fig. 2 showed that the control positive group showed a significant
increase in the expression of liver TNF-α and NF-κB mRNA levels in
comparison to the normal control group. Protected groups treated with
either cilostazol 5 or 10 mg/kg exhibited a significant decrease in these
2 parameters level in comparison to the control positive group, but the
effect of cilostazol (10 mg/kg) was more pronounced and significant
than that of cilostazol (5 mg/kg) and ursodeoxycholic acid protected
groups especially in NF-κB mRNA level. The protected group with ur-
sodeoxycholic acid exhibited a significant effect only in NF-κB mRNA
level compared to the control positive group and its effect was the same
of cilostazol (5 mg/kg).

3.5. Hepatic histopathology

Table 3 illustrates the mean pathologic lesion score recorded in the
liver of normal control and treated rats. Liver of normal control rats
showed normal hepatic architecture with no evidence of degenerative

Table 1
Protective effect of cilostazol and ursodeoxycholic acid after three weeks of administration on serum liver functions (AST & ALT) against thioacetamide (TAA) induced liver damage in
albino rats.

Normal control (Distilled
water)

Control positive (TAA;
300 mg/kg)

Cilostazol (5 mg/kg
+TAA)

Cilostazol (10 mg/kg
+TAA)

Ursodeoxycholic acid (50 mg/kg
+TAA)

AST (IU/l) 37.21± 2.84 113.04a± 7.43 71.4a,b± 5.34 60.92a,b,c± 2.07 58.5 a,b,c± 2.9
ALT (IU/l) 35.7± 2.41 60.08a±1.58 54.59 a,b± 1.71 49.63 a,b± 2.55 44.03 a,b,c ± 2.36

Values are means± S.E.M. of 8–10 animals. As compared with normal control (Distilled water) (a), control positive (TAA; 300 mg/kg) (b), cilostazol (5 mg/kg+TAA) treated (c) and
cilostazol (10 mg/kg+TAA) treated (d) groups and the variances between groups were tested for significance using analysis of variance (ANOVA), followed by Tukey-Kramer posthoc
test, P< 0.05.

Table 2
Protective effect of cilostazol and ursodeoxycholic acid after three weeks of administration on liver oxidative stress biomarkers (MDA & GSH) against thioacetamide (TAA) induced liver
damage in albino rats.

Normal control
(Distilled water)

Control positive (TAA;
300 mg/kg)

Cilostazol (5 mg/kg
+TAA)

Cilostazol (10 mg/kg
+TAA)

Ursodeoxycholic acid (50 mg/kg
+TAA)

MDA (µmol/g tissue) 5.56± 0.39 27.36a±1.51 17.83 a,b± 0.85 10.6 a,b,c± 0.63 13.5 a,b,c,d± 1.04
GSH (µmol/g tissue) 5.52± 0.42 1.06a± 0.07 1.75 a,b± 0.09 3.87 a,b,c± 0.22 3.18 a,b,c± 0.26
Total oxidant system

(mmol/g tissue)
0.08± 0.01 1.21a± 0.07 0.91 a,b± 0.06 0.55 a,b,c± 0.03 0.21 a,b,c,d± 0.02

Values are means± S.E.M. of 8–10 animals. As compared with normal control (Distilled water) (a), control positive (TAA; 300 mg/kg) (b), cilostazol (5 mg/kg+TAA) treated (c) and
cilostazol (10 mg/kg+TAA) treated (d) groups and the variances between groups were tested for significance using analysis of variance (ANOVA), followed by Tukey-Kramer posthoc
test, P< 0.05.
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Fig. 1. Protective effect of cilostazol and ursodeoxycholic acid after three weeks of administration on liver pro-inflammatory cytokines and apoptotic biomarkers (TNF-α, IL-1β, NF-κB,
NF-κB (P65/P50 nucleus translocation), caspase-3, cleaved caspase-3& CRP) against thioacetamide (TAA) induced liver damage in albino rats. Values are means± S.E.M. of 8–10
animals. As compared with normal control (Distilled water) (*), control positive (TAA; 300 mg/kg) (#), cilostazol (5 mg/kg+TAA) treated (†) and cilostazol (10 mg/kg+TAA) treated
(††) groups and the variances between groups were tested for significance using analysis of variance (ANOVA), followed by Tukey-Kramer posthoc test, P< 0.05.

Fig. 2. Protective effect of cilostazol and ursodeoxycholic acid after three weeks of administration on liver RT-PCR analysis of expression of TNF-α and NF-κB mRNA against thioace-
tamide (TAA) induced liver damage in albino rats. Values are means± S.E.M. of 8–10 animals. As compared with normal control (Distilled water) (*), control positive (TAA; 300 mg/kg)
(#), cilostazol (5 mg/kg+TAA) treated (†) and cilostazol (10 mg/kg+TAA) treated (††) groups and the variances between groups were tested for significance using analysis of variance
(ANOVA), followed by Tukey-Kramer posthoc test, P<0.05.
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and/or necrotic changes (Fig. 3A) with a mean pathologic score of
0.40±0.24. Whereas severe histopathological alterations were de-
monstrated in the liver of control positive group with a mean patho-
logic score of 3.80± 0.58. Liver of this group revealed centrilobular
necrosis of hepatocytes in which the necrotic cells were intensely eo-
sinophilic with pyknotic and karyorrhectic nuclei associated with
apoptotic changes and few mononuclear cell infiltration (Fig. 3B). Focal
sinusoidal congestion with leukocytosis and kupffer cell hypertrophy
were among the most frequent lesions demonstrated in this group.
Moreover, abundant apoptotic changes were also demonstrated and
confirmed in caspase-3 immunohistochemically stained sections. Portal
triads were intensely infiltrated with mononuclear cells mostly mac-
rophages and lymphocytes. These lesions were regressed in cilostazol
(5 mg/kg) pretreated group with, a mean pathologic score of
2.80±0.37, focal area of hepatocellular necrosis infiltrated by mono-
nuclear cells (Fig. 3C). Marked improvement was recorded in cilostazol
(10 mg/kg) pretreated group, with a mean pathologic score of
2.00±0.54, evidenced by diffuse granulovacuolar degeneration of
hepatocytes (Fig. 3D) with no centrilobular necrosis demonstrated in

this group. Liver restored its normal structure, with mild vacuolar de-
generation of hepatocytes, in the ursodeoxycholic acid pretreated group
(Fig. 3E) with a mean pathologic score of 1.40±0.24.

3.6. Hepatic immunohistochemistry

Table 3 summarizes the mean of Caspase-3 and TNF-α immune re-
active cells recorded in the liver of normal control and treated rats. A
significant increase of Caspase-3 and TNF-α immune reactive cells was
recorded in the liver of control positive rats (43.00±2.00 and
44.00±2.08, respectively) (Figs. 4B and 5B, respectively) compared to
the normal control one (0.33± 0.33 and 0.33±0.33, respectively)
(Figs. 4A and 5A, respectively). On the contrary, the number of Cas-
pase-3 and TNF-α immune reactive cells were significantly decreased in
cilostazol (5 mg/kg) (28.66±3.48 and 29.33±3.28, respectively)
(Figs. 4C and 5C, respectively) compared to control positive group.
Additionally, a significant decrease of caspase-3 and TNF-α immune
reactive cells was recorded in cilostazol (10 mg/kg) (15.00±1.15 and
19.33±2.18, respectively) (Figs. 4D and 5D, respectively) compared to

Table 3
Protective effect of cilostazol and ursodeoxycholic acid after three weeks of administration on the histopathological and immunohistochemical findings against thioacetamide (TAA)
induced liver damage in albino rats.

Normal control
(Distilled water)

Control positive (TAA;
300 mg/kg)

Cilostazol (5 mg/kg
+TAA)

Cilostazol (10 mg/kg
+TAA)

Ursodeoxycholic acid (50 mg/
kg+TAA)

Liver pathologic lesion
score

0.40±0.24 3.80 a± 0.58 2.80 a± 0.37 2.00 a,b± 0.54 1.40 a,b,c± 0.24

Caspase−3 (count/HMF) 0.33±0.33 43.00 a± 2.00 28.66 a,b± 3.48 15.00 a,b,c ± 1.15 13.00 a,b,c ± 2.08
TNF-α (count/ HMF) 0.33±0.33 44.00 a± 2.08 29.33 a,b± 3.28 19.33 a,b,c ± 2.18 15.00 a,b,c ± 2.64

Values are means± S.E.M. of 8–10 animals. As compared with normal control (Distilled water) (a), control positive (TAA; 300 mg/kg) (b), cilostazol (5 mg/kg+TAA) treated (c) and
cilostazol (10 mg/kg+TAA) treated (d) groups and the variances between groups were tested for significance using analysis of variance (ANOVA), followed by Tukey-Kramer posthoc
test, P< 0.05.

Fig. 3. Protective effect of cilostazol and ursodeoxycholic acid
after three weeks of administration on liver histopathological
examination against thioacetamide (TAA) induced liver damage
in albino rats. photomicrograph of liver tissue of, (A) normal
control rats (Distilled water) showing normal hepatic archi-
tecture, (B) control positive (TAA; 300 mg/kg) rats showing
centrilobular necrosis of hepatocytes associated with apoptotic
changes and few mononuclear cell infiltration, (C) cilostazol
(5 mg/kg+TAA) treated rats showing focal area of hepatocellular
necrosis infiltrated by mononuclear cells, (D) cilostazol (10 mg/
kg+TAA) treated rats showing diffuse granulovacuolar degen-
eration of hepatocytes, and (E) ursodeoxycholic acid-treated rats
showing mild vacuolar degeneration of hepatocytes.(H&E, X20).
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Fig. 4. Protective effect of cilostazol and ursodeoxycholic acid
after three weeks of administration on liver Caspase-3 im-
munohistochemical reaction against thioacetamide (TAA) in-
duced liver damage in albino rats. photomicrograph of liver tissue
showing caspase-3 immune reactive cells of, (A) normal control
rats (Distilled water), (B) control positive (TAA; 300 mg/kg)
treated group, (C) cilostazol (5 mg/kg+TAA) treated group, (D)
cilostazol (10 mg/kg+TAA) treated group, and (E) ursodeoxy-
cholic acid treated group.(caspase-3 immunohistochemical
staining, X40).

Fig. 5. Protective effect of cilostazol and ursodeoxycholic acid
after three weeks of administration on liver TNF-α im-
munohistochemical reaction against thioacetamide (TAA) in-
duced liver damage in albino rats. photomicrograph of liver tissue
showing TNF-α immune reactive cells of, (A) normal control rats
(Distilled water), (B) control positive (TAA; 300 mg/kg) treated
group, (C) cilostazol (5 mg/kg+TAA) treated group, (D) cilos-
tazol (10 mg/kg+TAA) treated group, and (E) ursodeoxycholic
acid treated group.(TNF-α immunohistochemical staining, X40).
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control positive and cilostazol (5 mg/kg) treated groups. The most
ameliorative effect was recorded in ursodeoxycholic acid treated group
in which the number of Caspase-3 and TNF-α immune reactive cells
were significantly decreased (13.00±2.08 and 15.00± 2.64, respec-
tively) (Figs. 4E and 5E, respectively) compared to other treated groups.

4. Discussion

The present study presents new insight into the possible mechanism
of cilostazol, a PDE3 inhibitor with partial PDE5 activity, toward the
attenuation of thioacetamide-induced hepatic injury in rats.
Thioacetamide was used in a single dose as a hepatotoxicant and in-
ducer of liver injury.

Thioacetamide has been shown to be useful as in vivo tool in
studying liver injuries as the lesions elicited by it resembles those seen
in most cases shown in human liver diseases.

Thioacetamide is a thiono -sulfur-containing compound that was
used as a fungicide. In addition, it is a hepatotoxicant that causes
centrilobular necrosis that leads to further damage and possibly cir-
rhosis (Stankova et al., 2010). Thioacetamide initiates the reactive
metabolites release as a result of the formation of thioacetamide-S-
oxide that results in the death of cells by apoptotic and necrotic me-
chanisms (Hamilton et al., 2014). The reactive oxygen species produced
as a result of thioacetamide lead to further lipid peroxidation decreased
levels of glutathione and SH-thiol groups (Yuan and Kaplowitz, 2013).

Cyclic nucleotides (cAMP and cGMP) are intracellular second mes-
sengers that play a central role in signal transduction in many physio-
logical processes (Bourne et al., 1974). Intracellular levels of these
nucleotides are tightly regulated at the level of synthesis by receptor-
linked enzymes (such as adenylyl and guanylyl cyclases) as well as by
degradation by enzymes known as phosphodiesterases (PDEs). These
enzymes catalyze the hydrolysis of cAMP and cGMP, (Bourne et al.,
1974).

It has been reported in several liver injury models that several
agents which increase the intracellular cAMP level could protect the
liver (Spengler et al., 1989; Taguchi et al., 1999). The elevated hepatic
enzymes' level after treating with the thioacetamide were significantly
restored by treating with both cilostazol (5 and 10 mg/kg), however,
cilostazol 10 mg/kg was comparable to that of an ursodeoxycholic acid
group that acts as a standard group.

These enzymes, which released from damaged hepatocytes into the
blood, have been utilized as very important indicators to judge the
severity of hepatic injury (Clark et al., 2003).

These results are in accordance with other studies that revealed the
decrease in liver enzymes elicited by cilostazol in common bile duct
ligated rats (Abdel Kawy, 2015). Another phosphodiesterase inhibitor,
namely, pentoxifylline was shown to have hepatoprotective effect in rat
liver injury that was demonstrated by the depletion in serum amino-
transferase activities, including ALT and AST (Luo et al., 2015).

The depleted hepatic antioxidant mechanisms have been docu-
mented as one of the main mechanisms of thioacetamide -induced he-
patic injury (Wang et al., 1999). Previous reports have revealed that the
measurement of total oxidant system and MDA is useful in studying the
pathological condition in different tissues (Jayakumar et al., 2006).
Thioacetamide induces liver damage by forming free radicals that react
with cellular lipids to promote lipid peroxidation (Fadhel and Amran,
2002). The present study showed a significant increase in the total
oxidant system and MDA levels in the thioacetamide group as shown in
previous studies (Wong et al., 2012; Mustafa et al., 2013) and our re-
sults support the previously mentioned damaging effect of total oxidant
system and MDA. This elevation in total oxidant system and MDA level
was significantly depleted by cilostazol in its two doses. Moreover, ci-
lostazol in the high dose was even more significant than the urso-
deoxycholic acid.

GSH level is depleted in thioacetamide -induced hepatic injury as a
result of the increased release of reactive oxygen species (ROS) that

consumes it and other protective enzymes (Li et al., 2003). Mustafa
et al., 2013 had confirmed the occurrence of oxidative stress through
the significant decrease of GSH and nitric oxide (NO) in liver rats as an
effect for thioacetamide administration (Mustafa et al., 2013).

In the present study, GSH level was significantly depleted in hepatic
tissue and cilostazol (5 and 10 mg/kg) significantly reversed that de-
pletion. Cilostazol 10 mg/kg was comparable in its effect to that of
ursodeoxycholic acid. These results are in accordance with previous
ones that explored other PDE inhibitors' effect on GSH level in hepatic
tissue (Luo et al., 2015).

The initial induction of early inflammatory response triggers the
production of cytokines from the macrophages in the liver (Simpson
et al., 1997). From the most important cytokines involved in the in-
flammatory response are the TNF-α, IL-1β, NF-κB, and NF-κB (P65/P50
nucleus translocation) (Wu et al., 2010; Diao et al., 2011).

Hepatic macrophages in the early stages of acute hepatic injuries
rapidly secrete pro-inflammatory cytokines and chemokines that result
in apoptotic signals (Luedde and Schwabe, 2011). Such cytokines and
chemokines specifically, TNF-α, are involved in cellular damage and
are considered critical factors in different liver diseases (Auguet et al.,
2008). However, IL-1β which is a member of the interleukin 1 family is
the most investigated one in the liver diseases' studies as it mitigates
liver steatosis and fibrosis (Kumar et al., 2012).

The findings of the present study revealed that NF-κB with pro-in-
flammatory cytokines (TNF-α & IL-1β) regulated by this factor was
inhibited. We documented that cilostazol lowered liver TNF-α, IL-1β,
NF-κB and NF-κB (P65/P50 nucleus translocation) compared to that of
the thioacetamide control group. Cilostazol 10 mg/kg was even more
significant than the ursodeoxycholic acid group in lowering the level of
TNF-α and IL-1β. Hence, cilostazol proved to have anti-inflammatory
effects in acute liver injury. Our results are similar to those of Abdel
Kawy, 2015, who stated that cilostazol decreased TNF-α level in
common bile duct ligated rats (Abdel Kawy, 2015). Moreover, Lee and
Eun (2012), found that cilostazol significantly decreased the level of
lipopolysaccharides stimulated TNF-α mRNA and protein production in
liver (Lee and Eun, 2012).

Increases in cellular cAMP levels by different types of cAMP en-
hancers have invariably been found to result in the suppression of TNF-
α production stimulated either in vitro or in vivo with lipopoly-
saccharide (LPS) in monocytes/macrophages of both human and
murine origin (Zidek, 1999). Many studies have stated that, depending
on the cell type, suppression of LPS inducible TNF-α production by
cAMP can occur in both NF-κB dependent and -independent mechan-
isms (Ollivier et al., 1996; Woo et al., 2003). Although cAMP is the most
widely known second messenger that down regulates TNF-α produc-
tion, its role in a TNF-α production by monocytes/macrophages in
many liver injuries has not been investigated.

According to Wall, 2009, it has been documented that Toll-like re-
ceptor 4 (TLR4) ligand LPS facilitated activation of cAMP-PKA signaling
and increases IL-10 and suppressed macrophage pro-inflammatory TNF-
α and macrophage inflammatory protein 1α (MIP-1α) levels in vitro
(Wall et al., 2009). The mechanism by which cAMP-PKA axis suppresses
LPS-induced TNF-α production involves increasing the activity of cAMP
response element-binding protein (CREB), and modulation of NF-κB
(Wall et al., 2009).

Further, cAMP-PKA activation can prevent apoptosis of par-
enchymal cells, including hepatocytes (Wang et al., 2006; Torella et al.,
2009).

NF-κB is a critical factor in the transcriptional control of expressions
of pro-inflammatory genes in various cells (Reyes-Gordillo et al., 2007).
Evidence has been clarified that the induction of NF-κB dependent gene
expression in Kupfer cells plays a critical role in thioacetamide -induced
liver injury (Demirel et al., 2012). The findings of the present study
revealed that cilostazol suppressed the activation of NF-κB and inhibit
inflammation. These findings are parallel to those of Luo et al., 2015,
who showed that other phosphodiesterase inhibitor pentoxifylline who
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declared the anti-inflammatory effects of it through the NF-κB pathway
(Luo et al., 2015). Consequently, our study suggests that hepato-pro-
tective effects of cilostazol might be mediated through the suppression
of the NF-κB system in acute liver-injured rats.

Interestingly, hepatic RT-PCR analysis of expression of TNF-α and
NF-κB mRNA levels confirmed the biochemical measurements in the
hepatic tissue suggesting the crucial role that cAMP enhancer plays
through the anti-inflammatory mechanisms.

Thioacetamide is known to be a model for a hepatotoxin that causes
centrilobular necrosis (Demirel et al., 2012). However, Ledda-
Columbano et al., 1991 showed that thioacetamide results in apoptosis
in the rat liver based on histochemical studies (Ledda-Columbano et al.,
1991). Hayami et al., 1999, declared that thioacetamide leads to
apoptosis, that involves caspase-3 and cleaved caspase-3 activation
(Hayami et al., 1999).

In the present study, thioacetamide increased the activity of cas-
pase-3 and cleaved caspase-3 which confirms the previous studies.
Moreover, cilostazol (5 and 10 mg/kg) significantly counteracted the
increase in the activity of caspase-3 and cleaved caspase-3.

It has been documented that cAMP pathway plays a crucial role in
the regulation of cell proliferation, differentiation, and apoptosis. Cyclic
AMP has been shown to act as a bi functional regulator of apoptosis.
The inhibitor of apoptosis proteins (IAP) regulates apoptosis by directly
inhibiting distinct caspases (Manderscheid et al., 2002). Elevation of
cAMP concentrations by cAMP agonists may serve to delay pro-
grammed cell death in vivo in the course of different experimental
models (Manderscheid et al., 2002).

CRP is one of the pro-inflammatory indices that is considered a
significant and simple tool to study the unfavorable incidences that
occur in many diseases (Giffen et al., 2003).

The findings of the present study revealed elevated levels of CRP in
the thioacetamide control group. These findings were presented before
in other studies (Jamal et al., 2015). Cilostazol (5 and 10 mg/kg) sig-
nificantly counteracted the increase in the CRP level when compared to
the thioacetamide control group.

5. Conclusion

In conclusion, the present study demonstrates that administration of
cilostazol can reduce liver injury in rats induced by thioacetamide. The
protective effect of cilostazol may be via the amelioration of oxidative
stress, the reversal in the expression of pro-inflammatory cytokines,
elevation in the cAMP level that results in the suppression of expression
of TNF-α and NF-Kβ and thereby alleviates hepatic injury.
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