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ABSTRACT

Introduction: Many physiological, biochemical and toxicological reactions are occurred in Keywords:
liver. Therefore, healthy function of this organ is vital for the whole body. In spite of having p-coumaric acid
potent endogenous antioxidant system, lots of reactions in liver make it more susceptible to GPX

stressors. It is established that improving the potency of liver antioxidants can increase its SOD
TAC

Rat

ability to resist against different kinds of oxidative stressors. Therefore, this study designed
to determine whether p-coumaric alleviate ischemia-reperfusion-induced hepatic injury
(IRI) in rats.

Methods: Thirty-two rats were randomly assigned in sham, p-coumaric acid (PC), isch-
emia-reperfusion (IR) and p-coumaric acid pretreated IR (PC+IR) groups (n=8 in each
group). Animals in sham group underwent laparotomy but not IR injury; rats in PC group did
not experience any surgical procedures; IR and PC+IR groups underwent hepatic IR injury.
P-coumaric acid at 100mg/kg were given for 7 consecutive days to PC and PC+IR groups.
The last dose of p-coumaric acid was injected just before surgery on 7th days of experiment.
The levels of malondialdehyde, TAC, ALT and AST were determined. A molecular evalua-
tion to quantify the gene expression of SOD and GPx was done in liver homogenate.
Results: P-coumaric mitigated the hepatic injuries induced by IR and improved TAC, ALT,
AST, SOD and GPx. This pretreatment was also decreased MDA level.

Conclusion: The current outcomes showed that PC via improving the endogenous level
of antioxidants in liver tissues and inhibiting IR-induced inflammation maintain the liver

structure and function of liver against IR.

Introduction mechanisms of hepatic IR include a variety of oxida-

Ischemia-reperfusion (IR) injury results from the  tive stress responses. Numerous studies have also show-
blood supply failure following blood vessel closure  Introduction Ischemia-reperfusion (IR) injury results
during liver transplantation and it can be one of the = from the blood supply failure following blood vessel
main cause of graft failure. The pathophysiological  closure during liver transplantation and it can be one of
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the main cause of graft failure. The pathophysiological
mechanisms of hepatic IR include a variety of oxidative
stress responses. Numerous studies have also shown
that reactive oxygen species are important mediators in
IR-induced injury (Li et al., 2019). In patient with end-
stage liver diseases, liver transplantation is an efficient
and curative treatment. However, ischemia-reperfusion
injury is still a major unsolved problem negatively im-
pacts liver transplantation. Liver injury caused by IR
leads to up to 10% failure of early graft function and
also increases the risk of organ rejection and liver dys-
function (Kadono et al., 2017). Induced oxidative stress
by reperfusion in the gastrointestinal tract leads to ex-
cessive reduced glutathione. In other words, reperfusion
increases oxidized glutathione formation. (Schoenberg
etal., 1985; Younes et al., 1987). Nilsson and colleagues
(1989) showed that an explosive increase in the produc-
tion of oxidants occurs 2—5 min after reperfusion.

Under normal conditions, the oxygen molecules in
the mitochondria are converted to water molecules by
the cytochrome oxidase system during four stages of
reduction. Usually 1-2% of these molecules escape
the cytochrome system and produce free radicals that
are neutralized by the endogenous antioxidant defense
system of superoxide dismutase (SOD) and glutathione
peroxidase (GPx) enzymes (Cerqueira et al., 2005). The
activity of antioxidant enzymes SOD and GPx is higher
in the liver than in other tissues. Oxygenated water is
converted to water and O2 by the catalase enzyme. GPx
is a selenoprotein that reduces lipid and non-lipid hy-
droperoxides such as H202 when oxidized to glutathi-
one. Liver IR disrupts and reduces the activity of these
antioxidants (Yuan et al., 2005).

Malondialdehyde (MDA) is a product of lipid per-
oxidation produced by free radicals. SOD enzymes are
antioxidant enzymes that are involved in detoxification
of hydrogen superoxide anion. Increased MDA and de-
creased SOD activity can be considered as indicators
of disrupting the balance between oxidant and antiox-
idant substances resulting in oxidative stress (Kiris et
al., 2007; Paller et al., 1984). Alanine amino transferase
(ALT) and aspartate amino transferase (AST) are liver
functional enzymes used to diagnose liver diseases and
injuries. Studies have shown that the plasma levels of
these enzymes increase following liver diseases (Carson
et al., 2015; Popova and Buravkova, 2006).

Polyphenols, which exist naturally in nutrients of plant

origin, are used as preservatives in the food industry be-
cause of their particular antioxidants and anti-inflamma-
tory properties. Among the phenolic acid derivatives, a
subgroup of polyphenols, p-coumaric acid (PC) is well-
known compound with these properties. PC is found in
edible plants such as groundnuts, tomatoes, carrots, sage
and garlic, as well as in beverages such as wine, vine-
gar, tea, coffee and beer (Mitani et al., 2018). Tyrosine
ammonia-lyase converts tyrosine into PC in shikimic
acid pathway. P-coumaric acid has been indicated that
possesses potent antioxidant properties including scav-
enging free radicals and up-regulating of endogenous
antioxidant enzymes. Furthermore, studies have found
that PC could decrease apoptosis proteins and increase
nuclear respiratory factors 1, which it in turn could im-
prove mitochondrial function in stress condition (Ur-
falioglu et al., 2017)

Since, oxidative stress is an inevitable events can be
occurred under many stressful situations, preventing/
alleviating its effect by different and efficient strate-
gies such as promoting the endogenous antioxidants by
administration antioxidant compounds can be helpful.
Therefore, this study designed to investigate the preven-
tive effect of p-coumaric acid as an antioxidant in mit-
igating/preventing the effect of hepatic ischemia-reper-
fusion injury in rats.

Material and methods

Animals

Thirty-two male Wistar rats (150-200g) were used
in this study. The animals purchased from the animal
center of AJUMS, Ahvaz, Iran. They received a stan-
dard diet chow and had free access to tap water. They
kept in standard condition with room temperature (20-
25°C) and 12/12 hours light-dark cycle. All protocols
were performed in accordance with ethics committee of
Ahvaz Jundishapur University of Medical Sciences (IR.
AJUMS.ABHC.REC.1398.050).

Grouping and surgical procedures

Four groups of male Wistar rats were randomly as-
signed in sham, p-coumaric acid (PC), ischemia-reper-
fusion (IR) and p-coumaric acid pretreated IR (PC+IR)
groups (n=8 in each group). Animals in sham group un-
derwent laparotomy but not IR injury; rats in PC group
did not experience any surgical procedures; IR and
PC+IR groups underwent hepatic IR injury.
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Medications

All groups except PC+IR rats were received vehicle
(7% DMSO diluted with N/S; 2 ml/kg) intraperitoneally
(Mard et al., 2016) for a week on a daily basis. Animals
in PC+IR and PC groups received p-coumaric acid at
100mg/kg (Sigma-Aldrich) for seven consecutive days.
The last dose of p-coumaric acid was injected just before
surgery on the 7th days of experiment. Rats in sham, IR
and PC+IR groups underwent anesthesia with a single
injection of anesthetics (60mg/kg ketamine+ 15mg/kg
xylazine; Alfasan Co.Woerden-Holland) on the seventh
day of experiment. Then a midline laparotomy were
done. IR and PC+IR groups were also experienced isch-
emia-reperfusion injury as mentioned in detail below.

Surgical procedures

By using a clamp artery, a partial ischemia (70%)
for 45min was performed and to allow reperfusion, the
clamp removed. The reperfusion period was 60min. Af-
ter that rats were sacrificed by cardiac puncture, their
livers removed and washed with physiologic saline.
Then, two tissue samples were resected. A sample fixed
in formalin 10% solution for histopathology study and
another tissue sample was snap-frozen in liquid nitrogen
and kept at -80°C until determination of liver enzymes.

Determination of hepatic aminotransferases

To measure hepatic aminotransferases, a blood sam-
ples were taken, centrifuged at 3000 rpm for 10min and
then the serums stored at -20°C until evaluation. The
levels of ALT and AST were determined using commer-
cial kits according to the manufacturer’s protocol (Pars
Azmoon Company, Iran) by a serum autoanalyzer (BT-
1500-A-A, Rome, Italy).

Quantifying the gene expression of antioxidants

To quantify the mRNA expression of the targeted an-
tioxidants, total RNAs were extracted from the frozen
tissue using RNeasy plus mini kit according to manu-
facturer’s instruction. After that the concentration and
purity of extracted RNAs were determined using a
nanodrop at wavelengths 260 and 280 nm (Nanodrop-
Thermo Scientific S.N: DO15). Then, 1pg of RNA was
used to synthesize cDNA using Qiagen kit (Quantitect
Reverse Transcription Kit) in accordance with the man-
ufactures instruction. Finally, the expression of SOD,

GPx and housekeeping gene (GAPDH) were deter-
mined by semi-quantitative real-time PCR (qRT-PCR)
using Roche Diagnostics 96%. The used primers were
as follows: SOD (F: CGGGACTACACCGAAAT-
GAA and R: GAGCCTTCTCACCATTCACC), GPx
(F: CGGGACTACACCGAAATGAA and R:GAG-
CCTTCTCACCATTCACC) and GAPDH (F: TGCT-
GGTGCTGAGTATGTCGTG and R: CGGAGATGAT-
GACCCTTTTGG). The final volume of PCR reactions
were 20pl. PCR reactions were done with the following
temperatures and timing : incubation at 95°C for 15min
to activate DNA Taq polymerase, followed by 40 cycles
at 95°C for 20s, 51°C for 30s and 72°C for 30s. More-
over, the no-template negative control (H20O) was rou-
tinely run in every single PCR. The gene expression of
housekeeping mRNA- GAPDH- was used to normalize
the level of gene expression. The comparative cycle of
threshold (Ct) method was used for determining the rel-
ative quantification of gene expression, using the arith-
metic formula (2°4A%).

Determination of MDA and TAC

To measure the level of MDA and total antioxidant
capacity (TAC), frozen liver was homogenate at proper
volume PBS (1ml, 50mM, pH7.4) using a homogeniz-
er (Sigma; D-37520 Osterode am Harz; Germany) and
then centrifuged for 15min at 15000rpm. Commercial
kits were used to determine the levels of MDA and TAC
in the liver homogenates (Zellbio, Germany).

Statistical analysis

The data are presented as mean+=SEM. To analyze the
data, one-way analysis of variance (ANOVA) followed
by Tukey»s test was used. A probability less than 0.05
considered as statistically significant.

Results

Effect of hepatic IR injury and p-coumaric acid pre-
treatment on hepatic aminotransferases

As shown in Table 1, the serum levels of ALT and
AST significantly increased following hepatic IR injury
(P<0.001). These levels in PC+IR rats improved by pre-
treatment with p-coumaric acid.

Effect of hepatic IR injury and p-coumaric acidpre-
treatment on total antioxidant capacity and lipid perox-
idation
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TABLE 1: Effect of hepatic IR injury and p-coumaric acid pretreatment on liver functional

tests. “P<0.01 significant increase compared to sham, PC and PC-IR groups. Data are ex-

pressed as mean=SEM.

Group AST (U\L) ALT (U\L)
IR 5.348+00.12%* 5.455+0.05%%*
Sham 4.7+0.03 4.485+0.04
PC 4.5+0.04 4.003+0.04
PC+IR 4.89+0.03 4.817+0.08
99 * k%
70 q
’ - .
— 6 4
’g 50 = £
-5 ®
E 40 E
o 4
30
= s =3
20 2 4
10 . 1
0 0 : .
IR Sham PC PCHIR PC+IR PC Sham IR

FIGURE 1. Effect of hepatic IR injury and p-coumaric acid pre-
treatment on TAC level in rat’s liver. Hepatic IR injury decreased
liver level of TAC while pretreatment with p-coumaric acid reverted
this level to normal. Sham, p-coumaric acid (PC), ischemia-reperfu-
sion (IR) and p-coumaric acid pretreated IR (PC+IR) groups (n=8 in
each group). "P<0.05 versus sham, PC and PC+IR groups. Data are
expressed as mean+SEM.

TAC decreased following hepatic IR injury (Figure.
1). Pretreatment with p-coumaric acid reverted the level
of this variable to normal. As demonstrated in Figure
2, the level of MDA as a criterion for lipid peroxida-
tion significantly increased after hepatic IR injury. Sev-
en days pretreatment with p-coumaric acid decreased
MDA level to near normal.

Effect of hepatic IR injury and p-coumaric acid pre-
treatment on gene expression of GPx

As demonstrated in Figure 3, hepatic IR injury signifi-
cantly decreased mRNA level of GPx in rat)s liver com-
pared to sham group (P<0.01). Pretreatment with p-cou-
maric acid reverted this level in IR rats to normal. This
level in PCHIR rats was as much as in sham group. The
level of GPx mRNA expression was the highest among
the experimental groups.

Effect of hepatic IR injury and p-coumaric acid pre-
treatment on gene expression of SOD

Figure 4 shows that hepatic IR injury significantly
decreased mRNA level of SOD in ratys liver compared

FIGURE 2. Effect of hepatic IR injury and p-coumaric acid pre-
treatment on MDA level in rat’s liver. The hepatic level of MDA in-
creased after liver IR injury while pretreatment with p-coumaric acid
significantly improved this level. Sham, p-coumaric acid (PC), isch-
emia-reperfusion (IR) and p-coumaric acid pretreated IR (PC+IR)
groups (n=8 in each group). ""P<0.001 versus sham and PC groups.
"P<0.05 versus sham group. Data are expressed as mean+SEM.

to sham group (P<0.05). Pretreatment with p-coumaric
acid reverted this level in IR rats to normal. The level of
SOD mRNA expression in PC group was non-signifi-
cantly higher than in sham rats.

Discussion

This study showed that partial liver ischemia (45min)
followed by one hour reperfusion increased the serum
levels of AST and ALT. Hepatic IR injury was also in-
creased the liver level MDA while decreased TAC level
and mRNA expression of GPx and SOD in liver tissue.
P-coumaric acid pretreatment effectively protected liver
function against liver I/R injury through decreasing liv-
er MDA level and improving serum levels of AST and
ALT. The antioxidant potency of liver tissue increased
by p-coumaric acid as evidenced by increasing TAC and
mRNA expression of SOD, GSH and CAT in liver tissue
(Ekinci Akdemir et al., 2017).

Liver amino transaminases (AST and ALT) release
from hepatocytes to systemic circulation and elevate
in serum during and after structural damages, necrosis
and cellular leakage ( Faqi, 2016). The present findings
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FIGURE 3. The effect of ischemia-reperfusion injury and p-cou-
maric acid pretreatment on mRNA level of GPx in rat’s liver. The
mRNA level of GPx in liver decreased following ischemia-reperfu-
sion injury. Pretreatment with p-coumaric acid significantly prevent-
ed this decrease. Sham, p-coumaric acid (PC), ischemia-reperfusion
(IR) and p-coumaric acid pretreated IR (PC+IR) groups (n=8 in each
group). "P<0.05 versus sham group. *P<0.01 versus sham group
showed that liver IR increased serum AST and ALT,
while p-coumaric acid pretreatment at 100mg/kg for
seven consecutive days before inducing hepatic IR in-
jury decreased these levels. Previous studies have been
shown that IR injury through increasing reactive oxygen
species production and lipid peroxidation, disrupt cell
membrane permeability and integrity (Klune and Tsung,
2010). Another study has been shown antioxidant com-
pounds maintain cell membrane integrity through in-
hibiting lipid peroxidation and consequently improving
AST and ALT serum levels (Akbari et al., 2017). There-
fore, the above mentioned reports along with the present
results concluded that p-coumaric acid as an antioxidant
with maintaining cell membrane integrity decreased
AST and ALT release and improved these levels.

Our finding showed liver MDA level increased fol-
lowing partial liver IR. However, the increased level of
MDA (as a marker of lipid peroxidation) related to liver
IR could represent the side effects of oxidative stress.
The prior studies have reported that liver IR induce
oxidative stress and increase MDA level (Tavafi et al.,
2020). These findings concluded that liver IR induce liv-
er oxidative stress, increase lipid peroxidation, damage
hepatocyte cell, increase cell membranes permeability
that leads to an increment in the serum levels of ALT and
AST. This study showed that p-coumaric acid pretreat-
ment decreased liver MDA level. A previous report has
been indicated p-coumaric acid pretreatment decreased
MDA level in cerebral IR injury (Sakamula and Thong-
asa, 2018). Therefore, these results together show that
one of the involved mechanism by which p-coumaric

Relative mRNA expression of
SOD
S H N W A o ®m W0
1

PCHIR PC Sham IR

FIGURE 4. Effect of hepatic IR injury and p-coumaric acid pre-
treatment on SOD expression level in rat’s liver. Hepatic IR inju-
ry decreased mRNA level of SOD in liver while pretreatment with
p-coumaric acid mitigated this increase. Sham, p-coumaric acid
(PC), ischemia-reperfusion (IR) and p-coumaric acid pretreated IR
(PC+IR) groups (n=8 in each group). "P<0.05 versus sham group.
Data are expressed as mean+SEM.

acid exerts its tissue protection effect is its antioxidant
property.

Our finding showed that liver IR decreased liver TAC
level significantly while p-coumaric acid pretreatment
improved this level. Liver IR increased oxidative stress,
disturb oxidant-antioxidant balance and oxidant medi-
ators conquered antioxidant defense. Previous studies
have been shown that liver IR reduce liver antioxidant
levels (Altay et al., 2016). Another study also showed
that p-coumaric acid improve antioxidant capacity and
exhibit protective effect on oxidative stress (Sakamula
and Thong-asa, 2018). Our finding was in consistent
with prior studies shown that liver IR decreased anti-
oxidant potency while p-coumaric acid pretreatment in-
creased TAC and improved antioxidant capacity.

The current result showed that, liver ischemia-reper-
fusion decreased mRNA levels of SOD and GPx in liv-
er tissue, while p-coumaric acid pretreatment increased
these levels to sham group. A pervious report has been
shown that phenolic components (gallic acid, ferulic
acid and p-coumaric acid) at 100mg/kg increased the
cardiac SOD, GPx and CAT mRNA levels (Yeh et al.,
2009). Therefore, these findings suggest that p-coumaric
acid not only increased and potentiated the endogenous
potency of antioxidants at the non-genomic levels but
it also increased this ability at the genomic levels by
up-regulating the transcription of antioxidants mRNAs.

Conclusion
In conclusion, the present findings showed that p-cou-
maric acid protect liver function by improving liver
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enzymes. The probable involved mechanism by which
p-coumaric exert its beneficial effect against IR injury
was improving endogenous antioxidants potency.
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