European Review for Medical and Pharmacological Sciences 2022; 26: 8209-8215

Effect of ellagic acid on damage caused by
hepatic ischemia reperfusion in rats

C. DURGUN!, F. ASIR?

'Division of General Surgery, Memorial Hospital, Diyarbakir, Turkey
’Department of Histology and Embryology, Faculty of Medicine, Dicle University, Diyarbakir, Turkey

Abstract. — OBJECTIVE: Ischemia (l) caus-
es lack of oxygen delivery to the tissues, lead-
ing to hypoxia and cellular damage. Reperfu-
sion (R) is the re-blooded of the tissue; howev-
er, it may cause more tissue damage than isch-
emia alone in some cases. During IR, number
of free radicals and metabolic by-products in-
creases. To prevent this, cellular antioxidant
system is activated but it may not be enough
to restore the cellular activities. The aim of this
study was to investigate the potential protective
effect of Ellagic Acid on damage caused by he-
patic IR in rats.

MATERIALS AND METHODS: Thirty rats
were divided into three groups: (1) Sham group
— no drug administration but only midline lap-
arotomy was performed in the abdomen; (2)
Ischemia-Reperfusion (IR) group - ischemia
was applied for 1 hour by sealing the por-
tal vein and hepatic artery, then vessels were
reperfused for 6 hours; (3) IR+Elagic Acid (EA)
group - after IR, 10 mg/kg of EA was given in-
traperitonially to the rats once a day for 28
days. Oxidative stress markers were analyzed
by blood collection. Hepatic tissues were pro-
cessed for histological and immunohistochem-
ical analysis.

RESULTS: MDA level and MPO activity were
increased and GSH content was decreased af-
ter IR group was compared to sham group. Af-
ter EA treatment, these values were improved in
IR+EA group. IR caused hepatocyte degenera-
tion, sinusoidal dilatation, leukocyte infiltration
and disintegrity of hepatic tissue. EA adminis-
tration improved histopathology after IR. IR in-
jury increased TNF-a and Caspase-9 expression
in hepatocytes and vascular endothelial cells
in IR group; however, both decreased in EA-re-
ceived group.

CONCLUSIONS: Ellagic Acid may reduce
oxidative stress level and prevent induction
of inflammation and cell death against hepat-
ic IR.
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Introduction

Cells undergo hypoxia and nutrient deficiency
during ischemia (I), causing disruption of cellular
homeostasis. Reperfusion (R) is the restoration
of the blood flow to ischemic cells. Reperfusion
itself may give more tissue damage than isch-
emia alone. This is called IR injury. During IR,
depletion of oxygen and nutrients occurs, and
metabolic by-products are accumulated'. Hepatic
vascular exclusion and total vascular exclusion
are methods to prevent excessive blood during
liver surgery’. Animal experimentation to ex-
plain hepatic IR mechanism would be beneficial
for clinical patients with prolonged IR injury or
liver transplantation. Animal IR model can reveal
phenomenon lying in IR injury at molecular and
cellular level®.

Ellagic acid (C14H608, EA) is a phenolic
compound that can be obtained from the leaves,
fruits and seeds of plants such as Myrciaria
cauliflora, Juglans regia, Terminalia chebula,
Sanguisorba officinalis, Punica granatum*. EA
is formed as a result of hydrolysis of ellagitan-
nins, which are formed as secondary metabo-
lites in plants. EA is known with its anti-in-
flammatory and antioxidant properties®. El-
lagic acid inhibits hydrogen peroxide-induced
toxicity. Although hydrogen peroxide does not
react specifically with most of the molecules
of biological importance, it is a precursor that
plays a role in the formation of more reactive
oxidants, such as the hydroxyl radicals. There-
fore, it is thought that ellagic acid may reduce
cellular degeneration triggered by free radi-
cals®. Studies’ have shown that plant extracts
containing EA have a proliferation-suppressive
effect for many different cancer cells. Other
studies® have shown that ellagic acid provides
neuroprotection by reducing oxidative damage
in diabetic rats.
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Tumor necrosis factor-a (TNF-a) is a cyto-
kine secreted by many immune cells. TNF-a is
involved in various cellular events such as in-
flammation, proliferation, and apoptosis. TNF-a
has long been associated with hepatic IR injury
and play key role in the response to the injury.
It is secreted from hepatic macrophages, name-
ly Kupffer cells, and its level readily increases
after IR*®. Caspase-9 is an important initiator
of apoptosis activated by mitochondria-mediated
signaling pathway; it has been shown to be effec-
tive as an antiapoptotic agent in animal models of
cerebral ischemia and spinal cord injury'.

In this study, the effects of EA on rat liv-
er ischemia reperfusion injury were examined
histopathologically, immunohistochemically and
biochemically.

Materials and Methods

All animal experimentation with ethical ap-
proval was done according to Local Ethical Com-
mittee of Animal Experiments of Dicle Universi-
ty, Turkey (record number: 2022/38). Male Wistar
albino rats (n=30), 3 to 4 months old, weighing
180 to 240 g were used. Experimental animals
had unlimited access to water and food, and they
were kept under control in an environment of 12
hours daytime/12 hours dark, 8:00 am to 8:00 pm,
at 23+£2°C. Thirty animals were assigned to three
groups (10 rats per group).

1. Sham group: no drug administration. Midline
laparotomy was performed in the abdomen and
then it was sealed up again.

2. Ischemia-Reperfusion (IR) group: before sur-
gical procedures, animals were anesthetized by
intramuscular injection of 80 mg/kg ketamine
hydrochloride (Ketalar®, Pfizer, Istanbul, Tur-
key) and 20 mg/kg xylazine (Rompun®, Bayer,
Istanbul Turkey). In the midline of abdomen,
4 cm of incision were opened to observe hep-
atoduodenal ligament. Hepatic artery and vein
were clamped with Bulldog clam for 60 min (1
hour) ischemia. Then, the suture was opened,
and hepatic reperfusion was performed for 6
hours. After these procedures, the abdominal
midline was closed by suturing with skin and
fascia.

3. IR+Ellagic Acid group: after IR, 10 mg/kg
Ellagic acid (catalog no: E2250, Merck, Darm-
stadt, Germany) was administered to the rats
by intraperitoneal route once a day for 28 days.
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Biochemical Analyses

Blood samples were analyzed for Malondialde-
hyde (MDA), Glutathione (GSH) and Myeloper-
oxidase (MPO). Samples were kept in centrifuga-
tion tubes and centrifuged for 5 minutes at 1,550
g. Supernatant was discarded to determine level
of MDA, GSH and MPO. MDA levels (nmol/g)
were measured according to method of Draper
and Hadley". To measure GSH activity (U/g),
protocol of Paglia and Valentine was carried
out'?, MPO level (U/g) was detected according to
protocol of Hillegas et al®.

Histopathological Analysis

Liver tissues were excised and stored in 10%
formalin for tissue fixation. Tissues were passed
through ascending alcohol series, washed in xy-
lene and embedded in paraffin wax. Sections
were cut from liver tissues and stained with He-
matoxylin and Eosin dye. Scoring was calculated
for each group by examining ten different areas
by two different histologist experts. Parameters
were assigned to scoring system where 0=no
expression/pathology, 1 = mild expression/pa-
thology, 2 = moderate expression/pathology, 3
= intense expression/pathology, and 4 = very
intense expression/pathology'*".

Immunohistochemical Analysis

Tissues were fixed in 10% formalin solution
and processed for histological tissue process-
ing. Sections were deparaffinized in xylene and
passed through descending alcohol series. Epi-
topes were unrevealed by boiling section in mi-
crowave oven in citrate buffer solution (pH 6.0)
for 15 minutes at 700 W. Sections were washed
in phosphate buffered saline (PBS) for 5 min-
utes and soaked with 3% hydrogen peroxide
solution for 7 minutes to prevent endogenous
peroxidase. Samples were blocked with blocking
solution (catalog no. TA-015UB, ThermoFischer,
Waltham, Massachusetts, US) for 8§ minutes. Pri-
mary antibodies TNF-a, (catalog no: ab220210,
Abcam, Cambridge, UK) and Caspase-9 (cata-
log no: ab202068, Abcam, Cambridge, UK) was
dropped onto slides and incubated overnight at
+4°C. Sections were first washed in PBS, then
treated with secondary antibody (TP-015-BN,
ThermoFischer, Waltham, Massachusetts, US)
for 20 min. After PBS washing for 3x5 min,
streptavidin-peroxidase solution (TS-015-HR,
ThermoFischer, Waltham, Massachusetts, USA)
was used for 20 min. To visualize expression,
DAB (TA-001-HCX, ThermoFischer, Waltham,
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Massachusetts, USA) was used as chromogen.
Sections were counterstained with hematoxylin
and mounted with mounting media and examined
with Zeiss Imager A2 light microscope (Carl
Zeiss, Jena, Germany)!6-2°,

Statistical Analysis

Biochemical and histological scoring were
evaluated by the IBM SPSS 25.0 software (IBM,
Armonk, New York, USA). Shapiro-Wilk test
was used for data distribution analysis. Nonpara-
metric Kruskal-Wallis’ test (multiple comparison)
and Mann-Whitney U (binary comparison) tests
were used. p<0.05 was accepted as significant
level.

Results

Statistical analysis of biochemical and his-
tochemical parameters are shown in Table I.

MDA and MPO levels and histological scores
of hepatocyte degeneration, inflammation, vas-
cular dilatation and congestion, TNF-a and
Caspase-9 expression were significantly higher
in IR group than sham group. GSH content was
the significantly lower in the IR group com-
pared to sham group. Compared to IR group,
after EA treatment, MDA and MPO levels
were statistically decreased in IR+EA group.
Similar statistical decrease was also record-
ed in hepatocyte degeneration, inflammation,
vascular dilatation and congestion, TNF-a and
Caspase-9 expression in IR+EA group. GSH
content was statistically increased in IR+EA
groups compared to IR group.

Histopathological Examination

Hematoxylin Eosin staining and Caspase-9
and TNF-a immune staining of liver sections by
groups are shown in Figure 1.

Table I. Biochemical and histological parameters of sham, IR and IR+EA groups.

Parameter Groups N Median (Min-Max) Mean Rank p-value
MDA (nmol/g) Sham 10 35.89 (23.78-57.50) 12.60 p<0.001*
IR 10 58.825 (45.29-68.64) 34.10 p=0.001**
IR+EA 10 41.63 (30.87-49.32) 17.90
GSH (U/g) Sham 10 1.535 (1.13-1.78) 31.05 p <0.001*
IR 10 0.515 (0.24-0.96) 6.00 p=0.001%*
IR+EA 10 1.3 (0.67-1.57) 20.65
MPO (U/g) Sham 10 3.82 (3.27-4.37) 6.30 p<0.001*
IR 10 8.975 (7.06-9.85) 35.05 p=0.001%*
IR+EA 10 5.54 (4.13-7.06) 19.70
Hepatocyte degeneration Sham 10 0 (0.00-1.00) 5.80 p <0.001*
IR 10 4 (3.00-4.00) 33.00 p =0.004**
IR+EA 10 2.5 (1.00-4.00) 22.10
Inflammation Sham 10 0 (0.00-1.00) 5.70 p <0.001*
IR 10 4 (3.00-4.00) 30.75 p =0.044**
IR+EA 10 3 (1.00-4.00) 23.80
Vascular dilatation and Sham 10 0 (0.00-1.00) 5.65 p <0.001*
congestion IR 10 3.50 (3.00-4.00) 29.00 p =0.008%*
IR+EA 10 3.50 (2.00-4.00) 28.10
TNF-a expression Sham 10 0.50 (0.00-1.00) 5.50 p <0.001*
IR 10 4 (3.00-4.00) 26.95 p =0.047%*
IR+EA 10 4.00 (2.00-4.00) 25.05
Caspase-9 expression Sham 10 0 (0.00-1.00) 5.50 p <0.001*
IR 10 4 (3.00-4.00) 32.10 p <0.006**
IR+EA 10 3.00 (2.00-4.00) 22.20

*Sham vs. IR; **IR vs. IRTEA.
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Hematoxylin-Eosin

TNF-a

Caspase-9

Figure 1. Hematoxylin Eosin staining. Sham group: Normal appearances of hepatocytes (arrowhead) around the vena
centralis (star) and the sinusoidal vessels (asterisk); IR group: Degenerated and pyknotic hepatocytes, dilatated sinusoidal
vessels (asterisk), ruptures of blood vessels in the periportal and portal area and leukocyte infiltration (asterisk); IR+Ellagic
acid group: Dilatation and cell infiltration (asterisk) were observed in the vena centralis. Edema (asterisk) and hepatocytes
vacuolization and hypertrophy (arrowhead) were observed. It was observed that ellagic acid provided moderate protection
compared to the ischemia-reperfusion group. TNF-a immunostaining. Sham group: Positive TNF-o expression in some
hepatocytes (arrowhead) and macrophage cells (arrow); IR group: Positive TNF-a reaction in hepatocytes (arrowhead), portal
area (star), inflammatory cells (asterisk); IR+Ellagic acid group: Positive TNF-a expression in inflammatory cells (arrow)
but negative in hepatocytes (arrowhead) and sinusoidal vessels (asterisk). Caspase-9 immunostaining Sham group: Negative
Caspase-9 expression (arrowhead) in hepatocytes; IR group: Positive expression in nuclei and cytoplasm of liver cells
(arrowhead) and vascular endothelial cells (arrow); IR+ellagic acid group. Positive Caspase-9 reaction in inflammatory cells

(arrowhead), hepatocyte cells (arrow) and in the sinusoidal vessels (asterisk). Scale Bar: 50 pm, Magnification: 20X.

Discussion

Ischemia-reperfusion (I/R) injury causes im-
balance in antioxidant and oxidant molecules
level. Malondialdehyde (MDA) level reflects the
lipid peroxidation which signals the level of
free radical. An increased level of MDA induc-
es cellular scavenging mechanism to prevent
further tissue damage caused by reactive ox-
ygen species?’. One of the cellular antioxidant
mechanisms is glutathione peroxidase (GSH).
GSH plays a role in protecting the cells against
oxidative damage. GSH content is shown to
decrease in hepatic ischemia reperfusion in-
jury. This depletion leads to increased lipid
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peroxidation and MDA level. Myeloperoxidase
(MPO) is a proinflammatory enzyme and an
indicator of neutrophils existence. High MPO
activity shows elevated level of neutrophils and
inflammation®*%. In our study, MDA and MPO
levels were significantly increased compared to
sham group after IR injury in liver (p<0.001).
GSH content in IR group decreased after injury
compared to sham group (p<0.001). After EA
treatment, MDA and MPO levels in IR+EA
group significantly decreased compared to IR
(p <0.001). GSH content was also elevated in
IR+EA group compared to IR group, and this
increase was statistically significant (p<0.001)
(Table I).
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We observed that ellagic acid (EA) adminis-
tration reduced MDA level by scavenging free
radicals, causing reduction in lipid peroxidation.
After IR injury, EA treatment restored the MDA
and MPO level to that in sham group. EA acted
as a free radical scavenger to reduce lipid peroxi-
dation, thereby increasing GSH content and elim-
inating reactive oxygen products. Administration
of ellagic acid improved biochemical changes and
reduced oxidative damage against IR (Table I).

Hepatic ischemia causes hypoxia in hepatic
cells, leading to depletion of ATP synthesis. These
events result in cell damage with mitochondri-
al swelling, degenerated sinusoidal endothelial
and hepatic macrophages, Kupffer cells. Once
macrophages are induced, together with elevated
free radicals-initiated expression of proinflamma-
tory molecules via neutrophil mediated injury.
All these processes lead to inflammation cascade
induction*. In the cases of severe hepatic injury,
excessive loss of hepatocytes impairs the paren-
chymal proliferation, inducing hepatic progenitor
cells. After hepatic injury, expansion of hepatic
progenitor cells indicates depletion in hepatocyte
number. Although vacuolization and vascular con-
gestion in hepatocellular damage is reversible, cell
death (apoptosis or necrosis) is irreversible®. In our
study, statistical analysis showed that histological
scores of hepatocyte degeneration, inflammation,
vascular dilatation and congestion were increased
after IR injury; however, EA treatment improved
the scores (p<0.001, Table I). In the histopatho-
logical analysis, sham group showed normal liver
histology with no pathology. In IR group, degen-
eration and pyknosis in hepatocyte cells, dilatation
of sinusoidal vessels, ruptures of blood vessels
in the periportal and portal area and leukocyte
infiltration, degeneration of vascular endothelium
and hyperplasia of bile duct structures were devel-
oped. After EA treatment, in IR+EA group, vas-
cular dilatation and cell infiltration were observed
in the vena centralis. Edema and hepatocytes
vacuolization and hypertrophy were observed. It
was observed that ellagic acid provided moderate
protection compared to the ischemia-reperfusion
group (Figure 1, Hematoxylin Eosin staining).

Ischemia reperfusion injury in liver may be ex-
perienced with many clinical complications, such
as liver bleeding and shock, surgical resection
and transplantation. Hepatic IR induces many
signal pathways with many cell types. Tumor
necrosis factor-alpha (TNF-a) is an inflammatory
mediator involving in hepatic IR. Its level readily
increases after IR and interacts with many cells

through receptor-mediated signal transduction
pathways®®. TNF-a is a vital molecule involved
in cellular events such as inflammation, prolif-
eration and apoptosis. During hepatic IR injury,
expression of TNF-a was shown to change as
an inflammatory response. Hepatic macrophages
are predominantly responsible for expression of
TNF-a, but other hepatic cells can also express
it?’. In our study, statistical analysis showed his-
tological score of TNF-a were increased after IR
injury however EA treatment improved the scores
(p<0.001, Table I). TNF-0 immunostaining of the
liver section of the sham group showed generally
negative TNF-a reaction in hepatocytes and por-
tal areas. IR increased TNF-a reaction in hepato-
cytes, inflammatory cells, and sinusoidal vessels
in IR group. In IR+EA group, TNF-a activity
was positive in inflammatory cells but decreased
in hepatocytes and sinusoidal area. EA treatment
reduced TNF-a expression to a level close to the
sham group (Figure 1, TNF-o immunostaining).

Caspase-9 is an apoptosis marker and a mem-
ber of Caspase family. It is expressed in many cell
types and involved in Caspase activation: it binds
to other apoptotic molecules and form the apop-
tosome complex, then Caspase-9 is activated. In
the IR injury, the apoptosis is induced, therefore
expression of Caspase-9 is increased?®. Tsai et al®
studied apoptosis and expression of Caspase-9 in
myocardial IR. They found that IR caused death
of cardiomyocytes by increasing rate of apoptosis,
which led to expression of cleaved Caspase-9. In a
similar study conducted by Liu*, Caspase-9 ex-
pression was significantly increased in ischemic
group compared to sham group with increased
apoptotic index in cardiomyocytes of ischemic
group. In our study, statistical analysis showed
histological score of Caspase-9 expression were
increased after IR injury however EA treatment
improved the scores (p<0.001, Table I). In the
Caspase-9 immune-stained of liver tissue, the
expression was mostly negative in sham group.
In IR group, Caspase-9 expression was increased
after IR injury in hepatocytes and vascular endo-
thelial cells. In IR+EA group, Caspase-9 reaction
was positive in inflammatory cells, hepatocytes
and sinusoidal area in the periportal and portal
area. It was observed that EA treatment reduced
the expression of Caspase-9 (Figure I, Caspase-9
immunostaining).

As aresult, our findings showed that ellagic ac-
id protected the integrity and structure of hepat-
ic tissue by providing its antioxidant properties
against hepatic IR.
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Limitations

As a limitation in our study, we can affirm that
a quantitative method would have been better to
support the immunohistochemical study.

Conclusions

Ellagic acid reduces oxidative stress by in-
creasing the antioxidant capacity of the liver as
a result of increased oxidative stress after IR
injury and may be an alternative treatment for
preventing inflammation and cell damage after
liver injury by affecting the cell degeneration
signaling pathway.
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