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Abstract: Nitrite and amine reactions can occur rapidly and produce nitrosamines, in-vivo. Diethylnitrosamine (DEN) and
phenobarbital (PB) are readily inducing liver injury and hesperetin (HES), as a flavonoid found in citrus fruits, have the potential to
compensate for their harmful effects. In this study, the therapeutic effects of HES were evaluated in DEN and PB mediated liver defect.
Adult male Sprague-Dawley rats were split into 5 groups (n=10): Control, DEN, DEN+PB, HES, and DEN+PB+HES. 150 mg/kg DEN
was applied intraperitoneally to DEN groups. Fifteen days after the DEN application 500ppm of PB was given in drinking water. HES
were administered at 50 mg/kg dose orally for 8 weeks. Blood and liver malondialdehyde (MDA), glutathione (GSH) levels, and
catalase (CAT), superoxide dismutase (SOD) activities were measured spectrophotometrically. Moreover, histologic examination of
liver sections and apoptosis were determined with hematoxylin-eosin and TUNEL methods, respectively. DEN-PB application was
found to increase blood and liver MDA levels and liver CAT activity, oppositely, decreased blood and liver SOD activity, GSH levels,
and blood CAT activity. HES was found to have a positive impact on oxidative stress parameters by decreasing liver and blood MDA
activity, increasing blood CAT and SOD activity together with liver GSH levels and SOD activity. Whereas DEN and PB application
increased all histopathological findings and TUNEL positive cells, HES administration decreased these findings which might be
important for the protection of liver cell structure from cell damage. These results suggest that HES administration could be an
alternative therapeutic approach to liver damage.
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Hesperetin'in, sicanlarda dietilnitrozamin ve fenobarbital kaynaklh karaciger hasari iizerindeki
terapotik potansiyelinin degerlendirilmesi

Ozet: Nitrit ve amin reaksiyonlar1 hizla meydana gelir ve in-vivo olarak nitrozaminler iiretir. Dietilnitrosamin ve fenobarbital
kolayca karaciger hasarina neden olur ve turunggillerde bulunan bir flavonoid olan Hesperetin (HES) bu zararl etkileri telafi etme
potansiyeline sahiptir. Bu ¢aligmada, HES'in tedavi edici etkileri DEN ve PB ile olusturulan karaciger hasarinda degerlendirildi.
Yetiskin erkek Sprague-Dawley siganlar 5 gruba (n=10) ayrildi: Kontrol, DEN, DEN+PB, HES ve DEN+PB+HES. DEN gruplarina
150 mg/kg DEN intraperitoneal olarak uygulandi. DEN uygulamasindan 15 giin sonra DEN+FB grubu ve DEN+FB+HES gruplarina,
icme suyu igerisinde 500 ppm FB verildi. HES ve DEN+PB-+HES gruplari, 8 haftalik deney sirasinda 50 mg/kg HES oral olarak
uygulandi. Kan ve karaciger MDA, GSH seviyeleri ve CAT, SOD aktiviteleri spektrofotometrik olarak dl¢iildii. Ayrica karaciger
kesitlerinin histolojik incelemesi ve apoptoz sirasiyla Hematoksilen-eozin ve TUNEL yontemleriyle belirlendi. DEN ve PB
uygulamasinin, karaciger CAT aktivitesi ile birlikte kan ve karaciger MDA seviyelerini arttirdigi, bunun aksine, kan ve karaciger SOD
aktivitesini, GSH seviyelerini ve kan CAT aktivitesini azalttig1 belirlendi. HES'in oksidatif stres parametreleri iizerine, hem karaciger
hem de kan MDA aktivitesini azaltarak, ayrica karaciger glutatyon seviyeleri ve SOD aktivitesi ile birlikte kan katalaz ve SOD
aktivitesini artirarak olumlu bir etkisi oldugu bulunmustur. DEN ve PB uygulamasi tiim histopatolojik bulgular1 ve tiinel pozitif
hiicreleri artirirken, bunun tersine HES uygulamast, karaciger hiicre yapisinin hiicre hasarindan korunmasi igin 6nemli olabilecek bu
bulgular1 azaltmigtir. Bu sonuglar, HES uygulamasinin karaciger hasarina karst alternatif bir terapi yaklasimi olabilecegini
diistindiirmektedir.

Anahtar sozciikler: Apopitoz, dietilnitrozamin, hesperetin, oksidatif stres, fenobarbital.
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Introduction

Nitrosamines may present in cigarettes, alcoholic
beverages, smoked seafood, processed meat products, and
generated in foods by a reaction that occurs between
amines and nitrite (7, 13, 26, 27, 29). Nitrite is used to
preserve processed meat products from the generation of
clostridium toxins (26). For this reason, processed meat
products and other products as well, may contain high
nitrosamine content which can be hazardous due to the
ROS forming capacity (26). Moreover, DEN, which is a
nitrosamine compound, has been indicated to be produced
in stomach due to the activity of some bacteria in acidic
condition (26, 35). The animal experiments revealed that
DEN application cause liver and other organ damages (29,
30, 35). Histologic evaluation of animals treated with
DEN was demonstrated to cause inflammatory cell
infiltration, bi-nucleated cells, and sinusoidal dilatation in
the liver (33, 35). These features are the reason for using
DEN to initiate experimental liver damage (7, 36). PB, on
the other hand, promotes liver cell proliferation and tumor
formation following DEN administration and together
with DEN are widely used agents in liver toxicity and
tumor studies, as initiators and promoters (38, 45).
Oxidative stress is regarded as one of the leading cause of
the majority of the liver disorders (5). ROS forming
capacity of DEN can be detrimental due to the
accumulation of ROS in liver cells, which further might
stimulate cell death (27, 30, 36). ROS accumulation in the
liver cell causes a deficiency of antioxidant such as GSH
(30). Disrupted balance between oxidant and antioxidant
result with oxidative stress (42, 47). Counteracting
oxidative stress via potential antioxidant may have beneficial
effects on DEN and PB induced liver damage (40).

Nitrosamine exposure either directly with consumed
food or indirectly via the reaction occurs in body indicates
that avoiding intake of nitrosamines is highly challenging.
Instead of avoiding its intake, reducing its strength may be
more effective. Growing attention has been paid to
evaluate the effects of the phytochemicals as therapeutic
agents (13). Flavonoids attract the attention of scientists
due to major antioxidant capacity (10). HES is one of the
most important flavonoids that exists in citrus fruits,
possesses antioxidant, antiapoptotic, and anticancer
properties (10, 16, 25, 32). Lipophilic feature of HES
provide facile entrance to the cells, and just as other
flavonoids, HES presents in blood as sulfate conjugate
(14). All these features may be important for contributing
antioxidant potential of HES. In this concept, the present
study purposed to evaluate the therapeutic effects of HES
on DEN-PB induced liver defect in rats.

Materials and Methods
Chemicals and reagents: DEN (CAS No: 55-18-5),
PB (CAS No: 50-06-6), Trichloroacetic acid (CAS No:

76-03-9), 2-Thiobarbituric acid (CAS No: 504-17-6), 5,5'-
Dithiobis-2-nitrobenzoic acid (CAS No: 69-78-3),
nitrobluetetrazolium (NBT) (CAS No: 298-83-9),
Hydrogen Peroxide (CAS No: 7722-84-1) were purchased
from Sigma-Aldrich (St . Louis MO, USA).

Experimental  design:  Fifty adult male
approximately 220 + 20 g weight, Sprague-Dawley rats
were utilized in this study. Standard pellet diet and tap
water were ad libitum given to the animals. Subjects were
divided into 5 groups as control, DEN, HES, DEN+PB,
and DEN+PB+HES group. The control group was
provided with standard diet and received tap water for 8
weeks. DEN, DEN+PB and DEN+PB+HES groups were
intraperitoneally (i.p.) injected with 150 mg/kg DEN (21).
Subsequently, DEN+PB and DEN+PB+HES groups were
given 500 ppm PB in drinking water for 6 weeks in pursuit
of the DEN application (20). DEN+PB+HES and HES
groups received HES at a dose of 50 mg/kg/day by oral
gavage during 8 weeks experimental procedure (2).
Following the 8 weeks experimental period, blood
samples were taken from the heart under the anesthesia
subsequently the rats were euthanized and liver samples
were collected.

Blood sample preparation: Blood samples were
taken into ethylene diamine tetraacetic acid containing
sample tubes (two tubes for each subject). The first blood
sample containing tube was kept for whole blood analyses.
The second was centrifuged for 5 minutes at 3500 rpm
(Nuve NF800R); plasma was taken and maintained at -
80°C until analyses. The red blood cell suspension in the
bottom of the second tube were washed thrice with 0.9%
NaCl and kept at -80°C before used. MDA and GSH levels
together with CAT and SOD activities were evaluated
spectrophotometrically.

Liver sample preparation: Liver tissues were
cleaned in 0.9% NaCl for biochemical analysis and kept at
-80°C. Tissue homogenization was made in Potter-
elvehjem homogenizer by using 1.15% KCI containing
buffer to have 1/10 (weight/volume) final volume of
whole homogenate. The whole homogenate were
centrifuged at 3500 rpm for 15 minutes to analyze MDA,
GSH levels and CAT, SOD activities. MDA and GSH
levels also CAT and SOD activities were evaluated
spectrophotometrically in liver tissues.

Liver and blood sample analyzes: MDA were
assayed in the taken plasma and homogenate, according to
the modified method of Placer et al. (28). This method is
based on the adduction of thiobarbituric acid with MDA
which is one of the aldehyde products of lipid peroxidation
and the formation of pink complex (28). The absorbance
values of MDA (plasma and liver) were determined
according to the pink complex generated. The MDA levels
were read at 532 nm and expressed as nmol/mL and
nmol/g respectively in plasma and liver tissues.
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GSH levels were determined in the whole blood
which was diluted with purified water before the analyzes
and also in liver tissue supernatant according to the
method described by Chavan et al. (9). Briefly, GSH levels
were determined with the reaction which cause the
formation of the yellow color following the addition of
5,5'-Dithiobis-2-nitrobenzoic acid (DTNB). Subsequently,
yellow color formed in the samples was read at 412 nm.
GSH levels were expressed as pmol/g Hb and pmol/g
protein respectively in the whole blood and liver tissues.

The liver tissues supernatant and washed
erythrocytes were diluted with deionized water and used
for SOD activity determinations. SOD activity was
measured according to a reaction based on blue color
formation which occurs as a result of the conversion of
nitrobluetetrazolium (NBT) to formazan with the activity
of xanthine-xanthine oxidase system. The exhibited blue
color was measured at 560 nm. SOD enzyme activity was
expressed as U/g Hb and U/g protein respectively in
diluted erythrocytes and liver tissues (39).

Washed erythrocytes were diluted with deionized
water first and then were diluted with phosphate buffer
(50mM, pH:7) for CAT activity determinations. Liver
tissues supernatant were diluted with phosphate buffer
(50mM, pH:7) for CAT activity determinations. CAT
activity was measured in diluted erythrocytes and liver
tissues supernatant according to Aebi method (1). Aebi
method is based on the consumption of H,O, by CAT
enzyme activity at 240 nm wavelength. CAT enzyme
activity was expressed as katal (k)/g Hb and k/g protein
respectively in diluted erythrocytes and liver tissues.

Histological evaluation: The liver tissue samples
were fixed in 10% formaldehyde for about 24 hours for
histological analysis. Upon fixation was done, the tissues
were embedded in paraffin blocks and the blocks were cut
into 5-6 pm thickness. The tissue sections were stained
with hematoxylin eosin (H&E) (11). Four parameters of
liver injury 1-double nucleated hepatocyte numbers, 2-
congestion, 3-inflammatory cell infiltration and 4-
sinusoidal dilation the severity were semi-quantitatively
evaluated. These parameters were scored as 0= absent, 1=
weak, 2= moderate and 3= strong for each parameter (18).

TUNEL assay: The tissues were fixed in 4%
paraformaldehyde and embedded in paraffin, then cut into
serial 5-6 pm-thick sections and placed on poly-L-lysine
coated glass slides. ApopTag Plus Peroxidase, Apoptosis
Detection Kit (S7101) was used for the determination of
apoptotic cells following the manufacturer’s guideline.
Sections were visualized with 3, 3-diaminobenzidine tetra
hydrochloride (DAB) and counterstained with Harris
hematoxylin. TUNEL positive cells and total cells were
counted from number of randomly selected fields at 200x
magnification from each section under light microscopy
(Novel N 800 M).

In each microscopic field of view, 500 cells were
counted in 20 randomly selected fields. Counted brown
and blue nuclei stained cell number used to calculate
apoptotic index and this index was given as the ratio of
the TUNEL - positive (brown stained nuclei cells) cell
number to the total cell number (brown and blue stained
cells) (18).

Statistical analyses: Descriptive statistics presented
as mean =+ standard error for continuous variable. The
homogeneity assumption was checked with Levene test
and the normality assumption was tested with Shapiro-
Wilks test and the coefficient of variation. As all of the
continuous  dependent variables are violated the
homogeneity and normality assumption, Kruskal Wallis
test was performed in order to indicate the difference
among the five experimental groups. In case any statistical
difference, Mann-Whitney U test with Bonferroni
correction were used as post-hoc tests. Values less than
0.05 are considered to be statistically significant. All
statistical analyses were performed by using IBM SPSS
Statistics for Windows, Version 22.0.

Results

Compared to control, DEN and PB application
remarkably increased blood and liver MDA levels
(P<0.05). While blood CAT activity decreased in
DEN+PB group, liver CAT activity increased
significantly. DEN administration followed by PB
treatment resulted with decreased GSH levels both in
blood and liver. Blood SOD activity decreased
approximately two fold, while liver SOD activity
statistically remained unchanged (Table 1, 2).

Compared to DEN+PB group, HES administration
decreased blood and liver MDA levels significantly in
DEN+PB+HES groups (P<0.05). While blood CAT
activity increased significantly in DEN+PB+HES group
(P<0.01), the increase in liver CAT activity was not
statistically significant (P>0.05). Although, blood GSH
levels remained unchanged in DEN+PB+HES group, liver
GSH levels increased significantly (P<0.05). Both blood
and liver SOD activity increased in DEN+PB+HES group
(P<0.05, Table 1, 2). Hepatocytes in liver of control group
were normal in histological appearance (Figure 1A).

DEN administration caused sinusoidal dilatation and
an increasing number of double nucleated hepatocytes in
the periportal area. Additionally, in the same area
pronounced inflammatory cells together with mild
congestion have been observed (Figure 1B). Compared to
the DEN group, PB addition turned out to increase all
histopathological findings and the number of large
nucleated hepatocytes in the DEN+PB group (Figure 1C).
In the DEN+PB+HES group a decrease was observed in
all histopathologic changes especially in terms of
sinusoidal changes and congestion (Figure 1D and E).
Histological changes were not observed in liver of HES
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group compared to that of control group (Figure 1F). and DEN+PB groups compared to the control group

Histological scores were shown in Table 3. (Figure 2). Moreover, a significant decrease was observed
TUNEL examination revealed that the number of in the TUNEL positive cell number of DEN+PB+HES

TUNEL positive cells significantly increased in the DEN group compared to DEN+PB group (P<0.05, Table 4).

Table 1. Effects of Hesperetin on blood/erythrocytes/plasma antioxidants enzymes, glutathione (GSH) and malondialdehyde (MDA)
levels in DEN+PB induced liver damage in rats.

Groups
Items Control DEN DEN+PB HES DEN+PB+HES
MDA (nmol/ml plasma) 10.39+0.45P 10.1120.69° 12.5140.732 5.79+0.13¢ 10.40+0.13P
CAT (k/g Hb) 66.43+8.232 69.24+5.572 40.75+3.89P 67.54+7.522 77.4143.582
GSH (umol/g Hb) 62.77+4.690 40.84+3.80° 45.20+3.62¢ 76.14+4.64° 47.77+4 .32
SOD (U/g Hb) 94.11+14.172 78.50+7.428 56.85+4.66° 95.13+3.15° 108.3445.612

* The data presented as means and standard error.
*abc \/alues with different letters in the rows indicates statistically difference between groups (P<0.05).

Table 2. Effects of Hesperetin on liver antioxidants enzymes, glutathione (GSH) and malondialdehyde (MDA) levels in DEN+PB
induced liver damage in rats.

lterms Groups

Control DEN DEN+PB HES DEN+PB+HES
Liver MDA (nmol/g tissue) ~ 21.06+0.42¢ 29.44+0.68° 64.06+1.22 25.63+0.46° 26.94+1.33b¢
Liver CAT (k/g protein) 175.21+5.45¢ 148.32+4.294 196.17+2.51b¢ 277.56£15.082 210.65+3.51b
Liver GSH (umol/g protein)  627.82£10.23¢  544.61£19.079  485.54:7.90¢ 1185.23+12.47° 1045.77+24.78?
Liver SOD (U/g protein) 117.50+2.98° 107.39+3.33b 112.23+5.45b 151.54+2.172 146.14+1.112

* The data presented as means and standard error.
*abc: \/alues with different letters in the rows indicates statistically difference between groups (P<0.05).

Figure 1. Hesperetin Effect on Liver Histopathology of diethylnitrosamine and phenobarbital induced damage in rats.

A: Control group. Normal hepatocytes and sinusoids.

B: DEN group. Sinusoidal dilation (black star), inflammatory cell infiltration in periportal area (black arrow), congestion (white star)
and double nucleated hepatocytes (white arrow).

C: DEN + PB group. Inflammatory cell infiltration in periportal area (black arrow) and congestion (white star).

D and E: DEN + PB + HES group. All histopathological changes, especially sinusoidal dilatation and congestion, were decreased.

F: The HES group. Normal hepatocytes and sinusoids. H & E x200.



Ankara Univ Vet Fak Derg, 69, 2022

-

A ma &ga iy
.'{ )
) | | £l |F & -

153

Figure 2. Hesperetin effect on Liver Apoptosis Index of diethylnitrosamine and phenobarbital induced damage in rats. Comparison of
TUNEL positivity (brown nucleus) among groups.

Control (A)

DEN (B)

DEN+PB (C, D)

DEN+PB+

HES (E)

HES (F)

Table 3. Effects of Hesperetin on Liver Histopathology of diethylnitrosamine and phenobarbital induced damage in rats.

B oy 0 congeton [oflannatory Gal - Ssoia
Control 0.40+0.54° 0.40+0.54° 0.20+0.44° 0.20+0.44°
DEN 2.00+0.70? 2.00+0.00? 1.80+0.442 1.60+0.542
DEN+PB 3.00+0.002 2.80+0.442 2.80+0.442 2.60+0.542
DEN+PB+HES 1.00+0.70P 1.00+0.70P 1.00+0.70P 0.40+0.54°
HES 0.60+0.54° 0.60+0.54° 0.40+0.54° 0.40+0.54P

* Values are means + standard deviation. 2 P<0.05 Control vs. all group. ® P<0.05 DEN+FB vs. all group.

Table 4. Effects of Hesperetin on liver apoptotic index (%) in DEN+PB induced liver damage in rats.

Item Groups
Control DEN DEN + PB HES DEN+PB+HES

Apoptotic Index (%) 4.8+2.73 18.4 £3.12%® 252 +3.152 7.2 £1.55% 0.83 +2.84%

* Values are means + standard deviation. 2 P<0.05 Control vs. all group. ® P<0.05 DEN+FB vs. all group.

Discussion and Conclusion

PB promotion after a sub chronic DEN
administration is a widely used model in the liver
carcinogenesis studies (43, 45). DEN, PB, and their
metabolites cause toxicity by inducing the production of
ROS, which in return lead to liver and erythrocyte
peroxidation (45). Moreover, DEN and PB exposure have
been shown to increase lipid peroxidation in rats (35, 43).
Consistently with the previous studies, enhanced levels of
MDA have been observed in the current study, after DEN
and PB application. High MDA levels are widely regarded
as an indicator of lipid peroxidation, which occurs due to
the surplus generation of ROS (35). Decreased MDA
levels after HES administration in the present study both
in liver and erythrocytes may be related to the antioxidant

properties of HES. A large body of evidence proposes that
flavonoids participate in the detoxification process of ROS
related damage (10, 16). Revealed properties might arise
from the hydrogen donating capacity of flavonoids to
reactive substances (8, 22, 31) Moreover, lipophilic
features of HES might contribute to the protection of
membrane lipids from oxidation and might cause a
decrease in MDA levels, which, in turn, might be
beneficial for liver therapy.

Shaban et al. (35) found an increase in the number of
bi-nucleated cells in rats treated with DEN and PB. In
another study DEN and PB were showed to induce
inflammatory infiltrate (33). Consistent with these studies
(33, 35), in our study double nucleated hepatocytes,
inflammatory cells, and mild congestion were determined
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to increase, which might be the result of macrophages
activation due to DEN and PB stimulated ROS generation.
In a recent study demonstrating the effects of HES on
hepatic injury in rats, HES was found to improve
hepatocyte architecture (12). Similarly, in our study HES
was showed to improve hepatocellular architecture in
DEN+PB+HES group. Improvement in hepatocytes
structure following HES treatment might probably be
related to the antioxidant effects of HES.

SOD and CAT are two important antioxidant
enzymes responsible for radical scavenging activity (10).
SOD, which stands as the first enzymatic defense line
against cellular oxidation, is responsible for the
conversion of superoxide radicals to hydrogen peroxide.
Subsequently, hydrogen peroxide is decomposed to water
and oxygen by CAT activity (37). DEN and PB
application have been reported to increase superoxide
radical generation and solely DEN application has been
shown to decrease liver SOD activity (15). Owumi et al
(23) reported that DEN administration to 5 weeks old
Wistar rats resulted in decreased SOD activity as well.
Oppositely, Hussein et al. (19) indicated that SOD activity
did not change significantly after the 24 week of the DEN
and PB administration. In accordance with the previous
studies (19, 23); DEN administration followed by PB
decreased blood SOD activity in the current study, while
liver SOD activity remained unaltered as Hussein et al.
(19) reported. Decreased blood and unaltered liver SOD
levels might indicate the imbalance between oxidants and
antioxidants. Moreover, these findings might suggest that
oxidation in blood has been initiated before that of the
liver. Antioxidant defense system is crucial to prevent the
deleterious effects of oxidants. SOD and CAT which are
two antioxidant enzymes, protect cell membranes from
integrity loss. In a study evaluating the effects of HES on
DEN induced hepatocarcinoma, it was found that HES
increased SOD levels compared to DEN administered
group (17). Besides, HES has been reported to increase
SOD expressions in mice treated with DMBA (10). These
studies disclosed the positive impact of HES on SOD
levels. In line with these studies (10, 17), we found that
HES increased both blood and liver SOD activities. The
aforementioned connection of two antioxidant enzymes,
CAT and SOD make two antioxidant enzymes work
together against oxidative damage. In a recent study, DEN
administration to 5 weeks old Wistar rats was shown to
result in decreased CAT activity (23). On the other hand,
it was demonstrated that at early stage of DEN and PB
administration CAT activity increased in liver (19).
Consistent with these studies (19, 23), in our study, while
blood CAT activity decreased in DEN+PB group, liver
CAT activity increased, yet this increase was not
statistically significant. In our study, blood SOD and CAT
activities in DEN+PB group, and unaltered liver SOD and
CAT activities were found to be in parallel, suggested that

while at that time period blood ROS levels might cause the
depletion of antioxidant enzymes, yet liver still might have
the capability to manage oxidative stress partially. The
activity loss in SOD and CAT may result with the
oxidation of macromolecules such as membrane
phospholipids, proteins, and DNA (4). In the present
study, increased ROS levels in the liver may probably
evoke the MDA increase due to the unaltered liver SOD
and CAT activity following DEN and PB distribution.
Moreover, the reason for increased liver CAT activity in
the DEN+PB group compared to the DEN group might be
related to the reciprocal decrease in GSH levels in the
same group. Although CAT and glutathione peroxidase
(GPx) both catalyze H,O,, still GPx requires GSH
additionally (34). Decreased GSH levels in DEN+PB
group may probably be related to activity of GPx instead
of CAT. Antioxidants, such as SOD and CAT, stand as
the first line of the antioxidant defense against the both
erythrocytes and liver derived oxidative stress (10).

A recent study evaluating the effects of HES on DEN
induced hepatocarcinoma reported that HES increases
CAT levels compared to DEN administered group (17).
Moreover, different amounts of HES addition to the rats'
diet, found to increase not only CAT activity but also SOD
activity (3). In the current study HES administration also
increased CAT and SOD activity which makes sense with
the previous studies (3, 17). HES has been documented to
exhibit anti-apoptotic properties (14). According to the
current knowledge, the best explained anti-carcinogenic
effect of HES is its strong antioxidant properties. In fact,
HES has been stated to exert antioxidant properties and
ROS scavenging activity via regulating the ERK/Nrf2
signaling pathway (24). Furthermore, Wan et al. (41)
reported that HES shows inhibitory effects on apoptosis,
oxidative stress, and inflammatory cell infiltration by
increasing hem oxygenase-1 activity in acetaminophen-
induced liver injury in mice.

GSH is a tripeptide that contains thiol groups and is
one of the non-enzymatic antioxidant responsible for the
antioxidant protection of the body (37). GPx catalyzes the
conversion of H,O, to water and oxygen in the presence
of hydrogen donated by GSH (35). Banakar et al. (6), and
Shaban et al. (35), have reported decreased levels of GSH
following DEN and PB administration consistently to our
study findings. Increased ROS formation as a result of
DEN and PB metabolism might probably cause increased
demand for GSH in the present study. Similarly to other
flavonoids, HES is found in the blood as sulfate conjugate
(14). In the current study, increased GSH levels following
HES application is presumably related to increased
demand for sulfate which might be subsequently utilized
for the conjugation of HES. Moreover, lipophilic features
of HES provide rapid and simple entry inside the cell.
Therefore, HES might have induced the antioxidants in the
liver cell (14). The onset of numerous ailments is indicated
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to be associated with increased ROS formation (43). It has
been reported that H.O2 exposure may lead to apoptosis by
activating ROS generation (4). Furthermore, DEN derived
ROS formation has been revealed giving rise to apoptosis
(46). HES, on the other hand, has been shown to have anti-
apoptotic properties, thanks to its’ radical scavenging
effects (46). In addition to these properties, HES has been
reported to inhibit bile derived acid stimulated cell death
in liver cells (5). On the contrary of its anti-apoptotic
effects in normal cells, HES has been known to induce
apoptosis in various tumors, due to the disrupted balance
between oxidant and antioxidant status (44). The elevated
apoptotic index found in this study after DEN and PB
administration could be explained with increased ROS
formation. Similarly to findings of Bai et al. (5), in our
study HES blocked apoptosis after DEN and PB
application. Even though in same study it has been
indicated that solely administration of HES up to 50
umol-L ! inhibit apoptosis, in our study we found that 50
mg/kg/day solely administration of HES induce not only
apoptosis but also increased MDA levels in liver. Despite
the fact that 50 mg/kg/day HES administration decreased
liver apoptosis together with liver MDA levels in
DEN+PB+HES group, which might be regarded as
reducing effects of HES on liver injury, in normal cells 50
mg/kg/day HES administration induced liver damage
which is a limitation of our study.

In conclusion HES gives prominent inhibitory
effects on liver injury due to its' strong antioxidant and
anti-apoptotic properties. Moreover, improved hepatocellular
architecture following HES administration is another
beneficial effect of HES. All these findings suggest that
HES could be utilized as an alternative therapeutic due to
obtained major benefits. Further studies should be
organized to shed light on the protective role and
therapeutic activities of HES and similar flavonoids. Due
to the limitation of the study, a further dose-dependent
study should be organized to evaluate the effects of HES
on the liver. Furthermore, disclosing the molecular
mechanism of how HES enter cells might be beneficial for
establishing the therapeutic potential of HES.
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