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Grape seed extract ameliorated Ehrlich solid tumor-induced
hepatic tissue and DNA damage with reduction of PCNA and P53
protein expression in mice
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Abstract
This study evaluated the ameliorative potential of grape seed extract (GSE) against Ehrlich solid tumor (EST)–induced
hepatic tissue alterations in mice. The control group was infused with physiological saline. The second group received
GSE (50 mg/kg day by day orally) for 2 weeks. The third group was subcutaneously injected with 2.5 million of EST
cells. The fourth group was injected with EST cells and treated with GSE extract simultaneously. The fifth group was
injected with EST cells and kept for 2 weeks until the appearance of a solid tumor, then treated with GSE for 2 weeks.
The phytochemical analysis of GSE revealed the presence of total phenols (17.442 mg GAE/g) and total flavonoid
(6.687 mg CE/g) with antioxidant activity of 81.506 mg TE/g DPPH. The Ehrlich solid tumor significantly raised the
activities of ALT, AST, and ALP; the level of alpha fetoprotein (AFP) in serum; and the protein expressions of hepatic
proliferating cell nuclear antigen (PCNA) and tumor suppressor protein (P53), as well as induced DNA damage and
pathological alterations in liver tissue. However, it significantly reduced serum albumin and total protein levels. In
contrast, the co- or post-treatment of EST-bearing mice with GSE reduced the activities of ALT, AST, and ALP; the
level AFP in serum; and hepatic P53 and PCNA protein expressions. In addition, it reduced EST-induced hepatic DNA
damage and pathological alterations, while it increased serum albumin and total protein levels. This study suggested that
GSE is a potent hepatoprotective agent and both co- and post-treatment of EST-bearing mice with GSE almost had the
same effects.
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Introduction

Malignant tumor is the most dreadful disease found among
individuals and the biggest single reason for death in humans.
It is a class of illnesses characterized by the uncontrolled de-
velopment of cells that become invasive Wang et al. (2018).
Tumors are initiated due to DNA abnormalities of the affected
cells leading to uncontrolled cell division and subsequently
increases in tissue mass. Much chemotherapy activates apo-
ptosis through chemical or physical damage of DNA
(Knijnenburg et al. 2018). Most cancer therapies are chemo-
therapy and radiation that kill cancer cells by inducing apo-
ptosis in any case and, consequently, influence the patient’s
life Evan and Vousden (2001).

The malignant tumor of the breast is the predominant kind
of tumor and thought to be the second reason for mortalities in
ladies (Siegel et al. 2014). An Ehrlich solid tumor (EST) is an
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unconstrained murine mammary adenocarcinoma that
reproduced the malignancy of the breast (Mishra et al. 2018;
El-Masry et al. 2019). EST has been utilized as a transplant-
able tumor model for simple examination of the antineoplastic
impacts of various chemical substances (Kabel et al. 2013).
However, it can induce oxidative stress and hepatotoxicity
(Aldubayan et al. 2019; El-Masry et al. 2020).

Numerous plants and their products that have significant
antioxidant activities can be used as supportive treatments
during cancer therapy (Alotaibi et al. 2021; Altwaijry et al.
2020, 2021). Grape seeds contain many nutrients and active
ingredients such as proteins, sugars, minerals, salts, flavo-
noids, coumarins, and tannins (Kim et al. 2006). In addition,
it is a rich source of polyphenolic substances, including
proanthocyanidins (89%), dimmers (6.6%), trimers (5.0%),
tetramers (2.9%), and oligomers (74.8%) (Meeran et al.
2009; Bagchi et al. 2014; Schelz et al. 2016). Also, they are
rich in epicatechin, anthocyanins, catechins, and epicatechin-
3-o-gallate. Thus, grape seed extract (GSE) has powerful an-
tioxidant properties (Moosavi et al. 2016) empowering to be
utilized for therapy of numerous sicknesses, for example,
Alzheimer’s disease Fouad and Rizk (2019) and gonad cancer
(Ozpinar et al. 2017), and used as an anti-mutagenic, antiviral
(Kim et al. 2006), anti-inflammatory, and anti-cancerogenic
agent, as well as reduces mitochondrial damage and inhibits
cell apoptosis (Zhou and Raffoul 2012; Tousson et al. 2018).
Furthermore, resveratrol, an important polyphenolic com-
pound present in grapes, has been shown to ameliorate the
adverse effects of stroke on patients (Fodor et al. 2018) and
oxidative stress induced by zinc oxide nanoparticles in
Oreochromis niloticus and fipronil in albino rats, respectively
(Abdel-Daim et al. 2019; AlBasher et al. 2020). Also, it has
renal and neuroprotective effects via its antioxidant and anti-
inflammatory activities (Ibrahim et al. 2018; Rahman et al.
2020). Therefore, this study evaluated the ameliorative poten-
tial of grape seed extract against Ehrlich solid tumor–
prompted hepatic tissue alterations in mice.

Materials and methods

Grape seed extract

Grape seed extract, commercially known as Gervital capsules,
150 mg, was obtained from the Arab company for pharma-
ceuticals and medicinal plants (MEPACO-MEDIFOOD),
Anshas El Raml, Sharqeya, Egypt.

Quantification of the total phenolic and flavonoid
contents in grape seed extract

The amount of the total phenolic compounds of grape seed
extract (GSE) was quantified according to Saggu et al. (2014)

using Folin–Ciocalteu. Briefly 500 μl of GSE was added to
250 μl of Folin–Ciocalteu reagent, mixed, and left for 5 min
for oxidation then neutralized by the addition of 1.25 ml of
20%Na2CO3 for 40 min. The optical density was measured at
725 nm wavelength, and the amount of the total phenolic
compounds was quantified by using the gallic acid calibration
curve and expressed as micrograms of gallic acid equivalent
(GAE) per gram of the extract.

The total flavonoid content was determined according to
Oyouni et al. (2019). Briefly, 500 μl of GSE was added to
250 μl of 5% NaNO2 and mixed for 6 min, then 2.5 ml of a
10% AlCl3 was added and left for 7 min. Finally, 1.25 ml of
1 M NaOH was added and the mixture was centrifuged at
5000g for 10 min. The optical density of the supernatant
was measured at 510 nm wavelength. The total flavonoid
amount was expressed as micrograms of catechin equivalent
(CE) per gram of the extract.

Determination of the antioxidant activities of grape
seed extract

The antioxidant activities of GSE were determined using the
DPPH free radical scavenging assay. The ultimate 1,1-
diphenyl-2-picryl-hydrazyl (DPPH) concentration was
50 μM in a 3.0 mL final reaction volume, and the absorbance
was measured after 60 min at wavelength 517 nm against
methanol. The percent inhibition of the DPPH free radical
was calculated following the equation described by Choi
et al. (2002). The antioxidant activity was estimated by
Trolox’s calibration curve and expressed as milligrams of
Trolox equivalent (mg TE/g).

Determination of phenolic acid profile

The phenolic acid profile of GSEwas determined according to
Oyouni et al. (2018) as follows: 20 mL of 2 M NaOH was
added to 1 g of the extract in a conical flask, and the flask was
flushed with N2. The flask with its content was shacked at
room temperature for 4 h. Six molar of HCl was used to adjust
the pH to 2, then the mixture was centrifuged for 10 min at
5000 rpm and the supernatant was harvested. The phenolic
compounds were extracted with 50 mL ethyl ether and ethyl
acetate 1:1 twice, and the organic phase was evaporated at 45
°C and the remaining was diluted in 2 mL of methanol. HPLC
analysis was performed according to Kontogianni et al. (2013)
and Akela et al. (2018) using Agilent Technologies 1100 se-
ries liquid chromatograph equipped with an auto sampler and
a diode-array detector.

Reagents

Kits utilized for the analysis of the activities of alanine ami-
notransferase (ALT) and aspartate aminotransferase (AST) in
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serum were bought from Biodiagnostic Company, Egypt.
While those used for measuring the levels of serum albumin
and total protein were bought from Diamond Company,
Egypt. The serum alkaline phosphatase (ALP) activity was
determined using the diagnostic kit from BioMérieux Co,
France. Alpha fetoprotein (AFP) was quantified by the auto-
mated quantitative enzyme-linked fluorescent assay (ELFA)
(Biomerieux, Marcy-L’Etoile, France).

Animals

One hundred adult female Swiss albino mice of 22–25 g body
weight were obtained from the Egyptian Organization for
Biological Products and Vaccines (Cairo, Egypt). The mice
were allowed water and commercial standard diet ad libitum.

Induction of the Ehrlich solid tumor

Mice with Ehrlich ascites carcinoma (EAC) (Fig. 1a) were
obtained from the Egyptian National Cancer Institute (NCI;
Cairo University, Egypt). The solid tumor was initiated by
injecting 2.5 × 106 cells/mouse subcutaneously in the left
thigh of the lower limb of female mice (Fig. 1b). The tumor
was kept up in the mice by week after week subcutaneous
injection of 2.5 × 106 cells/mouse (Fig. 1c).

Experimental design

Following one week of acclimatization, 100 female mice were
randomly allocated into 5 experimental groups, with 20 mice
each.

Control groupMice were subcutaneously infused with normal
saline.

Grape seed extract (GSE) groupMice receivedGSE (50mg/kg
body weight) orally day by day, for 2 weeks (Li et al. 2015).

Ehrlich solid tumor (EST) group Mice were infused subcuta-
neously with 2.5 × 106 cells/mouse diluted in physiological
saline Mansour and Anis (2010).

Ehrlich solid tumor and grape seed extract (EST and GSE)
group Mice were subcutaneously infused with 2.5 ×
106 cells/mouse to initiate tumor and treated simulta-
neously with GSE (50 mg/kg body weight) orally day
by day for 2 weeks.

Ehrlich solid tumor then grape seed (EST then GSE) group
Mice were subcutaneously infused with 2.5 × 106 cells/
mouse to initiate tumor and left for 2 weeks until the appear-
ance of the solid tumor then treated with GSE (50 mg/kg body
weight) orally day by day for another 2 weeks.

Fig. 1 Chromatograms of mixed standard solution of gallic acid, catachine, chlorgenic acid, syringic acid, vanillic acid, caffeic acid, ferulic acid,
protochatchuic acid, rosmarinic acid, quercetin, and kaempferol
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Blood and tissue sampling

By the end of the experiment, the mice were anesthetized by
intraperitoneal injection of sodium pentobarbital then scarified
by decapitation. Blood samples were collected without anti-
coagulant, left to clot, and centrifuged to get sera that were
kept at – 20 °C till used.

Livers were cut into two parts. One part was used for the
comet assay while the other one was kept in 10% neutral-
buffered formalin for histopathological and immunohisto-
chemical examinations.

Biochemical assays

The activities of serum AST and ALT were analyzed calori-
metrically as indicated by Reitman and Frankel (1957). The
activity of serum ALP was analyzed following Belfield and
Goldberg (1971). Total protein and albumin serum levels
were estimated according to Doumas et al. (1977) and
Bowers and Wong (1980), respectively. The serum AFP level
was estimated according to Jang et al. (2016).

Comet assay

One gram of each liver sample was added to 1 mL of
super-cold phosphate-buffered saline (PBS), mixed by
stirring for 5 min, and then filtered. One hundred micro-
liters of cell suspension was blended with 600 μL of low-
melting agarose (0.8% in PBS) and 100 μL of this com-
bination was spread on pre-coated slides. At that point,
the slides were submerged in lysis buffer (0.045 M TBE,
pH 8.4, containing 2.5% sodium dodecyl sulfate (SDS))
for 15 min and put in an electrophoresis chamber contain-
ing the TBE buffer without SDS and stained with
ethidium bromide 20 μg/mL at 4 °C. The electrophoresis
was carried out at 2 V/cm for 2 min and 100 mA. The
migration patterns of DNA fragments of 100 cells from
each group were assessed with a fluorescence microscope.
The comet tail lengths were estimated from the center of
the nucleus to the furthest limit of the tail with × 40 for
checking and estimating the size of the comet. For visu-
alization of DNA damage, the observations were made for
GelRed-stained DNA by using a fluorescent microscope
(× 40). Comet 5 image analysis software created by
Kinetic Imaging, Ltd. (Liverpool, UK) connected to a
CCD camera was utilized to survey the quantitative and
subjective degree of DNA damage in cells by estimating
the length of DNA movement and the percentage of
moved DNA. Finally, the program determined the tail
moment. Generally, 100 randomly selected cells were
analyzed per sample according to Dhawan et al. (2009)
and Abd Eldaim et al. (2019).

Histopathological investigation

Fixed liver samples were dehydrated and embedded in molten
paraffin. Finally, samples were cut into 7-μm-thick sections,
mounted on clean slides, and processed for hematoxylin and
eosin staining Bancroft and Cook (1994). The severity of the
pathological lesions was evaluated by modified semiquantita-
tive scoring system (− indicated no alterations, + indicated
mild alterations, ++ indicated moderate alterations, and +++
indicated severe alterations) (Chen et al. 2008).

Immunohistochemical examination

Protein expression of PCNA and P53 in the liver samples was
detected in the deparaffinized sections by avidin–biotin–per-
oxidase immunohistochemical technique (Elite–ABC, Vector
Laboratories, CA, USA) using PCNA monoclonal antibody
(dilution 1:100; DAKO Japan Co., Tokyo, Japan) according
to Tousson et al. (2011) and P53 monoclonal antibody (dilu-
tion 1:200 DAKO Japan Co, Ltd, Tokyo, Japan) according to
Van der Loos et al. (2010) and Abd Eldaim et al. (2019). All
stained slides (PCNA and P53) were checked using an
Olympus microscope, and photos were captured by a digital
camera (Canon Power Shot A620). The expression of PCNA
and P53 was expressed as the percentage of positive stained
cells per total 1000 counted cells in about 10 high-power
fields. Negative = 0%; positive cells, weak and mild less than
5%, for both P53 and PCNA; positive cells, moderate = 8%
for P53 and 17% for PCNA; positive cells, strong = 18% for
P53 and 30% for PCNA.

Statistical analysis

Data were expressed as mean ± standard error of the mean
(SEM). Data were analyzed by one-way analysis of variance
(ANOVA) followed by least significant difference (LSD) tests
to assess the significance of differences among groups.
Differences at p < 0.05 were considered statistically signifi-
cant. The analysis was done by using the Statistical Package
for the Social Sciences (SPSS software version 16).

Results

The total phenolic and flavonoid contents and the
antioxidant activity of grape seed extract

The phytochemical analysis of GSE revealed the presence of
total phenols at a concentration of 17.442 mg GAE/g and total
flavonoid at a concentration of 6.687 mg CE/g with antioxi-
dant activity of 81.506 mg TE/g DPPH (Table 1). Screening
of the phenolic acids and flavenoids of GSE by HPLC re-
vealed the presence of gallic acid, protochatchuic acid,
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catachine, chlorgenic acid, caffeic acid, syringic acid, vanillic
acid, ferulic acid, rosmarinic acid, quercetin, and kaempferol
(Fig. 1 and Table 2)

Grape seed extract reduced EST-induced mortality in
mice

Ehrlich solid tumor led to 20%mortality in EST-bearing mice.
However, treatment of mice bearing EST with GSE simulta-
neously or after the development of EST decreased the mor-
tality rate to 10% (Table 3). Conversely, GSE-treated mice
were healthy and no clinical signs of toxicity and no mortality
were detected throughout the experimental period.

Grape seed extract decreased the EST development in
mice

Figure 2 reveals that treatment of EST-bearing mice (Fig.
2(D)) with GSE either co- or post-treatment decreased the size
of EST (Fig. 2(E and F)).

Grape seed extract modulated EST alterations in liver
function biomarkers

Table 4 demonstrates the impacts of EST and/or GSE on liver
function biomarkers. Ehrlich solid tumor induced a significant
(p < 0.05) increase in the activities of serum ALT, AST, and

ALP and the level of serum AFP. However, it significantly
reduced total protein and albumin serum levels compared to
the normal control mice. In contrast, administration of GSE
either simultaneously with inoculation of EAC or after the
appearance of EST reduced the increase in the activities of
serum AST, ALT, and ALP, and the level of AFP, while it
diminished the EST-prompted decrease in serum total protein
compared to mice with EST (Table 4). The co- and post-
treatment of EST-bearing mice with GSE almost had the same
effects on the liver function biomarkers. Treatments of mice
with GSE did not cause significant changes in the activities
and levels of liver function biomarkers (Table 4).

Grape seed extract ameliorated EST-initiated liver
DNA damage

Table 5 and Fig. 3 illustrated the effects of EST and/or GSE on
DNA of hepatic tissue. Ehrlich solid tumor significantly ele-
vated hepatic tissue DNA damage (p < 0.05) indicated by
expanded tail length, tail DNA%, and tail moment compared
to the normal control mice. However, administration of GSE
either simultaneously with the inoculation of EST or after the
appearance of EST with GSE modulated EST-prompted he-
patic tissue DNA damage compared to EST-bearing mice.
The co- and post-treatment of EST-bearing mice with GSE
almost had the same effects on hepatic tissue DNA (Table 5
and Fig. 3).

Grape seeds extract protected mice hepatic tissue
from EST-induced histopathological alterations

Figure 4 illustrates the histopathological alteration in the he-
patic tissues of all groups. Hepatic tissue sections of the con-
trol and GSE groups revealed normal hepatic architecture
(Fig. 4a, b). However, sections of hepatic tissues of EST-
bearing mice showed severely injured hepatocytes, focal ne-
crosis, and decreased Kupffer cells, with cellular anaplasia,
pleomorphism, and anisocytosis (Fig. 4c, d). In contrast, he-
patic tissue sections of EST-bearing mice co-treated with GSE
showed mild injured hepatocytes with moderate cellular infil-
tration (Fig. 4e). Liver sections of post-treated EST with GSE
showed moderate vacuolated hepatocytes (Fig. 4f).

Table 1 Total phenolic and flavonoid contents and antioxidant activity
in grape seed extract

Items Total phenols
(mg GAE/g)

Total flavonoids
(mg CE/g)

DPPH
(mg TE/g)

Contents 17.442 6.687 81.506

Table 2 HPLC analysis of phenolic acids and flavonoid compounds of
grape seed extract

Compound RT Content (μg/g)

Gallic acid 5.6 2750.380

Protochatchuic acid 9.7 355.293

Catachine 18.4 4239.911

Chlorgenic acid 20.3 21.493

Caffeic acid 21 34.435

Syringic acid 22.5 96.805

Vanillic acid 24.1 14.663

Ferulic acid 32 4.520

Rosmarinic acid 40.1 11.270

Qurecetin 43.4 19.207

Kaempferol 46.4 9.857

Table 3 Determination of mortality rate in different groups

Item Control GSE EST EST and GSE EST then GSE

Total no. of mice 10 10 10 10 10

No. of dead mice 0 0 2 1 1

Mortality rate (%) 0 0 20 10 10

Data are expressed as percentage

EST Ehrlich solid tumor, GSE grape seed extract
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Grape seed extract reduced EST-induced PCNA pro-
tein expression in hepatic tissue

PCNA protein expression in the liver sections of all ex-
perimental groups is presented in Fig. 5. Liver sections of
the control and GSE-treated mice showed negative or
mild expression for PCNA protein in hepatocyte nuclei

(Fig. 5a, b). Conversely, liver sections of the EST group
showed strong PCNA protein expression (Fig. 5c, d).
PCNA expression in the liver sections was significantly
increased in EST-bearing mice compared to the control
group (Fig. 5g). Liver sections of the co-treated group
demonstrated moderate expression for PCNA protein and
mild reactions of the post-treated group (Fig. 5e, f).

Fig. 2 Induction of Ehrlich solid
tumor. A: mouse bearing Ehrlich
ascites carcinoma (EAC). B:
female mouse injected with EAC
in the left thigh of the lower limb.
C: developed EST. D, E, and F:
developed Ehrlich solid tumor
(EST) of EST (D), EST and GSE
(E), and EST then GSE (F) groups

Table 4 Effect of Ehrlich solid
tumor and/or grape seed extract
on serum activities and levels of
liver function biomarkers

Item Control GSE EST EST and GSE EST then GSE

ALT (U/L) 60.2c ± 2.63 53.6c ± 2.54 103.4a ± 5.49 87.8b ± 2.709 68.2c ± 3.23

AST (U/L) 178.2c ± 3.79 175.4c ± 3.64 366.4a ± 6.22 248.6b ± 3.75 243.8b ± 6.28

Total protein (g/dL) 6.3a ± 0.1 6.57a ± 0.05 5.39b ± 0.05 5.30b ± 0.06 5.90a ± 0.11

ALP (U/L) 159c ± 2.78 147c ± 3.39 328a ± 4.29 205.6b ± 3.7 186.2b ± 4.47

Albumin (g/dL) 4.56a ± 0.03 4.69a ± 0.042 2.83b ± 0.06 2.93b ± 0.03 3.22b ± 0.19

AFP (ng/mL) 0.1c ± 0.02 0.09c ± 0.01 0.93a ± 0.03 0.26b ± 0.04 0.50b ± 0.04

Data are expressed asmean ± SEM.Values carrying different letters in the same rowwere significantly different at
p < 0.05

EST Ehrlich solid tumor, GSE grape seed extract, ALT alanine aminotransferase, AST aspartate aminotransferase,
ALP alkaline phosphatase, AFP alpha fetoprotein
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Grape seed extract reduced EST-increased P53 protein
expression in hepatic tissues

The expression of P53 protein in the hepatic tissue sec-
tions of all experimental groups is shown in Fig. 6.
Hepatic tissue sections of the control and GSE-treated

mice showed negative or mild P53 protein expression
(Fig. 6a, b). Liver sections of the EST group showed
strong P53 protein expression (Fig. 6c, d).The protein
expression of P53 in the hepatic tissues of the EST group
was significantly elevated compared to that of the control
group (Fig. 6g). Liver sections of the EST and GSE

Table 5 Comet assay parameters
in liver cells of all experimental
groups

Item Control GSE EST EST and GSE EST then GSE

Tailed (%) 1.91d ± 0.11 2.3d ± 0.18 33.25a ± 0.27 11.5c ± 0.09 21.5 ± 0.47b

Untailed (%) 98.0d ± 0.69 97.5d ± 0.73 66.75a ± 1.05 88.5b ± 1.12 78.5c ± 0.90

Tail length (μm) 1.49d ± 0.15 1.58d ± 0.12 10.02a ± 0.56 3.98c ± 0.28 7.31b ± 0.47

Tail DNA (%) 1.56d ± 0.06 1.68d ± 0.14 8.90a ± 0.33 3.41c ± 0.39 6.03b ± 0.25

Tail moment 2.23d ± 0.04 2.65d ± 0.12 89.18a ± 1.37 13.57c ± 0.68 44.08b ± 1.25

Values are expressed as means ± SEM. Values carrying different superscript letters in the same row are signif-
icantly different

Fig. 3 Comet assay for
assessment of hepatic tissue DNA
damage: G1, control group; G2,
GSE group; G3, EST group; G4,
EST and GSE group; G5, EST
then GSE group
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groups showed moderate expression for P53 protein and
mild expression in the EST then GSE group (Fig. 6e–g).

Discussion

Ehrlich carcinoma is comparable to human cancer as it is
undifferentiated, has a quick development rate, and is more
delicate to chemotherapies (Kabel et al. 2013). The function of
vital organs of animals can be inversely influenced by the
development of a tumor. The finding of this study indicated
that Ehrlich solid tumor induced hepatic dysfunction repre-
sented by an increase of serum ALT, AST, and ALP
activities and a decrease of serum total protein and albumin
levels. Our findings agree with that of Gupta et al. (2004) and
Sakr et al. (2011) who found that EST increases the activities
of AST, ALT, and ALP in serum. In addition, Abd Eldaim
et al. (2021) indicated that Ehrlich ascites carcinoma (EAC)

raises the activities of serum ALT, AST, and ALP in mice and
Salem et al. (2011) showed a reduction in serum levels of total
protein and albumin of mice bearing EAC. Alpha fetoprotein
is one of the tumor markers that can occur principally in pa-
tients with liver malignant tumors, hepatocellular carcinoma,
or benign liver diseases Lazarevich (2000). Our results were
matched with those of Aldubayan et al. (2019) and Abd
Eldaim et al. (2021) who indicated a significant increase of
serum AFP levels in mice bearing EAC. The EST-induced
alteration of liver function biomarkers might be attributed to
the hypoxia in liver periventricular areas Biscoveanu and
Hasinski (2000), which altered hepatic tissue structure and
function as the histopathological investigations of the hepatic
tissues of EST-bearing mice revealed hepatotoxicity that was
manifested by the alteration of hepatic tissue architectures.
These findings were in line with those of Chakraborty et al.
(2007) and Tousson et al. (2020) who demonstrated the infil-
tration of Ehrlich tumor cells in the internal organs, which

Fig. 4 Photomicrographs of mice
liver sections of all groups stained
with H & E. Hepatic tissue
sections of the control and GSE
groups (a and b) showed normal
hepatic architecture with normal
central veins (CV). Liver section
of mice bearing EST (c and d)
showed severely injured
hepatocytes, focal necrosis
(arrows), and cellular anaplasia,
pleomorphism, and anisocytosis
(arrow heads). Hepatic tissue
sections of GSE and EST groups
(e) showed mild injured
hepatocytes with moderate
cellular infiltration (arrows).
Liver sections of the EST then
GSE group (f) showed moderate
vacuolated hepatocytes
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may result from proliferation and migration of tumor cells that
leads to aggregations of inflammatory cells and mitochondrial
destruction. The possible reason for EST-induced alterations

in hepatic tissue structure and function is the induction of
oxidative stress in the livers of EST-bearing mice as it has
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Fig. 5 Photomicrographs of hepatic tissue sections of all groups stained
with PCNA-ir. Hepatocyte nuclei of the control and GSE groups showed
faint reactions for PCNA-ir (arrows) (a and b). Hepatic tissues of the EST
group showed strong protein expression (arrows) for PCNA (c and d).

Hepatic tissues of the EST and GSE groups revealed moderate protein
expression (arrows) for PCNA (e). Hepatic tissue sections of the EST then
GSE group showed mild protein expression (arrows) for PCNA (f)
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Fig. 6 Photomicrographs of hepatic tissue sections of all groups stained
with P53-ir. Faint P53-ir reactions (arrows) were detected in the hepatic
tissue sections of the control and GSE groups (a and b). Strong protein
expression (arrows) for P53 was detected in the hepatic tissue sections of

the EST group (c and d). Hepatic tissue sections of the EST and GSE
groups had moderate protein expression for P53 (arrows) (e). Hepatic
tissue sections of the EST then GSE group showed mild protein expres-
sion for P53 (arrows) (f)
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been reported that EST can induce oxidative stress and hepa-
totoxicity (Aldubayan et al. 2019; El-Masry et al. 2020).

Tumor suppressor protein (P53) is a transcription factor
implicated in the regulation of the cell cycle, expression of
genes, aging, apoptosis, and suppression of cancer (Haris
1996; DeVita et al. 2011). It stops the cell cycle at G1 and G2

in case of DNA damage, allowing the activation of DNA-
repairing proteins. In case of unrepaired damage, the Bax gene
is activated leading to apoptosis Haris (1996). PCNA proteins
are the standard markers for the proliferation of cells; thus, they
can be used to assess the growth of the cell population. PCNA
proteins have been recognized as significant members in DNA
replication during ordinary and neoplastic cell division
(Juríková et al. 2016). It constructs a ring around the DNA to
encourage and control its replication Stoimenov and Helleday
(2009). Immunohistochemical examination showed a strong
expression of apoptotic proteins, P53, and proliferation
marker, PCNA, in the livers of mice bearing EST indicating
that EST tumors have a high proliferation rate. These findings
were parallel with those of Tousson et al. (2020) who found
that EAC reduces the liver antioxidant system while it induces
P53 protein expression in the hepatic tissue of mice.
Furthermore, Nakopoulou et al. (1995) reported strong P53
and PCNA protein expression in hepatocellular carcinoma.

Concerning the hepatoprotective impacts of GSE
against EST-prompted liver injury, the results of this study
revealed that the treatment of mice bearing EST with GSE
modulates EST-altered liver function. These results agreed
with those of El-Sayed et al. (2014) who reported that
proanthocyanidins, one of the active compounds of grape
seed extract, protect the liver against acetaminophen-
induced hepatic damage. In addition, Kandemir et al.
(2012) stated that grape seed extract has potent antioxidant
activities that protect rabbits’ livers against cisplatin-
induced toxicity. Further, Shin and Moon (2010) found
that grape seeds and skin inhibit dimethylnitrosamine-
induced hepatic injury in rats and subsequently inhibit
the increment of the activities of serum AST and ALT
and AFP serum level. Tsai et al. (1994) stated that the level
of serum AFP has a direct relationship with the serum
AST, ALT, and ALP activities in most of the liver diseases
such as hepatitis C virus inducing hepatic cirrhosis
(Fattovich et al. 1997) and acute and chronic hepatitis
Yao et al. (2007). However, Yao (2003) indicated a sharp
decrease in the serum level of AFP following treatment of
patients suffering from chronic hepatitis B virus infection
and cirrhosis with lamivudine. This improvement in liver
function of mice bearing EST treated with GSE can be
explained by the protective effect of GSE against EST-
induced liver damage as the histopathological examination
of hepatic tissue samples of GSE-treated groups showed an
improvement in injured hepatocytes. These finding was
parallel with that reported by Sun et al. (2004) who

demonstrated that grape containing polyphenols prevents
ethanol-induced liver injury. Also, administration of
tamoxifen-intoxicated rats with grape seeds reduced liver
toxicity and injury (El-Beshbishy et al. 2010). In addition,
proanthocyanidin and vitamin E protect rat liver against
doxorubicin-induced hepatotoxicity Al-Sowayan and
Kishore (2012). The hepatoprotective potentials of GSE
against EST-induced hepatic injury in our study may be
attributed to phenolic and flavonoid compounds present
in GSE and include gallic acid, protochatchuic acid,
catachine, quercetin, and kaempferol (Tables 1 and 2) as
the flavonoids and phenolic compounds have antioxidant
properties (Moosavi et al. 2016). In addition, catachine,
gallic acid, quercetin, and kaempferol have antioxidant
and hepa topro tec t ive ac t i v i t i e s aga ins t ca rbon
tetrachloride- and thioacetamide-induced hepatotoxicity
in rats (Liu et al. 2015; Qureshi et al. 2019; Mousa et al.
2019).

Finally, our findings indicated that treatment of mice bear-
ing EST with GSE decreased P53 and PCNA protein expres-
sion in the hepatic tissues as it has been shown that GSE
protects the human liver cells against cancer chemotherapeutic
drug–induced cytotoxicity through modulation of the expres-
sion of regulatory genes of the cell cycle and apoptosis such as
bcl-2, P53, and c-myc (Al-Rasheed et al. 2018). Further, GSE
supplementation reduces the number of colonic cells express-
ing PCNA and extracellular signal–regulated kinases 1 and 2
(ERK1/2) signaling Yang et al. (2015). In addition, GSE de-
creases the proliferation of colorectal cancer cells, enhances
caspase-3 activity, and subsequently increases apoptosis
(Nomoto et al. 2004). Also, GSE decreases cell proliferation
in the intestinal tract of APCmin/mice Velmurugan et al.
(2010) and azoxymethane-induced Fischer 344 rats
Johansson and Hansson (2013).

Conclusion

Ehrlich solid tumor altered the liver function and increased
DNA damage, P53 and PCNA protein expression in hepatic
tissue with marked histopathological alterations. However,
treatment of mice bearing EST with GSE either simultaneous-
ly or after the development of EST ameliorated EST-altered
liver functions and structure and P53 and PCNA protein ex-
pression via its antioxidant activities. Both co- and post-
treatment of EST-bearing mice with GSE almost had the same
effects. This study suggested that GSE is a potent hepatopro-
tective agent.
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