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Introduction: Nanoparticles are at the forefront of rapidly developing nanotechnology and

have gained much attention for their application as an effective drug delivery system and as

a mediated therapeutic agent for cancer. However, the cytotoxicity of nanoparticles is still

relatively unknown and, therefore, additional study is required in order to elucidate the

potential toxicity of these nanoparticles on cells.

Materials and Methods: Thus, the following work aimed to investigate the capability of

Beta vulgaris (beetroot) water extract (BWE; 200 mg/kg) to protect hepatic tissue following

silver nanoparticles (AgNPs; 80 mg/kg; >100 nm) intoxication in male rats.

Results: AgNPs-intoxication elevated the liver function markers – including serum transa-

minases and alkaline phosphatase activities – and decreased serum levels of albumin and

total proteins, in addition to disturbing the oxidation homeostasis. This is evidenced by the

increased lipid peroxidation, the depleted glutathione, and the suppressed activity of super-

oxide dismutase and catalase. In addition, an apoptotic reaction was observed following

AgNPs treatment, as indicated by the up-regulation of p53 and down-regulating Bcl-2

expressions, examined by the immunohistochemistry method. Furthermore, AgNPs exhibited

a marked elevation in liver DNA damage that was indicated by an increase in tail length, tail

DNA% and tail movement. However, BWE eliminated the biochemical and histological

alterations, reflecting its hepatoprotection effect in response to AgNPs.

Discussion: Collectively, the present data suggest that BWE could be used following

AgNPs as a potential therapeutic intervention to minimize AgNPs-induced liver toxicity.

Keywords: silver nanoparticles, Beta vulgaris, oxidative stress, p53 and Bcl-2 expression,

hepatotoxicity

Introduction
Nanotechnology, a facilitative technology that deals with nanometre-sized objects,

is currently in the process of being developed at several levels. Due to their

distinctive physicochemical and electrical properties, nano-sized materials have

gained considerable traction in the fields of electronics, biotechnology, and aero-

space engineering. In the field of medicine, NPs are being employed as a novel

delivery system for drugs, proteins, DNA, and monoclonal antibodies.1,2 The small

size of NPs means that they are able to easily enter the body and cross a variety of

biological obstructions to reach the most vulnerable organs.3

Silver has long been known as an anti-bacterial substance thus the use of silver

NPs (AgNPs) in a commercial and medical products – such as in wound dressings,
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the coating of surgical instruments, and prostheses4,5 - is

extensive. Animal and human studies have demonstrated

that, after inhalation and through oral exposure, AgNPs are

distributed to the liver, heart, spleen, and brain, in addition

to the lungs and gastrointestinal tract.6 Based on the spe-

cial biokinetic characteristics of AgNPs discussed earlier,

it is necessary to address the toxicity-related issues of

AgNPs in appropriate experimental models, particularly

in light of standard protocols with respect to the livers of

experimental animals.

A wide range of plants are cultivated globally for food

and for medicinal purposes, with several traditional med-

icinal plants displaying significant potential in the manage-

ment and treatment of various modern health problems.

These include beetroot (Beta vulgaris L), known in the

Middle East as Shamandar, a plant of the family

Amaranthaceae.7 The roots of beet have long been used

in traditional medicine to treat a wide variety of diseases,

and beetroot itself contains large quantities of pigments

such as betaxanthins and betacyanin from the betalain

family, a group of water-soluble nitrogen-containing pig-

ments derived from betalamicacid. Studies indicate that

the betalains in beetroot can act as protective molecules

and, in addition, it is claimed that beetroot has a multitude

of therapeutic uses due to its anti-depressant, hepatopro-

tective, anti-hypertensive, antioxidant, anti-

hyperlipidaemic, radioprotective, and immunostimulatory

effects. Moreover, they possess anti-cancer, immunomo-

dulatory, anti-inflammatory, anti-mutagenic, anti-microbial

and anti-fungal properties, and can be used as expectorants

and carminatives.7–9

This study aims to investigate the relief of chronic

nanotoxicity effects on the structure and function of the

liver in male rats from the application of silver nanoparti-

cles (AgNPs), by examining the role played by the admin-

istration of beetroot.

Materials and Methods
Chemicals
Silver Nanoparticles

Silver nanopowder, with a particle size less than 100 nm

and a 99.9% trace metals basis, was purchased from

Sigma-Aldrich (St. Louis, MO, USA). According to the

supplier, the prepared AgNPs is characterized using trans-

mission electron microscopy (TEM), dynamic light scat-

tering (DLS), Zeta potential measurements, and UV/

Visible spectral analysis to guarantee consistent materials

(monodisperse AgNPs free from agglomeration; refractive

index n20/D 1.333; fluorescence—λem 388 nm) (http://

www.sigmaaldrich.com/materials-science/nanomaterials/

silver-nanoparticles.html). For an additional characteriza-

tion of the size distribution of the particles, scanning

electron microscope (SEM) was performed. Briefly, the

AgNPs was dissolved in 0.5% aqueous carboxymethylcel-

lulose (Sigma-Aldrich) and the prepared solution was then

coated with carbon, mounted on an electron microscope

grid (200 mesh), and visualized using a scanning electron

microscope (SEM; type S-4700, JEOL Ltd., Tokyo, Japan)

operating at 80kV. However, AgNPs in the injected doses

should be distributed more uniformly by sonication for 10

minutes just before injection, to be taken by systemic

circulation.10

Beetroot Preparation and Extraction

Red beetroot (B. vulgaris L.) was purchased from a local

market in Riyadh, KSA. They were washed with tap water,

chopped into small pieces, crushed with deionized water

(1:2 w/v), and were then filtered and lyophilized to pow-

der, according to the methods of Sana and Rahila.11

Experimental Design

Adult male Sprague-Dawley (SD) rats (n=40, 3 months

old, 150–170 g weight). Animals were kept on basal diet

and tap water, both of which were provided ad libitum.

After two weeks of acclimation, animals were randomly

divided into four equal groups (n=10): Group 1 (Control)

received saline and served as control; group 2 (BWE) had

beetroot water extract orally administered (200 mg/kg

BWE/day); group 3 (AgNPs) received intraperitoneal

injections of AgNPs (80 mg/kg; >100 nm) for 4 weeks;

and group 4 (AgNPs+BWE) was treated intraperitoneally

with AgNPs (80 mg/kg; >100 nm) for 4 weeks and then

treated with beetroot water extract (200 mg/kg/day) for

further 4 weeks. The dose of AgNPs was selected based

on the study conducted by Singh et al12 unlike the dose of

beetroot water extract, which was selected according to

the work of El Gamal et al.13 The study protocols were

approved by the Ethics Committee for Laboratory Animal

Care of Princess Nourah bint Abdulrahman University in

Riyadh (KSA; H-01-R-059; IRB long number: 19-0201)

in accordance with the National Institutes of Health (NIH)

Guidelines for the Care and Use of Laboratory Animals,

8th edition (NIH Publication No. 85-23, revised 1985).

At the end of the experimental period, the rats were

euthanized with intraperitoneal injection of sodium
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pentobarbital (200 mg/kg i.p.) and subjected to a complete

necropsy. Blood samples were individually collected from

the inferior vena cava of each rat and stored in anti-

coagulant and non-heparinized glass tubes for hematolo-

gical analysis and estimation of liver function biomarkers.

Blood samples were incubated at room temperature for 10

minutes and left to clot then centrifuged at 3000 × g for 15

min. Following this, the sera was separated and kept in

a clean stopper plastic vial at –80°C for analysis of serum

parameters.

Hematological Analysis

The hematological parameters were determined on whole

blood utilizing an automated analyzer (Abacus junior,

Radim, Italy).

Liver Function Biomarkers

Serum liver parameters of alanine transaminase (ALT) and

aspartate transaminase (AST), alkaline phosphatase

(ALP), albumin (Alb) and total proteins were estimated

in order to assess liver function, using commercial diag-

nostic kits (Randox/Laboratory, Crumlin, United

Kingdom) and following the manufacture’s protocols.

Preparation of Liver Homogenates
The livers from all experimental groups were removed,

weighed and stored at −20°C. Thereafter, a 10% w/v

homogenate was prepared by grinding 0.3 g of tissue in

3 mL of 50 mM phosphate buffer saline, pH 7.4.

Oxidative Stress Status Assays

The liver homogenates were assayed for the purpose of

analyzing their oxidant/antioxidant status, using a variety

of biomarkers. The measurement of lipid peroxidation

(LPO) was performed according to the parameters outlined

in the protocol of Ohkawa et al and was based on deter-

mining the amount of formed malondialdehyde (MDA),

a lipid peroxidation end-product marker.14 The content of

glutathione (GSH) was determined according to the

method described by Ellman15 and the hepatic activity of

superoxide dismutase (SOD) was assayed based on the

method described by Nishikimi et al.16 Finally, catalase

(CAT) activity was estimated according to the method

devised by Aebi, measuring the decomposition rate of

hydrogen peroxide (H2O2) at 240 nm.17

Comet Assay (Determination of DNA Damage)

A comet assay (single cell gel electrophoresis) was

employed to assess and quantify the levels of liver tissue

DNA damage, based on the described method of Olive and

Banáth.18

Histological Preparation
After necropsy, the liver was immediately removed and

repaired by immersion in 10% neutral buffered formalin

solution for 24–48 hours. The specimens were subse-

quently dehydrated, cleared and embedded in paraffin.

Serial sections of 5 µm thick were cut by means of rotary

microtome (Litz, Wetzlar; Germany) and were then stained

with hematoxylin and eosin.19 For silver particle detection

in the liver, semithin sections were prepared on glass

slides through cutting at 1-um using an ultramicrotome

(EM UC7 from Leica Microsystems). Following this pre-

paration, the sections were stained with Toluidine blue for

25 s and examined by a light microscope.

Apoptotic (p53) and Anti-Apoptotic

(Bcl-2) Markers Expression
The expression of apoptotic p53 proteins and anti-

apoptotic Bcl-2 proteins in liver sections was detected

using avidin Biotin Complex (ABC) (Elite–ABC, Vector

Laboratories, CA, USA). Sections were incubated with

anti-rabbit p53 or anti-rabbit Bcl-2 monoclonal antibody

(dilution 1:80 and 1:2000; DAKO Japan Co, Ltd, Tokyo,

Japan) according to the methodology of Harrison-

Bernard et al.20

Statistical Analysis
Data were expressed as mean values ± SE (standard error).

Significant differences among treatment groups were sta-

tistically analyzed by one way ANOVA. The criterion for

statistical significance was set at p<0.05 for the biochem-

ical data. All statistical analyses were performed using

SPSS statistical version 21 software package (SPSS®

Inc., USA).

Results
AgNPs Characterization
AgNPs used in the study were formed in spheroids of

80–90 nm in diameter, as seen by the SEM (Figure 1).

Effect of Silver Nanoparticles and/or Beta
vulgaris on Hematological Parameters
Compared with the data obtained from the control group of

rats, the administration of AgNPs in the other groups led to

a significant decrease in both the Hb content and RBC count,
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whilst there was a significant increase in WBCs and platelet

counts (Table 1). However, the post-administration of BWE

to AgNPs induced a significant amelioration in the AgNPs-

mediated modulation in hematological parameters and

restored those values towards the results observed in the

control. Interestingly, BWE treatment alone substantially

increased the Hb content compared with the control value.

Effect of Silver Nanoparticles and/or Beta
vulgaris on Liver Functions
The rats treated with AgNPs exhibited a significant

increase in the activity of serums ALT, AST and ALP,

and a significant decrease in serum albumin (Alb) and

total protein levels in comparison with the control and

BWE groups (Figure 2). Nevertheless, treatment of rats

chronically exposed to AgNPs with BWE (AgNPs+BWE)

exhibited a considerable decrease in the activity of serums

ALT, AST and ALP and a notable increase in albumin

serum and total proteins level, compared to the AgNPs

group.

Effect of Silver Nanoparticles and/or Beta
vulgaris on Liver Oxidative Stress
There was a substantial increase in liver LPO and

a substantial decrease in GSH content in the rats treated

with silver nanoparticles, as well as a decrease in the

activity of SOD and CAT, in comparison with the control

and BWE groups (Figure 3). On the other hand, the rats

chronically treated with silver nanoparticles along with

Beta vulgaris (AgNPs+BWE) exhibited a significant

decrease in LPO level, whilst there was a significant

increase in the liver content of GSH and activities of

SOD and CAT, compared to the AgNPs-treated group.

Liver DNA Fragmentation in Rats Treated

with Silver Nanoparticles and/or Beta
vulgaris
Rats treated with silver nanoparticles exhibited

a significant increase in liver DNA damage (P < 0.05)

that was indicated by an increase in tail length, tail DNA

% and tail movement, compared to the control and Beta

vulgaris groups. A significant decrease in liver DNA

damage was observed in the rats that were chronically

treated with silver nanoparticles and Beta vulgaris

(AgNPs+BWE), in comparison with the DNA damage

observed in the livers of the group that were treated solely

with AgNPs (Figure 4 and Table 2).

Effect of Silver Nanoparticles and/or Beta
vulgaris on Liver Histopathology
The liver sections from both the control group and the

group of rats treated with BWE revealed a normal hepa-

tocyte structure, where the hepatocytes are polygonal in

shape with eosinophilic granular cytoplasm and vesicular

basophilic nuclei (Figure 5A and B). A variety of major

histopathological lesions were observed in the liver sec-

tions of rats chronically treated with AgNPs, as well as the

diffused infiltration of inflammatory cells, mainly eosino-

phils, atrophied and vacuolated hepatocytes, and degenera-

tion with focal area necrosis (Figure 5C). Liver sections in

rats treated with AgNPs and BWE (AgNPs+BWE)

revealed a moderate degree of improvement in

Figure 1 Scanning electron micrograph of AgNPs. Bar=100 nm.

Table 1 Changes in Complete Blood Pictures in Different

Groups Under Study

Groups Hb (mg/

dL)

RBCs

(×106)

WBCs

(×103)

Platelet

Count

(×103)

Control 12.6 ±

0.741

7.33 ±

0.128

6.8 ± 0.251 595 ± 25.19

BWE 16.2 ±

0.821#
7.703 ±

0.550

6.7 ±

0.3203

583 ± 30.0

AgNPs 10.9± 0.

954#
6.09 ±

0.296#
10.05 ±

0.600#
614 ± 17.5#

AgNPs

+BWE

12.8 ±

0.680*#
7.25 ±

0.508*

7.83 ±

0.439*#
605 ± 22.8*#

Notes: Values are expressed as means ± SE; n = 10 for each treatment group.

*Significant difference compared to the control group; #Significant difference com-

pared to the AgNPs group.
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hepatocytes, where there were only a few atrophied and/or

vacuolated hepatocytes and a mild infiltration of inflam-

matory cells (Figure 5D).

Furthermore, Toluidine blue staining revealed that the

presence of AgNPs had formed within the cytoplasm of

hepatocytes (Figure 6C). Nonetheless, the number of

AgNPs within the hepatocytes decreased in the liver sec-

tions of rats post-treated with the BWE (AgNPs+BWE)

(Figure 6D), suggesting the ability of beetroot to facilitate

the removal of AgNPs from the liver. Both Figure 6A and

B of the control and BWE-treated alone liver revealed no

silver has appeared within the cells.

Effect of Silver Nanoparticles and/or Beta
vulgaris on Liver p53 Expressions
Expression of cytoplasmic p53 and the incidence of apop-

totic cells were faintly positive reactions in liver sections

in both the control and BWE groups (Figure 7A and B). In

Figure 2 Serum levels of AST, ALT, ALP, albumin and total protein following sliver nanoparticles (AgNPs, 80 mg/kg; >100 nm) and/or beetroot water extract (BWE, 200 mg/

kg, orally) exposure in male rats. The values are the means ± SE (n = 10). Columns with different symbols are statistically significant at p<0.05.
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contrast, (Figure 7C) demonstrated strong p53 expression

in the liver sections in rats treated with AgNPs, while liver

sections in AgNPs+BWE revealed mildly positive reac-

tions for p53 expression (Figure 7D).

Effect of Silver Nanoparticles and/or Beta
vulgaris on Liver Bcl-2 Expressions
The expression of cytoplasmic anti-apoptotic Bcl-2 and

the incidence of apoptotic cells in the liver sections of

rats in the control and BWE groups showed strong positive

reactions (Figure 8A and B). In contrast, (Figure 8C)

showed faint Bcl-2 expression in the liver sections of

rats treated with AgNPs while liver sections in AgNPs

+BWE revealed moderately positive reactions for Bcl-2

expression (Figure 8D).

Discussion
Despite the growing beneficial biomedical purposes of

AgNPs, there is a limit to their uses due to the scarcity

of knowledge about the interaction between AgNPs and

different cellular processes. Nonetheless, recent studies

suggest that AgNPs have a range of cellular targets,

among which is the stimulation of the apoptosis pathway,

as well as oxidative stress due to the overproduction of

reactive oxygen species (ROS) leading to liver injury.21,22

Figure 3 Hepatic levels of LPO and GSH and activities of SOD and CAT following sliver nanoparticles (AgNPs, 80 mg/kg; >100 nm) and/or beetroot water extract (BWE,

200 mg/kg, orally) exposure in male rats. The values are the means ± SE (n = 10). Columns with different symbols are statistically significant at p<0.05.
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Hence, in this study, the potential role of beetroot was

examined in relation to the stimulation of the apoptotic

pathway and oxidative stress caused by AgNPs in rats.

After exposure, AgNPs can be absorbed, reach the blood

and then deposited predominantly in the liver, leading to

liver damage.23 In the present study, AgNPs administrated

at 80 mg/kg caused liver damage, evidenced by the dis-

tribution in serum liver markers, apoptosis and DNA

damage. These findings are in accordance with previous

studies performed by Patlolla et al24 and Heydrnejad et al.-
23 The results obtained in previous studies demonstrated

that the oral administration of AgNPs in rats (50–100 mg/

kg) could significantly increase liver markers and oxida-

tive stress, causing DNA damage.

In toxicological studies, the size of AgNPs is impor-

tant. Gliga et al25 found that AgNPs measuring 10 nm in

diameter were toxic, whereas 40–75 nm AgNPs were not.

In the same manner, Park et al26 found that 4 nm AgNPs

considerably elevated the production of ROS and pro-

inflammatory cytokines released from macrophage

immune cells, unlike those AgNPs measuring 20–70 nm.

Additionally, Cho et al27 discovered that the single intra-

peritoneal injection of AgNPs measuring 10 nm in dia-

meter at a dose of 0.2 mg per mouse, induced

hepatotoxicity characterized by congestion, vacuolation,

single cell necrosis, and focal necrosis. This is a direct

contrast with the results obtained with 60 and 100 nm of

AgNPs. Indeed, the previous studies demonstrated that the

sizes of the nanoparticles may be the foremost factor

influencing the toxicity of AgNPs.

In the current study, the RBC count and hemoglobin

content decreased in the AgNPs-treatment group. Similar

findings were also reported in Carassius auratus gibelio

larval exposed to 1, 2, and 3 ppm AgNPs (5 nm), which

may be indicators of acute anemia, erythropoiesis disorder

leading to deformation of RBCs and inhibition of heme

Figure 4 Photomicrographs representation of liver DNA damage in different groups using comet assay. ((A), control; (B), Beta vulgaris; (C), silver nanoparticles; (D), silver

nanoparticles with Beta vulgaris groups).

Table 2 Liver DNA Damage (Comet Assay Parameters

Obtained by Image Analysis in Cells) in Different Groups

Group Tailed

%

Untailed

%

Tails

Length

µm

Tail

DNA

%

Tail

Moment

Control 2 98 1.32±0.14 1.96 2.55

BWE 2.5 97.5 1.29±0.20 1.81 3.66

AgNPs 19* 81* 13.50

±0.62*

6.09* 18.15*

AgNPs

+BWE

9*# 91*# 5.88

±0.36*#
3.46# 8.84*#

Notes: *Significant difference compared to the control group; #Significant differ-

ence compared to the AgNPs group.
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synthesis.28 Adragna et al29 suggested that silver particles

cause stress, leading to loss of RBCs. Increases in WBCs

and platelet counts after exposure to AgNPs are considered

a normal reaction in rats, due to the stimulatory

effect on their immune system.30,31 However, Forouhar

Vajargah et al28 found that long-term exposure to AgNPs

in Carassius auratus gibelio larval caused stressful condi-

tions, leading to a decrease in WBC count due to cortisol

secreted during stress reaction. This could encourage lym-

phocytes apoptosis and thus shorten their life span, and also

reduce their proliferation.32

Consistent with the previous studies, AgNPs measuring

less than 100 nm in diameter in the present study caused

liver damage. Elevated levels of hepatic enzymes (ALT,

AST and ALP) as well as decreased serum levels of

albumin and total proteins are crucial indicators of liver

injury. Moreover, Hassanen et al31 reported that 25 and

50 mg/kg of chitosan-coated AgNPs produced histopatho-

logical alterations and disturbances in liver markers in rats.

The possible mechanism for liver damage could be due to

the accumulation of Ag+ hepatocytes, which generate

excessive amounts of ROS, leading to the loss of the

functional integrity of hepatocyte membranes. This then

leads to cellular enzyme leakage into the blood and, sub-

sequently, liver dysfunction. Nonetheless, post-

administration of beetroot to AgNPs-treated rats decreased

serum levels of ALT, AST, and ALP, and increased albu-

min and total protein levels to those of the control group.

The obtained results indicate the ability of BWE to protect

against AgNPs-induced hepatotoxicity, which is in accor-

dance with the earlier work of Krajka-Kuzniak et al,33 who

demonstrated that beetroot protected liver from

N-nitrosodiethylamine and carbon tetrachloride-induced

liver damage. Similarly, Iahtisham-Ul-Haq et al34 reported

the beneficial effect of beetroot-based beverages on serum

levels of these enzymes. The hepatoprotective effect of

beetroot, however, could be attributed to the antiradical

scavenging activity of the extract.

In the current study, after 28 days exposure to AgNPs

in rats, a significant increase in the LPO level and

a significant depletion in reduced GSH content – as well

as inhibition in SOD and CAT activities – were observed

in liver tissue. This data demonstrates that AgNPs may

cause oxidative injury through a ROS-mediated process.

AgNPs toxicity appears to boost ROS generation, through

the liberation of Ag+ ions inside the cells, as documented

Figure 5 Photomicrographs of rat Liver sections of different experimental groups stained with hematoxylin & eosin. (A and B) Liver sections of control and BWE groups

showed normal structure of hepatocytes (hp) and central veins (CV). (C) Liver sections in treated rats with sliver nanoparticles (AgNPs) showed severe infiltration of

inflammatory cells (Black arrows), atrophied and vacuolated hepatocytes (White arrows), and degeneration with focal area, focal necrosis. (D) Liver sections in AgNPs

+BWE revealed a few atrophied and/or vacuolated hepatocytes and mild infiltration of inflammatory cells (Black arrows).
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Figure 6 Photomicrographs representation of AgNPs precipitated in liver tissue in different groups using Toluidine blue. ((A), control; (B), Beta vulgaris; (C), silver

nanoparticles; (D), silver nanoparticles with Beta vulgaris groups). Arrow reveals the precipitation of AgNPs within the hepatocytes. Scale bar =50.

Figure 7 Photomicrographs of rat liver sections stained by apoptotic p53 antibody in different groups under study. (A and B) Faint positive reactions (arrows) for p53 in

liver sections in control and BWE groups. (C) Strong positive reactions (arrows) for p53 in liver sections in rats treated with AgNPs. (D) Mild positive reactions (arrows) for

p53 in liver sections in rats treated with AgNPs and BWE.

Dovepress Albrahim and Alonazi

International Journal of Nanomedicine 2020:15 submit your manuscript | www.dovepress.com

DovePress
3479

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


by Hassanen et al.31 Dabrowska-Bouta et al35 found that

AgNPs altered the expression of oxidative stress-related

genes, as well as biochemical markers in myelin mem-

branes extracted from AgNPs-exposed rats. They also

suggested that Ag may interact with metal–proteins, such

as thiol-proteins, and causing conformational changes and

dysfunction. GSH depletion has a marked effect on lipid

and protein oxidation. Notably, these entire disturbances

can be improved by BWE post-treatment. The free radical

scavenging activity of beetroot has been documented

previously.36,37 The antiradical activity of BWE may be

due to its high source of polyphenols and flavonoids, such

as betalains. Further evidence supports the ability of poly-

phenols to enhance detoxifying/antioxidant enzymes of

Phase II, exerting hepatoprotective effect.38 Indeed, BWE

post-administration in the present study maintained the

endogenous antioxidant defense system at normal cellular

concentrations following AgNPs.

Oxidative stress and ROS overproduction in hepatocytes

following exposure to AgNPs mediated p53 overexpression.

Our results are in accordance with Barcińska et al39 who

found that induced apoptosis and cell cycle arrest in pancrea-

tic ductal adenocarcinoma cells (PANC-1) through inducing

up-regulation in p53. The ability of AgNPs to induce

apoptosis was extensively studied and supported in its use

in cancer therapy. AgNPs with a diameter of less than 10 nm

can interact extracellularly with cellular membrane proteins

and deactivate signaling pathways, causing inhibition of cell

proliferation.40 AgNPs can enter cells through diffusion or

endocytosis to cause production of ROS, resulting in apop-

tosis. Although p53 enhances the antioxidant defense system

against ROS, after extensive and prolonged exposure to

ROS, p53 instead promotes cellular senescence or apoptosis.

p53 plays a vital role in distributing cellular homeostasis,

ultimately activating apoptosis in severe or protracted protein

damage.41 Furthermore, in oxidative damage, p53 mediates

apoptosis by enhancing the expression of pro-apoptotic pro-

teins and inhibiting anti-apoptotic proteins. In the present

study, AgNPs also down-regulated Bcl-2 expression in liver

tissue. The findings of the present study align with those

recorded by Zielinska et al,42 who reported that AgNPs

significantly down-regulated Bcl-2 expression in PANC-1

cells. Conversely, BWE post-administration augmented the

increase in p53, and enhanced Bcl-2 in the liver tissue. In the

same manner, El Gamal et al13 found that BWE administra-

tion up-regulated the anti-apoptotic proteins and down-

regulated the pro-apoptotic proteins in response to toxicants.

Thus, our findings suggest that BWE protects against

Figure 8 Photomicrographs of rat liver sections stained by anti-apoptotic Bcl-2 antibody in different groups under study. (A and B) Strong positive reactions (arrows) for

Bcl-2 in liver sections in control BWE groups. (C) Faint positive reactions (arrows) for Bcl-2 in liver sections in rats treated with silver nanoparticles. (D) Moderate positive

reactions (arrows) for Bcl-2 in liver sections in rats treated with silver nanoparticles and Beta vulgaris.
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AgNPs-induced hepatotoxicity in rats via the modulation of

the apoptotic pathway.

In conclusion, AgNPs (>100 nm in diameter) were

found to elicit toxicity in the liver tissue of rats through

different mechanisms, including disturbing liver function,

inducing oxidative stress and enhancing apoptotic signal-

ing. Nevertheless, BWE augmented the changes provoked

by AgNPs, reflecting its hepatoprotective activity.
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