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Vitamin E and Lactobacillus Provide
Protective Effects Against Liver Injury
Induced by HgCl2: Role of CHOP, GPR87,
and mTOR Proteins

Ahlam Alhusaini1 , Shahad Alghilani2, Waad Alhuqbani2, and Iman H. Hasan1

Abstract

Background and Objective: Mercury is one of the most harmful heavy metals and its toxicity causes severe multi-organ
dysfunction. This study was designed to explore novel molecular pathways involved in the hepatoprotective effect of vitamin E
(Vit-E) and Lactobacillius plantarum (Lac-B) against mercury toxicity.

1 Pharmacology and Toxicology Department, Faculty of Pharmacy, King Saud University, Riyadh, Saudi Arabia
2 Faculty of Pharmacy, King Saud University, Riyadh, Saudi Arabia

Received 11 March 2021; received revised 30 March 2021; accepted 31 March 2021

Corresponding Author:

Ahlam Alhusaini, Pharmacology and Toxicology Department, Pharmacy College, Faculty of Pharmacy, King Saud University, Riyadh, Saudi Arabia.

Email: aelhusaini@ksu.edu.sa

Dose-Response:
An International Journal
April-June 2021:1-7
ª The Author(s) 2021
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/15593258211011360
journals.sagepub.com/home/dos

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-2905-8882
https://orcid.org/0000-0003-2905-8882
mailto:aelhusaini@ksu.edu.sa
https://sagepub.com/journals-permissions
https://doi.org/10.1177/15593258211011360
http://journals.sagepub.com/home/dos
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


Method: Acute hepatotoxicity was induced by administration of high dose of mercuric chloride (HgCl2) in male rats, Vit-E or/and
Lac-B were given along with HgCl2 for 2 weeks. The effects of those antioxidants were studied focusing on their anti-apoptotic,
anti-oxidative stress and anti-inflammatory eficacies. Histopathological examinations were also conducted.

Results: The administration of HgCl2 induced liver injury which manifested by elevation in serum ALT and AST. Liver MDA,
caspase-3 and TNF-a levels were markedly increased; whereas, GSH level and SOD activity were declined. HgCl2 significantly
elevated the expressions of hepatic CHOP, GPR87, NF-kB and mTOR. Histopathological examination revealed massive hepa-
tocyte degeneration following HgCl2 administration. Treatment with Vit-E or/and Lac-B restored the normal levels of the pre-
viously mentioned parameters, as well as improved hepatic architecture.

Conclusion: Vit-E and Lac-B provided protective effect against HgCl2-induced hepatotoxicity via reduction of oxidative stress
and inflammation, and downregulation of CHOP, GPR87, NF-kB and mTOR proteins’ expressions.
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Introduction

Mercury is extensively spread in the environment, which leads

to a continuous human exposure to even low levels of this

heavy metal.1 People can be exposed to mercury by consump-

tion of specific types of fish, dental amalgam or even at work.2

The main source of mercury is the natural degassing of the

earth’s crust, including oceans and rivers. It has been documen-

ted that low level of mercury exposure caused immune system

alterations and reduced mice resistance to viral infections.3

Mercury toxicity is attributed to its capability to diminish free

sulfhydryl groups of GSH and other antioxidants enzymes.

Numerous studies illustrated that oxidative stress evokes

various intracellular events, such as proliferation, cell-cycle

arrest, and apoptosis.4,5 In addition, exposure to inorganic mer-

cury can exert a dose-dependent cytotoxicity by producing high

levels of H2O2, which is normally quenched by pyruvate and

catalase.6 Mercuric chloride (HgCl2) may damage the function

of many organelles such as lysosomes that keep proton gradient

through the membrane and decline renal glutathione peroxi-

dase activity with upregulation of heme oxidase function.

Several studies have found increased risk of pulmonary, renal,

and CNS systems among dental workers.7 Mercury induces

disruption of the cytochrome c oxidase system/ATP energy

function,8,9 and inhibits enzymes needed to change porphyrins

to ATP causing progressive porphyrinuria, leading to low

energy and digestive injuries.10

Many studies indicated that oxidative stress represents a

dangerous event correlated to the neurotoxic effects of

HgCl2.11 The levels of various reactive species are dramatically

increased upon HgCl2 exposure.12 Although it is broadly sulf-

hydryl reactive, yet signaling cascade implicated in mediating

HgCl2-induced liver injury is not fully investigated.

This initiates our interest to study a new mechanistic role of

HgCl2 hepatotoxicity at molecular level and to find a way to

protect against this toxicity using a combination of vitamin E

(Vit-E) and Lactobacillius plantarum (Lac-B). Vit-E is consid-

ered as a major lipid soluble element in the defense system

inside the cell, and it can be obtained from diet. It has a

powerful protection action against complications of various

diseases due to its antioxidant role.13 Lac-B, a lactic acid bac-

terium, is used for dairy and meat fermentation, also it can be

used as a probiotic with favorable actions on gut and metabolic

illnesses.14

Materials and Methods

Chemicals

Vit-E and HgCl2 were obtained from Sigma Chemical Co.

(Sigma, St. Louis, MO, USA). Lac-B was obtained from local

pharmacy. The primary antibodies of CHOP, GPR87, mTOR

and NF-kB were obtained from Santa Cruz (Santa Cruz

Biotechnology, CA, USA).

Experimental Animals

Thirty Wistar adult male albino rats weighing 150-200 g were

obtained from the Animal House, Faculty of Pharmacy, King

Saud University. Animals were kept at temperature of 20-22�C;

they were fed with standard rat pellet chow with free access to

tap water ad libitum. The Experimental protocol was approved

by the Research Ethics Committee, King Saud University

(KSU-SE-19-38).

Experimental Design

After 1-week acclimation, rats were allocated into 5 groups

each contains 6 rats; they were treated as follows: the first

group was served as the normal control group and administered

distilled water; in the second group, rats were intoxicated sub-

cutaneously with 5 mg/kg HgCl2
15 once daily; the rats in the

third group were treated with Vit-E at a dose of 100 mg/kg/day,

orally16; the fourth group was orally treated with 6� 1010 CFU

of Lac-B 1.8701/kg in 1 mL normal saline17; and the fifth

group was treated with the combination of Vit-E and Lac-B.

All treatments were given daily along with HgCl2 for 2 weeks.

After completion of all treatments, rats were subjected to a

gradual concentration of CO2, then sacrificed by decapitation.
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Blood samples were collected, and sera were separated by

centrifugation at 3000 rpm for 20 min. The livers were also

collected; parts of livers were homogenized in phosphate buffer

to yield 20% homogenates. Then the homogenates were cen-

trifuged for 20 min at 3000 rpm at 4�C, and the supernatants

were kept at �80�C. Other parts of livers were rapidly frozen

under liquid nitrogen and stored at�80�C for Western blotting.

Parts of livers from each group were kept in 10% formalin for

histopathological examination.

Biochemical Analysis

Examination of the liver enzymes. The activity of liver enzymes,

aspartate aminotransferase (AST) and alanine aminotransferase

(ALT) was measured in the serum using kits obtained from

Randox (Crumlin, UK).

Determination of oxidative stress biomarkers. Malondialdehyde

(MDA) was estimated in the liver tissue following the method

of Mihara and Uchiyama.18 Reduced glutathione (GSH) was

determined using the method of Ellman.19 Superoxide dismu-

tase (SOD) activity was evaluated following the procedure of

Marklund and Marklund.20

Determination of liver inflammatory and apoptotic biomarkers.
Liver tumor necrosis factor alpha (TNF-a), cysteine–aspartic

acid protease 3 (caspase-3) and interleukin 6 (IL-6) levels were

measured using a highly sensitive ELISA kit (Immuno-

Biological Laboratories Co., Ltd. Takasaki-Shi, Gunma,

Japan).

Western blot analysis. Western blots were performed to deter-

mine the proteins expressions of CHOP, GPR87, mTOR, and

NF-kB. Protein bands were visualized using the ECL-Plus

detection system (Amersham Life Sciences, Little Chalfont,

Buckinghamshire, UK) according to the manufacturer’s

instructions. Positive immunoreactive bands were quantified

densitometrically and compared with control.

Histological analysis. Liver samples were fixed in 10% formalde-

hyde, and thinly sliced sections were used for histopathological

examination using hematoxylin and eosin (H&E) stain.

Statistical Analysis

Data were expressed as mean + SEM for quantitative mea-

sures. The statistical comparisons were performed using 1-way

analysis of variance (ANOVA), followed by Tukey-Kramer

multiple comparisons test. The level of significance was set

at P < 0.05, P < 0.01, and P < 0.001. Statistical tests were

conducted using GraphPad Prism 5.00 (GraphPad Prism, San

Diego, California, USA).

Results

Lac-B and/or Vit-E Retained Liver Functions in HgCl2-
Induced Hepatotoxicity

The current work showed marked elevation of the activity lev-

els of serum ALT and AST enzymes in rat exposed to HgCl2
compared to control rats. While the administration Lac-B and

Vit-E concurrently with HgCl2 significantly lowered the activ-

ity of liver enzymes (Figure 1).

Lac-B and/or Vit-E Attenuated Oxidative Stress,
Inflammation, and Apoptosis Induced by HgCl2

Further assessment of the hepatic protective effects of Lac-B

and/or Vit-E was conducted by measuring the levels of oxida-

tive, inflammatory, and apoptotic markers. Figure 2 shows the

significant increase of MDA level and decrease of GSH and

SOD following HgCl2 intoxication; accordingly, indicated high

oxidative damage. In the same figure, the administration of

Lac-B and/or Vit-E markedly ameliorated the toxic effects of

HgCl2 on the previous parameters (Figure 2).

The expressions of the inflammatory biomarkers, IL-6 and

TNF-a, were upregulated post HgCl2 administration; but they

reduced in Lac-B and/or Vit-E treated groups (Figure 3).

Figure 1. Vit-E, Lac-B and their combination prevents HgCl2-induced liver injury in rats. Vit-E, Lac-B reduced serum AST and ALT in HgCl2-
intoxicated rats. The data are presented as the mean þ SEM (n ¼ 5). ***P � .001 versus control, and pppP � .001 versus HgCl2-treated groups.
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Moreover, HgCl2 intoxicated rats exhibited a significant eleva-

tion of the hepatic NF-kB (P � 0.001) relative to control rats.

On the other hand, rats received the antioxidants in question

concurrently with HgCl2 showed a significant reduction in the

expression of NF-kB (Figure 4).

In addition, HgCl2 toxicity provoked apoptosis by causing a

significant increase in capsase-3 expression in the liver of

intoxicated rats (P < 0.001). However, the use of Lac-B and/

or Vit-E produced remarkable reduction in apoptosis by down-

regulating capsase-3 expression (Figure 3).

Lac-B and/or Vit-E Modulated the Expression of CHOP,
GPR87, and mTOR

The CHOP, GPR87, and mTOR were significantly overex-

pressed following HgCl2 intoxication compared to control

group (Figure 4). Interestingly, the administration of Lac-B

or Vit-E either alone or in combination downregulated the

expressions of those proteins in comparison to HgCl2 intoxi-

cated group (Figure 4).

Lac-B and/or Vit-E Improved the Histopathological
Changes Induced by HgCl2 Overdose

The hepatoprotective effects of Lac-B and/or Vit-E were con-

firmed by the histological examination of liver sections stained

with H&E. The liver sections from the rats of the negative

control group demonstrate normal hepatocytes and normal

blood sinusoids (Figure 5A). The liver section from a rat admi-

nistered HgCl2 shows moderate hepatocyte with ballooning

and binucleated hepatocytes, central vein congestion

(Figure 5B). The liver section from a rat administered Vit-E

with HgCl2 shows a hepatic tissue with normal structure and

architecture with dilated congested sinusoids, central vein con-

gestion (Figure 5C). The liver section from a rat administered

Lac-B concurrently with HgCl2 shows moderate healing of the

necrosis and a slight decrease of the dilated sinusoids

(Figure 5D). Lastly, the liver section from a rat administered

a combined therapy of Vit-E and Lac-B with HgCl2 shows a

marked improvement in hepatocyte degeneration with normal

sinusoids (Figure 5E).

Figure 2. Vit-E, Lac-B and their combination modulate hepatic GSH, MAD and SOD against HgCl2-induced liver injury in rats. The data are
presented as the mean þ SEM (n ¼ 5). ***P � .001 versus control, and pppP � .001 versus HgCl2-treated groups.

Figure 3. Vit-E, Lac-B and their combination downregulate hepatic inflammatory markers (IL-6 and TNF-a) and apoptotic marker (Caspase-3)
in HgCl2-induced liver injury in rats. The data are presented as the mean þ SEM (n ¼ 5). ***P � .001 versus control, and pppP � .001 versus
HgCl2-treated groups.
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Discussion

Human may be exposed to HgCl2 poisoning by multiple routs

including oral, inhalation or skin exposures, since it is exten-

sively distributed in the environment. The environmental levels

of mercury are rising because of the discharge from

hydroelectric, mining and paper industries. It can be found in

some skin lightening products and the filling of dental amal-

gam.21 Therefore, the aims of the current study are to examine

the potential hepatoprotective effects of Vit-E and/or Lac-B

against HgCl2-induced liver damage in rats, and to further

investigate the mechanisms underlying those effects.

Figure 4. Representative blots of the expression of CHOP, GPR87, NF-lB and mTOR proteins, Vit-E, Lac-B, and their combination significantly
downregulated their expressions in hepatic tissues. The data are presented as the mean þ SEM (n ¼ 5). ***P � .001 versus control, and pppP �
.001 versus HgCl2-treated groups.

Figure 5. Light photomicrographs of liver sections stained with H&E. (A) The liver section from a negative control-treated rat shows normal
hepatocytes (red arrow) with normal blood sinusoids (yellow arrow). (B) The liver section from a rat administered HgCl2 shows moderate
hepatocyte with ballooning (red arrow) and binucleated hepatocytes (yellow arrow), central vein congestion (green arrow). (C) The liver
section from a rat administered Vit-E with HgCl2 shows a hepatic tissue with normal structure and architecture with dilated congested sinusoids
(red arrow), central vein congestion (yellow arrow)). (D) The liver section from a rat administered Lac-B with HgCl2 shows moderate healing of
the necrosis (red arrow) and a slight decrease of the dilated sinusoids (yellow arrow). (E) The liver section from a rat administered Vit-E and Lac-
B with HgCl2 shows a marked improvement in hepatocyte degeneration (red arrow), with normal sinusoids (yellow arrow).
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In this study, we examined the effect of HgCl2 intoxication

on the activity of liver enzymes, and we found that HgCl2 cause

significant elevation of serum ALT and AST activities. These

enzymes are considered as critical and initial markers in the

diagnosis of liver injury, as these enzymes could be released

into the circulating blood directly due to hepatic cell damage.22

Our results were parallel to the outcomes of previous studies

which revealed the increasing of the liver enzymes activities

post excessive exposure of HgCl2.22,23

Our study revealed the administration of HgCl2 caused sig-

nificant increase in the levels of oxidative stress (MDA),

inflammatory (IL-6, TNF-a, and NF-kB), and apoptotic (cas-

pase-3) markers, while GSH level and SOD activity were low-

ered post HgCl2 injection. It has been approved that when

HgCl2 is accumulated within the hepatic cells, this provokes

oxidative stress and subsequent liver injury, and it is believed

that the principal mechanism of hepatotoxic effect of HgCl2 is

the liberation of free radical and production of reactive oxygen

species (ROS).24 In addition, the inflammation is usually asso-

ciated with the production of ROS,25 and the inflammatory

cytokines such as IL-6, TNF-a and NF-kB are important tran-

scription factors known to be sensitive to oxidative stress,26,27

see graphical abstract figure.

Additionally, our study revealed the upregulation of the

protein’s expressions of CHOP, GPR87, and mTOR in the liver

tissues from HgCl2 intoxicated rats. It is documented that in

normal healthy conditions, CHOP is expressed at very low

levels28; while in diseased states the expression of CHOP is

markedly increase and the apoptosis is triggered.28,29 Further-

more, Arfelt and colleagues documented the great relationship

between the activation of NF-kB and GPR87-mediated cancer

progression.30 Because mTOR is involved in the liver metabo-

lism process of a drug,31 the balanced level of mTOR expres-

sion is vital for retaining hepatic cell homeostasis and

prevention of liver damage and inflammation. Thus, the dysre-

gulation of mTOR activity may result in liver injury, inflam-

mation and even carcinogenesis.32

The administration of Vit-E and/or Lac-B could reduce the

HgCl2-oxidative stress and prevent the overexpression of apop-

totic and inflammatory biomarkers in liver tissue; moreover,

using of those antioxidants improved the liver morphology. It

has been demonstrated that Vit-E and Lac-B alleviated HgCl2-

induced testicular atrophy by reducing the testicular MDA, and

serum inflammatory cytokines.5 It has been shown that Lac-B

decreased the inflammation of rat’s paw edema induced by

carrageenan (a food additive which can initiates inflammation),

diminished the expression of inflammatory cytokines, and

improved its morphological architecture.33 Moreover, in clin-

ical studies, Lac-B exhibited antioxidant and anti-

inflammatory activities in healthy individuals and diabetic

patients.34,35 Likewise, Vit-E has shown the antioxidant prop-

erties against HgCl2-induced reproductive toxicity.36 Addition-

ally, Vit-E possessed a protective action in human lung cell

exposed to HgCl2, through inhibition of oxidative stress and

apoptosis.37

To sum up, this study suggested that administration of Vit-E

and/or Lac-B has the potential to protect the liver from the

toxicity induced by HgCl2 and also has the ability to attenuate

and reverse HgCl2-induced oxidative stress, apoptosis, and

inflammation in liver tissue. Additionally, the modulation of

CHOP, GPR87, and mTOR may explain further mechanisms of

liver injury and protection.
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Bacterial colonization of ureteral stents. Eur Urol. 1999;36(1):

53-59.

10. Cianciola ME, Echeverria D, Martin MD, Vasken Aposian H,

Woods JS. Epidemiologic assessment of measures used to indi-

cate low-level exposure to mercury vapor (Hg). J Toxicol Environ

Health. 1997;52(1):19-33.

11. Lohren H, Blagojevic L, Fitkau R, et al. Toxicity of organic and

inorganic mercury species in differentiated human neurons and

human astrocytes. J Trace Elem Med Biol. 2015;32:200-208.
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