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Abstract

The present work was aimed to evaluate the protective effects of alpha‐tocopherol
(α‐toco) and/or Lactobacillus plantarum (LCB) against testicular atrophy induced by

mercuric chloride (MCH). Rats were injected with 5mg/kg MCH for 5 days con-

secutively, then treated with 100mg/kg α‐toco and 6 × 1010 CFU 1.8701/kg LCB alone

or together for 3 weeks. The MCH elevated serum TNF‐α, IL‐ 6, caspase‐3, and testi-

cular malondialdehyde. However, serum testosterone, dehydroepiandrosterone, testi-

cular messenger RNA of a steroidogenic acute regulatory protein, 17‐β‐hydroxysteroid
dehydrogenase, 3β‐hydroxysteroid dehydrogenase, glutathione level, and superoxide

dismutase activity were decreased. Protein expression of Nrf2 was downregulated

whereas that of Bax and DNA fragmentation was upregulated in the testicular tissues.

Treatment with α‐toco and LCB ameliorated the deviated biochemical parameters and

improved tissue injury. It was concluded that the combination of LCB and α‐toco
achieved promising results in the amelioration of MCH‐induced testicular atrophy. Nrf2,

Bax expressions, and DNA fragmentation are involved in the testicular atrophy induced

by MCH.
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1 | INTRODUCTION

Mercury is used in several drugs, whitening creams, disinfectants,

sanitizers, preservatives in makeup, toothpaste, solutions for eye

lens, vaccines and immune‐therapy solutions, herbicides, fungicides

and an amalgam of teeth.[1] Mercury toxicity is largely attributed to

its ability to induce oxidative stress by enhancement of the genera-

tion of reactive oxygen species (ROS) and disturbing the activities of

several enzymes including those having antioxidant effects and that

containing the thiol group.[2]

The usual therapeutic intervention for metal toxicity is chelation

therapy. Metal‐detoxifying agents work by forming less toxic complexes

with the harmful metal ions that facilitate their excretion. The usually

used chelating agents are accompanied by side effects like liver and renal

toxicities, critical loss of metals, as well as dermal reactions.[3] Thus, the

emergence of novel metal‐detoxifying agents is necessary.

Alpha‐tocopherol (α‐toco) is critical for keeping the cellular mem-

brane function, flexibility, and integrity. α‐Toco protects the body by

detoxifying harmful compounds and removing reactive nitrogen

species.[4] Besides this, α‐toco improves normal cellular division and im-

munity, controls the coagulation speed of the blood and protects nerve

tissues.[4] Agarwal et al[5] found that mercury causes oxidative damage

and metallothionein messenger RNA (mRNA) expression as well as his-

tological modifications in tissue and accumulation of mercury in several
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organs. In addition, both pretreatment and posttreatment with α‐toco
provide complete protection of the liver from mercury toxicity. Probiotics

represent a class of biomedical products with high efficacy and limited

side effects making them suitable for therapeutic intervention.

In vitro, Lactobacillus Plantarum (LCB) was able to bind heavy

metals like cadmium, lead, and aflatoxin B1 as well.[6,7] Moreover,

LCB is identified as an antioxidant in human subjects.[8,9]

Accordingly, LCB has been established as a probiotic for the mi-

tigation and management of heavy metal toxicity. Zhai et al[10]

reported that LCB CCFM8610 exerts a protective effect against

the acute toxicity of cadmium in mice. Such an effect is attributed

to decreased cadmium intestinal absorption, tissue accumulation,

and alleviation of hepatic and renal oxidative stress, and it results

in amelioration of histopathological changes in the liver. The me-

chanism of mercuric chloride (MCH)‐induced testicular toxicity is

not fully understood. So, it is worthwhile to explore a novel me-

chanism involved in metal toxicities to allow for the emergence of

a new treatment for its toxicity.

Until now, the exact molecular and genetic mechanisms in-

volved in mercury toxicity are still not known. Thus, this study was

conducted to discover a novel method for the treatment of MCH

toxicity, which is widely found in many fields using the LCB and

α‐toco combination and to elucidate various molecular mechanisms

underlying MCH‐induced testicular atrophy. These mechanisms are

involved in the formation of the main male sex hormone testos-

terone such as dehydroepiandrosterone (DHEA), mRNA of

steroidogenic acute regulatory protein (STAR), 17β‐hydroxysteroid
dehydrogenase (17β‐HSD), and 3β‐hydroxysteroid dehydrogenase

(3β‐HSD). Also, for tracing protein expression of nuclear factor

erythroid 2‐related factor 2 (Nrf2) and Bax as well as DNA

fragmentation.

2 | MATERIALS AND METHODS

2.1 | Chemicals

MCH (Cat. 748‐94‐7; Sigma‐Aldrich, St. Louis, MO), LCB (PM

310608; Axcan pharma S.A., France) and α‐toco (T3251_SIGMA;

Sigma‐Aldrich). The primary antibodies for Bax and Nrf2 were

obtained from Santa Cruz Biotechnology (Santa Cruz

Biotechnology, CA).

2.2 | Experimental animals

Thirty male 3‐month‐old Wistar albino rats weighing 250‐280 g

were obtained from the Experimental Animal Center, King Saud

University. The animals were allowed to acclimatize in the labora-

tory for 1 week, at 22°C temperature. They were given a standard

rat pellet diet and distilled water ad libitum. The use of animals was

under the guidelines of King Saud University's ethics committee

(KSU, SE, 19‐38).

2.3 | Experimental design

Rats were allocated into five groups, each of six rats; groups were

subjected to the treatment in this manner: group I was the control

group, group II rats were injected (subcutaneous [SC]) with 5 mg/kg

MCH daily for a continuous 5 days,[11] Group III (MCH + α‐toco) rats
received α‐toco at a dose of 100mg/kg/day,[12] Group IV (MCH+

LCB) rats were treated with 6 × 1010 CFU of LCB 1.8701/kg in 1mL

of sterile normal saline[13] and group V (MCH + α‐toco + LCB) rats

were treated with α‐toco and LCB at doses equal to the previous

doses. All treatments were administered on the sixth‐day post‐MCH

injection by oral route using oral‐gavage for 3 weeks.

Rats were subjected to CO2
[14] and were killed by decapitation,

blood samples were centrifuged at 3000 rpm. Then, the testes were

collected. Parts of the testes were homogenized in phosphate buffer

and centrifuged for 20minutes at 1006.2 g. Other testes were kept

frozen in liquid nitrogen for Western blot analysis. Finally, three

testes were maintained in 10% formalin for histopathological

examination.

2.4 | Biochemical analysis

Serum levels of tumor necrosis factor‐α (TNF‐α) (RTA00 USA R&D

Systems, Inc), interleukin‐6 (IL‐6) (R6000B USA & Canada, R&D Sys-

tems, Inc), caspase‐3 (ABIN 416112), testosterone, and DHEA

(E‐ELR0026) were determined using a rat enzyme‐linked
immunosorbent assay (ELISA) kit.

2.4.1 | Determination of reduced glutathione (GSH),
superoxide dismutase (SOD), and lipid peroxide
(malondialdehyde) in the testes

Reduced GSH was measured using the method of Ellman.[15] The

SOD activity was determined using the method of Marklund and

Marklund.[16] The lipid peroxidation level was measured employing

the method of Uchiyama and Mihara.[17]

2.5 | Histological examination

Testes specimens were obtained and kept in 10% paraformaldehyde

in phosphate buffer for 24 hours, and then embedded in paraffin wax

at 57°C. Serial sections were made at widths of 4 µm using a Spencer

820 microtome. These sections were stained using hematoxylin and

eosin and then were examined under a light microscope.[18]

2.6 | Determination of DNA fragmentation

Oligonucleosome‐bound DNA was used to estimate DNA fragmentation

using an ELISA kit (Boehringer, Mannheim, Germany).[19]
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2.7 | Western blot analysis

Western blot analysis was employed to estimate the protein ex-

pression of Bax and Nrf2. Using the ECL‐Plus detection system, the

protein bands were visualized (Amersham Life Sciences, Little

Chalfont, Buckinghamshire).[20]

2.8 | Gene expression using reverse‐transcription
polymerase chain reaction

mRNA of 17β‐hydroxysteroid dehydrogenase (17β‐HSD), 3β‐
hydroxysteroid dehydrogenase (3β‐HSD), STAR were measured

using a reverse‐transcription polymerase chain reaction (RT‐PCR)
according to the method of Livak and Schmittgen.[21] Primers are

allocated in Table 1.

2.9 | Statistical analysis

Data were expressed as means ± SEM for quantitative measures.

Statistical difference between various groups was achieved using a

one‐way analysis of variance followed by the Tukey‐Kramer post hoc

test. The level of significance was set at P < .05, P < .01, and P < .001.

Statistical tests were performed utilizing GraphPad Prism 5.00.

3 | RESULTS

Table 2 presents serum testosterone and DHEA in control as well as in all

treated groups. It was revealed that MCH caused a significant decline in

serum testosterone and DHEA compared to the control group (P≤ .001).

Treatment with the antioxidants alone or together modulated the pre-

viously measured levels. The combination therapy achieved superlative

results.

MCH elevated serum TNF‐α, IL‐6, and caspase‐3 levels (P ≤ .001)

(Figure 1). Moreover, testicular GSH level and SOD activity were de-

creased, while the malondialdehyde (MDA) level was elevated in the

MCH‐administered group compared with the control group (P ≤ .001)

(Figure 1). However, treatment of the antioxidants in question alone or

in combination decreased almost all of the above distorted biochem-

ical parameters compared with the MCH‐administered group.

mRNA expression of STAR, 17β‐HSD, 3β‐HSD was downregulated

in testicular tissue upon MCH administration (P ≤ .001) (Figure 2).

Protein expression of Bax was upregulated while that of Nrf2 was

downregulated upon MCH administration compared to the control group

(P≤ .001) (Figure 3). In contrast, MCH enhanced DNA fragmentation in

the testicular tissues upon MCH administration (Figure 4).

MCH caused the formation of a fibrotic histopathological structure

of mature active seminiferous tubules. Conversely, treatment with the

antioxidants individually or in combination modulated these expressions

compared with the MCH‐administered group and restored the regular

histopathological architecture of mature active seminiferous tubules with

a complete spermatogenic series. Single or combined treatment also

decreased tissue destruction and restored the spermatogonia layer.

Treatment with the antioxidants alone or together modulated most of

the previously measured parameters; however, the combination regimen

exhibited the most notable enhancement results (Figure 5).

4 | DISCUSSION

Mercury is used in industrial and pharmacological sectors.[22] GSH de-

pletion by mercury may trigger ROS production that enhances lipid,

protein, and DNA oxidation,[23] this can severely affect spermatogonia.[24]

Spermatozoal membranes are rich in polyunsaturated fatty acids, hence,

they are susceptible to ROS attack, and hence, loss of the integrity of the

TABLE 1 Primer sequences used for RT‐PCR

Primer Primer sequences Accession no.

β‐actin F: CCTGCTTGCTGATCCACA V01217

R: CTGACCGAGCGTGGCTAC

17β‐HSD F: GTGTGCACATTTTCCAAGGC NM 054007

R: TTTAACAAACTCATCGGCGG

3β‐HSD F: GCATTAACCCCACTCCCACT NM 017265

R: GGACCCTGACCTCCTTCAGA

STAR F: CACAGTCATCACCCATGAGC NM031558.3

R: AGCTCTGATGACACCGCTTT

Abbreviations: 3β‐HSD, 3β‐hydroxysteroid dehydrogenase; 17β‐HSD,

17β‐hydroxysteroid dehydrogenase; RT‐PCR, reverse‐transcription
polymerase chain reaction; STAR, steroidogenic acute regulatory protein.

TABLE 2 Serum testosterone and DHEA levels in control and MCH‐injected group as well as in all treated groups

Parameters

Groups Con MCH MCH+ α‐toco MCH + LCB MCH + α‐toco + LCB

Testosterone (ng/mL) 4.29 ± 0.09 2.36 ± 0.19*** 3.2 ± 0.13ππ 3.35 ± 0.16πππ 3.55 ± 0.33πππ

DHEA (ng/mL) 0.278 ± 0.01 0.143 ± 0.01*** 0.213 ± 0.01πππ 0.205 ± 0.01πππ 0.255 ± 0.01πππ

Note: Data are mean ± SEM (n = 6).

Abbreviations: DHEA, dehydroepiandrosterone; LCB, Lactobacillus plantarum; MCH, mercuric chloride; α‐toco, α‐tocopherol.
***P < .001 vs control
ππP < .01 vs MCH group.
πππP < .001 vs MCH‐injected group.
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F IGURE 1 α‐Toco and LCB alone or together reduced serum levels of IL‐6, TNF‐α, caspase‐3, and testicular MDA, whereas GSH and SOD

activity were elevated in MCH‐administered rats. GSH, glutathione; IL‐6, interleukin‐6; LCB, Lactobacillus plantarum; MCH, mercuric chloride;
MDA, malondialdehyde; SOD, superoxide dismutase; TNF‐α, tumor necrosis factor‐α; α‐toco, alpha‐tocopherol. Data are Mean ± SEM (n=6).
***P < .001 vs control, πππP <. 001 vs MCH‐injected group, δP < .05 vs α‐toco treated group, and +++P < .001 vs the combination treated group

F IGURE 2 α‐toco and LCB and their combination increased messenger RNA gene expression of STAR, 17βHSD, and 3βHSD in MCH‐
injected rats. Data are mean ± SEM (n = 6). ***P < .001 vs control, πππP < .001 vs MCH‐injected group, and +++P < .001 vs the combination‐
treated group. 3β‐HSD, 3β‐hydroxysteroid dehydrogenase; 17β‐HSD, 17β‐hydroxysteroid dehydrogenase; LCB, Lactobacillus plantarum;

MCH, mercuric chloride; SEM, standard error of the mean; STAR, steroidogenic acute regulatory protein; α‐toco, alpha‐tocopherol

4 of 7 | FADDA ET AL.



mitochondrial membrane and enhancing lipid peroxidation leads to a

defect in sperm morphology and subsequent decrease in sperm motility

upon mercury exposure.[25,26]

In the present study, MCH injection elevated the levels of serum

TNF‐α, IL‐6, while GSH level and SOD activity were decreased and MDA

was increased in testicular tissue. Cotreatment with α‐toco and LCB

either alone or together ameliorates these levels. It was found that

supplementation of α‐toco decreased oxidative stress induced by

MCH[27] and also plays a critical role in reducing mercury absorption from

the gastrointestinal tract.[28] However, LCB can bind to heavy metals in

vitro[6] and displays antioxidative properties and anti‐inflammatory

activity in human subjects.[7,8,29] LCB administration provided significant

F IGURE 3 α‐toco and LCB alone or together downregulated protein expression of BAX and increased Nrf2 protein expression in MCH‐injected rats.
Data are mean± SEM (n =6). ***P< .001 vs control, πππP< .001 vs MCH‐injected group, and +++P< .001 vs the combination‐treated group. LCB,

Lactobacillus plantarum; MCH, mercuric chloride; SEM, standard error of the mean; α‐toco, alpha‐tocopherol

F IGURE 4 α‐toco and LCB alone or together downregulated DNA fragmentation in MCH‐injected rats. Data are mean ± SEM (n = 6).
***P < .001 vs control and πππP < .001 vs MCH group. LCB, Lactobacillus plantarum; MCH, mercuric chloride; SEM, standard error of the mean;
α‐toco, alpha‐tocopherol
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protection against mercury toxicity, hence it decreases the mercury level

in the hepatic and renal tissues and prevents modifications in the levels of

GSH peroxidase and SOD.[29]

Mercury exhibits a significant decrease in the levels of testosterone,

FSH, LH, and prolactin suggesting the dysfunction of the pituitary‐
testicular axis and harmfully affects reproductive systems.[30] DHEA is a

steroid hormone, rapidly transformed into androstenedione by 3β‐HSD in

peripheral target tissues, then it undergoes additional conversion to

testosterone a by 17β‐HSD and aromatase, respectively.[31,32]

The present study revealed that MCH caused a significant decline

in serum testosterone and DHEA levels compared with the control

group (P ≤ .001). Treatment with the antioxidants alone or together

modulated the previous biochemical parameters. It was reported that

MCH significantly decreased the activity of 3β‐HSD and 17β‐HSD,
causing a reduction in plasma testosterone levels, and testicular sperm

count as well as loss in sperm motility and an increase in the levels of

oxidative stress in the testes of mice. 7β‐HSDs play a critical role in the

conversion of 17‐ketosteroids to 17‐hydroxysteroids. STAR is a

F IGURE 5 A, Section from testes of the normal control group showing the normal histopathological structure of mature active seminiferous
tubules with complete spermatogenic series (black arrows), with a large number of spermatocytes in the center (red arrow). B, The section from

testes of mercuric chloride group showing the fibrotic histopathological structure of mature active seminiferous tubules (black arrow) with a
decreased number of spermatocytes in the center (red arrow). C, The section from testes of the α‐tocopherol (α‐toco) group showing the normal
histopathological structure of mature active seminiferous tubules with a complete spermatogenic series (black arrows), and with a large a

number of spermatocytes in the center (red arrow). D, The section from testes of Lactobacillus plantarum (LCB) group showing the normal
histopathological structure of mature active seminiferous tubules with a complete spermatogenic series (black arrows), and with few
spermatocytes in the center (red arrow). E, The section from testes of α‐toco and LCB group shows the normal histopathological structure of

mature active seminiferous tubules with a complete spermatogenic series (black arrows), and with few spermatocytes in the center (red arrow)

6 of 7 | FADDA ET AL.



transport protein that regulates cholesterol transfer within the mi-

tochondria, this is the rate‐limiting step in the production of steroid

hormones.[33,34] Testicular injuries are established by an increase in

sperm abnormalities and a decrease in testosterone levels.[9]

Herein, MCH downregulated mRNA expression of 3β‐HSD,

17β‐HSD, and STAR. Histopathological examination revealed that

MCH injection resulted in a fibrotic structure in mature active semi-

niferous tubules. However, treatment with antioxidants in question

restored these altered genes and the restored normal architecture of

the testes.

The release of cytochrome c, the major step in the mitochondrial

pathway of apoptosis, is controlled by Bax, Bcl‐2, and excessive DNA

fragmentation.[35] Nrf2, a factor sensing the presence of oxidative stress,

regulates transcription of genes encoding for cytoprotective enzymes

crucial for maintaining cellular homeostasis.[36] It was reported that MCH

decreased Nrf2 level, increased Bax and decreased Bcl‐2.[37]

In the present study, the serum level of caspase‐3 and Bax protein

expression was elevated while that of Nrf2 was downregulated, DNA

fragmentation was dramatically increased in the testes of rats injected

with MCH. However, treatment with LCB and α‐toco decreased the

level of caspase‐ 3, testicular Bax, and the DNA fragmentation, while

Nrf2 protein expression was elevated.

5 | CONCLUSION

The LCB and α‐toco combination is considered a promising candidate

for the treatment of testicular dysfunction induced by MCH. The

expression of STAR, 17β‐HSD, 3β‐HSD, Bax, and Nrf2 may present a

molecular target that is involved in MCH toxicity and treatment.
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