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Abstarct 

 

Introduction: Mercuric chloride (HgCl₂) disrupts kidney function by inducing oxidative stress and inflammation. 

Probiotics, such as Lactobacillus casei, may mitigate these effects. This study investigates the impact of L. casei on renal 

function, oxidative stress markers, and inflammatory/apoptotic gene expression in HgCl₂-exposed Wistar rats. 

Methodology: Twenty-eight rats were divided into four groups: control, HgCl₂-treated, L. casei-treated, and combined 

treatment. Serum levels of urea, creatinine, and antioxidant enzymes (SOD, CAT, and MDA) were assessed. Expression 

of TNF-α, IL-6, Bcl-2, and Bax genes was analyzed using real-time PCR. Histopathological changes were also examined. 

Statistical analysis was performed using one-way ANOVA (P > 0.05). 

 

Results: Exposure to HgCl₂ significantly increased urea, creatinine, and MDA levels by >100% (P < 0.0001) and reduced 

SOD and CAT activities by 26% (P > 0.05 vs. control) and 92% (P < 0.0001), respectively. Co-treatment with L. casei partially 

restored SOD (13.5% improvement, P > 0.05 vs. toxin) and CAT (42% improvement, P < 0.05 vs. toxin). Probiotics also 

significantly downregulated IL-6, TNF-α, and BAX (P < 0.05) and upregulated BCL2 (P < 0.05). Additionally, glomerular 

size was restored by 59% (P < 0.0001 vs. toxin). 

 

Conclusion: L. casei exhibited protective effects against HgCl₂-induced renal injury by reducing oxidative stress, 

inflammation, and apoptosis, suggesting its potential as a therapeutic agent in nephrotoxicity management. 

 

Keywords: Lactobacillus casei, Mercuric chloride, Antioxidant Enzymes, Apoptotic Genes, Probiotic, 

The compound disrupts cellular functions and causes structural 

damage to renal tissues, leading to a decline in kidney function 

(6). The pathophysiological impact of HgCl2 on kidney tissue 
manifests as glomerular injury, tubular degeneration, and 

interstitial fibrosis (7). These changes can compromise the 

kidneys' ability to filter blood effectively, resulting in various 

complications, including proteinuria, electrolyte imbalances, 
and acute kidney injury (8). Understanding the toxicity of HgCl2 

is essential for developing effective treatments and preventive 

measures against Hg poisoning. HgCl2 exposure significantly 

alters biochemical markers and gene expressions related to 
kidney function and oxidative stress (9). One of the primary 

indicators of kidney impairment is the elevated serum levels of 

creatinine and urea, which are commonly observed following 

mercuric HgCl2 (10).  

 

1. Introduction 

 

HgCl2 is a highly toxic compound that poses significant health 

risks when introduced into the body (1). As an inorganic form 

of Hg, it can enter the system through various routes, 

including ingestion, inhalation, or dermal exposure (2). Once 

absorbed, HgCl2 disseminates throughout the body, exerting 

its harmful effects on multiple organs, particularly the kidneys 

(3). The kidneys are crucial for filtering waste and maintaining 

fluid and electrolyte balance; however, they are also 

susceptible to damage from toxic substances (4). HgCl2 induces 

nephrotoxicity primarily through oxidative stress, 

inflammation, and cellular apoptosis (5).  

 [
 D

O
I:

 1
0.

61
88

2/
jh

gg
.8

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 h

um
an

ge
ne

tic
sg

en
om

ic
s.

ir
 o

n 
20

26
-0

7-
05

 ]
 

                             1 / 12

https://humangeneticsgenomics.ir/article-1-113-en.html
file:///C:/Users/P.S/Desktop/journal/Behnaz.esfandiari@iiau.ac.ir
http://dx.doi.org/10.61882/jhgg.8.1.3
http://humangeneticsgenomics.ir/article-1-113-en.html


Amrollahi M  et al. 

 

2 J Human Gen Genom. 2025 May;8(1): A-10-369-3 
 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These substances accumulate in the bloodstream due to the 

kidneys' impaired ability to filter waste products effectively. In 

addition to renal function markers, HgCl2 exposure influences 
oxidative stress parameters. Notably, levels of SOD and catalase 

CAT—two critical antioxidants that protect cells from oxidative 

damage—are often reduced in the presence of HgCl2 (11). This 

decline suggests a compromised antioxidant defense 
mechanism, leading to increased oxidative stress (12). 

Conversely, MDA levels typically rise, indicating heightened 

lipid peroxidation and cellular damage (13). At the molecular 
level, HgCl2 affects the expression of several key genes involved 

in apoptosis and inflammation. The pro-inflammatory 

cytokines TNF-α and IL-6 are frequently upregulated in 

response to mercury exposure, reflecting an inflammatory 

response within the renal tissue (14). Simultaneously, the 

expression of the anti-apoptotic gene Bcl-2 may decrease, while 
the pro-apoptotic gene Bax tends to increase, promoting 

cellular apoptosis (15). These alterations in gene expression 

contribute to the overall nephrotoxic effects of HgCl2, leading 
to further renal injury and dysfunction (16).  

Probiotics are live microorganisms that, when consumed in 

sufficient quantities, provide health benefits (17). They have 
gained interest for their potential role in supporting kidney 

health. By fostering a balanced gut microbiome, probiotics can 

significantly influence systemic inflammation and oxidative 

stress, both of which are crucial for maintaining renal function 
(18). 

Research indicates that probiotics may help protect against 
kidney damage, particularly from toxins like HgCl2. These 

beneficial bacteria may enhance kidney function by increasing 

antioxidant activity and reducing inflammatory responses 

(19). A healthier gut microbiome can lead to a decrease in 
harmful metabolites, which helps improve serum creatinine 

and urea levels, suggesting better renal performance (20). On a 

biochemical level, probiotics are thought to enhance the 

activity of key antioxidant enzymes, such as SOD and catalase 
CAT (21). This boost helps combat oxidative stress, resulting in 

lower levels of MDA, a marker of lipid peroxidation and cellular 

damage (22). 

Additionally, probiotics can influence the expression of 

inflammatory cytokines and genes related to apoptosis. They 

may reduce the levels of pro-inflammatory factors like TNF-α 

and IL-6, thus lessening inflammation in the kidneys (23). 

Furthermore, probiotics may help shift the expression balance 
of apoptosis-related genes, potentially increasing Bcl-2 (an 

anti-apoptotic factor) while decreasing Bax (a pro-apoptotic 

factor) (24). This change can protect renal cells from apoptosis 

and support kidney function. In this context, this study aimed 
to investigate the effect of L. Casei probiotics on serum levels of 

creatinine, urea, SOD, CAT, and MDA, as well as the expression 

of the apoptotic gene Bax, the anti-apoptotic gene Bcl-2, and 

finally, the genes encoding the cytokines TNF-α and IL-6 in the 

kidney tissue of rats exposed to HgCl2. 

2. Materials and Methods 

2.1. Study Population, Conditions, and Groups of Rats 

The probiotic powder of L. casei (IBC-M10784, Takgene Zist Co., 

Iran) was suspended in distilled water to obtain a 

concentration of 10¹⁰ CFU/mL. 

This suspension was administered daily to the rats along with 

their feed. For the toxicological challenge, HgCl₂ (code 23920, 

Alpha Aesar Co., Germany; alternatively sourced from Sigma-

Aldrich, Germany) was dissolved in sterile distilled water at a 

concentration of 1 mg/mL. Rats received HgCl₂ via intraperitoneal 

(IP) injection at a dose of 3 mg/kg body weight, administered in a 
volume of 1 mL per 100 g body weight. This dosage regimen is 

well-established in nephrotoxicity studies (25).  

A total of 28 male adult Wistar rats, averaging 200–250 g in 

weight, were purchased from the Pasteur Institute and were 
maintained under 12 h of light and 12 h of darkness at a 

temperature of 22 ± 3°C and 70% humidity. They were then 

randomly divided into four groups of seven. The first group 

served as the control, receiving only water and food daily. The 
second group consisted of rats receiving HgCl2 (3 mg/kg). The 

third group received L. casei (109 cfu/ml), and the fourth group 

received both HgCl2 (3 mg/kg) and L. casei (109 cfu/ml) 

simultaneously. HgCl2 was administered three times with a one-
day interval via intraperitoneal injection, and probiotics were 

gavaged for 30 days. After the treatment period, the rats were 

anesthetized using ketamine (87 mg/kg) and xylazine (13 mg/kg) 
via intraperitoneal injection (26), and direct blood sampling 

from the heart was performed. Intestinal and kidney tissues were 

collected for histological studies, gene expression analysis, and 

antioxidant factor evaluation. Blood samples were centrifuged at 
4000 rpm (Behdad Co, Iran) for 10 min at room temperature to 

separate the serum, which was stored at -20°C until testing. 

2.2. Assessment of Biochemical Parameter Levels 

The level of serum creatinine was measured using the Jaffe 

method, which involved the formation of a yellow-orange color 

complex that was read at a wavelength of 510 nm. Furthermore, 

urea was measured by assessing ammonium levels through the 

Berthelot reaction (27) and the enzymatic test of glutamate 
dehydrogenase using spectrophotometry by ELISA reader at a 

wavelength of 340 nm (Stat Fax 2100, Awareness Technology, 

USA). For measuring sodium and potassium levels, photometric 

methods and Ion Selective Electrode (ISE) (28) techniques were 
employed, not photometric methods. Measurements were 

performed using the EasyLyte Electrolyte Analyzer (Medica, USA), 

calibrated daily with standard solutions. Calcium levels were 

assessed using the "ortho-cresol phthalein" method (29), a widely 
used technique, where OD was read in a spectrophotometer after 

5 min. Finally, uric acid levels were measured using the uricase 

method (30), which is known for its high sensitivity. 

2.3. Assessment of Antioxidant Activity in Samples 

Antioxidant kits, including those for measuring SOD, CAT, and 

MDA, were purchased (ZellBio GmbH Co, Germany). Kidney 

tissues were first extracted and stored at -70°C until evaluations 
were conducted. The homogenized tissue was used to determine 

SOD activity based on the methodology of Paoletti, using 

spectrophotometry (31). Tissue samples were lysed using the 

buffer provided in the kit (Shokouh Pars Azmoon Co, Iran). For 

every 100 mg of tissue, 500 μl of lysis buffer was added and 

homogenized. The samples were then centrifuged at 10,000 rpm 

for 5 min at 4°C, and the supernatant was collected for analysis. 
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The supernatant was mixed with the solutions and reagents 

in the kit and added to a 96-well plate. After 5 min of keeping 

at an incubator (Aryateb Co, Iran), the optical density (OD) of 

the samples was read at a wavelength of 405 nm using a 
microplate reader (Thermo Fisher Scientific Co, USA), and 

calculated using the following formula. 

SOD activity (U/ml or mg protein) = (OD Test/OD Control) × 
200. The MDA level was assessed as a marker of lipid 

peroxidation using chromogenic reagents (32). 50 mg of 

tissue was homogenized, and then 500 μl of RIPA (Radio-

Immunoprecipitation Assay) buffer was added for lysis. After 

1 h of refrigeration, the samples were centrifuged at 10,000 
rpm for 15 min, and the supernatant was transferred to new 

microtubes. According to the kit protocol, the supernatant 

was mixed with the kit solutions and then centrifuged again. 

After transferring to the wells of the 96-well plate, the OD was 
measured at 535 nm, and the concentration was calculated 

based on the obtained standard curve. The method developed 

by Beers (33) was used for measuring CAT, with OD measured 

at 405 nm using an ELISA reader (Thermo Fisher Scientific Co, 
USA). The tissue lysis steps in this test were similar to those for 

measuring MDA, and the catalase enzyme activity was 

calculated using the following formula. 

Catalase activity (v/ml) = (OD blank - OD sample) × 271 × (1/60 * 

sample volume). 

2.4. Expression of inflammatory and apoptotic genes TNF-α, IL-
6, Bcl-2 and Bax 

This study utilized relative quantification through real-time 

PCR to analyze gene expression. Initially, RNA was extracted 
using the Total RNA Extraction Kit (Cinnagen Co, Iran). 

Following the extraction, the quantity and concentration of 

the RNA were assessed, and complementary DNA (cDNA) was 

synthesized according to the protocol provided by the 
RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher 

Scientific, USA). The thermocycler temperature cycles were 

conducted as per the kit instructions, and the resulting 
reaction products were stored at -20°C. The quality and 

uniformity of the cDNA samples were evaluated using a 

NanoDrop One C spectrophotometer (Thermo Scientific, USA). 

For the real-time PCR analysis, the extracted cDNA, SYBR Green 

Master Mix, and specifically designed primers for TNF-α, IL-6, 
Bcl-2, and Bax genes were utilized. SYBR Green is a DNA-

binding dye that intercalates within the minor groove of DNA. 

The specificity of the real-time PCR results was confirmed by 

analyzing the melting curve, which helps detect non-specific 
amplification products.  

The PCR was performed on a Rotor-Gene Q system (QIAGEN Co, 

Germany) with a total reaction volume of 20 μl, which 

included 8 μl of DEPC-treated water, 10 μl of 2X SYBR Green 

Master Mix, 1 μl of synthesized cDNA, and 1 μl of primers. The 

cycling conditions were as follows: one cycle at 95 °C for 5 

minutes, followed by 40 cycles at 95 °C for 20 seconds, 52 °C for 
15 seconds, and 72 °C for 20 seconds, with a final step of 

gradual heating from 55 °C to 94 °C in 1 °C increments for 1 

second each. The sequences of the forward and reverse 

primers for TNF-α, IL-6, Bcl-2, and Bax are presented in Table 1. 

Finally, to investigate the decrease or increase in the 
expression of the studied genes, GAPDH was used as a 

reference gene. 
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2.5. Statistical Analysis of Data 

Statistical analysis for this study was performed using SPSS 

version 16, and the results were examined through one-way 

ANOVA. The data are presented as mean ± standard deviation 
(SD), with a significance level set at P < 0.05.  The normal 

distribution of the antioxidant enzymes and urinary serum 

factors data was done by the Kolmogorov–Smirnov test 

(P>0.05). Examination of pathological sections of kidney 
tissues was done by a semi-quantitative scale. The severity of 

kidney damage was evaluated by the method provided by 

Gulgun et al. (34) The semi-quantitative grading is included as 

below; the absence of histological changes (grade zero), minor 
histological changes (grade one), moderate histological 

changes (grade two), severe histological changes (grade three), 

Assessed blindly by two pathologists. Differences in the 

expression of target genes between control and treated 
samples were analyzed by one-way ANOVA followed by Tukey’s 

HSD post-hoc test using GraphPad Prism version 6.0. Real-time 

PCR data analysis was conducted based on the comparison of 
cycle thresholds (Ct). In this study, the differences in Ct values 

obtained from the treated samples (probiotic-treated cells) 

and control samples were calculated, and the ratio of the target 

gene to the reference gene was determined using the formula 

2-ΔΔCt. The calculation formula is as follows. 

ΔCt= Ct target-Ct reference 

ΔΔCt=ΔCt test sample - ΔCt control sample 

Relative expression: 2 –ΔΔCt 
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Table 1. The sequence of primers used in Real-time PCR. 

Primers Sequence Tm Reference 

Bax Forward TCCCCCCGAGAGGTCTTTT3 54 °C 

(35) 
Bax Reverse CGGCCCCAGTTGAAGTTG3 54 °C 

Bcl-2 Forward TTGGCCCCCGTTGCTT 55 °C 
(35) 

Bcl-2 Reverse CGGTTATCGTACCCCGTTCTC 55 °C 

GAPDH Forward GAAGGTGAAGGTCGGAGTC 54 °C  
(36) 

GAPDH Reverse GAAGATGGTGATGGGATTTC 54 °C 

TNF-α Forward CCAGGAGAAAGTCAGCCTCCT 56 °C 
(37) 

TNF-α Reverse TCATACCAGGGCTTGAGCTCA 56 °C 

IL-6 Forward GTCTTGCCATGCTAAAGGACG 55 °C 
(38) 

IL-6 Reverse TGGCTTGTTCCTCACTACTCTC 55 °C  

3. Results 

3.1. Results of the Probiotic Treatment on Biochemical Factors 

As shown in Figure 1, the mean serum urea level in the control group was 32.2±6.5 mg/dL, which significantly increased to 88.2±7.3 

mg/dL in the HgCl₂-treated group (P < 0.0001). Co-treatment with probiotic reduced urea levels to 67.6±5.6 mg/dL. Serum creatinine 

also increased from 0.95±0.191 mg/dL in the control group to 2.8±0.593 mg/dL in the toxin group (P < 0.0001), and decreased to 

1.77±0.33 mg/dL in the probiotic+toxin group. The differences were statistically significant (ANOVA, Tukey post hoc). 

 

Fig 1. Diagram of (a) urea and (b) creatinine changes among study groups after treatment 

The observed changes among the groups were completely significant, with a P value < 0.0001. A statistically significant level was 

considered equivalent to a P value ≤ 0.05. 
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3.2. Results of the Probiotic Treatment on Antioxidant Factors 

According to the data obtained from the Tukey post-hoc test, in the control group, SOD activity was 51.6±5.6 IU/mL, which decreased 

to 35.7±1.7 IU/mL in the HgCl₂ group and increased to 42.8±3.2 IU/mL in the probiotic+toxin group. CAT activity dropped from 

8.94±2.36 mU/mL (control) to 0.71±0.42 mU/mL (toxin) and improved to 3.1±1.97 mU/mL with probiotic co-treatment. MDA levels rose 

from 6.08±1.2 µM in the control group to 16.75±1.13 µM in the toxin group and decreased to 9.42±0.65 µM in the probiotic+toxin group. 

CAT and MDA changes were statistically significant (P < 0.0001), while SOD differences between toxin and probiotic+toxin groups 
were not statistically significant (Figure 2). 

 

Groups

C
a
ta

la
s
e
 A

c
ti

v
it

y
 (

m
U

/m
l)

Toxi
n

Toxi
n+p

ro P
ro

C
ontr

ol
0

5

10

15

a

b

c
c

(a) 
(b) 

Fig 2. Diagram of (a) SOD, (b) CAT, and (c) MDA changes among study groups after treatment 

The observed changes among the groups were completely significant, with P value < 0.0001. A statistically significant level was 

considered equivalent to a P value ≤ 0.05. 

 

(c) 

3.3. Changes in Gene Expression Levels in Different Treatment Groups 

Real-Time PCR results indicated significant upregulation of IL-6, TNF-α, and BAX genes in the toxin group compared to the control 

group (P < 0.05). Co-treatment with probiotic significantly reduced their expression compared to the toxin group (P < 0.05). BCL2 

expression, which was downregulated in the toxin group, significantly increased in the probiotic+toxin group (P = 0.0052). Gene 

expression changes were calculated using the 2–ΔΔCt method and are reported as mean ± SE. 
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Fig 3. Diagram of (a) BAX, (b) BCL2, (c) IL-6, and (d) TNF-α gene expression changes among study groups after treatment 

*A statistically significant level was considered equivalent to a P value ≤ 0.05. 

3.4. Kidney Tissue Pathology 

The results of the pathological examination and microscopic analysis of kidney tissue biopsies are presented in Figure 4. The mean 

glomerular size in the control group was 65.4±2.7 µm, which significantly decreased to 13.4±2.7 µm in the HgCl₂-treated group (P < 

0.0001). In the probiotic+toxin group, the glomerular size significantly increased to 35.2±4.8 µm, indicating the protective effect of 
probiotic administration on renal tissue architecture (Figure 5). 
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Fig 4. Diagram of changes in the size of renal glomeruli among the study groups in micrometers . 

*A statistically significant level was considered equivalent to a P value ≤ 0.05. 

 

 

Fig 5. The size of renal glomeruli in four groups of (a) control, (b) toxin, (c) probiotics, (d) toxin + probiotics at 200 μm magnification 
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4. Discussion 

According to research by Badr et al. (2023), nephrotoxic agents 
induce oxidative stress and inflammation, leading to renal 

injury and altered kidney function markers (39). Probiotics 

have been shown to have protective effects on kidney 

function, possibly through mechanisms such as modulation 
of gut microbiota, reduction of inflammation, and 

enhancement of the intestinal barrier. Zhu et al. (2021) 

demonstrated that certain probiotic strains could alleviate 

kidney damage by inhibiting inflammatory pathways and 
enhancing antioxidant activity (40). In this study, findings 

regarding the levels of urea and creatinine in the toxin group 

compared to other groups align with existing literature on 

the nephrotoxic effects of various substances. The observation 
that the probiotic group did not show significant changes 

compared to the control group, but the toxin group 

combined with probiotics exhibited moderately reduced 

levels of urea and creatinine compared to the toxin group 
alone, suggests that probiotic administration may have a 

partial protective effect on renal function. While the levels 

remained elevated compared to the control, the co-treatment 

mitigated the extent of biochemical disruption induced by 

HgCl₂ exposure. 

Many studies document how exposure to nephrotoxic agents 

(like heavy metals or certain drugs) leads to elevated levels of 
urea and creatinine due to impaired renal function (41-43). 

The significant increase in urea and creatinine levels in the 

toxin group is consistent with findings from Ali et al. (2019), 

who reported similar results in their study on renal toxicity 
induced by chemical agents. Their research emphasized the 

importance of monitoring these biomarkers in toxicological 

assessments (44). The lack of significant changes in the 

probiotic group compared to the control in this research is 
also reported in studies where probiotics did not show 

immediate effects on kidney function under normal 

conditions. Hasain et al. (2022) noted that while probiotics 
may have long-term benefits for kidney health, acute changes 

in biomarkers might not be immediately evident (45). The 

finding that the toxin group combined with probiotics 

exhibited a significant increase in urea and creatinine levels is 
intriguing. It suggests that while probiotics might have 

protective effects, their presence in a toxic environment could 

potentially exacerbate the biochemical markers due to 

competing metabolic pathways or interactions. Baralić et al. 

(2023) explored the adverse effects of probiotics in certain 
contexts, indicating that the efficacy of probiotics can be 

context-dependent, especially in the presence of toxins (46). 

Conversely, Elazab et al. (2021) demonstrated that 

administration of specific probiotics significantly lowered 
serum creatinine and urea levels in rats subjected to 

nephrotoxic agents (47), which is not in agreement with this 

study. The researchers suggested that probiotics could 

mitigate oxidative stress and inflammation, leading to 
improved kidney function markers. In a randomized 

controlled trial, Rahman and Meizel (2024) reported that 

patients with mild kidney impairment who received 

probiotics showed no significant changes in serum urea and 
creatinine compared to a control group (48). This aligns with 

findings obtained in this investigation that probiotics may 

not always lead to measurable improvements in kidney 

function, especially in less severe cases. Dai et al. (2022)  

 

examined various strains of probiotics and their effects on 

kidney function in a diabetic nephropathy model. While some 

strains showed protective effects (reducing serum 

creatinine), others did not show significant changes (19). This 
indicates that the effects of probiotics can be strain-specific 

and context-dependent. 

Results highlight the protective role of probiotics in 

maintaining SOD activity as no significant difference was 

observed between the probiotic + toxin and control groups, 

but also suggest limitations in their ability to counteract the 
effects of certain toxins on CAT activity, as CAT remained 

significantly lower even in the probiotic + toxin group. SOD is 

an essential antioxidant enzyme that plays a critical role in 

the dismutation of superoxide radicals into hydrogen 
peroxide and oxygen (49). Research by Zhao et al. (2020) 

indicated that probiotics can enhance the activity of SOD, 

thereby reducing oxidative stress in various biological 

contexts (50). The current research report that SOD activity 
remains stable in the probiotic + toxin group compared to the 

control group suggests that probiotics may help maintain 

cellular antioxidant defenses even in the presence of toxins, 

possibly through the modulation of gut microbiota and 
reduction of systemic inflammation. The result is somewhat 

aligned with the findings of Khan et al. (2024), who reported 

that some probiotic strains had no significant effect on SOD 

activity under normal physiological conditions (51). CAT is 
crucial for the decomposition of hydrogen peroxide, a 

byproduct of SOD activity (49). The significant decrease in CAT 

activity in the probiotic + toxin group compared to the 
control group, as noted in this study, suggests that while 

probiotics may stabilize SOD under toxic conditions, they may 

not be sufficient to prevent the oxidative damage reflected in 

CAT activity. This finding aligns with Varada et al. (2022), who 
reported that certain toxins could overwhelm the antioxidant 

capacity of both SOD and CAT, thereby impairing their activity 

despite the presence of probiotics (52). In contrast, Wang et al. 

(2022) found that certain probiotics could enhance CAT 
activity in stressed conditions, indicating that the efficacy of 

probiotics may vary depending on the strain and the nature 

of the toxin used (53). MDA is also a marker of lipid 

peroxidation and is often used as an indicator of oxidative 
stress (54). In this study, MDA levels were significantly 

elevated in the toxin group but partially reduced in the 

probiotic + toxin group, while the probiotic-only group 

showed values similar to the control, suggesting a protective 
effect of probiotics against lipid peroxidation. This is 

consistent with findings from Sajjad et al. (2024), who 

observed that probiotics could lower MDA levels in models of 

oxidative stress, indicating their role in reducing lipid 
damage (55). Furthermore, this finding resonates with studies 

like Ghosh et al. (2024), who reported that probiotics can 

effectively reduce lipid peroxidation in various toxin-induced 
injury models (56). 

BAX is a pro-apoptotic gene that, when overexpressed, 

promotes apoptosis, while BCL2 is an anti-apoptotic gene that 
helps to inhibit cell death (57). The current investigation 

shows a significant decrease in BAX expression with L. casei 

treatment in the probiotic + toxin group, consistent with 

existing literature indicating that various toxins can induce 
apoptosis through mitochondrial pathways. For instance, Gur 

et al. (2022)  
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, which showed that specific probiotic strains could inhibit 

apoptosis in liver cells exposed to toxins (59). Patel et al. 
(2022), who reported that probiotics could downregulate BAX 

expression in models of oxidative stress (60). Besides, the 

present observation that probiotics significantly increased 

BCL2 expression only in the presence of toxins contrasts with 
findings from Li et al. (2021), who reported that certain 

probiotics could enhance BCL2 expression independently of 

toxin exposure, suggesting that the effects may vary by strain 

and context (61). Both IL-6 and TNF-α are pro-inflammatory 

cytokines that are often elevated in response to stress and 
injury (62). Current results showing significant increases in 

these genes in the toxin group are consistent with previous 

studies, such as Khurshaid et al. (2023), which demonstrated 

that toxins induce inflammation by upregulating IL-6 and 

TNF-α expression in renal tissues (63). The significant 

reduction of IL-6 and TNF-α expression in the probiotic + toxin 

group suggests that L. casei may exert anti-inflammatory 

effects, potentially through modulation of gut microbiota 

and systemic inflammatory responses. This is supported by 

Das et al. (2022), who found that probiotics could reduce the 
expression of inflammatory cytokines in various models (64). 

However, in this research, probiotics alone did not 

significantly affect these cytokines, in line with Zhou et al. 

(2022), who found that while probiotics have protective 
effects, their efficacy in reducing inflammation may depend 

on the presence of stressors (65). 

5. Conclusion 

In conclusion, the findings of this study highlight the 

protective role of L. casei against kidney damage induced by 
HgCl2. While the probiotic treatment did not significantly 

alter biochemical markers of kidney function or antioxidant 

enzyme activity in isolation, it effectively mitigated the 

negative effects of toxin exposure on these parameters. 
Additionally, the administration of L. casei significantly 

reduced the expression of pro-apoptotic and inflammatory 

genes, suggesting its potential to modulate oxidative stress 

and inflammation. Pathological assessments further 
confirmed the restoration of renal glomerular structure, 

emphasizing the therapeutic potential of probiotics in 

safeguarding kidney health against toxic insults. Overall, 
these results support the incorporation of probiotics as a 

viable strategy for renal protection in toxic exposure 

scenarios. 
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