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Background: Kidneys are the most vulnerable organs with respect to oxidative stress caused 
by lead poisoning. In this study, renal biomarkers were investigated in rats, exposed to lead 
after treatment with or without Lactobacillus fermentum.

Methods: Twenty-four rats were divided into four groups of five each as follows: a) control, 
b) lead-exposed, c) Lactobacillus fermentum–treated, and d) rats exposed to lead followed 
by treatment with L. fermentum. After eight weeks of treatment, the renal biomarkers in 
blood and antioxidant factors in the kidneys were evaluated. The kidneys were also examined 
histopathologically for alterations due to lead exposure.

Results: In lead-exposed rats, the creatinine, urea, uric acid, malondialdehyde, and tissue 
lead contents were significantly higher, while catalase, glutathione peroxidase and glutathione 
levels were lower than those found in the controls. After treatment of lead-exposed rats with 
L. fermentum, the levels of these factors were significantly lower and the last two factors were 
higher compared to those of the lead-exposed group. There was no significant change in the 
level of catalase. The histopathological changes due to lead exposure in these rats decreased 
after treatment with L. fermentum.

Conclusion: The results indicated that L. fermentum reduced the toxic effects of lead on the 
kidneys, either by potentiating the renal antioxidant system or by removing lead from the 
treated rats, or both. Further studies are warranted to elucidate the mechanisms by which L. 
fermentum exerts its anti-lead poisoning effects.
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Introduction

ver the past 50 years, industrial develop-
ment in various nations across the world 
has resulted in a significant increase in 
human exposure to toxic heavy metals. 
Because of the biodegradation path-

ways, toxic heavy metals tend to accumulate in the en-
vironment for long times, and are absorbed by the gas-

trointestinal, respiratory, and dermal systems. Amongst 
heavy metals, lead is one of the most stable and toxic 
elements with broad distribution in water, soil, and air 
[1]. Human exposure to 400-600 μg/L of lead can result 
in chronic poisoning, manifested by such symptoms, as 
encephalopathy, lethargy, persistent vomiting, delirium, 
and coma [2]. This toxic metal readily substitutes for vi-
tal cations, such as Mg+2, Ca+2, and Na+ even at picomo-
lar concentrations [2]. 
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The most important mechanism of lead poisoning is 
the rise in its oxidative stress due to the increased gen-
eration of reactive oxygen species (ROS) in the affected 
organs. This event ultimately leads to carcinogenic and 
mutagenic alterations through the peroxidation of vital 
molecules and degradation of DNA strands in cells [3]. 
Several defense mechanisms, including endogenous an-
tioxidants and natural detoxification enzymes, control 
the ROS level in the body. Antioxidants can prevent oxi-
dation damages by blocking the production of ROS, us-
ing beneficial oxidizers, inhibiting secondary metabolite 
production and inflammatory mediators within cells and 
repairing damaged molecules [4].

Studies have shown that natural antioxidant compounds 
in plants can significantly strengthen the body’s defense 
mechanisms against toxins and pollutants [5, 6]. Other 
studies suggest that probiotics possess high levels of an-
tioxidant and anti-inflammatory properties. Specifically, 
probiotics contain lactobacilli, yeasts, and Bifidobacte-
rium, which are parts of the natural flora in the gastroin-
testinal (GI) tract of living organisms [7-9]. In our former 
study [10], we reported improvement in the hematologi-
cal parameters of rats exposed to lead after treatment with 
Lactobacillus fermentum. By monitoring the elimination 
of lead in feces and urine, we suggested that this probiotic 
might have exerted its beneficial effects by binding to and 
removing lead from the animals’ body [10]. 

Aim of the study: Considering that kidneys play an im-
portant role in the elimination of toxins and control the 
ionic concentrations in the organism [11], we planned 
to investigate the effect of L. fermentum on the levels of 
antioxidant factors and the biomarkers associated with 
renal function in rats exposed to lead.

Materials and Methods

Bacterial culture 

The L. fermentum (ID: PTCC1638) was purchased from 
the Scientific Microbial Bank and the Organization of 
Industrial Research (Tehran, Iran). A sample of L. fer-
mentum was inoculated in 1-ml of sterile distilled water 
and transferred into the MRS broth culture medium, and 
incubated for 24 hr at 37°C. Following McFarland stan-
dard 0.5 [12], a bacterial aliquot equivalent to 1.5×108 
CFU/mL [13] was taken from the bacterial suspension.

Animals 

Twenty-four female rats, weighing 150 ±20 grams, were 
purchased from the animal vivarium of the University of 
Tehran (Tehran, Iran). The rats were kept under identical 
conditions of temperature (2±23°C), humidity (45±5%) 
and 12 hr of light-dark cycles. After a one-week period 
of environmental adaptation, the rats were divided in 
four groups as follows:

• Control group: Rats received a daily oral treatment of 
1-ml of physiological serum for 8 weeks.

• L. fermentum group: Rats received a daily treatment 
of 1-ml of the bacterial suspension (1.5×108 CFU/mL) 
for 8 weeks.

• Lead group: Rats received a daily treatment of 1-ml 
lead acetate, at 500 mg/kg, starting the first week to the 
end of the 8-week treatment period.

• Lead+L. fermentum group: Rats received an oral 
treatment daily of 1-mL lead acetate (500 mg/kg) and 
1-ml L. fermentum (1.5×108 CFU/mL) for 8 weeks.

At the end of the 8-week treatment period, the animals 
were anesthetized with ketamine and xylazine, blood 
samples were taken directly from the heart, and subse-
quently, the kidneys were disceted from the rats’ body.

Measurement of renal biomarkers in the sera 

In order to measure renal biomarkers in the sera, blood 
samples were collected in non-heparinized tubes and al-
lowed to clot. The tubes were subsequently centrifuged 
at 5000 rpm, and the sera were separated. The serum 
creatinine (Cr) level was measured at 420 nm, using the 
colorimetric method of Jaffe kinetics [14]. The blood 
urea nitrogen (BUN) and uric acid (UA) concentrations 
were monitored, using enzymatic methods as described 
previously [4].

Histopathological examinations 

A portion of the renal tissue from each rat was dissect-
ed, washed and fixed in 10% formalin for 48 hours. The 
tissue samples were then embedded in the paraffin wax. 
After preparing 5 μ sections from the tissue samples, 
they were placed on slides and stained with hematoxylin 
and eosin [15]. Lastly, the histopathological alterations 
were examined in all slides under light microscopy.
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Measuring antioxidants & lipid peroxidations 

A 1-mg portion of the kidney tissue samples was iso-
lated from each animal in the experimental groups and 
transferred to tubes containing 

1-ml phosphate buffer saline at pH 7.4. After homog-
enization, the solution was centrifuged at 5000 rpm for 
15 minutes at 4°C and the supernatant collected. Kits 
produced by Zellbio (Berlin, Germany) were used for 
this part of the experiments. The level of catalase (CAT) 
enzyme was measured at 405 nm by an ELISA reader 
after preparation of standards, blanks and samples (ac-
cording to the kit protocol). The enzyme activity was 
calculated as follows (Equation 1):

1. Catalase activity (U/mL) = (ODblank-ODsample)× 
271(1/60×sample volume)

The activity level of the glutathione peroxidase (GPX) 
enzyme was calculated using an ELISA kit prepared 
from Zellbio, and was read at 412 nm, based on the fol-
lowing formula (Equation 2):

2. GPX activity (U/mL)=(ODcontrol-ODsample/ODstandard-OD-
blank)×20×6

The glutathione (GSH) concentration was first mea-
sured at 412 nm and was then calculated using the fol-
lowing formula (Equation 3):

3. Glutathione (nmol/L)=(ODsample-ODblank/ODstandard-OD-
blank)×1 mmol/L

The malondialdehyde (MDA) concentration was cal-
culated after measuring the absorbance of the samples at 
535nm, based on the standard curve.

Lead content in the renal tissue 

A 1-mg sample of each kidney tissue was isolated from 
each rat and washed. A 1-ml samples of nitric and perchlo-
ric acids were added at a ratio of 4:1 to each tissue sample. 
After digestion of the samples in the acid mixture for 48hr, 
the excess acid was removed under mild heat, and a 1-ml 
aliquot distilled water was added to each sample. The lead 
content was measured in the clear solutions, using an atom-
ic absorption spectrophotometer [16].

Results

Serum urea, creatinine and uric acid 

As shown in Table 1, the results demonstrated increases in 
the concentration of the three serum biomarkers in the lead-
exposed rats compared to those in the controls. The levels 
of serum uric acid (P≤0.05), creatinine (P<0.01), and urea 
(P<0.001) were all significantly higher in the rats exposed to 
lead than those of the controls. The serum levels of urea, Cr, 
and UA in the group treated with L. fermentum and those ex-
posed to lead plus L. fermentum were not significantly differ-
ent than those of the controls. However, the concentrations 
of the three biomarkers in the sera of the groups that received 
the probiotics, compared to those exposed to lead only, were 
significantly lower for the uric acid and creatinine contents 
(P<0.05). Of note, the decline in the serum urea levels in 
these groups was even more significant (P≤0.01).

Pathological findings 

Panels A1 and A2 in Figure 1 illustrate parts of the renal 
tissue from the control rats at 100 and 400 magnifications. 
The photomicrographs had the appearance of normal tissue 
with intact urinary tubes and glomeruli. Figure 1 (panels B1 
& B2) shows parts of the renal tissue of the rats treated with 
L. fermentum with normal appearance without any signs of 
tissue damages. A number of renal lesions are observed in 

Table 1. Comparison of the serum levels for renal parameters among the experimental groups

Parameter 

Groups

Means±SD

Uric Acid (mg/dL) Creatinine (mg/dL) Blood Urea Nitrogen (mg/dL)

Control 1.23±0.31* 0.39±0.03** 25.83±2.71***

Lead 1.82±0.32# 0.52±0.07## 34.67±4.32###

L. fermentum 1.14±0.34** 0.38±0.07** 25.82±3.37***

Lead-L. fermentum 1.33±0.23* 0.42±0.06* 27.67±2.87**

Data are shown as Means±SD. The significance levels were: *P<0.05, **P<0.01, ***P<0.001 

*Indicate the comparison of the groups with the lead exposure group, #Indicates the comparison of the groups with the control group.
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Figure 1. Hematoxylin and eosin (H&E)-stained sections of renal tissue. 

A1 & A2: Normal renal tubes and Bowman’s capsule in control group (×100 & ×400, respectively). 

B1 & B2): Normal renal tubes and Bowman’s capsule in L. fermentum-treated group (×100 & ×400, respectively).

C1 & C2: Part of the renal tissue oflead exposedgroup (×100) withcell necrosis (thin arrows), glomerular lobulation (thick ar-
rows), congestion (circle), interstitial mononuclear cell infiltration (stars) and hyaline cast (heart).

D: Mild congestion (circle) and accumulation of inflammatory cells (stars) between tubes in lead-exposed rats treated with 
Lactobacillus fermentum (×100). 
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the renal tissue of rats exposed to lead, which include glo-
merular necrosis, widened Bowman’s capsules, congestion, 
interstitial mononuclear cell infiltrations, hyaline casts, and 
glomerular lobulations (Figure 1; panels C1 & C2). After 
treating the lead-exposed rats with L. fermentum, a signifi-
cant reduction in the severity of their lesions in the ureters 
and glomeruli were observed. These included significantly 
less congestion, inflammatory cells around the tubules and 
necrotic cells in the tissue (Figure 1; Panel D). 

Antioxidants and lipid peroxidation

As shown in Figure 2 (Panels A, B & C), the antioxidant 
biomarkers were significantly lower in the renal tissue of 
the lead-exposed rats than those of the controls. The se-
rum levels of GSH, GPX and CAT in the experimental 
groups did not show a significant change compared to 
those of the control group. The levels of GPX and glutha-
tione were significantly higher in the rats exposed to lead 
and treated with L. fermentum compared to those treated 

with lead only. Despite the rise of catalase activity in this 
group, it was not statistically significant. The serum MDA 
level in the group treated with lead only showed a signifi-
cant increase compared to those of the controls. The MDA 
level in the lead exposed group that was treated with L. 
fermentum showed a significant decrease compared to the 
rats that received lead only (Figure 2; Panel D). 

Lead contents in renal tissue 

The renal tissue lead contents in both groups that re-
ceived lead only or combined with L. fermentum in-
creased significantly (P≤0.001) compared to those of 
the control rats (Figure 3). The lead content in the group 
treated with L. fermentum alone did not show a signif-
icant difference from the control group. Although the 
concentration of lead in the group exposed to lead plus 
L. fermentum was also high, but compared to the group 
exposed to lead only, the concentration of this element 
was significantly lower (P≤0.001). 

Figure 2. Comparison of levels of antioxidants (A, B & C) and malondialdehyde (D) in renal tissue between experimental 
groups. Data are shown as Mean±SD.The significance levels were: *P<0.05; **P<0.01 and ***P<0.001. Asterisks above the bar 
graphs denote significance difference compared to the controls. Asterisks inside the bar graph indicate significance difference 
compared to lead exposed group.
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Discussion

Studies have shown that long-term exposure to lead, 
even at low levels, can lead to chronic kidney disease 
[11, 17-20]. In the present study, the serum creatinine, 
urea and uric acid levels increased in the groups that 
had been exposed to lead. The evaluation of the three 
serum biomarkers is one of the most common tests 
performed to assess the clinical kidney disorders [17]. 
Consistent with the results of this study, Gargouri, 
Hasanein, and Michael have also reported similar in-
creases in the serum levels of these factors following 
the exposure of experimental animals to lead at similar 
concentrations [18-20].

Kidneys filter out almost all of the creatinine and uric 
acid. Urea is also freely filtered through the glomeruli, 
and some are reabsorbed passively into the tissue along 
with water [21]. Increases in the serum levels of these 
biomarkers indicate a poor glomerular filtration rate 
[21]. In the current study, the nephropathic changes ob-
served in the renal tissue samples of the rats exposed to 
lead demonstrate a reduction in the glomerular filtration 
rate. The increased destruction of the urinary tubules, 
particularly the proximal parts, along with the glomeru-
lar congestion, hyaline cast production and urinary tract 
dilation after toxicity with lead have also been observed 
in previous studies [21, 22]. Under such circumstances, 
the main cause of chronic kidney disorders is the over-
production of free radicals and the cellular response to 
ROS, as evident by a rise in lipid peroxidation [23]. 

Since MDA is a highly cytotoxic and carcinogenic agent, 

and is a biomarker of lipid peroxidation [22], the serum lev-
el of this agent was measured in the rats’ renal tissue sam-
ples. A significant increase in the MDA level was observed 
in rats exposed to lead. Lead has a high affinity for binding 
to unsaturated lipids in the cell membranes. By removing 
hydrogen ions from the plasma membrane lipids, it causes 
structural changes in the cells. In addition, by destroying 
the membranes and penetrating into the cell, it affects the 
function of cellular organelles and macromolecules, includ-
ing antioxidant enzymes [24]. In this study, the serum lev-
els of GSH, CAT and GPX decreased significantly in the 
renal tissue samples in the lead-exposed rats. The increase 
in CAT was observed in the early stages of the oxidative 
stress. Also, this enzyme catalyzes H2O2 to oxygenated wa-
ter; however, at high levels of oxidative stress, the function 
of this enzyme is not adequate and its serum level gradually 
declines. Of note, this enzyme is amply present in renal tis-
sue, especially in the cytoplasm of the epithelial cells of the 
proximal tubules [25].

Increases in catalase activity have been shown in Ore-
chromis niloticus fish after 21 days of exposure to lead 
[26]. Also, decreased levels of GSH, GPX and CAT have 
been reported in rodents’ organs, such as brain, kidneys 
and liver, as reported by two former studies [27, 28]. 
Glutathione is an important non-enzymatic antioxidant 
agent in cells, and plays a critical role in the redox path-
ways. Glutathione peroxidase neutralizes peroxide and 
OH-ions through oxidation. The oxidized glutathione re-
turns to the reduced glutathione form via interaction with 
glutathione reductase. 

Figure 3. Comparison of lead content in renal tissue between experimental groups. Data are shown as s Mean±SD. 

The significance level were: ***P<0.001. Asterisks above the bar graphs denote significance difference compared to the controls. 
Asterisks inside the bar graph indicate significance difference in lead exposed rats treated with L. fermentum compared to lead 
exposed group.
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The reductions in the antioxidant enzymes activity and 
the concentration of GSH indicate the failure of endog-
enous antioxidant system in its fight against lead toxicity. 
Lead can penetrate renal tissue and weaken the body’s 
antioxidant system via ROS generation, thus, impairing 
the antioxidant enzymes due to its high affinity with their 
sulfhydryl groups [26]. In our study, this argument was 
confirmed by a significant rise in the renal lead content 
found in rats exposed to lead. Kelaing and colleagues 
[29] have reported a reduction in total antioxidant capac-
ity and increase in lipid peroxidation due to lead penetra-
tion into the kidneys in animal models.

The most common treatments for lead poisoning is the use 
of chelating agents, such as EDTA, which binds to lead and 
promotes its excretion from the body, but this pathway also 
removes calcium ions [30]. Studies have shown that tak-
ing probiotic supplements have modulating effects on the 
oxidative stress caused by various disease processes [31-
33]. In the current study, the effect of L. fermentum on lead-
induced nephrotoxicity was evaluated. The results showed 
a significant decrease in the serum creatinine, urea, and uric 
acid levels following treatment of lead-exposed rats with 
this probiotic. The reduced levels of those biomarkers have 
also been reported in experimental animals poisoned with 
mercury following treatement with L. plantarum and B. co-
agalans [34]. Similar observations have also been made in 
chronic adenine-induced renal failure after treatment with 
the probiotic, L. casei shirota [23]. Further, reduction in 
serum bilirubin level has been demonstrated after treating 
mercury-poisoned animals with L. plantarum and B. coaga-
lans [34]. A similar positive effect has also been found for 
the chronic renal failure induced by adenine, after treatment 
with Lactobacillus casei shirota [23]. 

It is likely that the improvement in the renal function, 
as discovered in the current study, after treatment with 
L. fermentum, is due to the significant protective effect 
of this probiotic bacterium against the oxidative stress 
induced by lead poisoning. The histopathological im-
provement in the renal tissue of these rats also supports 
this claim. Treating lead-exposed rats with L. fermentum, 
significantly reduced the serum MDA level while the 
levels of GPX and GSH increased compared to those in 
the untreated, lead-poisoned rats. Although there was no 
significant rise in the serum CAT level compared to the 
group that received lead only. The level of this enzyme 
returned to normal similarly to that of the controls. Con-
sistent with the results of the current study, Alla, et al. 
have reported increases in the activities of CAT, SOD, 
and GPX, but a decrease in the serum MDA level after 
treating experimental animals with chronic renal failure, 
with a variety of pro- and prebiotics. These authors have 

suggested that the rise in free radicals and the consequent 
induction of oxidative stress in rats were prevented by 
the antioxidant properties of L. fermentum [23].

Considering the above facts, improvement in antioxi-
dant factors in rats treated with L. fermentum is likely 
due to the inhibiting property of the probiotic against 
membrane lipid peroxidation. A similar argument can 
also be made about the inhibition of free radicals due 
to such agents as exopolysaccharides and their role in 
the production of NADH [35, 36]. In addition, probiot-
ics, such as Lactobacillus ruteri, L. fermentum, and Bi-
fidobacterium, have been shown to increase the NADH 
levels in cells by increasing the activity of glutamate 
cysteine ligase, which is important in the synthesis of 
GSH [37]. An additional reason in support of the effect 
of L. fermentum on lead-induced nephrotoxicity may be 
attributed to the elimination of lead from the body by this 
bacterium. In a previous study, we have demonstrated 
that the excretion of lead in faeces increased significantly 
in lead-poisoned rats treated with L. fermentum [10]. In 
the current study, a significant reduction in the tissue lead 
contents was evident in all rats that received this probi-
otic. In support of these results, the removal of lead and 
cadmium from the body after treating animals with L. 
fermentum ME3, L. rhamnosus GG and Bifidobacterium 
longum 46 has previously been reported [38-40].

The components of cellular wall structures, such as 
peptidoglycans, teichoic acids and polysaccharides are 
negatively charged because of their carboxyl, hydroxyl 
and phosphate groups. These elements have a strong 
ability to absorb positive ions, such as lead [41]. Conse-
quently, L. fermentum might have prevented the absorp-
tion of lead from GI and the subsequent absorption by 
the kidneys via lead chelation therapy, thus preventing 
oxidative damages to the kidneys. In light of few experi-
mental evidence being available on the effects of probi-
otics and their mechanisms of efficacy [42], we recom-
mend that additional studies be conducted to shed light 
on the effects of probiotics and their potentials as adju-
vant therapy to prevent or minimize renal tissue impair-
ment in patients with a history of lead toxicity. 

Conclusions

The objective of this study was to determine if L. 
fermentum was capable of modulating lead-induced 
nephrotoxicity. The results demonstrated that treating 
lead-poisoned rats with L. fermentum reduced the serum 
MDA levels while improving the antioxidant property 
and the biomarkers of renal impairment. Also, the his-
topathological images from the kidneys confirmed our 
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laboratory results. Therefore, it is suggested that the ther-
apeutic effects of L. fermentum is likely to be associated 
with its antioxidant potentials, while indirectly arising 
from the chelation of lead ions and its removal from the 
body. It also strengthens the body’s antioxidant defense 
system, thus reducing oxidative damages to the kidneys 
caused by lead poisoning.
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