
 

http://www.jofamericanscience.org                                                       editor@americanscience.org  

 
30 

 

Therapeutic efficacy of N-Acetyl-L-Cysteine against lead acetate-induced hepatotoxicity and nephrotoxicity 

in male mice 

 

Eman Ali Abd El-Ghffar 1 and Ali Abdel–Aal2 

 

Lecturer1, Professor2, Department of Zoology, Faculty of Science, Ain Shams University, Cairo, Egypt.  

Corresponding author: Dr Eman Ali Abd El-Ghffar, Zoology Department, Faculty of Science, Ain Shams 

University, Khalifa El-Maamon st., Abbasiya sq., 11566, Cairo, Egypt. Fax: +20 2 26842123.  

E-mail address: eman_a@sci.asu.edu.eg 

 

ABSTRACT: Background: Lead is recognized as the most toxic environmental pollutant and potential danger to 

human health. N-acetylcysteine (NAC) has proven to be a highly effective antidote to acetaminophen overdose and 

has been used clinically since decades for the treatment of many diseases. Objectives: The present study aimed to 

investigate therapeutic potentials of NAC against lead acetate induced hepatotoxicity and nephrotoxicity in male 

mice. Methods: Six groups, each of five mice were used in this study. Group I, (normal healthy control group); 

Group II, (control treated group I): mice were injected intraperitoneal (i.p.) with NAC at a dose 40 mg/kg body 

weight (b.wt); Group III, (control treated group II): mice were injected i.p. with NAC at a dose 80 mg/kg b.wt daily; 

Group VI , (lead-acetate treated group): mice were injected i.p. with lead acetate at a dose 40 mg/kg b.wt i.p.; Group 

V, (lead-acetate + NAC 40 group): mice were injected i.p. with lead acetate followed by i.p. treatment with NAC 

(40mg/kg, i.p.); Group VI , (lead-acetate + NAC 80 group): mice were injected i.p. with lead acetate followed by i.p. 

treatment with NAC (80mg/kg, i.p.). Results: The hepatic and renal damage induced by lead acetate were evidenced 

by a significant increase in the serum ALAT, ASAT, ALP, bilirubin, total protein, urea, creatinine, uric acid and 

MDA as well as reduction in GSH level. Treatment with NAC is not only detoxified the toxicity but also brought 

back the alerted levels of biochemical markers to near normal levels in the dose dependent manner. Conclusions: 

The results indicate that NAC showed effective anti-oxidative action against lead acetate-induced hepatotoxicity and 

nephrotoxicity in male mice.  
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1-INTRODUCTION  

Recently, the environment impacts on our health have 

become a large concern of our societies worldwide. 

Lead is a pervasive and persistent environmental 

pollutant and recognized to be a major public health 

problem; therefore it has been paid attention by 

researchers in probing further into its toxicity. Lead 

poisoning is an insidious disease which is often 

detected late after being confused with other disorders 

such as digestive, hepatic, hematologic and behavioural 

disorders where it decreases the activity of certain 

enzymes by binding their sulfhydryl groups, or even to 

replace other metal ions, Flora et al., (2006). Lead is a 

dangerous heavy metal and harmful even in small 

amounts. Liver and kidney have been considered as the 

target organs for the toxic effects of lead, Mansouri and 

Abdennour (2008). Both hepatotoxicity and 

nephrotoxicity are known to occur in humans and 

animals  with exposure to lead, Ashour et al., (2007), 

Ahmed et al., (2008), Aziz et al., (2012). Autopsy 

studies of lead exposed humans indicate that liver 

tissue is the largest repository 33% of lead among the 

soft tissue followed by kidney cortex and medulla, 

Goswani et al., (2005), Lyn (2006). Many animal 

studies have shown that lead is capable of causing 

oxidative stress in the kidney, liver and brain, Ercal et 

al., (1996), Patra et al., (2001). Toxicity of lead is 

mainly attributed to the induction of oxidative stress by 

disruption of the pro-oxidant/anti-oxidant balance, 

elevation of reactive oxygen species (ROS) such as 

superoxide radicals, hydrogen peroxide, hydroxyl 

radicals and lipid peroxides, and interference with 

nitric oxide production, Garcıa et al., (1999), Kumar 

and Reddy (2012). 

Currently, N-acetylcysteine (NAC), glutathione (GSH) 

precursor, is a well-established cytoprotective drug. it 

is the antidote for acetaminophen overdose induced 

hepatotoxicity, Whyte et al., (2007). was used as a 

chelator of heavy metal to protect against oxidative 

stress and prevent damage to cells. It derives from L-

cysteine, De Vries and De Flora (1993). L-cysteine is a 

nutritionally nonessential amino acid and can be 
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formed endogenously via metabolism of its precursor, 

the essential amino acid methionine. It is present in the 

extracellular space in the form of L-cystine which 

crosses the plasma membrane and is reduced to L-

cysteine within cells by thioredoxin and GSH. The 

metabolic pathways of intracellular L-cysteine involve 

protein synthesis, and production of GSH, hydrogen 

sulfide and taurine, Yin et al., (2015). The diversity of 

pharmacological applications of NAC is due, mainly to 

the chemical properties of the cysteinyl thiol group of 

its molecule, since the ability of reduced thiol groups to 

scavenge oxygen free radicals is well established. 

Because of these properties, NAC is widely used in 

clinical practice as an antioxidant, Sener et al., (2003), 

Balahoroğlu et al., (2008). At present, NAC is also 

used to treat non-acetaminophen induced 

hepatotoxicity, Tong et al., (2007), Kortsalioudaki et 

al., (2008). However, there are limited data available 

on the efficacy and safety of NAC. The doses vary 

from 100 mg/kg/20 hours to 300 mg/kg/24 hours in 

patients. The aim of the present work was to investigate 

the therapeutic effects of two different doses of NAC 

against lead acetate-induced hepatotoxicity and 

nephrotoxicity in male mice. 

 

2-MATERIALS AND METHODS 

2.1.Materials: 

2.1.1.Chemical Reagents and kits: 

Lead (II) acetate trihydrate-Pb (CH3CO2)2.3H2O- was 

purchased from El-Nasr Pharmaceutical Chemicals Co. 

(Qalyub, Egypt). L-cysteine hydrochloride 

monohydrate (HSCH2CH (NH2) COOH-HCl-H2O) was 

purchased from Sigma Chemical Co. (St Louis, MO, 

USA). All other kits used in our experiments were 

purchased from bio-diagnostic company (Giza, Egypt). 

2.1.2.Animals: 

Adult male Swiss albino mice CD1 strain weighing 

about 22-25 g were procured from the Veterinary 

Serum and Vaccine Research Institute (VSVRI), Cairo, 

Egypt. They were maintained in the animal house of 

the Zoology Department, Faculty of Science, Ain 

Shams University two week prior to the initiation of 

the experiments for acclimatization to the laboratory 

conditions. Mice were fed standard rodent food pellets 

(Agricultural-Industrial Integration Company, Giza, 

Egypt) and distilled water. Drinking water and food 

were provided ad libitum throughout the period of 

study. All animals were humanely treated in 

accordance with WHO guideline for animal care and 

the study design was approved by the Ain Shams 

University Research Ethics Committee. 

2.1.3.Experimental Design:  

After one week of acclimation, thirty mice were 

randomly divided into six groups (𝑛 = 5 in each 

group): 

Group I, (normal healthy control group): mice were 

injected intraperitoneal (i.p.) with 0.5 

ml distilled water for 14 days. 

Group II, (control treated group I): mice were injected 

i.p. distilled water for 7 days only 

followed by i.p. treatment with NAC at 

a dose 40 mg/kg body weight (b.wt) 

daily for another 7 days. 

Group III, (control treated group II): mice were 

injected i.p. distilled water for 7 days 

only followed by i.p. treatment with 

NAC at a dose 80 mg/kg b.wt daily for 

another 7 days. 

Group VI , (lead-acetate treated group): mice were 

injected i.p. lead acetate at a dose 40 

mg/kg b.wt daily for 7 days only (Li et 

al., 2014) then followed by 0.5 ml 

distilled water i.p. for another 7 days. 

Group V, (lead-acetate + NAC 40 group): mice were 

injected i.p. with lead acetate for 7 days 

only followed by treatment with NAC 

(40mg/kg/day, i.p.) for another 7 days. 

Group VI , (lead-acetate + NAC 80 group): mice were 

injected i.p. with lead acetate for 7 days 

only followed by treatment with NAC 

(80mg/kg/day, i.p.) for another 7 days. 

At the end of the experimental design on 15 day, the 

animals were sacrificed by cutting the neck at the 

jugulars by a sharp razor blade after the mice were 

subjected to light diethyl ether anaesthesia. Blood 

sample was collected in clean dry tube without the 

anticoagulant substance and centrifuged at 3000 rpm 

for 15 minutes then, serum was separated and kept in a 

deep freezer at -20◦C until biochemical measurements 

were carried out. Subsequently, the kidneys and liver 

were quickly separated out of the body, cleaned and 

weighed. Tissue pieces of each organ minced 

separately, washed in ice cold physiological saline and 

homogenized in 5 ml cold 50 phosphate buffer (50Mm, 

pH7.4) per gram tissue. The supernatant were frozen at 

-20 C for further determination of GSH and MDA 

concentrations in liver and kidney tissues. 

 

2.2.Methods: 

2.2.1.Measurement of body weight and relative organs 

weight: 

The body weight was measured at the beginning and 

end of the experiment. Relative organ weight was 

calculated as the ratio between organ weight and body 

weight.  

2.2.2.Measurement of biochemical parameters: 

Serum samples were assayed for blood lead levels by 

atomic absorption spectrophotometry, Haleagrahara et 

al., (2011). Serum glucose level was measured 

according to, Trinder (1969), aspartate 

aminotransferase (ASAT) and alanine aminotransferase 
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(ALAT) enzymatic activities were determined 

colourimetrically according to, Reitman and Frankel 

(1957) and alkaline phosphatase (ALP) according to, 

Belfield and Goldberg (1971). Serum total and direct 

bilirubin levels were estimated colourimetrically 

according to the method of, Walter and Gerade (1970), 

indirect bilirubin was determined by subtraction of 

direct bilirubin from total bilirubin.  Also, serum 

analysis included serum total proteins, Gornal et al., 

(1949), albumin using the method of, Doumas et al., 

(1971), globulin was determined by subtraction of 

albumin from total protein. Serum was used for 

estimation of urea, Fawcett and Scott, (1960), 

creatinine Schirmeister et al., (1964) and uric acid, 

Barham and Trinder (1972), were determined by 

colourimetric method. Glutathione (GSH) 

concentration was measured according to, Beutler et 

al., (1963) and malondialdehyde (MDA) concentration 

according to, Ohkawa et al., (1979) in hepatic and renal 

tissues. 

2.2.3.Statistics 

Data are presented as mean values with their standard 

errors. Statistical analysis was performed with one way 

analysis of variance (ANOVA), and the differences 

among groups were determined by the Tukey post-hoc 

test for multiple comparisons, Turner and Thayer 

(2001), using GraphPad Prism version 4.03 for 

Windows (GraphPad software Inc., San Diego, CA, 

USA). P values of <0.05, <0.01 and <0.001 were 

considered statistically significant, highly significant 

and very highly significant, respectively. 

 

3.RESULTS 

3.1.Effects of NAC on the body weight loss and the 

changes in relative weights of normal and experimental 

groups: 

The results of this investigation revealed that the body 

weight gain of the experimental mice was significantly 

decreased (P˂0.001) by -74.67% and -20.46% in lead-

acetate treated group and the therapeutic group with 

low dose NAC, respectively (Table 1) compared with 

the healthy control mice (Table 1). This markedly loss 

of body weight gain was completely improved 

(P˃0.05)  by -10.96% the therapeutic group with high 

dose NAC  compared with the healthy control mice. 

The body weight gain was significantly (P ˂0.01-

0.001) increased after treatment with either low or high 

dose of NAC, respectively compared with lead-acetate 

treated group. 

The relative weight of liver and kidney were 

significantly increased (P˂0.001) by 60.08% in lead-

acetate treated group and (P˂0.05 to P˂ 0.01) by 

23.13% the therapeutic group with low dose NAC 

(table 1) compared with the healthy control mice. 

These changes were reverted to near normal levels 

upon treatment with high dose of NAC by 7.06% 

compared with the healthy control animals. The body 

weight gain was significantly (P ˂0.001) decreased 

after treatment with either low or high dose of NAC, 

respectively compared with lead-acetate treated group. 

3.2.Effects of NAC on the changes in serum Pb and 

glucose levels of normal and experimental groups: 

Table 1 revealed that the Pb level in serum was 

significantly increased (P˂0.001) by 731.71% and 

128.05% in lead-acetate treated group and the 

therapeutic group with low dose NAC, respectively 

compared with the healthy control mice. These changes 

were reverted to near normal levels upon treatment 

with high dose of NAC by 23.17% compared with the 

healthy control animals. The serum Pb level was 

significantly (P ˂0.001) decreased after treatment with 

either low or high dose of NAC, respectively compared 

with lead-acetate treated group. 

The glucose level in serum was significantly increased 

(P˂0.001) by 99.86% in lead-acetate treated group and 

(P˂0.05) by 24.20% in the therapeutic group with low 

dose NAC compared with the healthy control mice. 

These changes were reverted to near normal levels 

upon treatment with high dose of NAC by 14.68% 

compared with the healthy control animals. The serum 

glucose level was significantly (P ˂0.001) decreased 

after treatment with either low or high dose of NAC, 

respectively compared with lead-acetate treated group. 

3.3.Effects of NAC on the changes of serum liver and 

kidney functions of normal and experimental groups: 

The liver enzymes ASAT, ALAT and ALP activities in 

serum were significantly increased (P ˂0.001) by 

268.44%, 284.50% and 63.36%, respectively in lead-

acetate treated mice and by 24.28%, 36.84% and 

11.88%, respectively in the therapeutic group with low 

dose NAC compared with the healthy control mice. 

These enzymes were reverted to near normal levels 

upon treatment with high dose of NAC by 18.91%, 

11.53% and 4.16% compared with the healthy control 

animals. The liver enzymes were significantly reduced 

(P ˂0.001) in mice after treatment with either low or 

high dose of NAC compared with lead-acetate treated 

group. Indices of kidney functions urea, creatinine and 

uric acid levels in serum were significantly increased 

(P˂0.001) by 88.37%, 238.22% and 91.21%, 

respectively in lead-acetate treated mice and (P˂0.05 to 

P˂ 0.01) by 16.01%, 32.22% and 8.24% respectively in 

the therapeutic group with low dose NAC compared 

with the healthy control mice. The urea and uric acid 

levels in serum were reverted to near normal levels 

upon treatment with high dose of NAC by 13.58% and 

6.04%, respectively but the creatinine level in serum 

was significantly decreased (P˂0.05) by 23.33% 

compared with the healthy control animals. The 

therapeutic group with either low or high dose of NAC 

was significantly reduced (P˂0.001) these changes in 
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kidney functions compared with lead-acetate treated 

group. 

3.4.Effects of NAC on the changes of serum total, 

direct and indirect bilirubin levels of normal and 

experimental groups: 

As shown in Fig. 1a, the total and indirect bilirubin 

levels in serum were significantly increased (P˂0.001) 

by 334.49% and 450.00%, respectively in lead-acetate 

treated mice and by 65.74% and 94.58%, respectively 

in the therapeutic group with low dose NAC compared 

with the healthy control mice. On the other hand, direct 

bilirubin levels in serum were significantly decreased 

(P˂0.001) by -49.50% in lead-acetate treated mice and 

(P˂ 0.05) by -30.69% in the therapeutic group with low 

dose NAC compared with the healthy control mice. 

The therapeutic group with high dose NAC completely 

modulated the change shown in total and direct 

bilirubin levels (39.58% and -18.81%, respectively) but 

partially alleviated the increase in the indirect bilirubin 

level in serum (P<0.05) by 56.93% compared with the 

healthy control mice. The total, and indirect bilirubin 

levels in serum were significantly reduced (P˂0.001) in 

mice after treatment with either low or high dose of 

NAC compared with lead-acetate treated group. The 

therapeutic group with low dose NAC did not show 

any modulation on the decrease in the direct bilirubin 

level in serum while the therapeutic group with high 

dose NAC was significantly reduced (P˂0.05) 

compared with lead-acetate treated group. 

3.5.Effects of NAC on the changes of serum total 

protein and albumin levels of normal and experimental 

groups: 

The total protein and albumin levels in serum were 

significantly decreased (P˂0.001) by -18.23% and -

27.42%, respectively in lead-acetate treated mice and 

(P˂0.01 to P˂0.001) by -9.57% and -18.51%, 

respectively in the therapeutic group with low dose 

NAC compared with the healthy control mice (Fig. 1b). 

The therapeutic group with high dose NAC completely 

modulated the decrease in the total protein level (-

4.46%) but partially alleviated the decrease in the 

albumin level in serum (P<0.01) by -7.69% compared 

with the healthy control mice.  On the other hand, 

globulin level in serum did not show any change 

(P˃0.05) by 7.94%, 15.87% and 4.76% in lead-acetate 

treated group and both therapeutic groups, respectively 

compared with the healthy control mice. The total 

protein and albumin levels in serum were significantly 

increased in mice after treatment with either low dose 

of NAC (P ˂0.01 to P ˂0.001) or high dose of NAC 

(P˂0.001) compared with lead-acetate treated group.  

3.6.Effects of NAC on the changes of hepatic and renal 

GSH concentration of normal and experimental groups: 

The results in Fig. 2a indicated the GSH concentration 

in either liver or kidney tissues was significantly 

decreased (P˂0.001) by -67.73% and -65.86%, 

respectively in lead-acetate treated mice and (P ˂0.05 

to P ˂ 0.01) by -13.60% and -8.64%, respectively in 

the therapeutic group with low dose NAC compared 

with the healthy control mice. The therapeutic group 

with high dose of NAC completely modulated the 

change shown in hepatic and renal GSH concentration 

(P>0.05) by -6.23% and -3.33%, respectively 

compared with the healthy control mice. The 

therapeutic group with either low or high dose of NAC 

was significantly increased (P ˂0.001) these changes in 

the GSH concentration in either liver or kidney tissues 

compared with lead-acetate treated group. 

3.7.Effects of NAC on the changes of hepatic and renal 

MDA concentration of normal and experimental 

groups: 

Fig. 2b revealed the MDA concentration in either liver 

or kidney tissues was significantly increased (P˂0.001) 

by 250.65% and 142.92%, respectively in lead-acetate 

treated mice and (P ˂ 0.05 to P˂0.01) by 34.00% and 

13.72%, respectively in the therapeutic group with low 

dose NAC compared with the healthy control mice. 

The therapeutic group with high dose of NAC 

completely modulated the change shown in hepatic and 

renal MDA concentration (P>0.05) by 23.52% and 

9.77%,  respectively compared with the healthy control 

mice. The therapeutic group with either low or high 

dose of NAC was significantly decreased (P ˂0.001) 

these changes in the MDA concentration in either liver 

or kidney tissues compared with lead-acetate treated 

group.  Oral administration of mice with either low or 

high dose of NAC has no effect on all serum 

parameters, indicating clearly that NAC by itself does 

not cause any adverse effect on healthy mice. 

 

4.DISCUSSION  

The purpose of this study was to test the hypothesis 

that NAC is used as antidote for non-acetaminophen-

induced hepatotoxicity and nephrotoxicity in lead-

acetate treated male mice. In addition, we aimed to 

evaluate and compare the therapeutic effects of two 

different doses of NAC on lead acetate induced liver 

and kidney injury in male mice. The present results 

showing a marked decrease in body weight gain in lead 

acetate treated group II. The obtained results are in 

agreement with another study, which found that lead 

caused reduction in growth rate in experimental 

animals, Ali et al., (2010), Seddik et al., (2010), 

Alwaleedi (2015). These results in body weight loss 

may be caused by the toxic ions and could be 

associated with several factors that produced imbalance 

metabolism and by impairing zinc status in zinc-

dependent enzymes which are necessary for many 

metabolic processes, Ibrahim et al., (2011). Another 

possible explanation for the loss of body weight may 

be due to anorexia, the decreased muscle mass and 

cachexia due to the oxidative stress induced by lead 
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exposure, Amjad et al., (2013). The present results 

showed that the relative organs weight of liver and 

kidneys were affected by lead acetate exposure. The 

detected increased in organs relative weight might be 

due to the necrosis and apoptosis which accompanied 

by the accumulation of lipids in these organs. 

Accumulation of lipids in kidney cells of intoxicated 

rats after treatment with lead has previously been 

reported, Hwang and Wang (2001), Alwaleedi (2015). 

Also, it was reported that there was an increase in the 

dry weight of the kidneys relative to body weight, 

which may have the result of a nutritional disturbance 

caused by pair feedings. Apart from nuclear inclusion 

bodies, another possible explanation for this relative 

increase in the kidney weight may be the initial DNA 

replication and proximal tubular proliferation induced 

by lead acetate, Choie and Richter (1972). According 

to, Vogetseder et al., (2007) the rapid proliferation of 

proximal tubules may be in response to injury by the 

metal. Weight loss and organs damage produced by 

lead toxicity can be prevented to large extent by giving 

some antioxidant medicine which is time tested, cost 

effective and easily available. NAC is one of such 

medicines which not only ameliorates the toxic effects 

of heavy metals, but is also beneficial in diabetes  

related disorders, Manna and Jain (2013). In our study, 

these marked changes in serum Pb concentration, body 

weight gain and relative organs weight were improved 

by NAC compared with the healthy/lead acetate treated 

groups; it may be due to its anti-oxidant and 

cytoprotective effects through its ability to enhance 

glutathione synthesis, Zhang et al., (2010). 

The results of the present study showed that there was a 

significant increase in blood lead levels following the 

i.p. injection of lead acetate for 7 days. These results 

are in agreement with another study, which found that 

there was a significant increase in blood lead levels 

following the consumption of lead acetate (600 ppm) in 

drinking water for 21 days, Haleagrahara et al., (2011). 

Lead acetate is carried via blood, mainly in the 

erythrocytes, to the many organs such as liver, kidney 

and  bone where it accumulates, Haleagrahara et al., 

(2011). There were increases in lipid hydroperoxides 

like MDA content and relative weight of the liver and 

kidney. At the same time, decreases were observed in 

non-enzymic antioxidants like GSH concentration as 

shown in our results. The present study found that both 

low and high dose of NAC significantly decreased the 

serum Pb level in dose dependant manner through 

activating the anti-oxidant defence system (Fig. 2a). 

NAC is an excellent chelator of heavy metals such as 

lead and is also a scavenger of free radicals, Anilkumar 

et al., (2013), and will therefore reduce the 

concentrations of these metals in the blood. 

The present study which have shown that chronic 

intoxication with lead acetate induced significant 

elevation in serum glucose in lead acetate treated mice 

compared with healthy control group. These results 

concur with those of, Missoun et al., (2010), Azab et 

al., (2015) who, report that lead acetate causes a 

significant increase in blood glucose in male albino 

mice. The elevations in blood glucose levels may be 

due to the increases in the rate of glucose transport 

from the tissues into blood circulation, which resulted 

from glycogenolysis and gluconeogenesis or decreased 

rate removal of glucose from the blood circulation to 

tissues, Ibrahim et al., (2012). In addition, the 

significant change in blood glucose indicates that lead 

had adverse effects on the pancreas like findings by, 

Saka et al, (2011).  

This damage in liver and pancreas as well as kidney is 

due to the generation of free radicals through toxic 

metals; and suppression the availability of antioxidant 

reserves to respond to the resultant damage. The 

present study found that NAC significantly decreased 

the serum glucose level. This modulation in glucose 

level occurs by increasing the intra cellular GSH 

concentration and by decreasing hepatic damage.  

Amino acids such as arginine, L-alanine, glutamine and 

L-cysteine are known to stimulate the gene expression 

of enzymes, such as glutamate dehydrogenase and 

aminotransferases, as well as insulin secretion in 

pancreatic β-cells, Newsholme and Krause (2012), Jain 

et al., (2014). Supplementation with cysteine-rich 

proteins (whey protein and α-lactoalbumin), L-

cysteine, NAC or the cysteinate form of different 

compounds is beneficial in lowering oxidative stress, 

insulin resistance and glycemia in diabetic animal and 

human studies, Jain  et al., (2009), (2012), (2014). 

Liver is a usual target for many toxicants, Meyer and 

Kulkarni (2001). Continuous environmental and 

occupational exposure to heavy metals such as lead can 

cause several changes in the structure of the liver, Taib 

et al., (2004).  The present study has showed increase 

of serum ASAT, ALAT and ALP activities of mice 

exposed to lead. ASAT is widely used to evaluate the 

liver function where it is found in both mitochondria 

and cytoplasm while ALAT is a cytoplasmic enzyme. 

The effect of lead on ASAT activity was significantly 

similar to that of ALAT. ALP has widespread tissue 

distribution, although serum ALP level is thought to be 

primarily from liver and bone, the increased hepatic 

ALP is usually associated with biliary system damage, 

elevated serum ALP can be caused by increased 

synthesis or release of ALP or by accumulation of bile 

acids because of biliary obstruction, bile acids can also 

damage cellular membranes, cause releasing of 

intracellular ALP, Sethurman et al., (2003). In addition, 

this elevation might be due to increasing of 

antioxidants/oxidants imbalance ratio and loss of 

functional integrity of cellular membrane of liver cells. 

The membranes of hepatocytes become damaged by 
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lead exposure which induced releasing the hepatic 

enzymes such as ALAT, ASAT and ALP into  blood 

circulation, Rubin (1995), Shalan et al., (2005), 

Anuradha and Krishnamoorthy (2012). In addition, 

lead binds to plasmatic proteins, where it causes 

alterations in a high number of enzymes. These results 

agree with previous studies reported that lead has 

hepatotoxic effect resulting in an elevation of hepatic 

markers due to acute hepatitis, jaundice, and liver 

cirrhosis, Mehta et al., (2002), Shalan et al., (2005), 

Abdou et al., (2007), Patil et al., (2007). The findings 

of this study indicated that treatment with NAC has 

reduced the extent of damage to hepatic tissue as 

evident from decreased the liver marker enzymes such 

as serum ALAT, ASAT and ALP activities (Table 2). 

This decrease in concentration of these enzymes occurs 

by increasing the intra cellular GSH concentration and 

by decreasing the intra cellular MDA concentration 

(Figure 2). Also, this indicates that NAC tends to 

prevent liver damage by maintaining the integrity of 

the plasma membrane, thereby suppressing the leakage 

of enzymes through the membranes and exhibiting 

hepatoprotective activity. There is significant clinical 

evidence to support that NAC is a thiol containing 

antioxidant which acts as a direct scavenger of free 

radicals and is a well-established cytoprotective drug 

that has proven efficacy against drug (acetaminophen 

overdose)-induced hepatotoxicity, Cetinkaya et al., 

(2006), Tobwala et al., (2015). 

Bilirubin, a chemical breakdown product of 

hemoglobin, is conjugated with glucuronic acid in 

hepatocytes to increase its water solubility. Also, it has 

a protective role against oxidative damage of cell 

membrane induced by metals, Noriega et al., (2003). 

The elevated level of serum bilirubin 

(Hyperbilirubinemia) following exposure to lead 

acetate may be due to impairment hepatic uptake of 

unconjugated bilirubin, Odunola et al., (2007) or 

hepatic cellular damage which leads to disability of 

hepatocytes to metabolize and excrete bilirubin, Boll et 

al., (2004). Also, this elevation of serum bilirubin may 

be due to the toxicity of lead on hemoglobin content by 

induction of heme oxygenase which play an important 

role in heme catabolism and can convert heme to 

bilirubin, Murrey et al., (2006), Seddik et al., (2010). 

Under the effects of lead toxicity, the conjugation of 

bilirubin with glucuronide was not active; this may be 

due the peroxidation of membrane lipids of smooth 

endoplasmic reticulum. This study clearly indicates 

that a significant reduction in lead acetate elevated 

serum bilirubin was occurred after treatment with NAC 

in a dose dependent manner, which represents a 

protective effect of NAC on the damaged liver tissues. 

The restoration of the bilirubin levels indicates 

regeneration of the hepatocytes and improved hepatic 

efficiency.  

The findings of this study indicated significant 

decrease in the total protein and albumin levels of mice 

treated with lead acetate, while plasma globulin value 

was insignificantly changed. These results show that 

the variation in total protein of plasma was correlated 

with the changes in albumin value. Heavy metals 

including lead precipitated soluble protein in which 

albumin in plasma was used as a carrier for poison 

lead. Also, These results may be due to decreased 

hepatic DNA and RNA, Shalan et al., (2005) or may be 

associated with the decrease in the number of 

hepatocytes, which in turn may result in decreased 

capacity to synthesize protein. El-Zayat et al., (1996) 

and Hassanin (1994) reported that the decrease in 

hepatic total protein content is in response to lead 

intoxication. All blood proteins are synthesized in liver 

except for the γ globulins. Hypoproteinemia is a feature 

of liver damage due to significant fall in protein 

synthesis, Dubey et al., (1994). Hence, decline in total 

protein level can be used as an index of the cellular 

dysfunction severity. The biochemical studies of blood 

samples treated with NAC showed an increase in the 

total protein level indicating the improved repair 

mechanism of liver. Dose dependent recovery was 

found and maximum recovery was seen in higher dose 

of NAC.  

The kidney is a sensitive target organ for lead 

exposure. The absorbed lead is conjugated in the liver 

and passed to the kidney, where a small quantity is 

excreted in urine and the rest accumulates in various 

body organs such as kidney and bone, affecting and 

affects many biological activities at the molecular, 

cellular and intercellular levels. The present study has 

showed that the alternation of serum urea, creatinine 

and uric acid in the mice exposed to lead acetate may 

be attributed to oxidative imbalance in the kidney. 

These results are also in agreement with those of , 

Mohammed (2010), Li et al., (2014), Azab et al., 

(2015). This elevation might be due to renal damage 

and considered as functional evidence of lead induced 

nephrotoxicity, Alwaleed (2015). The elevation of 

serum uric acid observed in our study is also a marker 

of oxidative stress linked to a proliferation of 

prooxidative substances such as reactive oxygen 

species (ROS) as asserted in, Aissi et al., (2014), Azab 

et al., (2015). ROS can cause cellular damage by 

directly damaging macromolecules such as proteins, 

membrane lipids and DNA. Also, oxidative stress 

could be responsible for kidney dysfunction and 

thereby increase serum creatinine concentration which 

is a sensitive indicator of  renal damage. Several 

studies on animals have shown that lead is capable of 

causing oxidative stress in the kidney, liver, and brain, 

Ercal et al., (1996), Patra et al., (2001). Hyperuricemia 

associated with lead toxicity occurs in cases of acute 

and chronic lead nephropathy, and is thought to be due 
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to reduced secretion of uric acid, as well as lead 

induced inhibition of guanine aminohydrolase that is an 

enzyme involved in purine metabolism, Alasia et al., 

(2010), Ouarda et al., (2014). Uric acid is a substance 

which results from the degradation of nucleic acids. It 

has been confirmed that lead reduced the urinary 

excretion of uric acid and there were a positive 

correlation between blood lead levels and uric acid, 

Cezard and Haguenoer (1992). The level of these renal 

biochemical indicators was decreased significantly 

with the increasing treatment dose of NAC in a dose 

dependent manner. The reduction of serum creatinine 

after treatment with NAC are in conformity with those 

obtained in other relevant studies on this particular 

issue, Anilkumar et al., (2013). The reduction of the 

elevated urea, uric acid and creatinine levels by lead 

occurs by increasing the intra cellular GSH 

concentration in renal tissue (Figure 2a). These results 

are also in agreement with those of, Anilkumar et al., 

(2013), Jovanovic et al., (2013). NAC contains a thiol 

which can directly scavenge some types of ROS and it 

is also a precursor of L-cysteine which is required in 

the synthesis of the major intracellular antioxidant 

GSH, Medved et al., (2004), Dilger and Baker (2004). 

Polyunsaturated fatty acids, when exposed to ROS, can 

also be oxidized to hydroperoxides that decompose to 

hydrocarbons and aldehydes such as MDA in the 

presence of metals, Kilciksiz et al., (2008). This lipid  

peroxidation can also adversely affect the function of 

membrane-bound proteins, such as enzymes and 

receptors through increasing membrane permeability 

and membrane protein oxidation. The data presented in 

the present work clearly demonstrate the state of 

oxidative stress induced in hepatic and renal tissues by 

lead acetate, as a result of the increased hepatic and 

renal MDA and subsequent degradation of 

biomembranes, the permeability of the plasma 

membranes was severely affected, and leakage of 

enzymes as seen above and decreased hepatic and renal 

GSH concentration. GSH is an abundant tripeptide 

non-enzymatic biological antioxidant present in the 

liver. The depletion and reduction in the GSH 

concentration has been shown to be associated with 

enhancement and accumulation of lipid peroxidation in 

the hepatic tissues of the disease control group, Gupta 

et al., (2007) . Lead poisoning mainly inhibits cell 

enzymes that contained thiol and leads to the body’s 

biochemical and physiological dysfunction, Li et al., 

(2014). Excess intake and accumulation of these metals 

such as lead cause depletion of endogenous GSH, Kara 

et al., (2005), decreased activities of antioxidant 

enzymes, and significant elevation of MDA in the 

kidney, thus suggesting increased renal oxidative 

stress, Wang et al., (2009) and (2012). Several studies 

supporting that many heavy metals, including lead, are 

known to induce overproduction of ROS in many 

organs and consequently enhance lipid peroxidation 

(MDA) with concomitant inhibition of enzymic/non-

enzymic antioxidant system such as GSH concentration 

or its precursor, cysteine, Pande and Flora (2002), 

Bechara (2004), Hamadouche et al., (2008), Dongre et 

al., (2010) , Li et al., (2014). Exposure to lead has been 

shown to increase production of ROS and consequently 

induce lipid peroxidation and alteration of antioxidant 

defense systems in mice, Demirezen and Kadiriye 

(2006) resulting in oxidative stress, Xienia et al., 

(2000). In the present study oral treatment of NAC in 

lead acetate treated mice produced a significant 

reduction in the hepatic and renal MDA concentration 

and a significant elevation in the hepatic and renal 

GSH concentration. This restoration of the hepatic and 

renal activities by NAC was found to be profound with 

the high dose in comparison with the low dose. 

Cetinkaya et al., (2006) demonstrated that therapeutic 

delivery of NAC decreased MDA and increased GSH 

concentrations. The possible mechanism of hepato-

protective and nephron-protective action of NAC 

resulted mainly from its antioxidant property as 

indicated by decrease lipid peroxidation and increase 

GSH concentration (Fig 2). Thus, NAC, being a 

cysteine pro-drug, scavenges free oxygen radicals and 

supplies depleted body glutathione stores, Kilciksiza et 

al., (2008). NAC protects cells from oxidative stress by 

directing cysteine into the GSH synthesis pathway and 

consequently increasing the intracellular content of 

GSH, Akbulut  et al., (2014). These properties seem to 

be due to their ability to scavenge free radicals and to 

chelate metal ions, Kumar and Reddy (2012). The 

present results showed that therapeutic effect of NAC 

on lead induced toxicity on all the biochemical  

parameters is dose independent. 

 

Conclusion 

No harmful effects were detected for NAC 

consumption on all parameters measured in the healthy 

control mice. The study suggests of the fact that lead 

acetate has adverse effects on liver and kidney tissues 

of mice through oxidative stress pathways; 

improvement of this life-threatening condition may be 

prevented by therapeutic delivery of antioxidant agents, 

such as NAC in a dose dependent manner. Rest of the 

biochemical parameters studies indicate the structural 

and functional integrity of the cells. These data suggest 

that NAC has hepato-protective and nephron-protective 

effects on lead acetate-induced toxicity on mice. 
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Table 1. The Effects of NAC on the changes in body weight, relative organs weight and serum glucose level of 

normal and experimental groups.  

 Control  NAC 40 NAC 80  Lead acetate Lead acetate 

+ NAC 40 

Lead acetate + 

NAC 80 

Body weight 

before 

23.82 ± 0.43 24.48 ± 0.69 24.05 ± 0.59 24.86 ± 0.72 23.94 ± 1.13 24.82 ± 1.41 

Body weight 

after 

32.03 ± 0.40 33.09 ± 0.82 32.56 ± 0.79 26.94 ± 0.91     ** 27.87 ± 1.18       

* 

31.13 ± 1.29       

† 
Body weight 

gain 

8.21 ± 0.26 8.61 ± 0.38 8.51 ± 0.33 2.08 ± 0.25     *** 6.53 ± 0.35          

* ††† 

7.31 ± 0.53     

††† 
Liver relative 

weight 

9.77 ± 0.15 9.84 ± 0.31 9.91 ± 0.14 15.64 ± 0.56   *** 12.03 ± 0.51     

** ††† 

10.46 ± 0.54   

††† 
Kidney  

relative 

weight 

3.22 ± 0.05 3.23 ± 0.07 3.25 ± 0.07 4.28 ± 0.15     *** 3.76 ± 0.08        

*† 

3.49 ± 0.15     

††† 

Serum Pb 

level (mg/dL) 

0.0205 ± 0.0005 0.0200 ± 0.0007 0.0190 ± 0.0003 0.1705 ± 0.0010 *** 0.0468 ± 

0.0023 ** ††† 

0.0253 ± 0.0007 

††† 

Serum 

glucose level 

(mg/dL) 

72.55 ± 1.83 73.97 ± 1.21 73.33 ± 2.02 145.00 ± 3.07 *** 90.11 ± 3.73   

*** ††† 

83.20 ± 3.35   

††† 

Values are means ± SEM. NAC: N-acetylcysteine. *P<0.05; **P<0.01; ***P<0.001 (versus the healthy control 

group). †P<0.05; ††P<0.01; †††P<0.001 (versus the lead-acetate treated group).  

 

Table 2. The Effects of NAC on the changes on liver and kidney functions in serum of normal and experimental 

groups.  

 Control  NAC 40 NAC 80  Lead acetate Lead acetate + 

NAC 40 

Lead acetate + 

NAC 80 

ASAT 24.75 ± 0.46 24.73 ± 0.52 24.57 ± 0.83 91.19 ± 2.43 

*** 

30.76 ± 0.38 * 

††† 

29.43 ± 0.76 

††† 

ALAT 18.65 ± 0.22 18.52 ± 0.48 18.36 ± 0.34 71.71 ± 2.03 

*** 

25.52 ± 2.07 

** ††† 

20.80 ± 0.46 

††† 

ALP 70.03 ± 0.74 69.51 ± 0.66 69.05 ± 0.91 114.40 ± 2.18 

*** 

78.35 ± 2.28 * 

††† 

72.94 ± 1.81 

††† 

Urea  (mg/dL) 14.87 ± 0.42 14.35 ± 0.77 14.27 ± 0.39 28.01 ± 0.75 

*** 

17.25 ± 0.43 * 

††† 

16.89 ± 0.22 

††† 

Creatinine 

(mg/dL) 

0.90 ± 0.01 0.88 ± 0.02 0.86 ± 0.03 3.04 ± 0.03 

*** 

1.19 ± 0.07 ** 

††† 

1.11 ± 0.07 * 

††† 

Uric acid 

(mg/dL) 

3.64 ± 0.08 3.82 ± 0.03 3.72 ± 0.04 6.96 ± 0.06 

*** 

3.94 ± 0.05 ** 

††† 

3.86 ± 0.03  

††† 

Values are means ± SEM. NAC: N-acetylcysteine. *P<0.05; **P<0.01; ***P<0.001 (versus the healthy control 

group). †P<0.05; ††P<0.01; †††P<0.001 (versus the lead-acetate treated group).  
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Fig. 1. The effects of NAC on the changes in serum bilirubin (a) and protein (b) levels of normal and experimental 

groups. SEM represented by vertical bars. NAC: N-acetylcysteine. *P<0.05; **P<0.01; ***P<0.001 (versus the 

healthy control group). †P<0.05; ††P<0.01; †††P<0.001 (versus the lead-acetate treated group). 
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Fig. 2. The effects of NAC on the changes in either hepatic or renal GSH (a) and MDA (b) concentration of 

intoxicated mice. SEM represented by vertical bars. GSH: reduced glutathione; MDA: malondialdehyde; NAC: N-

acetylcysteine. *P<0.05; **P<0.01; ***P<0.001 (versus the healthy control group). †P<0.05; ††P<0.01; †††P<0.001 

(versus the lead-acetate treated group). 

 

5.REFERENCES 

http://www.jofamericanscience.org/
http://www.jofamericanscience.org/
mailto:editor@americanscience.org


Journal of American Science 2023;19(10)                               http://www.jofamericanscience.orgJAS                         

 

http://www.jofamericanscience.org                                                       editor@americanscience.org  

 
40 

[1]. Ahmed, K.; G. Ayana and E. Engidawork 

(2008). Lead exposure study among workers in lead 

acid battery repair units of transport service enterprises, 

Addis Ababa, Ethiopia: A cross-sectional study. J. 

Occupat. Med. Toxicol 3(30): 1-8.  

[2]. Aissi, A.K.; L. Fah; C.D. Akpovi; J.R. Klotoé; 

V.T. Dougnon; P. Guédénon; P.A. Edorh and F. Loko 

(2014). Impact of simultaneous exposure to lead and 

efavirenz on some biochemical markers in Wistar rats. 

J. Environ. Anal. Toxicol. 4(4):1-5 . 

[3]. Akbulut, S.; H. Elbe; C. Eris; Z. Dogan; G. 

Toprak; E. Otan; E. Erdemli and Y. Turkoz (2014). 

Cytoprotective effects of amifostine, ascorbic acid and 

N-acetylcysteine against methotrexate-induced 

hepatotoxicity in rats. World J. Gastroenterol. 20(29): 

10158-10165. 

[4]. Alasia , D.D.; P.C. Emem-Chioma and F.S. 

Wokoma (2010). Association of Lead Exposure, Serum 

Uric Acid and Parameters of Renal Function in 

Nigerian Lead Exposed Workers. Int. J. Occup. 

Environ. Med. 1(4):182-190. 

[5]. Alwaleedi, S.A. (2015). Haemato-biochemical 

changes induced by lead 

intoxication in maleand female albino mice. 

International Journal of Recent Scientific Research 

6(5): 3999-4004. 

[6]. Amjad , Z.;  M.Z. Iqbal and A.A. Shoro 

(2013). Lead-Induced Reduction in Body and Kidney 

Weight of Wistar Albino Rats Ameliorated by Ginkgo 

biloba Extract (EGb 761). Biochem. Physiol. 2: 113. 

doi:10.4172/2168-9652.1000113 

[7]. Anilkumar, B.; A.G. Reddy; A.A. Kumar; G. 

Ambica, and C. Haritha, (2013). Toxicopathological 

interaction of lead and cadmium and amelioration with 

N-Acetyl-L-Cysteine. Veterinary World 6 doi: 

10.14202/vetworld.2013.823-827 

[8]. Anuradha, R. and P. Krishnamoorthy (2005). 

Impact of Pongamia pinnata extract on lead acetate 

mediated toxicity in rat liver. International Journal of 

Pharm Tech Research 4(2): 878-882. 

[9]. Ashour, A.A.; M.M. Yassin; N.M. Abu Aasi 

and R.M. Ali (2007). Blood, serum glucose and renal 

parameters in lead-loaded albino rats and treatment 

with some chelating agents and natural oils. Turk. J. 

Biol. (31): 25-34.  

[10]. Azab, A.E.-S.; A.T. El-Dakhly; Q.K. Alrawi 

and M.O.  Albasha, (2015). Protective effects of 

sesame oil against lead acetate induced haemato-

biochemical toxicity in albino mice. International 

Journal of Science and Research 4(2): 2053- 2063. 

[11]. Aziz, F.M.; I. M. Maulood and M.A.H. 

Chawsheen (2012). Effects of melatonin, vitamin C 

and E alone or in combination on lead-induced injury 

in liver and kidney organs of rats. IOSR J. Pharmacy, 

2(5): 13-18.  

[12]. Barham, D. and P. Trinder (1972). An 

improved colour reagent for the determination of blood 

glucose by the oxidase system. Analyst. 97(151): 141-

145. 

[13]. Balahoroğlu, R.; H. Dülger; H. Özbek; I. 

Bayram and M.R. Şekeroğlu (2008). Protective effects 

of antioxidants on the experimental liver and kidney 

toxicity in mice. Eur. J. Gen. Med 5(3):157-164 

[14]. Bechara, E.J.H. (2004). Lead poisoning and 

oxidative stress. Free Radic. Biol. Med 36: 22.  

[15]. Belfield, A. and D. Goldberg (1971). 

Colorimetric determination of alkaline phosphatase 

activity. Enzyme 12: 561-566. 

[16]. Beutler, E.; O. Duron, and B.M. Kelly (1963). 

Improved method for the determination of blood 

Glutathione. J. Lab. Clin. Med. 61: 882–888. 

[17]. Blanusa, M.; V.D. Varnai; M. Piase and K. 

Kostial (2005). Chelators as antidotes of metal toxicity: 

therapeutic and experimental aspects. Cur. Med. Chem. 

12: 2271–2794. 

[18]. Boll, M.; L.W.D. Weber; E. Becker and A. 

Stampfl (2004). Hepatocyte damage induced by carbon 

tetrachloride: inhibited lipoprotein secretion and 

changed lipoprotein composition. Z. Naturforsch. 56: 

283- 290. 

[19]. Campos, R.; M.H. Shimizu; R.A. Volpini; 

A.C. Bragança; L. Andrade; F.D. Lopes; C. Olivo; D. 

Canale and A.C. Seguro (2012). N-acetylcysteine 

prevents pulmonary edema and acute kidney injury in 

rats with sepsis submitted to mechanical ventilation. A. 

J. Physiol. Lu. Cel. Mol. Physiol 302(7): 640-650. 

[20]. Cetinkaya, A.; E. Bulbuloglu; E.B. Kurutas 

and B. Kantarceken (2006). N-acetylcysteine 

ameliorates methotrexate-induced oxidative liver 

damage in rats. Med. Sci. Monit 12: 274-278.  

[21]. Cezard, C. and J.M. Haguenoer (1992). 

Toxicologie du plomb chez l’homme. TEC & DOC. 

Lavoisier, Paris : France, pp: 350.  

[22]. Choie, D.D. and G.W. Richter (1972). Cell 

proliferation in rat kidney induced by lead acetate and 

effects of uninephrectomy on the proliferation. Am. J. 

Pathol 66: 265-275.  

[23]. De Vries, N. and S. De Flora (1993). N-

acetyl-L-cysteine. J. Cell. Biochem. 17: 270-277.  

[24]. Dilger, R.N. and D.H. Baker (2007). Oral N-

acetyl-L-cysteine is a safe and effective precursor of 

cysteine. J. Anim. Sci 85:1712–1718. 

[25]. Doumas, B.T.; W.A. Watson and H.G. Biggs 

(1971). Albumin standards and the measurement of 

serum albumin with bromocresol green. Clin. Chim. 

Acta 31: 87-96.  

[26]. Dubey, G.P.; A. Agrawal and S.P. Dixit 

(1994). Effect of Liv-52 on different biochemical 

parameters in alcoholic cirrhosis. Antiseptic  91:205-

208. 

http://www.jofamericanscience.org/
http://www.jofamericanscience.org/
mailto:editor@americanscience.org


Journal of American Science 2023;19(10)                               http://www.jofamericanscience.orgJAS                         

 

http://www.jofamericanscience.org                                                       editor@americanscience.org  

 
41 

[27]. El-Zayat, E.M.; N.A. El-Ymany and Z.H. 

Kamel (1996). Combined supplementation of zinc and 

vitamin C as protective agents against lead toxicity in 

growing male albino rats. Liver functions. J. Egypt 

Ger. Soc. Zool. 20: 115–139. 

[28]. Enas, N.M. and A.A. Olfat (2009). The 

protective effect of ginger extract on the adult male 

gonad of the albino rats treated with doxorubicin 

chemotherapy, Sc.J.Az.Med.Fac. (Girls), 30(3): 815-

831.  

[29]. Fawcett, J.K. and J.E. Scott (1960). A rapid 

and precise method for the determination of urea. J. 

Clin. Pathol 13: 156-159. 

[30]. Ercal, N.; P. Treeratphan; T.C. Hammond; 

R.H. Matthews; N.H. Grannemann and D.R. Spitz 

(1996). In vivo indices of oxidative stress in lead-

exposed C57BL/6 mice are reduced by treatment with 

meso-2,3-dimercaptosuccinic acid or N-acetylcysteine. 

Free Radic. Biol. Med 21(2):157-161. 

[31]. Flora, S.; G. Flora and G. Saxena (2006). 

Environmental occurrence, health effects and 

management of lead poisoning. In: Casas JS and Sordo 

J ed. Lead: chemistry, analytical aspects. 

Environmental impact and health effects. Elsevier 

Science, Amsterdam, 221-27.  

[32]. Garcıa, A.G.; L. Claudio; F. Perez-Severiano 

and C. Rıos (1999). Lead acetate exposure inhibits 

nitric oxide synthase activity in capillary and 

synaptosomal fractions of mouse brain. Toxicological 

Science, 50: 244–284. 

[33]. Gornall, A.C.; C.J. Bardawill and M.M. David 

(1949). Determination of Serum Proteins by means of 

the biuret reaction .J Biol. Chem 177: 751-767. 

[34]. Gupta, M.; U.K. Mazumder; V. Thamilselvan; 

l. Manikandan; G.P. Senthilkumar; R. Suresh and B.K. 

Kakotti (2007). Potential hepatoprotective effect and 

antioxidant role of methanol extract of Oldenlandia 

umbellata in carbon tetrachloride induced 

hepatotoxicity in wistar rats. Iranian Journal of 

Pharmacology & Therapeutics 6:5-9. 

[35]. Haleagrahara, N.;  S. Chakravarthi; A.B. 

Kulur and A. Radhakrishnan (2011). Effects of chronic 

lead acetate exposure on bone marrow lipid 

peroxidation and antioxidant enzyme activities in rats. 

African Journal of Pharmacy and Pharmacology 5(7): 

923-929. 

[36]. Haleagrahara, N.; T. Jackie; S. Chakravarthi; 

M. Rao and K. Anupama (2010). Protective effect of 

Etlingera elatior (torch ginger) extract on lead acetate–

induced hepatotoxicity in rats. J. Toxicol. Sci 35: 663-

671.  

[37]. Halliwell, B. (1996). Mechanisms involved in 

the generation of free radicals. Pathol. Biol 44: 6-13.  

[38]. Hamadouche, M.;  F. Baque; N. Lefevren and 

M. Kerboull (2008). Minimum 10-years survival of 

Kerboull cemented stems according to srcace finish. 

Clin. Orthop. 466(2): 332-339.  

[39]. Hassanin, L.A.M. (1994). The effect of lead 

pollution on the susceptibility of rats to anticoagulants 

rodenticides, M.Sc., Thesis, Zoology Department, 

Faculty of Science, Cairo University, Giza, Egypt. 

P.123. 

[40]. Ibrahim, N.M.; E.A. Eweis; H.S. El-Beltagi 

and Y.E. AbdelMobdy (2012). Effect of lead acetate 

toxicity on experimental male albino rat . Asian Pacific 

J Trop Biomed 2: 41-46 

[41]. Jackie, T.; N. Haleagrahara and S. 

Chakravarthi (2011). Antioxidant effects of Etlingera 

elatior flower extract against lead acetate induced 

perturbations in free radical scavenging enzymes and 

lipid peroxidation in rats. BMC Research Notes 4: 67-

75.  

[42]. Jain, S.K.; G. Kahlon; L. Morehead; R. 

Dhawan; B. Lieblong; T. Stapleton; G. Caldito; R. 

Hoeldtke; S.N. Levine and P.F. Bass (2012). Effect of 

chromium dinicocysteinate supplementation on 

circulating levels of insulin, TNF-α, oxidative stress, 

and insulin resistance in type 2 diabetic subjects: 

randomized, double-blind, placebo-controlled study. 

Mol. Nutr. Food. Res  56: 1333–1341. 

[43]. Jain, S.K.; D. Micinski; L. Huning; G. 

Kahlon; P.F. Bass and S.N. Levine (2014). Vitamin D 

and L-cysteine levels correlate positively with GSH 

and negatively with insulin resistance levels in the 

blood of type 2 diabetic patients. European Journal of 

Clinical Nutrition 68: 1148–1153. 

[44]. Jain, S.K.; T. Velusamy; J.L. Croad; J.L. 

Rains and R. Bull (2009). L-cysteine supplementation 

lowers blood glucose, glycated hemoglobin, CRP, 

MCP-1, oxidative stress and inhibits NFkB activation 

in the livers of Zucker diabetic rats. Free Radic. Biol. 

Med  46: 1633–1638. 

[45]. Jovanovic, M.J.; R.S. Nikolic; G.M. Kocic; 

N.S. Krstic and M.M. Krsmanović (2013).Glutathione 

protects liver and kidney tissue from cadmium-and 

lead-provoked lipid peroxidation. Journal of the 

Serbian Chemical Society 78(2): 197-207.  

[46]. Kahraman, H.; E. Kurutas; M. Tokur; S. 

Bozkurt; H. Cıralık and B. Kabakcı (2013). Protective 

effectsof erythropoietin and n-acetylcysteine on 

methotrexate-induced lung injury in rats. Balkan Med J 

30: 99-104 . 

[47]. Kara, H.; F. Karatas and H. Canatan (2005). 

Effect of single  dose cadmium chloride administration 

on oxidative stress in male and female rats. Turk. J. 

Vet. Ani. Sci 29: 37-42. 

[48]. Kilciksiza, S.; C. Demirel; N. Erdal; S. 

Gürgül; L. Tamerd; L.  Ayazd and Y. Örsa (2008). The 

effect of N-acetylcysteine on biomarkers for radiation-

induced oxidative damage in a rat model. Acta. Med. 

Okayama. 62(6): 403-409. 

http://www.jofamericanscience.org/
http://www.jofamericanscience.org/
mailto:editor@americanscience.org
http://www.doiserbia.nb.rs/Article.aspx?ID=0352-51391200053J
http://www.doiserbia.nb.rs/Article.aspx?ID=0352-51391200053J
http://www.doiserbia.nb.rs/Article.aspx?ID=0352-51391200053J


Journal of American Science 2023;19(10)                               http://www.jofamericanscience.orgJAS                         

 

http://www.jofamericanscience.org                                                       editor@americanscience.org  

 
42 

[49]. Kortsalioudaki, C.; R.M. Taylor; P. 

Cheeseman; S. Bansal; G. Mieli-Vergani and A. 

Dhawan (2008). Safety and efficacy of N-

acetylcysteine in children with non-acetaminophen-

induced acute liver failure. Liver transpl 14:25-30 

[50]. Kumar, B.A. and  A.G. Reddy (2012). Effect 

of N-acetyl L-cysteine (NAC) against oxidative stress-

induced neurotoxicity due to lead, cadmium and 

combination in wistar rats. Int. J. Pharm. Bio. Sci 

3(4):403 - 418 

[51]. Li, L.; Y. Zhang;  J. Ma;  W. Dong; Q. Song;  

J. Zhang and L. Chu (2014). Salvia miltiorrhiza 

injection ameliorates renal damage induced by lead 

exposure in mice. The Scientific World Journal  

doi.org/10.1155/2014/572697 

[52]. Manna, P. and S.K. Jain (2013). Beneficial 

role of L-cysteine and H2S rich fruits and vegetables in 

diabetic pathophysiology. In:” Tropical and Subtropical 

Fruits: Flavors, Color, and Health Benefits.” Chapter 9, 

Page 147-157. B. Patil Eds.; ACS Symposium Series, 

American Chemical Society, Volume 1129, 2013.  

[53]. Mansouri, O. and C. Abdennour (2008). 

Influence of sudden cystine supplementation and 

suppression on adrenal and ovary of lead exposed rat. 

European Journal of Scientific Research 23(4): 548-58.  

[54]. Medved, I.; M.J. Brown; A.R. Bjorksten; A.C. 

Murphy; S. Petersen; X. Sostaric (2004). N-

acetylcysteine enhances muscle cysteine and 

glutathione availability and attenuates fatigue during 

prolonged exercise in endurance-trained individuals. J. 

Appl. Physiol. 97:1477–1485.  

[55]. Meyer, S.A. and A.P. Kulkarni (2001). 

Hepatotoxicity. In: Hodgson E, Smart RC, editors. 

Introduction to biochemical toxicology, vol. 3 (New 

York: John Wiley) 487-90.  

[56]. Missoun, F.; M. Slimani and A. Aoues (2010). 

Toxic effect of lead on kidney function in rat wistar. 

African J. Biochem. Res. 4: 21-27. 

[57]. Muna, H.;  M.H. Jankeer; A. Aticka  and A.A. 

El-Nouri (2009). Histological study of the liver and 

kidney of albino mice Mus musculus exposed to lead. J. 

Raf. Sci 20(2): 42- 51 

[58]. Mohammed, S.M. (2010). Physiological and 

histological effect of lead acetate in kidney of male 

mice (Mus musculus). J. univ. Anbar. Pure. sci 4(2): 1-

7 

[59]. Newsholme, P. and Krause, M. (2012). 

Nutritional regulation of insulin secretion: implications 

for diabetes. Clin. Biochem. Rev  33: 35–47 

[60]. Niemela, O.; S. Parkkila; S. Yla Herttuala; C. 

Halsted; A. Lanca and Y. Israel (1994). Covalent 

protein adducts in the liver as a rusult of ethanol 

metabolism and lipid peroxidation, Lab. Invest 70: 

537-546.  

[61]. Dongre, N.N.; A.N. Suryakar; A.J. Patil; J.G. 

Ambekar and D.B. Rathi (2010). Occupational lead 

exposure in automobile workers in North Karnataka 

(India): Effect On Liver And Kidney Functions. 

Almeen. J. Med. Sci 3 (4):2 8 4 -2 9 2. 

[62]. Noriega, G.O.; M.L. Tomaro and A.M. Del 

Battle (2003). Bilirubin is highly effective in 

preventing in vivo delta – aminolevulinic acid – 

induced oxidative cell damage. Biochem. Biophys. 

Acta 1638(2): 173-178. 

[63]. Odunola, O.A.; K.A. Akinwumi; B. Ogunbiyi 

and O. Tugbobo (2007). Interaction and enhancement 

of the toxic effects of sodium arsenate and lead acetate 

in wistar rats. African Journal of Biomedical Research 

10: 59-65. 

[64]. Ohkawa, H.; W. Ohishi and K. Yagi (1979). 

Assay for lipid peroxidase in animal tissues by 

thiobarbituric acid reaction. Anal Biochem 95: 351–

358. 

[65]. Ouarda, M.; R. Berredjem; C. Abdennour; 

M.S. Boulakoud and  K. Khelili (2014).  Protective 

effect of Taraxacum officinale against oxidative 

damage induced by lead (Pb) in rats exposed to 

contaminated diet. Advances in Environmental Biology 

8(10): 519-525  

[66]. Patra, R.C.; D. Swarup and S.K. Dwivedi 

(2001). Antioxidant effects of alpha tocopherol, 

ascorbic acid and L-methionine on lead induced 

oxidative stress to the liver, kidney and brain in rats. 

Toxicology, 162(2):81-88. 

[67]. Pande, M. and S.J.S. Flora (2002). Lead 

induced oxidative damage and its response to 

combined administration of α-lipoic acid and succimers 

in rats. Toxicol 177:187–196.  

[68]. Reitman, S. and S. Frankel (1957). A 

colorimetric method for the determination of serum 

oxaloacetic and glutamic pyruvic transaminase. Am. J. 

Chin. Pathol 28: 56-63. 

[69]. Rubin, EI. (1995). In: Essential pathology, 3rd 

edition, Lippincott Williams & Wilkins, Wolters 

Kluver Company USA.  

[70]. Saka, S.; A. Bahi and W. Aouacheri (2011). 

The effect of oxidative stress induced by lead acetate 

on the glutathione enzymatic system in rats. Annal. 

Toxicol. Anal 23: 1-7.  

[71]. Schirmeister, T.; H. Wallamann and H. Kiefer 

(1964). Endogenous creatinine in serum and urine. 

Dutch. Med. Wschr. 89: 1940. 

[72]. Seddik, L.; T.M. Bah; A. Aoues; M. 

Brnderdour and M. Silmani (2010). Dried leaf extract 

protects against lead induced neurotoxicity in Wistar 

rats. Eur. J. Sci. Res 42(1):139–151 

[73]. Sener, G.; O. Tosun; A.Ö. Şehirli; A. Kacmaz; 

S. Arbak; Y. Ersoy and G. Ayanoğlu-Dülder (2003). 

Melatonin and N-acetylcysteine have beneficial effects 

during hepatic ischemia and reperfusion. Life 

Sciences;72:2707-2718. 

http://www.jofamericanscience.org/
http://www.jofamericanscience.org/
mailto:editor@americanscience.org


Journal of American Science 2023;19(10)                               http://www.jofamericanscience.orgJAS                         

 

http://www.jofamericanscience.org                                                       editor@americanscience.org  

 
43 

[74]. Sethurman, M.G.; K.G. Latitha and B. 

Rajkapoor (2003). Hepatoprotective activity of 

sarcotstemma brevistigma against carbon tetrachloride 

– induced hepatic damage in rats . Curr. Sci 84(9): 

1186-1187.  

[75]. Shalan, M. A.; M.S. Mostafa; M.M. 

Hassouna; S.E. El-Nabi and A. El-Refale (2005). 

Amelioration of lead toxicity on rat liver with vitamin 

C and silymarin supplements. Toxicol 206: 1-15. 

[76]. Taib, N.T.; B.M. Jarrar and M. Mubarak 

(2004). Ultrastructural alterations in hepatic tissues of 

white rats (Rattus norvegicus) induced by lead 

experimental toxicity. Saudi Journal of Biological 

Sciences 11(1):11-20.  

[77]. Tobwala, S.; A. Khayyat; W. Fan and N. Ercal 

(2015). Comparative evaluation of N-acetylcysteine 

and N-acetylcysteine amide in acetaminophen-induced 

hepatotoxicity in human hepatoma HepaRG cells. Exp. 

Biol. Med 240: 261–272. 

[78]. Tong, T.C.; M. Hernandez; W.M. Richardson; 

D.P. Betten; M. Favata; R. H. Riffenburgh; R.F. Clark 

and D.A. Tanen (2007). Comparative treatment of α-

amanitin poisoning with N-acetylcysteine, 

benzylpenicillin, cimetidine, thioctic acid and silybin in 

a murine model. Ann. Emerg. Med  50:282-288.  

[79]. Trinder, P. (1969). Determination of glucose 

in blood using glucose oxidase with an alternative 

oxygen acceptor. Ann Clin Biochem 6: 24–27. 

[80]. Turner, J.R. and J.F. Thayer (2001). 

Introduction to analysis of variance: Design, analysis 

and interpretation. Thousand Oaks: Sage Publications. 

[81]. Vogetseder, A.; T. Palan; D. Bacic; B. 

Kaissling and M. Le Hir (2007) Proximal tubular 

epithelial cells are generated by division of 

differentiated cells in the healthy kidney. Am. J. 

Physiol. Cell. Physiol. 292: 807-813. 

[82]. Walter, M. and H. Gerade (1970). A 

colorimetric method for determination bilirubin in 

serum and plasma. Microchem J. 15: 231-235. 

[83]. Wang, L.; H. Wang; M. Hu; J. Cao; D. Chen 

and Z. Liu (2009). Oxidative stress and apoptotic 

changes in primary cultures of rat proximal tubular 

cells exposed to lead. Arch. Toxicol 83: 417-427. 

[84]. Wang, J.; Z. Yang; L. Lin; Z. Zhao; Z. Liu 

and X. Liu (2012) Protective effect of Naringenin 

against lead-induced oxidative stress in rats. Biol. Tr. 

Elem. Res 146(3):354-359. 

[85]. Whyte, I.M.; B. Francis and A.H. Dawson 

(2007). Safety and efficacy of intravenous N-

acetylcystine for acetaminophen overdose: analysis of 

the Hunter Area Toxicity service (HATS) Database. 

Curr. Med. Res. Opin 23:2359-2368.  

[86]. Yin, J.; W. Ren; G. Yang; J. Duan; X. Huang; 

R. Fang; C. Li; T. Li; Y. Yin; Y. Hou; S.W. Kim and 

G. Wu (2015). L-Cysteine metabolism and its 

nutritional implications. Mol. Nutr. Food Res Doi: 

10.1002/mnfr.201500031 

[87]. Zhang, F.; S.S. Lau and T.J. Monks (2010). 

The cytoprotective effect of N-acetyl-L-cysteine 

against ROS-induced cytotoxicity is independent of its 

ability to enhance glutathione synthesis. Toxicol. Sci. 

doi: 10.1093/toxsci/kfq364 

 

 

 

 

10/21/2023 

 

 

 

 

 

 

http://www.jofamericanscience.org/
http://www.jofamericanscience.org/
mailto:editor@americanscience.org
http://toxsci.oxfordjournals.org/search?author1=Fengjiao+Zhang&sortspec=date&submit=Submit
http://toxsci.oxfordjournals.org/search?author1=Fengjiao+Zhang&sortspec=date&submit=Submit
http://toxsci.oxfordjournals.org/search?author1=Serrine+S.+Lau&sortspec=date&submit=Submit
http://toxsci.oxfordjournals.org/search?author1=Terrence+J.+Monks&sortspec=date&submit=Submit

