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Abstract 

Previous human and experimental studies have demonstrated that lead exposure may modify the metabolism of lipid. Oxidative 
stress with subsequent lipid peroxidation has been postulated as one mechanism for lead toxicity. The protective action of vitamins C 
against lead affects lipid hydroperoxide level and liver functions in male rats has been studied. Experiments were performed on male 
waster rats with body weights of 120-160 g. Male wistar rats were exposed to 3 g/l lead acetate in drinking water for 5 weeks and treated 
thereafter with vitamin C (500 mg/kg, orally) for 28 days. One day after the feeding was over, venous blood samples, under chloroform 
anesthesia, were collected. The animals were killed by exsanguinations and the liver was excise for determination the metal content and 
histopathological changes. Similarly, the tissue lipid (lipid peroxidation) and the enzyme fraction (superoxide dismutase (SOD), catalase 
(CAT), alkaline phosphatase (ALP), acid phosphatase (ACP) and glutathione (GSH) were also measured in the liver. Metal content in 
blood and liver was determined by means of atomic absorption spectrophotometry.  Administration of lead acetate (3 g/l) in drinking 
water for 5 weeks induced a significant increase in the levels of hepatic ALP, ACP and lipid peroxidation. Lead acetate exposure also 
produced detrimental effects on the redox status of the liver indicated by a significant decline in the levels of liver antioxidants such SOD, 
CAT and GSH. Further, there was a significant (p<0.001) increase in the levels of lead in blood and liver of animals exposed to lead. 
However, oral administration of vitamin C at dose level of 500 mg/kg body weight reduced the alterations in the previous parameters. 
Histological examination of the liver also revealed pathophysiological changes in lead acetate-exposed group and treatment with vitamin 
C improved liver histology. The result of this study strongly indicate that vitamin C has got a potent antioxidant action against lead 
acetate induced hepatic damage in rats.

Keywords: lead, lipid peroxidation, rats, superoxide dismutase, vitamin C

Introduction

Environmental pollution is the presence of a pollutant 
in environment such as air, water, soil and consequently in 
food which may be poisonous or toxic and will cause harm 
to living things in the polluted environment (Duruibe 
et al., 2007). The excessive amount of pollutants such as 
heavy metals in animal feed and feed stuffs are often due 
to human actions, resulting from either agricultural or 
industrial production or accidental or deliberate misuse 
(Aboul-Enein et al., 2010; Mohamed et al., 2009). There 
are at least 18 elements that characterize one or more inor-
ganic pesticides. Of these elements, eight (barium, cadmi-
um, mercury, thallium, lead, bismuth, antimony and bo-
ron) have not been shown to be essential to the growth of 
animals (El-Beltagi et al., 2010). In the instances, a series 
of elements, such as the heavy metal have been considered 
in the order of their atomic number. The definition of a 
heavy metal is one that a specific gravity of more than 5 g/
cm3. By definition this would account for 60 metals several 
of which are biologically essential and many other lack suf-
ficient information regarding toxicity including platinum, 
silver and gold. This arrangement of the elements helps 

to explain the chemistry and toxicology of their com-
pound (Omaya, 2004). Many heavy metals, including Pb, 
are known to induce over production of reactive oxygen 
species (ROS) and consequently enhance lipid peroxida-
tion, decrease the saturated fatty acids and increase the 
unsaturated fatty acid contents of membranes (Afify and 
El-Beltagi, 2011). Also, it has been shown to enhance the 
production of ROS in a variety of cells resulting oxidative 
stress (Hayes and Laws, 1991). ROS are the byproducts 
of many degenerative reactions in many tissues, which 
will affect the regular metabolism by damaging the cel-
lular components (Malecka et al., 2001). Extensive study 
on oxidative stress has demonstrated that exposure of cells 
to adverse environmental conditions can induce the over 
production of ROS, such as superoxide radical (O2-), H2 
O2 and hydroxyl radical (OH -) in plant cells (Xienia et 
al., 2000). In addition, ROS are highly reactive to mem-
brane lipids, protein and DNA. They are believed to be 
the major contributing factors to stress injuries and to 
cause rapid cellular damage (El-Beltagi et al., 2008; 2011). 
Traces of lead occur in many rocks in addition to those 
that are qualified as over lead, thus it can find its way into 
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At the end of experience, all animals were fasted over-
night; they were killed under light ether anesthesia. Livers 
were removed immediately, rinsed in ice-cold saline, his-
tological studies, and used for various biochemical assays, 
histological studies, and determination of lead concentra-
tion.

Biochemical assays
Liver was minced and homogenized (10% w/v) in 

ice-cold 0.1 M sodium phosphate buffer (pH 7.4). The 
homogenate was centrifuged at 10.000 rpm for 15-20 
min at 4°C twice to get the enzyme fraction (superoxide 
dismutase (SOD), catalase (CAT), alkaline phosphatase 
(ALP), acid phosphatase (ACP) and glutathione (GHS). 
The supernatant was used for biochemical assays.

Superoxide dismutase (SOD)
Hepatic SOD activity was assayed according to the 

method of Marklund and Marklund (1974). 
For the control, 0.1 ml of 20 mM pyrogallol solution 

was added to 2.9 ml of Tris buffer and mixed, and reading 
was taken at 420 nm after 1.5 and 3.5 mins. The absor-
bance difference for 2 min was recorded and the concen-
tration of pyrogallol was adjusted in such a way that the 
rate in change of absorbance per 2 min was approximately 
0.020-0.023 optical density units.

Liver extract (200 µl) was treated with 10 µl of 25% 
triton X-100 and kept at 30°C for 30 min. To 2.8 ml of 
Tris buffer, 0.1 ml of treated sample was added and mixed, 
and the reaction was started by adding 0.1 ml of adjusted 
pyrogallol solution (as for control). Reading was taken at 
420 nm after 1.5 and 3.5 mins and the difference in absor-
bance was recorded. The enzyme activity was expressed as 
U/ml of liver extract and 1 U of enzyme is defined as the 
enzyme activity that inhibits auto-oxidation of pyrogallol 
by 50%.

Catalase
Catalase (CAT) activity was estimated following the 

method of Aebi (1993). Liver extract (100 µl) was treated 
with ethanol (10 µl) and placed on an ice bath for 30 mn. 
To this, 10 µl of 25% triton X-100 was added and again 
kept for 30 min on ice. To 200 µl phosphate buffer (0.1 M), 
50 µl of treated liver extract and 250 µl of 0.066 M H2O2 
(prepared in 0.1 M phosphate buffer, pH 7.0) were added 
in a cuvette. The decrease in optical density was measured 
at 240 nm for 60 s. The molar extinction coefficient of 
43.6 cm-1 was used to determine CAT activity. One unit 
of activity is equal to the moles of H2O2 degraded/min/
mg protein. 

Glutathione (GSH)
Reducedglutathione was determined by the method 

of Ellman (1959). In brief, 1 ml of supernatant was taken 
after precipitating 0.5 ml of liver homogenate with 2 ml 
of 5 % TCA. To this, 0.5 ml of Ellman’s reagent (0.019 

soil and water and hence into food, animals and human 
tissues even in remote places where there is no use of the 
metal or its compounds. In spite of its widespread distribu-
tion in tissues, there is no indication of no beneficial effect, 
but it causes many problems to the plant, food industry 
and animal health. Although various countries have estab-
lished legislation regulating their concentration, they are 
still sometimes a danger for consumer health (El-Beltagi 
et al., 2008). Lead is translocated through the food chain 
to man and animals, its toxicity depends on its chemical 
from administrated to the animal, the route of adminis-
tration and the frequency and duration administered to 
animals (Baht and Moy, 1977). Lead can affect individuals 
of any age, but it has a disproportionate effect on children 
because their behavioral patterns place them at higher risk 
for exposure to lead. Their bodies absorb a larger percent-
age of the lead that they ingest and they exhibit lead toxic-
ity at lower level for exposure than adults (Baht and Moy, 
1977). Accumulation of lead produces damaging effects 
in the hematopoetical, hematic, renal and gastrointesti-
nal system (Correia et al., 2000). Liver is a frequent target 
for many toxicants (Meyer and Kulkarni, 2001). Autopsy 
studies of lead-exposed humans indicate that among soft 
tissue, liver is the largest repository (33%) of lead, fol-
lowed by kidney. Lead-induced hepatic damage is mostly 
rooted in lipid peroxidation (LPO) and disturbance of the 
prooxidant-antioxidant balance by generation of reactive 
oxygen species (ROS) (Bechara, 2004; Gurer and Ercal, 
2000). Vitamin C (ascorbic acid), a water soluble vita-
min is derived from dietary sources such as citrus fruits, 
grape-fruits, berries, cabbage, tomatoes, pepper and leafy 
vegetables. The therapeutic potential of vitamin C is as a 
result of its antioxidant effect on free-radicals (Adaramoye 
et al., 2008). The aim of this study was to determine the 
effect of vitamin C on hepatotoxic effect caused by lead 
acetate in rats. 

Materials and methods

Animals
Four-Five weeks old male albinos wistar rats were pur-

chase from the Pasteur Institute in Algiers, Algeria. Rats 
weighing (120-160 g) were maintained under standard 
conditions of humidity temperature (28±2°C) and light 
(12 h light/dark). All the procedure performed on animals 
were approved and conducted in accordance with the Na-
tional Institute of health Guide (Reg. No. 488/160/1999/
CPCSEA).

Experimental design
The rats were divided into three groups 10 rat each:  
Group A: Control rats were drinking distilled water.
Group B: Received 3 g/l of lead acetate daily by oral 

administration for 28 days.
Group C: Received 3 g/l of lead acetate and 500 mg/

kg body weight of vitamin C daily by oral administration 
for 28 days. 
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% DTNB in 1% sodium citrate) and 3 ml of phosphate 
buffer (1 M, pH 8.0) was added. The color developed was 
read at 412 nm. Reduced GSH concentration is measured 
by using a drawn standard curve and expressed as mg/g of 
tissue.

Acid phosphatase (ACP) and alkaline phosphatase 
(ALP)
Activities of acid phosphatase and alkaline phosphatase 

were determined according to Sdashivam and Manickam 
(1996). Substrate solution (3 ml) was incubated at 37°C 
for 15 min and then 0.5 ml liver homogenate was added. 
It was mixed well and immediately 0.05 ml of mixture was 
removed and mixed with 9.5 ml of 0.085 N NaOH. This 
corresponded to zero time assay (blank); The remaining 
solution (substrate+enzyme) was incubated for 15 min 
at 37°C and then 0.5 ml was drawn and mixed with 9.5 
ml of 0.085 N NaOH. Absorbance was measured at 405 
nm against the reference blank. Specific activities were ex-
pressed as µmoles of p-nitrophenol formed per min per g 
tissue.

Lipid peroxidation (LPO)
LPO was estimated calorimetrically by measuring ma-

londialdehyde (MDA) formation as described by Nwanjo 
and Ojiako (2005). In brief, 0.1 ml of homogenate was 
treated with 2 ml of a 1:1:1 ratio of TBA-TCA-HCl (TBA 
0.37%, TCA 15%, HCl 0.25 N) and placed in water bath 
at 65°C for 15 min, cooled, and centrifuged at 5,000 rpm 
for 10 min at room temperature. The optical density of 
the clear supernatant was measured at 535 nm against a 
reference blank. The MDA formed was calculated by us-
ing the molar extinction coefficient of thiobarbituric acid 
reactants (TBARS; 1.56 x 105 l/mole cm−1). The product 
of LPO was expressed as nmol of MDA formed per g of 
tissue.

Blood and tissue lead determination
For blood and liver wet tissue weight and volume of 

blood were recorded. After tissue digestion with con-
centrated HNO3 using a Microwave Digestion System 
(Model MDS, 2000), samples were brought to a constant 
volume and tissue lead content was determined following 
the procedure standardized in the laboratory according to 
the NOM-199-SSA1-2000 (Mushak and Crocetti, 1989) 
using an atomic absorption spectrophotometer (PerkinEl-
mer Zeeman 5100).

Histological studies
Liver was dissected from the animals and fixed in buff-

ered 10% formalin at room temperature for 72 h. It was 
then thoroughly washed under running water and dehy-
drated in ascending grades of ethyl alcohol, cleared, and 
embedded in soft paraffin. Tissue sections of about 6 µm 
were cut, stained with hematoxylin and eosin, and exam-
ined with a light microscope.

Statistical analyis
All data obtained from control and lead-poisoned 

animals were compared using student’s t-test for unpaired 
means. A p value <0.05 was considered significant.

Results

The MDA level of lead group was significantly higher 
than the control group values (Fig. 1). Significant reduc-
tion was observed in MDA concentration in vitamin C 
treatment group. These results show that vitamin C has 
a protective effect on hepatic oxidative. SOD, CAT and 
GSH activities (Tab. 1) in the liver of rats treated with lead 
acetate (group B) were significantly lowered compared 
with control rats (group 1) (p<0.01), whereas administer-
ing vitamin C to lead acetate treated rats (group C) signifi-
cantly elevated SOS, CAT and GSH activities compared 
to those animals on lead acetate treatment alone (group 
B). Tab. 2, revealed a significant augmentation in ALP and 
ACP activity (p<0.01) in lead acetate group compared 
with the control group. However, ALP and ACP activity 
was markedly reduced in the group that received vitamin 
C (p<0.05).

Tab. 1. Protective effect of vitamin C on hepatic oxidative stress 
related-parameters in lead acetate-exposed rat

Parameter A B C
SOD 5.39±0.5 0.49±0.04** 5.26±0.57*
CAT 58.69±5.64 38.18±3.67** 56.42±5.43*
GSH 11.20±1.07 5.32±0.51** 10.64±0.99**

Values are expressed as mean±SD for 10 rats in each group. * p<0.05; ** p<0.01. 
SOD (U/ ml of tissue extract); CAT (µmoles of H2O2 degraded per min per mg 
protein); GSH (mg/g tissue)

Fig. 1. Effect of lead acetate treatment (5 weeks) alone and in 
combination with vitamin C (500 mg/kg b.w) on the LPO lev-
els in liver of rats. The values expressed as mean ± SEM (n=10).  
** p<0.01
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animals exposed to lead alone (Tab. 2). The data demon-
strate that the vitamin c treatment was effective in mobi-
lizing lead from blood and soft tissues. The liver of control 
rat showed normal hexagonadal or pentagonadal lobules 
with central veins and peripheral hepatic triads or tetrads 
embedded in connective tissue. Hepatocytes are arranged 
in trabecules running radially from the central vein and are 
separated by sinusoids containing Kupffer cells. They are 
regular and contain a large spheroidal nucleus (Fig. 2).

The livers of rat exposed to lead acetate for 5 weeks 
revealed disruption of the normal structural organization 
of the hepatic lobules and loss of the characteristic cord-
like arrangement of the normal liver cells. The central and 
portal veins were congested. Many hepatic cells were dam-
aged and lost their characteristic appearance while others 
showed marked cytoplasmic vacuolization. The nuclei of 
these cells were pyknotic. The central vein and sinusoids 
between hepatocytes were dilated. Some leukocyte in-
filtration and fatty deposition were also evident (Fig. 3). 
Animals treated with vitamin c showed that the majority 
of these histopathological changes were diminished. The 
liver restored most of its normal structure (Fig. 4).

Discussion

Lead is a wide spread constituent of earth’s crust (Her-
bert, 1999). It can cause hypertension, developmental 
defects, neurological problems, renal dysfunction, and 
anemia. In recent years dietary vitamins with antioxidant 
property have been receiving considerable attention. It is 
believed that these vitamins can protect tissues against the 
damaging effect of free radicals (Osawa and Kato, 2005). 
The role played by natural compounds in the modulation 
of the toxic effects of lead acetate is little known. The pres-
ent demonstrates the efficacy of vitamin C in treating lead 
acetate toxicity. The present results indicate a significant 
alternation in the peroxidative process following lead ac-
etate exposure. The increase in LPO level and decrease in 
the endogenous antixidant enzymes SOD, CAT, and GSH 
by lead acetate are consistent with earlier reports (Adan-
aylo and Oteiza, 1999; Mohammad et al., 2008). Cellular 
systems are well protected from ROS-induced cell injuries 
by an array of defenses composed of various antioxidants 

Lead exposure caused a significant increase in its levels 
in blood and liver samples compared with samples from 
controls (Tab. 3). Levels of lead in the blood and liver tis-
sue increased significantly in the treatment group that was 
exposed to lead for 5 weeks. However, vitamin C treat-
ment exposed animals, showed a significant (p<0.001) 
decreased in the level of lea blood and liver as compared 

Tab. 2. Protective effect of vitamin C on hepatic biochemical 
parameters in rats

Parameter A B C
ACP 12.54±0.38 37.22±0.76** 24.21±0.76*
ALP 17.91±0.71 48.56±2.10** 33.10±0.69*

Values are expressed as mean±SD for 10 rats in each group. * p<0.05; ** p<0.01. 
ALP (µmoles of p-nitrophenol formed per min per g of tissue; ACP (µmoles of
 p-nitrophenol formed per min per g of tissue)

Tab. 3. Lead concentration in the blood [μg/dL and liver 
(μg/g) of rats]

Group Blood Liver
Control (A) - -

Lead acetate (B) 40.5 ± 2.3*** 2.2 ± 0.20***
Lead acetate+ vitamin C (C) 22.5 ± 1.9*** 1.9 ± 0.30***

The values expressed as mean ± SEM (n=10). *** p<0.001

Fig. 2. Transverse section of the liver of a control rat showing he-
patic cords arranged radially around the central vein and normal 
hepatocytes with centrally located nuclei

Fig. 3. Transverse section of the liver of a rat treated with lead 
acetate showing congestion of central vein, vacuolization, leuco-
cytic infiltration, pyknotic nuclei, and loss of radial arrangement 
of hepatocytes

Fig. 4. Liver section obtained from a rat after treatment with lead 
acetate and vitamin c showing improvement of hepatic tissue
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reductive potency. GSH is an important cellular antioxi-
dant defense system against freee radical overproduction, 
and decreasing its cellular concentration impairs cellular 
defenses against oxidative stress (Dickinson et al., 2003). 
It can act as a non-enzymatic antioxidant by direct inter-
action of the –SH group ROS, or it as a  can be involved 
in the enzymatic detoxification reactions for ROS as a 
cofactor or a coenzyme (Gürer et al., 1998). It possesses 
carboxylic acid groups, an amino group, a-SH group, and 
two peptide linkages as sites for reactions of metals. Lead 
binds exclusively to the –SH group, which decreases the 
GSH levels and can interfere with the antioxidant activity 
of GSH (Bechara, 2004). Liver enzymes such as ACP and 
ALP are marker enzymes for liver function and integrity 
(Adaramoye et al., 2008). These enzymes are usually el-
evated in acute hepatotoxicity or mild hepato-cellular in-
jury, but tend to decrease with prolonged intoxication due 
to liver damage (Cornelius, 1979). In the present study, 
administration of lead acetate  led to a significant rise in 
total ACP, and ALP activities. These results are in accor-
dance with our previous findings (Sharma et al., 2009). 
Administration of lead acetate causes assimilation of fat in 
the liver, leading to increased ACP activity. This may be 
also due to the lysosomal imbalance resulting in the de-
struction of the intact membranes (Abraham and Wilfred, 
2000). ALP has been reported to be the marker enzyme 
for plasma membrane (Wright and Plummer, 1974) and 
is required in certain amounts for proper functioning of 
organs (Brain and Kay, 1927). Increase in the ACP and 
ALP activities indicated the increased permeability, dam-
age, and/or necrosis of cells (Raquel et al., 1997).

We observed that lead exposure produced pronounced 
hepatic histopathology evidenced by histological alter-
nations in liver, including focal necrosis with hepatocyte 
vacuolization and swelling, pyknotic nuclei, and dilation 
of central vein and sinusoids. These findings are in support 
with Shalan et al. (2005). In accordance with the present 
findings, El Sokkary et al. (2005) also showed that liver of 
lead-treated rats revealed remarkable degenerative altera-
tions. Lead hepatotoxicity led to vacuolization of the cells, 
polymorphism of the nuclei, and decrease in glycogen 
content of the hepatocytes (Foulkes, 1996; Pereira et al., 
2001). Antioxidant vitamins are  reported to provide pro-
tection against free radical damage in the body through 
their antioxidant activities (Dakshinamuti and Dakshi-
namuti, 2001). It was found that levels of liver marker 
enzymes (ACP and ALP) were decreased significantly by 
traetment with vitamin C. The observed decrease in these 
enzymes showed that vitamin C preserves the structural 
integrity of the tissues from the toxic effect of lead acetate 
(Adaramoye et al., 2008; Jens and Hanne, 2002). Results 
from the present investigation also revealed that the use of 
vitamin C along with lead acetate can reduce lead accumu-
lation in tissue. Although one of the major drawbacks of 
lead mobilization is its redistribution from bone to other 
critical tissues (Marcus, 1985; Wittmers et al., 1988); we 

with different functions. Whenever the ROS present in 
the cellular system overpower these defense system, they 
cause oxidative stress or cell injury, leading to the develop-
ment of diseases. It has been revealed that  lead toxicity 
leads to free radical damage via two separate pathways: (1) 
the generation of ROS, including hydroperoxides, singlet 
oxygen, and hydrogen peroxide and (2) the direct deple-
tion of antioxidant reserves (Ercal et al., 2001). The cell 
membrane is the main target of the oxidative damage pro-
duced by xenobiotics, including heavy metals (Halliwell 
and Gutteridge, 1989). This is mainly due to changes in 
polyunsaturated fatty acids having double bonds, largely 
present in the phospholipids of membranes (Slater, 1985). 
Lead is known to produce oxidative damage by enhancing 
peroxidation of membrane lipids, and LPO is a deleteri-
ous process carried out solely by free radicals. In fact, LPO 
is an outcome of the chain of events involving initiation, 
propagation, and termination reactions (Halliwell, 1996). 
Unchecked peroxidative decomposition of membrane 
lipids is catastrophic for living systems.  The lipid perox-
ides produced are degraded into a variety of products, in-
cluding alkanals, hydroxyl alkanals, ketones, and alkenes 
(Halliwell and Gutteridge, 1989). All these products in-
activate cell constituents by oxidation or cause oxidative 
stress by undergoing radical chain reactions ultimately 
leading to loss of membrane integrity. LPO can also ad-
versely affect the function of membrane-bound proteins, 
such as enzymes and receptors. Several studies have fo-
cused on the possible toxic effects of lead on membrane 
components and identified a correlation between these 
effects and lead-induced oxidative damage. Yiin and Lin 
(1995) demonstrated a marked enhancement in MDA 
concentration following incubation of linoic, linolenic, 
and arachidonic acd with lead. According to Caylak et al. 
(2007), lead might have a direct peroxidative activity or 
act indirectly by providing conditions suitable for LPO. 
Direct peroxidative activity of lead may be associted with 
ROS generation, such as H2O2, atomic opxygen, and hy-
droxyl radicals (Ding et al., 2000). Usually, the deleteri-
ous effects of oxidative stress are counteracted by endog-
enous antioxidant enzymes, mainly SOD, CAT, and GSH 
(Winterbourn, 1993). In the present study, the activities 
of SOS, CAT, and GSH antioxidants were reduced by lead 
acetate, thus exposing the tissues  to peroxidative damage. 
CAT and SOD are metalloproteins accomplishing their 
antioxidant functions by enzymatically detoxifying perox-
ides (-OOH), H2O2 and O2

-. These antioxidant enzymes 
depend on various essential trace elements and prosthetic 
groups for proper molecular structure and enzymatic ac-
tivity. The pathogenesis of lead toxicity is multifactorial, as 
lead directly interrupts enzyme activation, competitively 
inhibits trace mineral absorption, and binds to sulfhydryl 
proteins (interrupting structural protein synthesis) (Slater, 
1985). New findings revealed that GSH depletion is an-
other important mechanism of lead toxicity. GSH is a tri-
peptide-containing cysteine with a reactive-SH group and 
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did not observe an increase in the levels of lead in blood 
and liver tissues after Vitamin C treatment when they were 
compared with their respective positive controls. This sug-
gests that vitamin C can affect lead toxicokinetics in rats 
in a useful way. The high concentration of lead in blood 
and liver tissues has been associated with oxidative stress, 
which might be responsible, at least in part, for lead’s toxic 
effects. vitamin C produced protective effects on histo-
logical structure of the liver against lead toxicity. When vi-
tamin C was administered with lead, the liver retained its 
normal architecture and was also able to diminish fibrosis, 
congestion, and hepatocyte vacuolation. These results are 
in accordance with Shalan et al. (2005) to some extent. 

Conclusions

The present study showed that vitamin C treatment 
partly mitigates lead acetate-induced changes in hepato-
chemical parameters. This could be due to its antioxidant 
nature, which combines free radical

Scavenging with metal chelating properties. The heal-
ing effect of vitamin C was also confirmed by histological 
observations, which suggest that the vitamin C was effec-
tive in bringing about functional improvement of hepato-
cytes. Vitamin C can be given as a dietary supplement to 
human populations exposed to environmental toxicants 
and can provide protection against toxic effects. More-
over, efforts are needed for the choice of appropriate dose, 
duration of treatment, and possible side-effects on major 
organs.
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