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 
Abstract—In this investigation, we have evaluated the effects of 

arsenic trioxide on hepatic function in pregnant and lactating Swiss 
albino mice and their suckling pups. Experiments were carried out on 
female mice given 175 ppm As2O3 in their drinking water from the 
14th day of pregnancy until day 14 after delivery. Our results showed 
a significant decrease in plasma levels of total protein and albumin, 
cholesterol and triglyceride in As2O3 treated mice and their pups. The 
hyperbilirubinemia and the increased plasma total alkaline 
phosphatase activity suggested the presence of cholestasis. 
Transaminase activities as well as lactate deshydrogenase activity in 
plasma, known as biomarkers of hepatocellular injury, were elevated 
indicating hepatic cells’ damage after treatment with As2O3. 
Exposure to arsenic led to an increase of liver thiobarbituric acid 
reactive substances level along with a concomitant decrease in the 
activities of superoxide dismutase, catalase and glutathione 
peroxidase and in glutathione. 
 

Keywords—Antioxidant status, arsenic trioxide, hepatotoxicity, 
mice, oxidative stress. 

I. INTRODUCTION 

RSENIC (As) is ubiquitous in the earth’s crust and 
biosphere. It is widely distributed in nature and released 

into the environment through industrial processes and 
agricultural usage. Human may be exposed to inorganic 
arsenic via ingestion through drinking water as a major route, 
or via inhalation and skin absorption as a minor route. Besides 
the natural sources of arsenic contamination in drinking water, 
use of arsenic-contaminating herbicides, insecticides, 
rodenticides, preservatives and by products of fossil fuels are 
also the potential sources of toxicity [1].  

A chronic exposure through contaminated drinking water 
became an increasing global problem of public health concern 
[2]. Epidemiological studies have shown that inorganic arsenic 
exposure may lead to cancer of the liver, kidney, bladder, 
prostate, skin, lung, colon and nasal cavity [2]. Other clinical 
manifestations include blackfoot disease [3], ischemic heart 
disease, hypertension [4], diabetes mellitus [4] and 
atherosclerosis [5].  

It has been recognized that arsenic exerts its toxic effects 
through several mechanisms, the most significant of which is 
the reversible reaction with sulfhydryl group’s especially 
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vicinal dithiols. The binding of arsenic to thiol containing 
amino acid residues in proteins has provided a mechanistic 
framework for envisioning interactions between proteins and 
arsenicals and for understanding the inhibition of the activities 
of enzymes by arsenical. In fact, AsIII is the main form of 
arsenic interacting with sulfhydyl groups that exists in the 
cells, and forms strong complexes with thiols, causing 
inhibition of many enzymes such as dihydrolipoate, 
dehydrooxygenase, pyruvate dehydrogenase, monoamine 
oxidase, succinate oxidase and DNA polymerase [6].  

Liver and kidneys are the primary target organs for toxic 
effects of arsenic as evidenced by clinical manifestations and 
biochemical alterations. Arsenic is known to produce damage 
in both liver and kidney tissues by enhancing peroxidation of 
membrane lipids [7], which is a fatal process exclusively 
carried out by free radicals [8].  

Moreover, there exist concerns about the potential 
teratogenicity and developmental toxicity of inorganic arsenic. 
Both inorganic and organic arsenic species cross the placenta 
in human [9] and rodents [10]. After in utero exposure to 
inorganic arsenic (As5+ and As3+), it was reported 
malformations, particularly neural tube defects, in hamsters 
[11], mice [12] and rats [13].  

On the other hand, arsenic is a transplacental carcinogen in 
mice. It was shown after in utero exposure that arsenic 
induced tumor in the liver, adrenal, lung, and ovary of C3H 
mice [14]. More recent studies using CD1 mice showed that 
transplacental arsenic induced urogenital system tumours, 
mostly begnin tumours of the ovary and uterus, and adrenal 
adenoma. When combined with diethylstilbestrol malignant 
urogenital tumours appeared [15]. 

Moreover early life exposure to high levels of arsenic in 
drinking water has been associated with arteriosclerosis and 
myocardial infarction in one year old infants living in the 
Antofagasta region of Chile [16].  

Numerous studies concerning abnormal function of liver 
after acute [17] and chronic arsenic toxicity have been carried 
out on humans and adult rats [13], but reports remain scarce 
for adult mice and appear to be lacking for suckling mice.  

In an effort to better our understanding of the mechanism of 
As2O3 liver toxicity, the present study was designed to 
investigate the effects of As2O3 on liver metabolism changes 
in adult mice and their pups during the suckling period.  

II. MATERIALS AND METHODS 

A. Chemicals 

As2O3 was obtained from Merck (Darmstadt, Germany). All 
other chemicals were of analytical grade and were purchased 
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from standard commercial suppliers. 

B. Animals and Treatments 

All Experiments, performed on female Swiss albino mice 
and weighing about 40 g were purchased from SIPHAT 
(Tunisia). After a one-week adaptation period in a room with 
controlled temperature (22±2◦C) and lighting (12 h-light/12 h 
dark), female mice were mated with males. A sperm-positive 
vaginal smear was taken to indicate the first day of pregnancy. 
They were housed individually in polycarbonate cages and 
were provided daily with standard pellet diet (SICO, Tunisia) 
and water ad libitum. Twelve pregnant female mice were 
randomly divided into two groups of six each: group I served 
as controls and group II received daily 175 ppm of As2O3 
(equivalent to 54 mg/kg bw) through the drinking water from 
the 14th day of pregnancy until day 14 after delivery. The 
arsenic dose used in our experiment represented 1/4 of oral 
LD50 in mice [18]. Before starting the treatment we have 
tested different doses of arsenic. No toxic effects and no 
oxidative stress were observed in pups whose mothers were 
treated by 100 ppm of Arsenic (1/7 of LD50). From 175 ppm 
of As2O3, a moderate oxidative stress was mentioned. At a 
dose 200 ppm (2/7 of LD50) abortion, general depression, 
abdominal constriction and lethal effect were observed. The 
day of parturition was considered as day 0 of lactation and 
pups born were counted, their sex and weight were recorded 
and each litter was reduced to eight pups (4 males and 4 
females if possible) as it has been shown that this procedure 
maximized lactation performance [19]. Daily As2O3 intake by 
lactating mice was determined after measuring drinking water 
consumption. So each lactating mouse, treated with As2O3, 
ingested daily 1.63 ± 0.13 mg of As2O3. All animals were 
observed for signs of treatment-related effects. The 
experimental procedures were carried out according to the 
general guidelines on the use of living animals in scientific 
investigations and approved by the Ethical Committee of our 
country.  

On postnatal day 14, 12 dams and 96 pups were sacrificed 
after anesthesia with chloral hydrate. Blood samples were 
collected into heparined tubes by aortic puncture in dams and 
brachial artery in pups. Plasma samples were drawn from 
blood after centrifugation at 2200 g and kept at -80°C until 
biochemical determinations.  

Livers were removed and cleaned. Some portions in the 
median part of each liver were collected, weighed and washed 
in saline solution, homogenized (10% w/v) in phosphate 
buffer (pH 7.4) and centrifuged at 8000 g for 20 min at 4°C.  

C. Biochemical Assays 

Plasma levels of total protein and albumin were determined 
by colorimetric method using commercial kits (Diasys, 
Germany, ref: FS 12311021 and FS 10220021 respectively). 
Glycemia was assayed with a commercial kit (Biomaghreb, 
Tunisia, ref: 20121) and determined by enzymatic colorimetric 
method using glucose oxidase enzyme.  

Plasma cholesterol and triglyceride levels and total ALP 
were determined by the enzymatic colorimetric methods using 

kits from Elitech diagnostics, France (Ref: CHSL 4900 and 
TGML 0425, PASL-0500 respectively). Direct bilirubin level 
in plasma was evaluated by colorimetric method using kit 
from Biomerieux, France (Ref: 61037).  

Plasma LDH, AST and ALT activities were assayed 
spectrophotometrically according to the standard procedures 
using commercially available diagnostic kits (Biomaghreb, 
Ariana, Tunisia. Ref, 20012; 20043; 20047), respectively. 

The concentration of MDA in tissues, an index of lipid 
peroxidation, was determined spectrophotometrically 
according to [20]. An aliquot of 0.5 ml of liver extract 
supernatant was mixed with 1 ml of trichloroacetic acid 
solution and centrifuged at 2500 g for 10 min. One milliliter of 
a solution containing 0.67 % thiobarbituric acid (TBA) and 0.5 
ml of supernatant were incubated for 15 min at 90◦C and 
cooled. Absorbance of TBA-MDA complex was determined at 
532 nm using a spectrophotometer. Lipid peroxidation was 
expressed as nmol of thiobarbituric acid reactive substances 
(TBARS), using 1,1,3,3-tetra-ethoxypropane as standard. 

SOD activity was estimated according to [21]. The reaction 
mixture contained 50 mM of tissue homogenates in potassium 
phosphate buffer (PH 7.8), 0.1 mM EDTA, 13 mM L-
methionine, 2 µM riboflavin and 75 mM Nitro-Blue-
Tetrazolium (NBT). The developed blue colour in the reaction 
was measured at 560 nm. Units of SOD activity were 
expressed, as the amount of enzyme required to inhibit the 
reduction of NBT by 50% and the activity was expessed as 
units/mg of protein. 

CAT activity was assayed by the method of [22]. Enzymatic 
reaction was initiated by adding an aliquot of 20 µl of the 
homogenized tissue and the substrate (H2O2) to a 
concentration of 0.5 M in a medium containing 100 mM 
phosphate buffer (pH 7.4). Changes in absorbance were 
recorded at 240 nm. CAT activity was calculated in terms of 
µmole H2O2 consumed/min/mg of protein. 

GPx activity was measured according to [23]. The enzyme 
activity was expressed as nmol of GSH oxidized/min/mg 
protein. 

GSH in the liver was determined by the method of Ellman 
[24] modified by [25] The method is based on the 
development of a yellow colour when DTNB (5,5-dithiobtis-2 
nitro-benzoic acid) was added to compounds containing 
sulfhydryl groups. 500 µL of tissue homogenate in phosphate 
buffer were added to 3 ml of 4% sulfosalicylic acid. The 
mixture was centrifuged at 1600 g for 15 min. Five hundred 
microliters of supernatants were taken and added to Ellman’s 
reagent. The absorbance was measured at 412 nm after 10 
min. Total GSH content was expressed as mg/mg of protein in 
the liver. 

D. Statistical Analysis 

Results were expressed as arithmetical mean ± SD. 
Statistical significance among groups was determined by using 
Student’s-t-test. p<0.05 was considered as significant. 

III. RESULTS 

Exposure mothers to 175 ppm As2O3 reduced glycemia in 
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dams and in their suckling pups (Table I). Compared to the 
controls, the As2O3-treated mothers and their pups had a 
significant decrease in plasma levels of total protein and of 
albumin. Compared to the controls, plasma levels of 
cholesterol and triglyceride in As2O3-treated dams decreased 
in mothers and in their pups (Table I). 

 
TABLE I 

PLASMA LEVELS OF GLUCOSE, PROTEIN, ALBUMIN AND LIPID PARAMETERS 

IN ADULT MICE AND THEIR PUPS, CONTROLS AND AS2O3 TREATED, FROM THE 

14TH DAY OF PREGNANCY UNTIL DAY 14 AFTER DELIVERY 
Plasma parameters and 

treatment 
Mothers 

Offspring 

Glucose (mg/dL) 
Controls 125.21 ± 18.64 112.66 ± 17.29 

As2O3 group 67.91 ± 5.19 *** 74.01 ± 5.63 ** 

Total protein (g/dL)   

Controls 6.46 ± 0.68 18.42 ± 1.71 
As2O3 group 4.48 ± 0.33 *** 13.59 ± 1.15 *** 

Albumin (g/dL)   
Controls 2.898 ± 0.217 2.779 ± 0.222 

As2O3 group 2.348 ± 0.102 ** 2.214 ± 0.104 ** 

Cholesterol (mg/dL)   
Controls 126.65 ± 6.34 216.99 ± 9.28 

As2O3 group 107.23 ± 9.31 *** 179.06 ± 9.55 ** 

Triglyceride (mg/dL) 
Controls 95.28 ± 5.82 230.77 ± 16.78 

 As2O3 group 40.20 ± 5.39 *** 107.39 ± 15.95 *** 

Values represent means ± SD (n = 6 for each group). 
As2O3 vs. controls. ** p<0.01 ; *** p <0.001. 
 
While, activities of AST, ALT and LDH in plasma 

increased significantly in As2O3-treated dams and in their pups 
as compared to those of controls (Table II).  

Table II showed also direct bilirubin level and ALP activity 
which was increased in mothers and in their suckling pups 
when compared to those of control group. 

 As2O3 (175 ppm) administered to mothers by their drinking 
water from the 14th day of pregnancy until day 14 of 
parturition, provoked a significant increase of MDA levels in 
liver of dams and of their offspring (Table III). 

In As2O3 group, GSH level in liver homogenates were 
decreased in mothers and in their offspring (Table III).  

As2O3 treatment led to a significant decrease in SOD, CAT 
and GPx activities in dams and in their pups (Table III). 

IV. DISCUSSION 

High levels of arsenic impair gestational development as 
reported by epidemiological studies. Both inorganic and 
organic species cross the placenta in humans [9] and rodents 
[10]. Thus, in utero arsenic exposure may play an important 
role in the environmental arsenic induced disease.  

In the present study, we have focused our attention on 
As2O3 potential causing alterations in liver function of adult 
mice and their pups during the suckling period for two main 
reasons. First, the developmental effects of exposure to 
relevant levels of As have scarcely been examined [26], most 
experimental studies of reproductive and developmental 
toxicity used high doses of As and examined obvious 

endpoints, such as mortality or major malformations. Second, 
in the perinatal period the fetus is vulnerable to changes 
caused by chemical compounds.  

 
TABLE II 

PLASMA AST, ALT AND LDH ACTIVITIES, BILIRUBIN AND ALP LEVELS IN 

ADULT MICE AND THEIR PUPS, CONTROLS AND AS2O3 TREATED, FROM  
THE 14TH DAY OF PREGNANCY UNTIL DAY 14 AFTER DELIVERY 

Plasma parameters and 
treatment 

Mothers  
Offspring 

AST (IU/L)   

Controls 161.59 ± 13.6 154.81 ± 8.25 

As2O3 group 350.11 ± 15.33 *** 232.82 ± 29.79 *** 

ALT (IU/L)   

Controls 30.28 ± 2.33 17.51 ± 2.37 

As2O3 group 79.03 ± 4.84 *** 41.45 ± 3.93 *** 

LDH (IU/L)   

Controls 102.01 ± 8.75 88.09 ± 14.59 

As2O3 group 150.28 ± 16.97 *** 164.07 ± 19.22 *** 

Direct bilirubin (mg/dL)   

Controls  0.623 ± 0.07 0.558 ± 0.057 

 As2O3 group 0.853 ± 0.02 *** 0.828 ± 0.031*** 

ALP (IU/L)   
Controls 304.01 ± 13.82 912.01 ± 112.66 

As2O3 group 541.91 ± 83.22 *** 1303.91 ± 105.49 *** 

Values represent means ± SD (n = 6 for each group). 
As2O3 treated vs controls: ***p<0.001. 

 
TABLE III 

LIVER MDA AND GSH LEVELS AND SOD, CAT AND GPX ACTIVITIES IN 

ADULT MICE AND THEIR PUPS, CONTROLS AND AS2O3 TREATED, FROM  
THE 14TH DAY OF PREGNANCY UNTIL DAY 14 AFTER DELIVERY 

Liver parameters and treatment Mothers Offspring 

MDA a   

Controls 6.68 ± 1.46 13.59 ± 1.15 

As2O3 group 13.11 ± 1.69 *** 18.42 ± 1.71 *** 

GSH b   

Controls 87.08 ± 1.86 105.93 ± 4.62 

As2O3 group 66.59 ± 7.77 *** 90.19 ± 0.52 *** 

SOD c   

Controls 162,02 ± 2.45 120,51 ± 2.88 

As2O3 group 63,62 ± 3.56 *** 55,11 ± 1.23 *** 

CAT d   

Controls 44,25 ± 2.12 15,71 ± 1.98 

As2O3 group 6,45 ± 1.09 *** 9,3 ± 2.02 ** 

GPx e   

Controls 7,84 ± 0.45 21,175 ± 1.63 

As2O3 group 5,8 ± 0.21*** 10,983 ± 0.67 *** 

Values represent means ± SD (n = 6 for each group). 
As2O3 treated vs controls: ** p<0.01; ***p<0.001. 
aMDA= nmoles/g tissue 
bGSH = μg/g tissue 
cSOD = (U/mg protein)  
dCAT = (μmoles H2O2 degraded/min/mg protein)  
eGPx = (nmoles of GSH/min/mg protein)  

 
As a very active site of metabolism and an organ of vital 

importance, the liver is especially sensitive to arsenic 
intoxication [27]. The current study examined As-induced 
changes of some biochemical parameters. However a 
significant decrease of total protein as well as of albumin 
levels in plasma was recorded. These results were in 
agreement with other finding in adult rats [28]. The decrease 
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in the protein concentration of As-treated mice might be due 
to changes in protein synthesis and/or metabolism [29]. The 
present investigation revealed also a marked decrease in blood 
glucose levels of mice. The marked decrease in blood glucose 
level after arsenic exposure may result from glycosuria caused 
by impairment of renal tubular reabsorption of glucose [30]. 
This finding is further supported by the same authors who 
reported that 24 h urinary excretion of glucose was increased 
markedly after arsenic intoxication [31]. The basic mechanism 
of trivalent arsenical toxicity lies in the fact that arsenite has a 
high affinity for sulfhydryl groups and reacts most avidly with 
vicinal mechanism thiols to hydroxyls. Consequently, it was 
suggested that the molecular mechanism of arsenic toxicity 
probably lies with the ability of arsenite to bind protein thiols 
[32]. 

By the virtue of this ability arsenite inhibits puruvate and α-
ketoglutarate dehydrogenases and consequently depression of 
citric acid cycle and generation of NADH, NADPH and 
energy rich phosphates [33].  

 The information available about the effects of As2O3 on 
biochemical parameters, particularly on lipid metabolism is 
scanty. Indeed, As2O3 treatment causes changes in lipid 
profile; cholesterol and triglycerides decreased, suggesting 
that the abnormal activities of lipase enzymes seem to be one 
of the chief factors responsible for changes of lipid profile 
status.  

Liver is the target organ of As toxicity, and the leakage of 
hepatic enzymes such as ALT and AST are commonly used as 
an indirect biochemical index of hepatocellular damage [27]. 
Transaminases (AST and ALT) are the most sensitive 
biomarkers directly implicated in the extent of cellular damage 
and toxicity because they are cytoplasmic in location and are 
released into the circulation after cellular damage [34]. In the 
present study, the activities of AST and ALT significantly 
increased in plasma of As2O3-treated mothers in and their 
pups. Thus might be due to the leakage of these enzymes from 
the liver cytosol into the blood stream and/or liver dysfunction 
and disturbance in the biosynthesis of these enzymes with 
alteration in the permeability of liver membrane resulting from 
hepatocyte membrane damage.  

Another biochemical marker employed in this study to 
evaluate liver function is LDH activity, one of the key 
enzymes of glucose metabolism, in the liver of mice. LDH is 
an enzyme present in all human cells catalyzing the pH 
dependent interconversion of lactate into pyruvate. Changes in 
the serum LDH pattern have been employed for the detection 
of physiological changes. LDH levels in the As2O3-treated 
group increased in plasma. It may be attributed to a 
generalized increase in membrane permeability.  

In addition, hepatotoxicity is evidenced in the present study 
by an increase of direct bilirubin level and ALP activities in 
the plasma of arsenic exposed mice. Our results were in 
agreement with previous findings of [35] who suggest that the 
increase in serum bilirubin is a clear marker of hepatic 
dysfunction. The increase in plasma bilirubin may also result 
from a decreased liver uptake, conjugation or an increased 
bilirubin production from hemolysis [36]. The increased level 

of bilirubin conjugates in plasma is indicative of an impaired 
hepatic clearance of conjugated bilirubin. It is also possible 
that the increase in bilirubin, a heme degradation product, 
could be explained by the induction of heme oxygenase (HO), 
the rate-limiting enzyme of heme catabolism, since it has been 
reported that arsenic induces HO activity in rodents associated 
with marked elevations in the biliary excretion of bilirubin 
[37]. The increase in serum ALP activity observed in As-
exposed mice, compared with the control group, supported the 
idea that cholestasic injury was present in these animals. Our 
results were similar to those of [38] who have shown, in 
humans chronically exposed to arsenic via drinking water, 
predominantly conjugated hyperbilirubinemia and increased 
serum ALP activity, suggesting the presence of cholestasis. 

Besides a number of mechanisms that have been proposed, 
oxidative stress is a relatively new theory for arsenic-induced 
toxic effects [39]. The measurement of lipid peroxidation by-
products and the status of antioxidant enzymes like SOD, 
CAT and GPx are appropriate indirect ways to assess the 
prooxidant-antioxidant status in the tissues and the estimation 
of MDA, a by-product of lipid peroxidation, continues to be a 
reliable method to assess the degree of peroxidative damage to 
cell membrane. In the present investigation, lipid peroxidation 
was enhanced, while levels of GSH and activities of SOD, 
CAT and GPx were significantly decreased in the liver of 
adult mice and their pups after treatment with arsenic. Recent 
studies have clearly demonstrated that arsenic compounds 
during their metabolism in cells generate reactive oxygen 
species like superoxide anion, hydroxyl radical and hydrogen 
peroxide leading to oxidative stress [40]. Enhanced production 
of free radicals and inhibition of antioxidant enzymes have 
been suggested as possible mechanisms to explain arsenic 
induced oxidative damage [40].  

Inorganic arsenic increases the rate of active oxygen species 
formation, including superoxide anion radicals, hydroxyl 
radical through a chain reaction [41]. The mechanism of 
arsenic toxicity to individual cell type has historically centered 
around the inhibitory effects on cellular respiration at the level 
of mitochondria. Disruption of oxidative phosphorylation and 
concomitant decrease in the cellular levels of ATP are thought 
to be the important central events of arsenic-induced toxicity 
evoking increased production of hydrogen peroxide. These 
effects could cause formation of reactive oxygen species 
resulting in oxidative stress.  

A remarkable decrease in the levels of GSH has been 
observed in liver of arsenic exposed dams and their pups. 
Thiols are thought to play a crucial role in protecting cells 
against reactive oxygen species. Trivalent arsenicals react in 
vitro with thiol containing molecules such as GSH, cysteine or 
hemoglobin forming As-SH complex or (GS)3 AsIII and this 
property is considered to be the mechanism by which arsenic 
exerts its toxic effects [42]. Our results were in accordance 
with previous studies of Maiti and Chatterjee who have found 
after acute administration of arsenic to rats, a significant 
reduction in hepatic GSH level [43].  

GSH depletion resulted in the accumulation of free radicals 
that initiated lipid peroxidation resulting in biochemical 



International Journal of Biological, Life and Agricultural Sciences

ISSN: 2415-6612

Vol:9, No:3, 2015

254

 

 

damage by covalent binding to macromolecules. Arsenic-
generated ROS also attack SH groups leading to their 
oxidation, thus damaging proteins and enzymes requiring SH 
groups [44]. Antioxidant enzymes are considered to be the 
primary defense that prevents biological macromolecules from 
oxidative damage. SOD, catalase and GPx are the most 
important enzymes against toxic effects of oxygen metabolism 
[45].  

SOD accelerates the dismutation of superoxide (O2
−) to 

H2O2, which can be considered as a primary defense and it 
prevents further generation of free radicals. The decrease in 
the levels of SOD activity in arsenic treated rats could be due 
to the accumulation of superoxide anion radical during arsenic 
metabolism [41]. Catalase catalyzes the removal of H2O2 
formed during the reaction catalyzed by SOD. A decrease in 
the activity of SOD could be attributed to an enhanced 
superoxide production during arsenic metabolism. The 
superoxide radical also inhibits the activity of catalase [46].  

In the present study a decrease of catalase activity in arsenic 
treated mice may be explained by the insufficient supply of 
NADPH, which is required for the activation of catalase for its 
regeneration from its inactive form [47]. Therefore, it is 
possible that paucity of NADPH production during arsenic 
exposure could decrease the catalase activity. The decline of 
this enzyme, in arsenic exposed mice, may be the causal for 
the increased accretion of hydrogen peroxide thereby leading 
to the increased LPO. GPx reduces lipid hydroperoxides into 
lipid alcohols in the presence of GSH. The decreased level of 
GSH and the enhanced level of lipid peroxidation may cause a 
depletion of GPx activity during arsenic exposure. Moreover, 
a decrease in the activity of GPx may be due to a decrease of 
selenium which acts as a co-factor of this enzyme [48].  

V. CONCLUSION  

Large Overall, data indicate, that a high concentration of 
As2O3 in drinking water, ingested by pregnant and lactating 
mice, induced an oxidative stress in hepatic tissue of both 
dams and their suckling pups, leading to lipid peroxidation. 
Balance between oxidative and antioxidant systems was 
disturbed in As2O3-treated mice. High As2O3 intake by 
lactating mice appeared to have pronounced toxic effects in 
their suckling pups. These evidences, presented in our 
experimental data, show for the first time the occurrence of 
hepatotoxicity after exposure mice to As2O3 during pregnant 
and lactating periods, make clear the need for attention of 
pregnant women exposed to As2O3.  

ACKNOWLEDGMENTS 

This work was supported by the ministry of higher 
education and scientific research in Tunisia (UR/11 ES70). 

REFERENCES  
[1] R. Gupta, G.M. Kannan, M. Sharma, and S.J.S. Flora, “Therapeutic 

effects of Moringa oleifera on arsenic-induced toxicity in rats.” 
Environmental Toxicology and Pharmacology, vol. 20, pp. 456-464, 
2005.  

[2] Y. Jin, G. Sun, X. Li, G. Li, C. Lu, and L. Qu, “Study on the toxic 
effects induced by different arsenicals in primary cultured rat astroglia.” 
Toxicology and Applied Pharmacology, vol. 196, pp. 396–403, 2004. 

[3] C.H. Tseng, C.K. Chong, C.J. Chen, and T.Y. Tai, “Dose-response 
relationship between peripheral vascular disease and ingested inorganic 
arsenic among residents in Blackfoot disease endemic villages in 
Taiwan.” Atherosclerosis, vol. 120, pp. 125–133, 1996. 

[4] C.J. Chen, Y.M. Hsueh, M.S. Lai, M.P. Shyu, S.Y. Chen, M.M. Wu, 
T.L. Kuo, and T.Y. Tai, “Increased prevalence of hypertension and long 
term arsenic exposure.” Hypertension, vol. 25, pp. 53–60, 1995. 

[5] P.P. Simeonova, and M.I. Luster, “Arsenic and atherosclerosis.” 
Toxicology and Applied Pharmacology, vol. 198, pp. 444–449, 2004. 

[6] R. Iffland, D. Seiler, G. Hans, A. Siegel, and H. Siegal, “Handbook on 
metals in clinical and analytical chemistry.” New York: Marcel Dekkar, 
Inc, 1994, pp. 237–253. 

[7] Z. Li, F. Piao, S. Liu, Y. Wang, and S. Qu, “Subchronic exposure to 
arsenic trioxideinduced oxidative DNA damage in kidney tissue of 
mice.” Experimental and Toxicologic Pathology, vol. 62, pp. 543–547, 
2010.  

[8] G.K. Harris, and X. Shi, “Signalling by carcinogenic metals and metal-
induced reactive oxygen species.” Mutation Research, vol. 533, pp. 183–
200, 2003. 

[9] G. Concha, G. Vogler, D. Lezcano, B. Nermell, and M. Vahter, 
“Exposure to inorganic arsenic metabolites during early human 
development.” Toxicology Sciences, vol. 44, pp. 185–90, 1998. 

[10] V. Devesa, B.M. Adair, J. Liu, M.P. Waalkes, B.A. Diwan, M. Styblo, 
and D.J. Thomas, “Arsenicals in maternal and foetal mouse tissues after 
gestational exposure to arsenite.” Toxicology, vol. 224, pp. 147–55, 
2006. 

[11] V.H. Ferm, and S.J. Carpenter, “Malformations induced by sodium 
arsenate.” Journal of Reproduction and Fertility, vol. 17, pp. 199-201, 
1967. 

[12] R.D. Hood, “Effects of sodium arsenite on foetal development.” 
Environmental Contamination and Toxicology, vol. 7, pp. 216-222, 
1972. 

[13] A.R. Beaudoin, “Teratogenicity of sodium arsenate in rats.” Teratology, 
vol. 10, pp. 153-158, 1974. 

[14] M.P. Waalkes, J.M. Ward, J. Liu, and B.A. Diwan, “Transplacental 
carcinogenicity of inorganic arsenic in the drinking water: induction of 
hepatic, ovarian, pulmonary, and adrenal tumors in mice.” Toxicol Appl 
Pharmacol, vol. 186, pp. 7–17, 2003. 

[15] M.P. Waalkes, J. Liu, J.M. Ward, D.A. Powell, and B.A. Diwan, 
“Urogenital carcinogenesis in female CD1 mice induced by in utero 
arsenic exposure is exacerbated by postnatal diethylstilbestrol 
treatment.” Cancer Research, vol. 66, pp. 1337–1345, 2006. 

[16] A.H. Smith, G. Marshall, Y. Yuan, C. Ferreccio, J. Liaw, E.O. von, C. 
Steinmaus, M.N. Bates, and S. Selvin, “Increased mortality from lung 
cancer and bronchiectasis in young adults after exposure to arsenic in 
utero and in early childhood.” Environmental Health Perspectives, vol. 
114, pp. 1293–1296, 2006. 

[17] G. Tournel, V. Gnemmi, and V. Hédouin, “Acute arsenic poisoning: 
clinical, toxicological, histopathological, and forensic features.” Journal 
of Forensic Sciences, vol. 56, pp. 275–279, 2011. 

[18] J.W.E. Harrison, E.W. Packman, and D.D. Abbott, “Acute oral toxicity 
and chemical and physical properties of arsenic trioxides.” American 
Medical Association Archives of Industrial Health, vol. 17, pp. 118-123, 
1958.  

[19] K.L. Fishbeck, and K.M. Rasmussen, “Effects of repeated cycles on 
maternal nutritional status, lactational performance and litter growth in 
ad libitum-fed and chronically food-restricted rats.” The Journal of 
Nutrition, vol. 117, pp. 1967–1975, 1987. 

[20] H.H. Draper, and M. Hadley, “Malondialdehyde determination as index 
of lipid peroxidation.” Methods in Enzymology, vol. 86, pp. 421-431, 
1990. 

[21] C. Beauchamp, and I. Fridovich, “Superoxide dismutase: improved 
assays and an assay applicable to acrylamide gel.” Analytical 
Biochemistry, vol. 44, pp. 276–287, 1971. 

[22] H. Aebi, “Catalase in vitro.” Methods in Enzymology, vol. 105, pp. 121-
126, 1984. 

[23] L. Flohe, and W.A. Gunzler, “Assays of glutathione peroxidase.” 
Method Enzymol, vol. 105, pp. 114-121, 1984. 

[24] G.L. Ellman, “Tissue sulfhydryl groups.” Archives of Biochemistry and 
Biophysics, vol. 82, pp. 70-77, 1959. 

[25] D.J. Jollow, J.R. Mitchell, N. Zampaglione, and J.R. Gillette, 
“Bromobenzene-induced liver necrosis. Protective role of glutathione 



International Journal of Biological, Life and Agricultural Sciences

ISSN: 2415-6612

Vol:9, No:3, 2015

255

 

 

and evidence for 3,4-bromobenzene oxide as the hepatotoxic 
metabolite.” Pharmacology, vol. 11, pp. 151-169, 1974. 

[26] C. Watanabe, T. Inaoka, T. Mastui, K. Ishigaki, N. Murayama, and R. 
Ohtsuka. Effects of arsenic on younger generations. Journal of 
Environmental Science and Health, vol. 38, pp. 129-139, 2003. 

[27] D.N. Guha Mazumder, “Effect of chronic intake of arsenic contaminated 
water on liver.” Toxicology and Applied Pharmacology, vol. 206, pp. 
169–175, 2005. 

[28] M. Messarah, F. Klibet, A. Boumendjel, C. Abdennour, N. Bouzerna, 
M.S. Boulakoud, and A. El Feki, “Hepatoprotective role and antioxidant 
capacity of selenium on arsenic-induced liver injury in rats.” 
Experimental and Toxicologic Pathology, vol. 64(3):pp. 167-74, 2012. 

[29] N.J. Chinoy, and M.R. Memon, “Beneficial effects of some vitamins and 
calcium on fluoride and aluminium toxicity on gastrocnemius muscle 
and liver of male mice.” Fluoride, vol. 34, pp. 21–33, 2001. 

[30] S. Pal, and A.K. Chatterjee, Protective effect of N-acetylcysteine against 
arsenic-induced depletion in vivo of carbohydrate.” Drug and Chemical 
Toxicology, vol. 27, pp. 179–189, 2004. 

[31] S. Pal, and A.K. Chatterjee, “Prospective protective role of melatonine 
against arsenic-induced metabolic toxicity in Wistar rats.” Toxicology, 
vol. 208, pp. 25-33, 2005. 

[32] Y. Hu, L. Su, and E.T. Snow, “Arsenic toxicity is enzyme specific and 
its effects on ligation are not caused by the direct inhibition of DNA 
repair enzymes.” Mutation Research, vol. 408, pp. 203–218, 1998. 

[33] E. Lenartowicz, “A complex effect of arsenite on the formation of alpha-
ketoglutarate in rat liver mitochondria.” Archives of Biochemistry and 
Biophysics, vol. 283, pp. 388–396, 1990. 

[34] A.K. Patlolla, C. Barnes, C. Yedjou, V.R. Velma, and P.B. Tchounwou, 
“Oxidative stress, DNA damage, and antioxidant enzyme activity 
induced by hexavalent chromium in sprague-dawley rats.” 
Environmental Toxicology, vol. 24, pp. 66-73, 2009. 

[35] F.M. El-Demerdash, M.I. Yousef, and F.A. Elaswad, “Biochemical 
study on the protective role of folic acid in rabbits treated with 
chromium (VI).” Journal of Environmental Science and Health, Part B, 
vol. 41, pp. 731–746, 2006. 

[36] C.L. Gaskill, L.M. Miller, J.S. Mattoon, W.E. Hoffmann, S.A. Burton, 
H.C.J. Gelens, S.L. Ihle, J.B. Miller, D.H. Shaw, and A.E. Cribb, “Liver 
histopathology and liver serum alanine aminotransferase and alkaline 
phosphatase activities in epileptic dogs receiving Phenobarbital.” 
Veterinary Pathology, vol. 42, pp. 147-160, 2005. 

[37] A. Albores, M.E. Cebria´n, P.H. Bach, J.C. Connelly, R.H. Hinton and 
J.M. Bridges, “Sodium arsenite induced alterations in bilirubin excretion 
and heme metabolism.” Journal of Biochemical Toxicology, vol. 4, pp. 
73–78, 1989.  

[38] A. Hernandez-Zavala, L.M. Del Razo, C. Aguilar, G.G. Garcia-Vargas, 
V.H. Borja, and M.E. Cebrian, “Alteration in bilirubin excretion in 
individuals chronically exposed to arsenic in Mexico.” Toxicology 
Letters, vol. 99, pp. 79-84, 1998.  

[39] S. Das, A. Santra, S. Lahiri, and D.N. Guha Mazumder, “Implications of 
oxidative stress and hepatic cytokine (TNF-alpha and IL-6) response in 
the pathogenesis of hepatic collagenesis in chronic arsenic toxicity.” 
Toxicology and Applied Pharmacology, vol. 204, pp. 18–26, 2005. 

[40] S.X. Liu, M. Athar, I. Lippai, C. Waldren, and T.K. Hei, “Induction of 
oxyradicals by arsenic: implication for mechanism of genotoxicity.” 
Proceedings of the National Academy of Sciences USA, vol. 98, pp. 
1643–1648, 2001. 

[41] K.T. Yamanaka, R. Sawamura, A. Hasegawa, and S. Okada, “Induction 
of DNA damage by dimethyl arsine, a main metabolite of inorganic 
arsenics, is for the major part due to its peroxyl radical.” Biochemical 
and Biophysical Research Communications, vol. 168, pp. 58–64, 1989. 

[42] N.J. Chinoy, and S.D. Shah, “Biochemical effects of sodium fluoride 
and arsenic trioxide and their reversal in brain of mice.” Fluoride, vol. 
37, pp. 80-87, 2004. 

[43] S. Maiti, and A.K. Chatterjee, “Effects in levels of glutathione and some 
related enzymes in tissues after an acute arsenic exposure in rats and 
their relationship to dietary protein deficiency.” Archives of Toxicology, 
vol. 75, pp. 531-537, 2001.  

[44] S.J.S. Flora, “Arsenic-induced oxidative stress and its reversibility.” 
Free Radical Biology and Medicine, vol. 51, pp. 257–281, 2011. 

[45] G. Saxena, and S.J.S. Flora, “Lead induced oxidative stress and 
haematological alterations and their response to combined 
administration of calcium disodium EDTA with a thiol chelator in rats.” 
Journal of Biochemical and Molecular Toxicology, vol. 18, pp. 221–
233, 2004. 

[46] R. Gupta, G.M. Kannan, M. Sharma, and S.J.S. Flora, “Therapeutic 
effects of Moringa oleifera on arsenic-induced toxicity in rats.” 
Environmental Toxicology and Pharmacology, vol. 20, pp. 456-464, 
2005. 

[47] M.N. Kirkman, and G.F. Gaetani, “Catalase: a tetrameric enzyme with 
four tightly bound molecules of NADPH. Proceedings of the National 
Academy of Sciences USA, vol. 81, pp. 4343–4347, 1984. 

[48] F. Nielson, “Other trace elements.” In: Ziegler, E.E., Filer, L.J. (Eds.), 
Present Knowledge in Nutrition, seventh ed. Washington, DC: ILSI 
Press, 1995, pp. 353–377. 
 


