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ABSTRACT  
BACKGROUND AND OBJECTIVE: Arsenic (Ar) by induced oxidative stress in gestation and lactation period can 

cause teratogenicity properties in the neonate. On the other hand, the evidence suggests the antioxidant effect of zinc 

(Zn). So, the aim of present study was to evaluate protective effect of Zn against Ar-induced hepatotoxicity during 

gestation and lactation in rat neonate. 

METHODS: In this experimental study, 24 adult wistar rats of the 35 mice that their pregnancy was confirmed, 

randomly divided into four groups including:I) Control group; II) Ar group, (20 mg/kg/day); III) Zn group; (5 

mg/kg/day) and IV) Ar+Zn group. Ar and Zn administration was daily with intragasticaly method. At the end of the 

experimental period (42 days: 21 of gestation and 21 of lactation) after anesthesia hepatic samples were taken for 

biochemical assessment of malondialdehyde (MDA), glutathione (GSH) and histopathological assessment. 

FINDINGS: The MDA and GSH mean±SD in Ar group was 41.56±7.2 and 7.05±1.36, respectively. Also, in Ar+Zn 

group assessed 26.26±1.84 and 13.79±1.34, respectively. This difference was significant between groups (P<0.05). 

Also, the histopathological finding by using scoring system in Ar+Zn in compare to Ar group was significant (P<0.01). 
CONCLUSION: Our findings showed that administration of Zn as antioxidant can decreased the toxically and 

teratogenic effect of Ar during gestation and lactation. 
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Introduction 

Arsenic (Ar) is one of the most dangerous 

environmental pollutants that can cause several lesions 

(1). Ar compounds in the environment and in the 

human body are inorganic (AS2O3, arsenate) and 

organic (AS2O5, arsenate). Groundwater, soil, infected 

rice and some marine foods are from Ar sources (2). In 

many countries, high concentrations of non-organic Ar 

in drinking water are a major health concern (3).  

And in Asia's continent, chronic poisoning is 

becoming a serious epidemic, with more than 100 

Millions of people are at risk of exposure to 

groundwater contaminated with high concentrations of 

this substance (4, 5). In Iran, the amount of Ar in 

drinking water in the city and villages of Hashtrood 

city and in  Ibrahim Abad and Babanazar villages in 

Kurdistan province was higher than standard (6). Ar 

compounds result in DNA damage, lipid peroxidation, 

and reduction of antioxidant defense levels (7). Long-

term exposure to it can also cause skin and internal 

cancers, including liver, lung, kidney and bladder, and 

increase mortality rates (8). In a study by Najafzadeh 

et al. exposure to sodium arsenic led to birth defects 

(9). Therefore, it causes anemia by reducing the 

amount of red blood cells and blood hemoglobin (10) 

and prolonged exposure to this substance in pregnant 

mothers also leads to a decrease in the growth rate, 

increased mortality and neural tube defects (9,10).  

The main cause of teratogenicity and toxicity of 

organic Ar or its metabolites is induction of oxidative 

stress, changes in gene expression, and disturbance in 

cell signal exchange (11,12). A study by Vergil et al 

showed that exposure to high-dose arsenic (30 mg/kg) 

in pregnant mothers causes fetal death in the uterus, 

while a low dose (5 to 10 mg/kg) has a teratogenic 

effect which is one of the most important target organs, 

kidney and liver due to metabolism (13).  

However, in pregnant mothers, the placenta as a 

protective barrier prevents the passage of some 

elements such as cadmium (Cd) to the fetus, but it is 

still unable to withstand other elements such as lead 

(Pb), mercury (Hg) and arsenic (Ar) protects the fetus 

(14). Therefore, considering the role of oxidative stress 

in lesions caused by arsenic poisoning, it has been 

suggested that the use of antioxidants should be 

considered in order to obtain better treatment results in 

the toxicity of Ar (15). Zinc (Zn), as a protective agent 

against oxidative stress, regulates many physiological 

functions (16). The two main mechanisms for protecting 

sulfohedril groups against oxidation and inhibiting the 

production of active oxygen (17) are by analyzing 

metals (18) for the antioxidant property of Zn. On the 

other hand, according to studies, evidence suggests the 

beneficial effects of this substance in confronting 

teratogenic events, and therefore its deficiency during 

pregnancy can lead to abnormalities in the central and 

skeletal nervous system of the fetus (19). Other 

benefits for Zn are diversification in the biological 

activity of the element (20). Zn supplementation has 

been shown to increase levels of glutathione (GSH) 

and glutathione transferase (GST) (21) and decrease in 

the production of oxidants such as malondialdehyde 

(MDA) and superoxide dismutase (SOD) (22).  

Zn intake during pregnancy and lactation can 

reduce the toxicity of Ar and reduce the severity of the 

changes. The aim of this study was to investigate the 

protective effect of Zn on liver toxicity induced by Ar 

during embryonic and lactation period in rats. 

 

 

Methods 

Preparation of Animals: In this study, 35 female 

Wistar rats weighing 250-280g were obtained from 

laboratory animal’s center of Mazandaran University 

of Medical Sciences. In all stages of the study, ethical 

principles were observed according to the ethical 

standards of the University of Mazandaran Medical 

Sciences (with ethical code: 2077). All animals were 

kept in standard temperature conditions (23±2°C), 

humidity, and easy access to food, and 12 hours of 

darkness and brightness in standard cages. Each female 

rat was placed in a cage with a male rat separately. The 

next day, all female rats were subjected to vaginal test, 

and 24 female rats of 35 rats that confirmed their 

pregnancy after  mating, and negative rats were 

excluded from the study. The female rats with positive 

test each were kept in a special cage and the positive 

vaginal test day was considered as the zero day of 

pregnancy. 

Designing and Grouping: Animals with positive 

vaginal test were divided into 4 groups of 6: I-control 

group that did not receive any substance; II-zinc group 

(ZnSO4) dissolved in distilled water, which daily 

received 20 mg/kg via gavage (23), III) Arsenic group 
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(Ar), that Sodium meta-arsenate (purchased from 

Merck®), was dissolved in distilled water and received 

a dose of 5mg/kg via gavage (24); IV. The group 

treated with Ar and Zn simultaneously with the above 

doses.  

The treatment duration was 42 days (21 days 

during the pregnancy and 21 days in the lactation 

period), which were intervened to pregnant female rats 

and all the compounds were administered to the rats 

from the beginning of the study. At the end of the 

study, after registering the total number of births and 

the number of dead births, 2 to 4 infants of rats were 

randomly selected from each female rat in each group. 

The total weight of the newborns was recorded and 

then the rat kid's livers were removed under the 

anesthetic conditions with ketamine and xylene after 

measuring the weight, half of the liver was taken to 

biochemical study and the other half to histopathologic 

study and at the end, the rats were sacrificed using 

Medicinal overdose. 

Biochemical study: The liver samples, after washing 

in a PBS solution were immediately frozen and kept at 

a temperature of -80 °C until biochemical analysis. 

Two enzymes were evaluated as indicators of 

oxidative stress including malondialdehyde (MDA) 

and glutathione (GSH). All enzymes were analyzed by 

standard spectrophotometry using a biochemical assay 

kit purchased from Pars Test Company. 

Histopathologic study: The liver samples after 

clearing of blood were immediately placed in 10% 

formalin solution for 24 hours. After the passage from 

alcohol and xylol solutions, molded in paraffin, and 

sections of 5 micrometers thick was prepared from 

each paraffin mold by using Microtome, and placed on 

a slide. Histopathologically, the prepared lams were 

deparaffinized and put in xylol and alcohol, stained 

with Hematoxylin and Eosin (H & E). To study the 

slides the light microscope was used (DME; Leica 

Microsystems Inc., Buffalo, NY, USA).  

A standard scoring system was also used to 

estimate the damage and comparison in different 

groups of liver tissues (25,26). In this method, from 

every section, five images were randomly drawn from 

different points. The changes were evaluated based on 

standard scoring so that the zero (for healthy tissue 

without any damage) (1) (for healthy tissue and only 

with minor damage, including partial distribution of 

hepatocytes with healthy central venous veins), 2 

(moderate damage of the liver tissue including 

distribution of liver lobes, central venous damage, 

minor cell necrosis), and 3 (for liver tissue with severe 

damage, including no healthy lobes, central venous 

ruptures, widespread cell necrosis, departed triad, and 

lack of organized romak ropes). 

Analysis: SPSS software version 20 was used for data 

analysis. The Kolmogorov-Smirnov test was used to 

determine the normal distribution of data. The data 

were normal. One-way ANOVA test was used for 

statistical analysis and Tukey test was used to analyze 

the difference between the two groups and p <0.05 was 

considered significant. 

 

 

Results 

General condition: The total weight of neonates in all 

three control groups, Zn and Ar+Zn was significantly 

higher than the Ar group (p<0.05). Regarding the 

weight of the liver in the studied groups, the Ar group 

showed a significant decrease compared to other 

groups, but it was not statistically significant. 

Compared to control groups, Zn and Ar+Zn  in the Ar 

group, the total number of births decreased and the 

dead birth increased, significantly (p<0.05) (table 1). 

Biochemical analysis: The results of biochemical tests 

showed that the level of MDA in the Ar group was 

significantly higher than the control and Zn groups 

(p<0.05), whereas this change in Ar+Zn receiving 

group decreased and their difference was significant 

(p<0.05) (Fig 1).  

Also, in the case of glutathione (GSH), there was a 

significant decrease in Ar group than other groups, 

while there was no significant difference between the 

Ar+Zn  group compared to the control and Zn groups 

(Fig 2). 

 

Table1. General status of newborns born in study groups 

Group 

  Variable 
Control Zn Ar Ar+Zn 

  Total weight(g) 45.2±4.6 46.4±6.65 37.2±1.3* 42.2±2.38 

  Weight of liver 

  tissue (mg) 
218.2±34.67 237.2±34.35 180.2±6.82 205.2±35.62 

  Total birth 9.33±1.96 8.87±2.66 4.66±2.06* 7.16±1.83 

  Dead birth 0.0±0.0 0.0±0.0 1.16±1.1* 0.06±0.01 

*p<0.05 compared with control, Zn, and Ar+Zn groups 
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Figure 1. Evaluation the data obtained from the 

measurement of MDA level in the studied groups. 

*Indicates a significant level of p=0.001 into the control 

group and Zn. # Indicates a significant level of p<0.05 

compared to the Ar+Zn group. ^Indicates a significant 

level of p>0.05 compared to the control group and Zn 

 

 

 

 

 

 

 

 

 

 

Figure 2. Evaluation of data from GSH level 

measurement in the studied groups. * Indicates a 

significant level of p <0.0001 compared to the control 

group and Zn. # Indicates a significant level of p <032/0 

into the group Ar+Zn . ^ Indicates a significant level of 

p> 0.05 compared to the control group and Zn 

 

Histopathological analysis: The results of 

histopathologic studies are shown in Fig. A3. The 

evaluation in the animal liver of the control and Zn 

groups showed a normal structure. Investigations in the 

tissue samples of the Ar receiving group showed 

folding of the cells, nucleotide pyknosis, lysation of 

the nucleus, especially in the precentral region and 

cytoplasmic dislocation.  

Also, the decrease in sinusoidal space was due to 

cellular swelling, necrosis of the cells due to the 

presence of hyaline states and the deformation of the 

normal form of the hepatocytes lobes. The 

simultaneous consumption of Ar and Zn caused liver 

lobules to maintain their structure compared with the 

Ar receiving group. The results of the evaluation based 

on the scoring system at different points of the body 

showed significant changes in the Ar group compared 

to the control and Zn groups (p<0.05), but these 

changes in the Ar+Zn group were similar to those in 

the control and Zn groups were significant (p<0.05) 

(Fig B3). 

 

 

 

 

 

 

 

 

 

 

 

Figure A3. Coloring (H & E). With magnification of 

400*. I) Neonatal rat liver, which received only normal 

saline. II) Neonatal rat liver received daily Zn at a dose of 

20 mg/kg. III) Rat neonate liver receiving daily 5 mg/kg 

of arsenic indirectly through placenta during pregnancy 

and infancy. IV) Neonatal rat liver received daily arsenic 

with zinc in groups 2 and 3. Arrow: represents the 

pyknotic nuclei. Top of arrow: represents the sinusoids in 

the liver lobes. 

 

 

 

 

 

 

 

 

 

 

 

Figure B3. The results of the scoring based on the 

standard system for assessing liver damage based on 

severity of injury. *Indicates a significant level of p <0.05 

into the Ar and Ar+Zn groups. 

 

Discussion 

The results of this study showed that administration 

of Zn during pregnancy and lactation to pregnant rats 

can prevent significant changes in histological and 

oxidative stress in newborns. Ar as a poison has 
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several effects on enzyme activity as well as body 

proteins (7). Ar inhibits mitochondrial energy activities 

by competing with phosphate when oxidative 

phosphorylation and NAD inhibition (27). 

It also can affect mitochondrial enzymes and 

disturb membrane respiration in the cell. These events 

can in some way be related to the cytotoxicity of Ar 

(11,28). Arsenic crossing the placenta causes 

teratogenic damage and toxicity in the fetus, and 

during lactation, the mother's breast can only play a 

role as a protective barrier (29). Ar also inhibits the 

Succinic dehydrogenase enzyme and causes oxidation 

and phosphorylation processes (30).  

Since oxidative stress and free radical production 

can play a significant role in embryonic anomalies, Ar 

seems to play a major role in these abnormalities. Zn, 

as an antioxidant agent (31), can inhibit oxidative 

stress by absorbing free radicals and reducing lipid 

peroxidation (18). Although the highest amount of Zn 

absorption is from the oral and initial intestinal 

segments (32), studies have shown that Zn can pass 

through the placenta via the microvillus in the 

syncytiotrophoblast (33).  

We also showed in the previous study that zinc as 

exogenous antioxidant can reduce arsenic-induced 

renal toxicity during pregnancy and lactation (34). 

Therefore, it can be one of the most important benefits 

of prescribing this antioxidant during pregnancy. The 

results of this study showed that Ar administration 

during pregnancy and lactation reduces the growth of 

fetus and liver, which was consistent with the results of 

similar studies (30, 35). However, it was observed that 

this weight loss was significantly lower in the Ar+Zn 

recipient group, than the Ar group.  

This level of prevention can be due to the features 

that are associated with Zn. Because Zn, in addition to 

the above, also plays a role in cell proliferation and 

affects the enzyme system that plays a role in cell 

division and proliferation. In addition, Zn has an effect 

on growth hormone, cell membrane, and secondary 

cell signaling responsible for cell proliferation (36). 

Therefore, in the present study, Zn showed that, in 

addition to overcoming the oxidant properties of Ar, it 

could be effective in preventing anthropometric 

changes of toxicity. The results also showed that the 

total infant birth and stillbirth rates were higher in the 

Ar group than in other groups, while in the Ar+Zn 

recipient group this amount was little had not 

significant relationship with the control and zinc 

groups,tThis finding was consistent with the results of 

similar studies (30, 37). This finding can also be due to 

antioxidant properties and inhibitory effects of Zn, as 

well as effects on fetal growth. Also, results from 

biochemical changes showed that Ar administration 

increases the lipid peroxidation (MDA) and reduces 

the antioxidant endogenous glutathione (GSH) (31, 

38). However, these changes were not significant in 

the Ar+Zn recepient group, and were not significant in 

relation to control and Zn groups.  

Lipid peroxidation, as a major pathologic agent, 

can cause creation of free radicals and inappropriate 

cellular function, and in the embryonic period it can 

lead to a teratogenic process and toxicity in various 

organs of the body (39). Our results showed that Ar 

administration significantly increased the MDA level, 

and subsequently administration of Zinc significantly 

reduced the amount of this destructive factor. As 

mentioned above, Zn acts as an antioxidant agent and 

passes through the placenta as a free radical scavenger 

and can reduce the risk of oxidative stress to a large 

extent. The findings were consistent with the results of 

similar studies on the antioxidant properties of Zn (18, 

23,25,38). On the other hand, endogenous antioxidants 

which produced by the cell itself are able to prevent 

cell damage from free radicals (40).  

Therefore, GSH has been considered as one of 

these important enzymes, reduced by the effect of 

toxins and eventually oxidative stress with high 

potency, in which case the cell is damaged and 

ultimately the organ is affected by functional 

impairment it also becomes disabled (41).  

This case was shown in the present study in the Ar 

group that the GSH level was significantly reduced 

compared to other groups. While in the Ar+Zn 

recipient group, this antioxidant has largely prevented 

the occurrence of these events, which also highlights 

the anti-oxidant properties of Zn. This finding was also 

consistent with the results of similar studies (23, 42). 

Histopathologic findings also showed a slight change 

in the Ar+Zn recipient group compared to the Ar 

group. This finding was consistent with the results of 

the similar studies (43,44), which confirmed that Ar 

administration during pregnancy caused teratogenic 

changes and damage to the tissue structure, and the use 
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of an antioxidant to inhibit the effect of this poison can 

prevent these events. Therefore, it can be concluded 

that Ar causes tissue changes and changes in the 

concentration of liver tissue damage index in a 

newborn exposed to poison during pregnancy and 

infancy. Also, this study showed that Zn can be used in 

this situation, with respect to its antioxidant properties, 

by the mechanism of neutralizing free radicals caused 

by confrontation with Ar as an improved approach. 

However, this hypothesis requires more testing for 

practical and clinical use. 
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