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Abstract  

 Arsenic is a highly toxic element that is widely distributed in environment. Antioxidants depletion and 

oxidative stress is now considered as one of the possible mechanisms of arsenic-induced toxicity. N-

acetylcysteine (NAC) and Curcumin (Cur) are potential antioxidants that can compensate the depletion of 

antioxidants. This study aimed to compare the hepatoprotective effect of Cur and NAC and their influences on 

total antioxidant capacity (TAC) in rats exposed to arsenic.The Rats were randomly divided into 6 groups, 

including control, G2 (arsenic), G3 (arsenic + NAC), G4 (arsenic + Cur), G5 (arsenic + NAC, post treatment) 

and G6 (arsenic + Cur, post treatment). Rats were exposed to 20mg/kg arsenic (by gavage) for 30 days and then 

treated with 300mg/kg NAC (by gavage) and 100mg/kg Cur (by gavage), individually. Serum level of TAC was 

measured using specific ELISA kits. Liver samples were collected for histopathological and morphological 

examinations. Arsenic treatment induced severe lesions and hepatocytes damages. Not only arsenic reduced 

significantly (p<0.001) the number of hepatocyte cells (27.83±1.47), but also it declined significantly (p<0.001) 

the mean of TAC value (0.4±0.1 μmol/l) in rats received arsenic alone. Treatment with NAC and Cur increased 

the mean of TAC value, enhanced the number of hepatocytes and reduced morphological damages of liver cells. 

NAC and Cur play important hepatoprotective roles against arsenic-induced toxicities by compensating cellular 

antioxidants. Therefore, NAC and Cur therapy can mitigate arsenic-induced toxicity, due to their anti-oxidative 

stress properties. 
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1. Introduction  

Arsenic is one of the most toxic metals that 

can be found in environment, including water, 

air and soil [1]. Chronic exposure to arsenic is  

 

now considered as one of the significant health 

problems [2]. It enhances the risk of various  

disorders such as cardiovascular and lung 

diseases, different cancers, leukemia, 

hepatotoxicity, renal toxicity, neurotoxicity, 
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and diabetes [3-6]. However, the mechanisms 

by which arsenic mediates these abnormalities 

are not well-clear.  

 Recent studies have suggested that arsenic 

induces cellular toxicity through inhibition of 

more than 200 enzymes that are necessary for 

cellular energy pathways, DNA synthesis and 

repair process [7]. Depletion of antioxidants 

and induction of oxidative stress (OS), which 

is associated with higher production of 

reactive oxygen species (ROS), can be 

considered as one of the possible mechanisms 

in which arsenic mediate cellular toxicity [8]. 

Oxidative stress is a condition which can be 

resulted as an imbalance between antioxidants 

and ROS production. ROS can oxide DNA, 

lipids and proteins and subsequently cause to 

severe damages including DNA breaks or 

deletions, DNA mutations, cells membrane 

disability and eventually cell death or 

apoptosis [9, 10]. It is involved in 

overproduction of various ROS types, 

particularly superoxide anion (O2
•
), hydrogen 

peroxide (H2O2), and hydroxyl radicals (OH
•
) 

[11]. Recent investigations have shown that 

chronic exposure to arsenic is associated with 

overproduction of ROS in liver [12], enhanced 

content of lipid peroxidation markers in serum 

[13], and depletion of blood antioxidants [14]. 

Since exposure to arsenic is associated with 

antioxidants depletion, increased production of 

ROS, and oxidative stress, it is, therefore, 

expected that antioxidant therapy may be 

helpful to mitigate the arsenic toxicity in 

exposed individuals.  

 Curcumin (Cur) is a natural component that 

contains potential antioxidative and anti-

inflammatory properties [15]. N-acetylcysteine 

(NAC) is an acetylated cysteine residue that 

provides protective ability for numerous cells 

against oxidative stress, infections, toxic 

compounds, and inflammatory mediators [16, 

17]. A great number of studies have indicated 

that NAC and Cur ameliorate arsenic-induced 

toxicity. For instance, recent investigations 

have proposed that NAC and Cur can mitigate 

arsenic-induced hepatotoxicity [18], renal 

toxicity, neurotoxicity [19], and reprotoxicity 

[20] by reducing DNA damages [21], 

oxidative stress, inflammation, and apoptosis 

[22].  

 Although various studies evaluated the 

arsenic-induced toxicity in different organs, 

less information is available about 

hepatoprotective effects of NAC and Cur and 

their influence on total antioxidant capacity 

(TAC) after arsenic exposure. We hypothesize 

treatment with NAC and Cur may provide 

hepatoprotective by excreting toxic 

metabolites, improving TAC status, and 

reducing oxidative stress. Therefore, the 

present study was designed to compare the 

effects of NAC and Cur administration on 
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histopathological alterations and TAC status in 

exposed rats to arsenic. 

 

2. Materials and Methods  

2.1. Experimental Animals  

 A total number of 36 male Wistar rats (6-8 

weeks of age with a body weight of 150-200 

g) were purchased from the Institute Pasture of 

Iran-Tehran. After a period of one week 

adaptation with lab atmosphere, rats were 

randomly divided into 6 groups, including 

control, G2 (arsenic), G3 (arsenic + NAC), G4 

(arsenic + Cur), G5 (arsenic + NAC, post 

treatment) and G6 (arsenic + Cur, post 

treatment). Rats in each group were housed 3 

per cage (55 × 30 × 20 cm) in a climate 

controlled room (ambient temperature of 22 ± 

2°C, humidity 55 ± 2, and a 12:12 light/dark 

cycle) and had free access to food 

(10g/kg/day) and tab water. The study was 

approved by the animal care and use 

committee at the Islamic Azad University of 

Shahre Reza, Iran.  

 

2.2. Treatments  

 The arsenic (CAS 119773) and Cur (CAS 

458-37-7) were purchased from the Merck 

Company (German), while NAC (CAS 616-

91-1) was provided from the Sigma Aldrich 

Company (USA). Rats in G2 group treated a 

single gavage administration of arsenic 

(20mg/kg) every other day for 30 days [23], 

while rats in G3 group received a 

combinational administration of arsenic 

(20mg/kg) and NAC (300mg/kg) at the same 

time every other day for 30 days [1]. Rats in 

G4 group treated with concomitant 

administration of arsenic (20mg/kg) and Cur 

(100mg/kg) by gavage every other day for 30 

days [24]. Rats in G5 group gained a gavage 

administration of arsenic (20mg/kg) for 3 

weeks and then they treated with NAC 

(300mg/kg) for two weeks. Rats in G6 group 

obtained a gavage administration of arsenic 

(20mg/kg) for 3 weeks and then they treated 

with Cur (300mg/kg) for two weeks. The 

control group was fed with normal pellet and 

water for 30 days. 

 

2.3. Samples Collection 

 Forty-five hour after the final treatment, 

rats were anesthetized with diethyl ether and 

blood samples were provided from the 

abdominal aorta. Blood samples were 

centrifuged at 2000 rpm for 10 min and serum 

was isolated and stored at -20 °C until further 

examinations of TAC. For histological 

examinations, liver tissue was perfused and 

after blood collection it was removed and 

fixed in 10% formalin for at least 48h. 

Fragments were dehydrated in graded series of 

ethanol, embedded in paraffin and sectioned 

using an automatic microtome at 4-5 mm 

thickness. For histological processing, the 

sectioned tissues were stained with 

Haematoxylin and Eosin (H&E) and examined 

for morphological and histological parameters 

by light microscopy.  

 A fragment of perfused liver tissue was 

applied for hepatocytes isolation and counting. 

Hepatocytes were isolated according to the 

previous study described by Shen et al., (2012) 

[25]. Hepatocytes are dissociated from 

anesthetized rats by a non-recirculating 
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collagenase perfusion through the portal vein. 

The isolated cells are then filtered through a 

100 μm pore size mesh nylon filter, and 

traditionally measured using manual counting 

with a Neubauer counting chamber and 

staining for trypan blue exclusion. 

 

2.4. TAC Measurement 

 The Level Of TAC in serum samples was 

measured by the Rat TAC ELISA Kit provided 

by ZellBio Company (Germany). 

 

2.5. Statistical Analysis 

 All data are presented as means ±SD. The 

mean of all parameters between different 

groups was compared using the One-Way 

ANOVA test. Data were analyzed using SPSS 

(version 19). p<0.05 was considered as 

significant.  

 

3. Results and Discussion  

 Comparison of the TAC mean values 

between all groups can be seen in figure 1. A 

significant difference was found in the mean 

value of TAC between all groups (p<0.01). 

Rats that received arsenic alone showed 

significantly (p<0.001) lower mean level of 

TAC (0.4±0.1 μmol/l) than the other groups. 

Treatment with Cur and NAC increased the 

mean level of TAC in arsenic-exposed rats. 

Experimental rats that post treated with As + 

Cur (G6) had the greatest mean level of TAC 

(0.8±0.1 μmol/l) compared to the other groups. 

No significant difference was found in mean 

of TAC value between control (0.7±0.2 

μmol/l), G3 (0.6±0.2 μmol/l), G4 (0.7±0.2 

μmol/l), and G5 (0.5±0.2 μmol/l) groups 

(Figure 1). 

 The mean number of hepatocytes in all 

groups is shown in Figure 2. A significant 

difference was observed in the mean number 

of the cells between the groups (p<0.001). The 

mean number of hepatocytes in control group 

(48.83±2.48) was significantly higher than the 

other groups (p<0.001), while rats that treated 

with arsenic alone showed significantly the 

lowest mean hepatocytes number (27.83±1.47) 

compared to the other groups (p<0.001). NAC 

and Cur therapy improved significantly the 

mean number of hepatocyte cells in exposed 

rats. The mean number of hepatocyte cells in 

G3, G4, G5 and G6 groups was 38.0±1.68, 

38.83±1.33, 35.17±1.17, and 37.33±0.82, 

respectively.  

 The histopathological examination of liver 

tissue from different groups can be seen in 

figure 3. The tissue section from control group 

was normal in structure (Fig. 3A). Hepatocytes 

were arranged radically around the central 

vein and sinusoids had normal arrangements 

(Fig. 3A). Increased number of blood cells was 

found in the central vein of liver tissue of 

arsenic exposed rats (Fig. 3B). Additionally, 

hepatocytes and sinusoids arrangements were 

disturbed around the central vein. Sinusoids 

were also dilated and hepatocytes nucleus 

were found to be darker and denser along with 

disturbed chromatins (Fig. 3B). An 

improvement was found in hepatocyte cells 

morphology and arrangement around central 

vein in G3 (Fig. 3C) and G4 (Fig. 3D) groups. 

Cellular nucleus was normal in structure and 

cytoplasm could be observed as clearly. The 
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lobular space of central vein in G5 group (Fig. 

3E) was declined compared to the arsenic (G2) 

group. Hepatocytes were arranged normally; 

however, they were still darker. Intercellular 

spaces and Kupffer could be observed as 

clearly in G6 (Fig. 3F) group. Mild bleeding 

was also found.  

 Depletion of different antioxidants and as 

the result oxidative stress is now considered as 

one of the possible mechanisms in which 

 

 
 

Figure 1. Comparison of the TAC mean values between control, G2, G3, G4, G5 and G6 groups. A 

significant difference was found in the mean of TAC between the groups (p<0.01). G2 (arsenic), G3 (arsenic 

+ NAC), G4 (arsenic + Cur), G5 (arsenic + NAC, post treatment) and G6 (arsenic + Cur, post treatment). 

Post Hoc-Tukey test was applied to compare mean value of parameters between all groups. The mean of 

TAC is not significant between groups with similar symbols (ac). 
**

p<0.001 compared to control. 

 

 

Figure 2. Comparison of the mean number of hepatocytes between control, G2, G3, G4, G5 and G6 groups. 

A significant difference was observed in the mean number of the cells between the groups (p<0.001). G2 

(arsenic), G3 (arsenic + NAC), G4 (arsenic + Cur), G5 (arsenic + NAC, post treatment) and G6 (arsenic + 

Cur, post treatment). Post Hoc-Tukey test was applied to compare mean value of parameters between all 

groups. The mean number of hepatocytes is not significant between groups with similar symbols (c). 
**

p<0.001 compared to control. 
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arsenic induces cellular damages and toxicity 

[26, 27]. It has been indicated that arsenic 

mediates DNA mutagenesis and apoptosis 

through depletion of antioxidant and oxidative 

stress [27]. A large number of studies have 

reported that chronic exposure to arsenic 

induces antioxidant depletion and 

subsequently oxidative stress by over-

generating of reactive oxygen species (ROS) 

[27-31]. Overproduction of ROS can interact 

with DNA, lipids and proteins and 

subsequently causes to sever cellular damages 

[27].  

 Given the fact that arsenic exposure is 

associated with antioxidants depletion, 

inflammatory responses and oxidative stress, 

  

  

  

  

  

 

  

Figure 3. Sections of liver tissue in control (A); G2 (B); G3 (C); G4 (D); G5 (E) and G6 (F) groups (×40). 

G2 (arsenic), G3 (arsenic + NAC), G4 (arsenic + Cur), G5 (arsenic + NAC, post treatment) and G6 (arsenic 

+ Cur, post treatment). The tissue section from control group was normal in structure (3A), Increased 

number of blood cells was found in the central vein (3B), an improvement was found in hepatocyte cells 

morphology and arrangement around central vein in G3 (3C) and G4 (3D), the lobular space of central vein 

in G5 group (3E), intercellular spaces and Kupffer with mild bleeding could be observed as clearly in G6 

(3F). Sectioned tissues were stained with H&E. 
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antioxidant therapy may be helpful to mitigate 

its pathological effects. In this study, we 

compared the effect of Cur and NAC on the 

level of serum total antioxidant capacity in rats 

exposed to arsenic for 30 days. Our data have 

revealed that arsenic can reduce the mean 

value of TAC in exposed rats. Furthermore, it 

induced severe lesions and hepatocyte cells 

damages in the liver of arsenic-exposed rats. 

The number of hepatocyte cells was also 

declined significantly after arsenic exposure. 

These data confirmed that the rats suffered 

antioxidant depletion and oxidative stress after 

long-term exposure to arsenic. Interestingly, 

treatment with NAC and Cur increased 

significantly the mean levels TAC. 

Additionally, not only NAC and Cur therapy 

enhanced the number of hepatocyte cells, but 

also they reduced cellular injuries and 

damages induced by arsenic exposure. These 

findings suggest that NAC and Cur play an 

important role in protecting the arsenic 

induced hepatocyte cells injury. Our data are 

in agreement with some previous reports [18, 

22]. For example, Souza et al., have indicated 

that exposure to arsenic causes to decreased 

level of total proteins, liver cells damages, 

significant reduction in the proportion of 

cytoplasm and hepatocyte, and increased 

percentage of sinusoidal capillaries and 

macrophages [32]. They also found that the 

antioxidant enzyme activities were 

downregulated after exposure to arsenic. In 

another study, Mardirosian et al., 

demonstrated that chronic exposure to arsenic 

reduces the endogenous glutathione (GSH) 

content and glutathione-related enzymatic 

activities such as glutathione S-transferase 

(GST) and glutathione reductase (GSR) [33]. 

Zeneli et al., found alterations in antioxidant 

defense system of workers who chronically 

exposed to arsenic [34]. They concluded that 

chronic exposure to some element such as 

arsenic significantly affect plasma ascorbic 

acid concentration, superoxide dismutase 

(SOD) and glutathione peroxidase (GPX) 

activity, which are able to increase the risk of 

oxidative stress [34].  

 Although arsenic has detrimental effects on 

body health, numerous studies have indicated 

that antioxidant therapy, especially with Cur 

and NAC, have important roles to mitigate 

harmful effects of arsenic on different organs 

[18, 35-37]. For example, Sanker et al., 

demonstrated that arsenic not only increases 

lipid peroxidation, GSH depletion and 

decreased the activities of SOD, CAT, GPX 

and glutathione reductase (GSR) in liver, but 

also it increases the activity of serum alanine 

aminotransferase (ALT) and aspartate 

aminotransferase (AST) and causes 

histological alterations in liver indicating 

hepatotoxicity [38]. They also showed that all 

these effects of arsenic were attenuated with 

curcumin treatment (100 mg/kg). These data 

suggest that Cur can protect different organ 

against arsenic toxicity by reducing the ROS 

generation, DNA damage, lipid peroxidation 

and increasing the level of antioxidant activity 

[21]. In the study by Srivastava et al., they 

reported the neuroprotection effect of Cur 

(100mg/kg) against arsenic-induced toxicity 

(20mg/kg) in rats [39]. They also observed 

that combined therapy with Cur protects 



Fallah M, et al / IJPS 2019; 15 (2):17-26 
 

24 
 

arsenic induced changes in the mitochondrial 

membrane potential and activity of 

mitochondrial complexes both in frontal cortex 

and hippocampus [39]. The protective effects 

of NAC administration against harmful effects 

of arsenic on the male genital system [1], 

including increase the weights of reproductive 

organs, reduce arsenic-induced oxidative stress 

and improve steroidogenesis were also 

reported [20]. The anti-apoptotic effect of both 

Cur and NAC was also illustrated in previous 

studies [40, 41]. Cur treatment has been shown 

to attenuate arsenic-induced chromosomal 

aberrations, micronuclei formation and DNA 

damage in rat bone marrow cells [42]. 

  

4. Conclusion 

 In summary, it is concluded that arsenic not 

only decreases the number of hepatocyte cells, 

but also it induces severe lesions and 

hepatocyte cells damages in the liver rats. 

Although arsenic exposure was also associated 

with significant reduction in mean of TAC 

value, NAC and Cur therapy enhanced the 

mean level of serum TAC, the mean number 

of hepatocyte cells, and reduced cellular 

injuries and damages induced by arsenic 

exposure. Therefore, according to the 

accomplished studies and our findings, 

treatment with NAC and Cur can reduce 

arsenic-induced hepatotoxicity, due to their 

anti-inflammatory and anti-oxidative stress 

properties. 
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