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Present investigation aimed to study, whether para-nonylphenol (p-NP) induced, oxidative stress in the liver of male Mus musculus and 

co-administration of ascorbic acid can ameliorate any possible oxidative stress. For which 20 male Mus musculus (P) were divided in to 

four groups of 5 each. Group I served as control receved normal diet and water adlibitum, group II exposed with (250 mg/kg/0.2ml/day) 

para-nonylphenol orally and Group III exposed with para-nonylphenol along with co-administered with ascorbic acid (10ppm) and 

While, Group IV supplemented with ascorbic acid alone for 30 and 60 days, and hepatic histopathological, enzymological i.e. GOT, 

GPT, ACP and ALP and biochemical parameter i.e. cholesterol and creatinine levels were carried out. In histological observations, 

noted that para-nonylphenol induced hypertrophied, degenerative and pyeknotic change in hepatocytes after 30 and 60 days. While, the 

animals supplemented with vitamin-C alongwith para-nonylphenol up to 30 and 60 days showed recoveries in hepatic cells. In 

connection to this, the enzyme activities i.e. GOT, GPT, ACP and ALP and biochemical parameter i.e. cholesterol and creatinine levels 

were significantly elevated by para-nonylphenol in 30 and 60 days treatement, However, there change were become lowered towards 

normalcy when vitamin-C supplemented alongwith para-nonylphenol. 
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Introduction 

para-Nonylphenol is an organic compound of the wider family of alkylphenols and it has  xenobiotic properties. It is a product of 

industrial synthesis form during the alkylation process of phenols particularly in the synthesis of polyethoxylate detergents. It has also 

been found in polyvinyl chloride (PVC) used in the food processing and packaging industries. Nonylphenol (NP) is widely used as 

lubricating oil additives, plasticizers and surface-active agents. Apart from this, alkylphenols are also widely used as components in 

chemically synthesized products such as plastics, detergents, and other formulated products [1]. Nonylphenol accumulates in plants and 

animals in the aquatic environment [2]. There are probably diverse routes of human exposure; not only via contaminated foods and 

drinking water, but also via dermal absorption or inhalation [3, 2]. It is also known that NP is estrogenic in nature although p-

nonylphenol is known as an endocrine disruptor. On the other hand, some previous reports have indicated that estrogenic agents cause 

free-radical mediated effects on various physiologic functions. NP also enhances the uterine DNA and protein synthesis in immature 

female rats [4] and disrupts the gonad development in neonatal rats [5] .  

As we known that vitamin-C (Ascorbic acid) is a water-soluble antioxidant and its role is to neutralize free radicals by donating 

electrons to free radicals such as hydroxyl and superoxide radicals and quench their reactivity”  [6]. Vitamin-C protects the DNA of the 

cells from the damage caused by free radicals and mutagens. It prevents harmful genetic alteration within cells and protects 

lymphocytes from mutations to the chromosomes [7]. Vitamin-C prevents free radical damage in the lungs and may even help to protect 

the central nervous system from such damage [8] . Moreover, vitamin-C also protects us by preventing the development of 

nitrosamines, the cancer-causing chemicals that stem from the nitrates contained in many foods [7]. Hepatic damage induced by lead 

has been reported to be neutralized by a combination of ascorbic acid and thiamine [9]. Protective effects of vitamin-C against 

chlorpyrifos poisoning on haematological and biochemical changes were reported  [10]. Vitamin-C plays an important role in pesticide 
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and chemical toxicity protection especially in the hepatic toxicity as antioxidant agent and prevents the effect of free radicals for vital 

cells [11, 12,13,14,15]. 

Thus in this study we have tried to evaluate ameliorative role of vitamin-C against para-nonylphenol toxicity in hepatic of male mus 

musculus up to 30 and 60 days by observing hispathological and biochemical parameters i.e. ACP, ALP, GOT, GPT, cholesterol and 

creatinine levels. 

MATERIALS AND METHODS: 

Experimental Animals: In  present investigation 20 sexually matured male Mus musculus (Parke’s strain) weighing about 30±5 gms 

were brought from Govt. Veterinary College, Mhow, Dist. Indore (M.P.) and acclimated to laboratory conditions [22±3oC room 

temperature and light and dark photoperiod (14L: 10D h)] in the animal house of Laboratory of Endocrinology, Bioscience Department, 

Barkatullah University, Bhopal (M.P.). Hygienic conditions were maintained with rice husk bedding in separate polypropylene cages as 

per ethical rules. Animals were fed on standard mice feed and tap water ad libitum. 

Chemicals and Reagents: para-nonylphenol (Hi-media Analytical Chemicals) and Vitamin-C (ascorbic acid, analytical grade) were 

obtained from V.K. Traders, M.P. Nagar, Zone-2, Bhopal (M.P.). As para-nonylphenol is not soluble in water, so corn oil were used as 

a vehicle. 

Experimental Design: Total 20 male Mus musculus were divided in four groups of five each, the first group received daily dose 

(0.2ml/day) of vehicle i.e. corn oil and fed with balanced diet and water ad libitum, served as control. Group second received para-

nonylphenol (250mg/kg body weight/0.2ml/day) dissolved in corn oil, orally through cannula, while group third, received similar dose 

of para-nonylphenol as group second and supplemented with vitamin-C (10 ppm) through drinking water. The animals of fourth group 

were supplemented with vitamin-C (10 ppm) alone through drinking water for 30 and 60 days. Five animals from each group were 

sacrificed by cervical dislocation on day 31st and 61st and livers were immediately dissected out, cleaned, dried and weighed. Some part 

of liver were used for histopathological observation [16] and rest part were used for quantifying enzymological parameters i.e. GOT and 

GPT adopting the methodology of [17], ACP and ALP [18] and biochemical parameters i.e. Cholesterol [19] and Creatinine [20] 

(Jaffe's Colorimetric method). 

Statistical analysis: All results were expressed as the mean ±S.E.M. from five animals per group. One way analysis of variance 

(ANOVA) followed by student’s ‘t’ test was used to determine the significance of the difference between the groups. Values of P<0.05 

were considered statistically significant [21]. 

 

RESULTS:  

Body Weight: 

The animals treated with para-nonylphenol showed decrease in their body weight throughout the experiment, and this decrease was 

more significant in later part of the experiments i.e. 60 days as compared to control groups. While, the recoveries in their body weight 

were noticed when vitamin-C were given with para-nonylphenol to the experimental animals. However, the animals exposed with 

vitamin-C alone only showed a constant increase in their body weight throughout the experiment (fig. 1). 

Enzymological activities and biochemical levels in liver of male Mus musculus (P)  

The hepatic enzyme activities i.e. ACP, ALP, GOT and GPT were significantly elevated after the para-nonylphenol exposures in both 

duration i.e. 30 and 60 days as compared to control groups (figs. 2, 3, 4 & 5). While, the animals supplemented with vitamin-C along 

with para-nonylphenol, these enzyme activity (i.e. ACP, ALP, GOT and GPT) were lowered towards normalcy in 30 and 60 days 

groups in comparison to para-nonylphenol exposed groups (figs. 2, 3, 4 and 5).  In connection to this, the animals exposed with para-

nonylphenol also significantly elevated cholesterol and creatinine levels after i.e. 30 and 60 days in comparison to control groups (figs. 

6 and 7). While, the animal supplemented with vitamin-C with para-nonylphenol up to 30 and 60 days, lowered their values 

(i.e.cholesterol and creatinine) and elevated their values (i.e.protein) towards to normalcy as compared to para-nonylphenol treated 

groups (figs. 6 & 7). However, the animals treated with vitamin-C showed not much variations in enzyme activities and biochemical 

contents in comparison to control groups (figs. 2,3,4,5,6 and 7). 

Hepatic Histopathology: 

The hepatic microphotographs of control Mus musculus showed well defined hepatocytes with cytoplasmic granules with prominent 

and spherical nuclei. The sinusoid separated by hepatic cells and central vein and bile ducts were surrounded by hepatocytes (fig. 8). 

While, the animals exposed with para-nonylphenol up to 30 days showed hyper trophied with reduced nuclei and devoid degenerative 

and pycknotic nuclear in hepatocyte. A part from this mild congestion of sinusoidal spaces in the centrilobular area were also noticed 

(fig. 10). Whereas, para-nonylphenol exposed up to 60 days hepatic cells showed necrosis characterized by variable proliferative 

connective tissue with disturbed hepatic architecture with pycknotic nuclei (fig. 11). While, the animals supplemented with vitamin-C 

along with para-nonylphenol up to 30 and 60 days showed recoveries in their cellular structure (figs. 12 & 13). In contrast to this, 

vitamin-C alone supplemented animals showed normal hepatic architectures like control groups (figs. 9).    
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DISCUSSION: 

The toxicity of any compound depends on many factors, such as the chemical and physical form of the compound, rout of 

administration, dose and duration of exposure dietary level of the interacting elements, physiological conditions (pregnancy, lactation 

etc), nutritional status, age and sex of the exposed individuals [22,23,24,25]. Nonylphenol is a xenobiotic compound have estrogenic in 

nature known as an endocrine disruptor, also enhances the uterine DNA and protein synthesis in immature female rats and fishes [3,26]. 

The para-nonylphenol contaminated diet decreased in body weight in rats and mice fed [27,28,29]. This reduction in body weight may 

explained by the ability of para-nonylphenol to generate free radicals [30] which may lead to DNA breakage, inhibition of protein 

biosynthesis and gluconeogenesis, lipid peroxidation, disruption of oxidative phosphorylation in mitochondria, inhibition of blood 

clotting and apoptosis [31] In our study, body weights were significantly decreased after 60 days after para-nonylphenol exposures and 

this decrease was ameliorated by vitamin-C when co-administered with para-nonylphenol. This may suggest that para-nonylphenol 

directly or indirectly inhibits protein synthesis and gluconeogenesis within the animals may resulted in decreased in their body weight 

and this effects were ameliorated by vitamin-C supplementation, because vitamin-C is well known antioxidant and it is having the 

capacity to reduce oxidative damage caused by toxicants [32,27,33,12,13]. 

Regarding enzyme activities it is well known that GOT is present in many tissues including liver, heart, muscle, kidney, and brain. It is 

released into serum during damage of tissue [34,35,36]. GPT also normally found largely in liver and is released into the blood stream 

as the result of liver injury. High levels of GOT and GPT are usually indicative of liver and kidney damage in animals [37,38,39] and 

humans [40,41]. The increase in serum GOT and GPT accompanied by decrease of ALP enzyme activity is related to the intensity of 

cellular damage due to chemical induced cellular alteration varying from simple increase of metabolism to death of cell [42]. Liver ALP 

is mobilized most rapidly into blood and its levels in plasma may increase at early periods of liver damage. High ALP level is usually 

indicative of cholestasis. Cholestasis may also result in a progressive liver disease biliary cirrhosis [43,44]. ALP and ACP are known to 

be involved in a variety of metabolic activites such as permeability [45], protein synthesis and gonadal maturation [46]. [47] Ram and 

Satyaneshan,  reported that the increase in the activity of ALP or ACP might be due to the necrosis of liver, kidney and other organs. 

Antioxidants may prevent the harmful effects of free radicals, and suppress the formation of reactive intermediary metabolites 

[48,49,50,51,52]. In our study a significant increase in enzyme activities especially in hepatic transaminases (GOT, GPT) of male mice 

after 30 and 60 days of p-NP treatment. Increase in GOT, GPT, ACP and ALP revealed that hepatic cellular damage could be correlated 

with the disturbed enzyme activities. However, the co-administration of vitamin-C along with para-nonylphenol neutralizing the 

enzymatic activities and restored near to the normal level. These results were corroborated with [53], and other authors that the 

combination of vitamin-C and Vitamin-E has a protective role on chemical induced changes in lipid per oxidation, glutathione levels 

and antioxidant enzyme activities in liver, kidney and intestine tissue and in some serum parameters of mammals [33,12,54]. 

Cholesterol, they serve as the reservoir of high energy value and stored in the adipose tissue and act as an important component of cell 

membrane. Our research work also mentioned significant increases in cholesterol were recorded in animals treated with para-

nonylphenol for 30 and 60 days respectively. [55] Labana, et al., (2001) observed increase in levels of cholesterol and phospholipids, it 

may be the result of enhanced biosynthesis of these compounds. It is speculated that treating mice with para-nonylphenol increased 

tissue lipogenesis and probably this has been achieved through acceleration at acetyl-Co-A to be the precursor of cholesterol 

biosynthesis. However, our investigation showed that these increased levels in cholesterol concentration was decreasing to its normal 

value after the supplementation of vitamin-C along with para-nonylphenol to the experimental animals. 

Creatinine serves as the high energy phosphate storehouse in muscle and it is an end product of creatinine metabolism. Creatinine is 

largely formed in muscle by the irrepressible and non-enzymatic removal of water from creatine phosphate. Elevate values are also 

observed in certain conditions like congestive heart failure, shock and mechanical obstruction of the urinary tract. The present study 

revealed significant increase in creatinine levels after exposure of para-nonylphenol for 30 and 60 days respectively. Increase in 

creatinine level may suggest that the para-nonylphenol may induced liver dysfunction. While, supplementation of vitamin-C along with 

para-nonylphenol on experimental animals revealed no changes on creatiñine value as compare to control animals throughout the 

experiment. Means vitamin- C has some properties to normalize the para-nonylphenol effect on Mus musculus. 

During present study, the histoarchitecture of liver of control group Mus musculus showed normal structure of hepatocytes with 

prominent nuclei and cytoplasm, while, the liver of para-nonylphenol exposed animals showed sever necrotic changes with marked 

degenerative alterations, cellular disintegration distorted and pycnotic nuclei. para-nonylphenol induced many histopathological 

changes in the liver of rat and the magnitude of such changes was time dependent. Similar results were obtained by various workers 

characterized by congestion of blood vessels, cytoplasmic vacuolization of the hepatocytes, fat degeneration and leukocyte infiltrations 

[56,57,58,59,33]. Moreover, liver exposed with para-nonylphenol and supplemented with vitamin-C showed amelioration characterized 

by normal hapatocytes with no degenerative changes suggesting recovery in hepatic cells when compared with para-nonylphenol 

treated animals. Thus these findings revealed that vitamin-C could prevent the hepato cellular damage against the para-nonylphenol 

induced toxicity. Similarly, the ameliorative role of vitamin -C was also observed by [33,12,13,14,15]. In fine, it is revealed by these 

finding that vitamin-C is an important antioxidant for the neutralizations of many free radicals and we should include it in our daily diet. 
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Where:- 

 

                  Control                                                                        Treated with para-Nonylphenol 

 

 

                  Vitamin-C supplemented                                             para-Nonylphenol with Vitamin-C 

 

 

Histogram: Showing changes in Body weight and Liver enzymes of male Mus musculus (P) after the 

exposure of p-NP, p-NP along with Vitamin-C supplemented, Vitamin-C alone and Control group after 30 

and 60 days.  
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Where:- 

 

                  Control                                                                       Treated with para-Nonylphenol 

 

 

                  Vitamin-C supplemented                                             para-Nonylphenol with Vitamin-C 

 

Histogram: Showing changes in Liver enzymes, Cholesterol & Creatinine of male Mus musculus (P) after the exposure of p-NP, 

p-NP along with Vitamin-C supplemented, Vitamin-C alone and Control group after 30 and 60 days.  
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Microphotographs of Liver transverse section (H & E 400x) 

  
                       Control                           Vitamin-C supplemented 

  
                     p-NP treated for 30 days            p-NP treated for 60 days 

  
 p-NP treated+vit.-C supplemented for 30 day           p-NP treated + vit.-C supplemented for 60days 
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