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ABSTRACT 

 
The most important dangerous effects of smoking and using of cigarette are the hazardous risk factor 

that resulted in mortality and incidence of hepatic diseases.Nicotine (NC) can freely transport via different 
body organs cell membranes . Resveratrol (Rs) is cobsidered as polyphenols which is secondary plant 
metabolites and has the ability to scavenge free radicals. The study was designed to evaluate the capacities of 
Resveratrol (Rs) on Nicotine (NC) that induced hepatotoxicity, by assessment of some histopathological and 
biochemical alterations. 40 Male albino rats divided into 4 groups: The 1st group was control group, 2nd group 
was treated with NC (2.5 mg/kg), 3rd group was given Rs (20 mg/Kg), 4th group was treated with NC in 
combination with Rs. The results indicated that NC increased the liver enzymes (AST and ALT) , ALP , γ-GT while 
reducing total protein level, NC induced elevation in MDA level while declining the other antioxidant enzymes 
(SOD , CAT and GPx) levels. A serious haemorrhage related to the liver was noticed in NC group and the role of 
Rs in allevating the histopathological changes and hepatic oxidative damage. It is obvious that Rs has the ability 
to minimize the hepatotoxicity of NC. 
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INTRODUCTION 
 

Nicotine is an alkaloids which is found in tobacco, it is absorbed rapidly in the circulatory system and  
this inhalation is metabolized in the liver (El-Sokkary et al.,2007). 
 

Nicotine also enhances the release of  the free fatty acids from the liver (Mulligan et al., 1983). Yuen 
and coworkers (1995) demonstrated that specific concentration of nicotine may be as cigarette smoking was 
hepatotoxic.  
 

Nicotine induces oxidative damage by increasing of free radical levels and elicited oxidative damage in 
different tissues treated with nicotine (Wetscher et al., 1995).  
 

World Health Organization (WHO) reported that about more than 6 million death worldwide in 2013, 
was due to cigarette smoking. Cigarette smoke mainly contains nicotine (Borgerding etal.,2012). Cigarette 
smoking was essentially associated with abnormal lipid metabolism (Bakhru and  Erlinger.,2005).  
 

Smokers have showed high levels of C-reactive protein which is considered as an inflammatory factor 
and white blood cells, whereas they have declined  albumin and total protein levels as compared to 
nonsmokers (Bakhru and  Erlinger.,2005). 
 

Resveratrol has resulted in vasodilation due to its potency for enhancing NO production, So 
resveratrol could result in lowering the blood pressure (Abdu and Al-Bogami.,2019).  
 

Additionally, resveratrol can elicite production of different antioxidant enzymes  in cardiac and 
vascular cells that lead to a decline in the oxidative damage markers (Ungvari et al., 2010). Resveratrol has 
antiaging activity and it is useful in the treatment of the neurodegenerative disorders . 

 
Resveratrol is a polyphenolic compound, which exists in peanuts and  grapes. It has antioxidant 

capacities, anti-inflammation , hepatoprotection and lipid metabolism modulation (Baur and Sinclair, 2006).  
 

Several researchers have studied the protective effects of resveratrol against a oxidative damage 
(Rubiolo et al., 2008).  
 

In animal or human, resveratrol provided the hepatoprotection against hepatoxicity induced by many 
toxicants as carbon teteachloride (Elagamy, 2010). 
 

Most activation of toxicants occures in the liver and thus cause hepatic damage. So, the current study 
was attended to evaluate the possible alleviation capacities of resveratrol against the nicotine.hepatotoxicity . 
And this could be achieved through the biochemical , histological levels and antioxidant analysis of the hepatic 
tissues.  

 
MATERIALS AND METHODS 

 
Chemicals 
 

Nicotine hydrogen bitartrate was purchased from Sigma Aldrich.Trans-Resveratrol was obtained from 
Cayman Company. 
 
Animals: 
 

40 Male albino Wistar rats , weighing about 160–170 g, were obtained from the king Fahad center at 
King abdulaziz university , Jeddah , Saudi Arabia. Animals were adapted for two weeks before the 
experimentation and provided with food and water.  
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Experimental design: 
 

The NC and Rs doses were estimated according to Kalpana and  Menon (2004) and Oktem et al 
(2012). Rats were divided into four groups (n=10). Treatment with the tested compounds intraperitoneally (i.p)  
for 4  weeks as follows:1stgroup served as control group and was administrated a normal physiological saline, 
2nd group treated with NC (2.5 mg/kg), 3rd group treated with Rs with a dose of (20 mg/Kg).Finally , 4th group 
was treated with  NC plus Rs. 
 
Blood collection 
 

Blood samples were harvested from the retro-orbital plexus Boussarie.,(1999). Then, serum was used 
for biochemical analyses. 
 
Biomarkers of hepatic functions 
 

Serum lactic dehydrogenase (LDH) activity was determined by commerecial  kits. Activities of ALT and 
AST were determined by Reitman and Frankel (1957). (ALP) and (γ-GT) activities were estimated according to 
Young et al.(1999) and Orlowski and Meister (1965). Albumin and the total protein levels were evaluated by 
Bowers and Wong (1980)  and Bradford (1976), respectively.  

 
Total cholesterol and triglycerides levels were determined as by Carr et al. (1993) . HDL–c and LDL-c 

were obtained by the method of Warnick et al. (1983). However, VLDL-c levels were determined according to 
Friedewald (1972). 
 
Tissue preparation 
 

Liver tissue (~0.35 g) was used for the analysis of oxidative stress parameters. 
 

Tissues were immeresed and hemogonized with a 50 mM (Ice cold phosphate buffer) (pH 7.4). The 
resulting supernatant was used for assessment of antioxidant enzymes. 
 
Determination of antioxidant markers 

 
Lipid peroxidation was estimated by Esterbauer and Cheeseman (1990). Superoxide dismutase (SOD) 

activity was measured by Marklund and Marklund (1974).Catalase (CAT) activity was evaluated according to 
Aebi (1986). Glutathione peroxidase (GPx) was determined by Hafeman et al (1974).Total antioxidant capacity 
was determined according to Prieto et al (1999) . 
 
Histological evaluation 
 

A part of the liver tissues was fixed in 10% neutral buffered formalin and other processing as 
described by Gabe (1968). 

 
RESULTS 

 
Table 1: Effect of Nicotine and/or Resveratrol on some liver functions in male rats. 

 

Parameters 
ALT 

(U/L) 
AST 

(U/L) 
ALP 

(U/L) 

LDH 
(U/L) 

 

γ-GT 
(U/L) 

Total Protein 
(g/dl) 

1- Control group 13.66±0.78c 15.41±2.01c 9.44±1.14c 
125.25±2.02

c 
3.41±0.45c 7.59±0.48b 

2- NC group 
162.81±2.41

a 
122.36±3.54

a 
47.56±2.55a 

721.36±4.25
a 

8.25±1.25a 3.58±0.69d 

3- Rs group 13.23±1.54c 13.58±1.02c 8.58±1.02c 
120.25±3.05

c 
3.21±0.47c 8.14±1.25a 
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4- NC +Rs group 93.58±2.14b 73.32±2.25b 17.36±1.59b 201±3.25b 5.01±0.58b 6.28±1.69c 

 

Means within the same column in each category (mean  SE and n = 10) carrying different letters 
are significant at P ≤ 0.05 using Duncan’s multiple range test, where the highest mean value has the symbol 
(a) and decreasing in value were assigned alphabetically 

 
NC: Nicotine; Rs: Resveratrol; ALT:Alanine aminotransferase ; AST :Aspartate aminotransferase; ALP:Alkaline 
phosphatase ; LDH:Lactate dehydrogenase ; γ-GT 
: Gamma glutamyl transferase. 
 

The significant difference is arranged alphabetically from higher to lower. As shown in table (1) ALT, 
AST, ALP,  LDH  and  γ-GT were markedly elevated in NC group with significant decrease in total protein 
levels.Treating with Rs afforded non-significant alterations in  ALT, AST, ALP,  LDH , γ-GT and total protein 
levels compared to the control group. All liver parameters had decreased significantly in the hepatic tissues of 
NC/Rs group as compared to NC group 42.59,40.07,63.49,72.22,39.27, 75.41%   in ALT, AST, LDH , ALP and  γ-
GT respectively. 
 
Table 2: Effect of Nicotine  and/ or Resveratrol on some antioxidant /oxidative stress parameters in liver of  

male rats. 
 

Parameters SOD (U g-1) CAT (U g-1) GPx (U g-1) MDA (U g-1) TCA % 

Control group 15.36±1.57a 10.25±1.58a 18.25±1.69a 7.02±1.01c 97.8%a 

NC group 4.36±0.89c 2.01±0.58c 8.25±1.69c 95.48±2.41a 67%c 

Rs group 15.35±1.47a 10.32±1.24a 18.35±1.69a 7.00±0.89c 98%a 

NC+Rs group 12.03±1.41b 7.36±0.78b 14.03±1.69b 23.54±2.14b 85%b 

 

Means within the same column in each category (mean  SE and n = 10) carrying different letters are 
significant at P ≤ 0.05 using Duncan’s multiple range test, where the highest mean value has the symbol (a) and 
decreasing in value were assigned alphabetically 
 
NC: Nicotine; Rs: Resveratrol; SOD: superoxide dismutase; CAT: catalase; GPx: Glutathione peroxidase ;MDA: 
malondialdehyde; TAC: total antioxidant capacity.  
 

The antioxidant enzymes (SOD, GPx and CAT) were decreased significantly after NC treatment (Table 
2). Administration of Rs to the NC-group had restored these antioxidant enzymes significantly when compared 
to NC group alone. NC treated group decreased SOD activity that has been elevated when NC group was 
treated with Rs. The CAT activity had been declined markedly in the hepatic tissues of NC group  as compared 
to the control group table (2). 
 

The same finding has been obtained in the GPx activity that decreased by NC group and elevated by 
the Rs treatment after NC. 
 

Regarding the oxidative damage in the hepatic tissues, Table 2 represents the MDA levels (end 
product marker of the lipid peroxidation). MDA levels were elevated greatly in NC group compared to the 
control group. The values of TAC were 97.8 %, 67%, 98% and 85 % for control, NC, Rs and  NC and Rs 
respectively table (2). 
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Histopathological finding 

 
Fig (1): Effect of Resveratrol and Nicotine on hepatic tissues. (A) Control group: Photomicrograph of normal 
hepatic  tissues showing central vein (*) surrounded by rows and trabeculae of normal liver celld (  )H&E x 

400); (B) Nicotine group: Photomicrograph of hepatic tissues treated with nicotine showing a dilated 
congested central vein (*) surrounded by degenerated liver cells (   )  (H&E x 400) .(C) Resveratrol group: 
Photomicrograph of liver tissues treated with resveratrol showing central vein (*) surrounded by normal 
cords of liver cells (   ) (H&E x 400). (D) Nicotine + Resveratrol group: Photomicrograph of hepatic tissues 

treated with Nic + Res showing improvement in the central vein (*) but accompanied by fatty change of the 
liver cells (   )  (H&E x 400). 

 
Table (3): Histopathological findings in liver of rats treated with Nicotine and Resveratrol 

 

Findings  Groups 

 Control Nicotine Resveratrol 
Nicotine + 

Resveratrol 

Normal hepatic 
tissues 

++++ ------ ++++ +++- 

Normal central vein ++++ +--- ++++ +++- 

Dilated congested 
central vein 

---- ++++ ---- +++- 

Degenerated liver 
cells 

------ ++++ ------ +++– 

Fatty change of liver 
cells 

------ ++++ ------ +++– 

Symbol  Meaning 

------ Absence of the change. 

++++  A change which was often found. 

+++-  A change which was observed in almost group. 

++–  A change so often not observed in all group. 

—+  A change that was rare in the group 

DISCUSSION 
 

Nicotine is a substance that is found in the tobacco and considered as a toxic compound. This includes 
cigarettes (National Toxicology Program of the U.S. Department of Health and Human Services, 2002). Most 
of the treatment trials weren't effective for smokers (Ebbert et al., 2003).  
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Hepatotoxicity is one of the most common diseases worldwide. Therefore, a lot of efforts were done 

for the treatment of  liver diseases. Nicotine afforded several liver pathological alterations in male rats. The 
current study was aimed to estimate the level of resveratrol protection against the hepatotoxicity afforded by 
nicotine.     
 

Cigarette smoking is a very common habit. Nicotine is considered as an essential  component of 
cigarette smoke which is considered as a toxic compound (Hofffmann et al., 1996). Shaw et al. (2000) 
reported that “life is shortened by one cigarette by 11 min”. Nicotine has an important effect on the 
cardiovascular diseases (Sastry et al., 1995).  
 

Nicotine induced multi-alterations in cytochrome P-450 (Anandatheerthavarada et al.,1993), 
produces free radicals in a lot of tissues and induces oxidative tissue damage (Guan et al., 2003). 

 
The liver is a major organ for metabolism and is affected greatly by the  oxidative events that is 

associated with the nicotine toxicity.  
 

Regarding this, administration of nicotine significantly increased the levels of free radical in the 
hepatic  tissues as compared to the control group.       
 

Also, GPx and SOD were declined significantly in the hepatic tissues of nicotine treated group. SOD 
was declined in the liver tissues. Our results are in agreement with Jenkins and Goldfrab (1993), who reported 
that declined SOD activity is a reflection of incidence of oxidative stress. However, Husain et al. (2001) 
reported that chronic administration of nicotine declined liver GSH content and this in agreement with our 
obtained results in case of evaluation of GPx enzyme levels. 
 

Oxidative stress is considered the main cause of various disorders (Vendemiale et al.,1999).Nicotine-
affords oxidative stress and play a vital role in most diseases in smokers. Various mechanisms explained that 
nicotine stimulates the free radicals production. Nicotine alters the respiratory chains (Loft et al., 1994). 
 

Flushing and hepatotoxicity are important adverse effects of nicotinic acid (Ralph .,2007) and this is 
confirmed by the histological section that were obtained from nicotine treated group. Resveratrol in the 
current study induced decrease hepatic antioxidant enzymes due to nicotine treatment. Resveratrol oral 
administration was able to restore the normal histological structure.  
 

Resveratrol administration significantly adjusted the nicotine induced biomarkers alterations of the 
hepatocellular injury as  AST, ALT and ALP which are markers of hepatic damage (Wegwu et al., 2005) and 
their serum elevation  revealed loss of the cell membrane functional integrity (Rajesh and Latha, 2004). 
 

Thehepatic enzymes AST, ALT and ALP were declined after the administration of resveratrol and this 
proved  the hepatocytes improvement. AST is a marker of necrosis. ALT is an enzyme when increased , it 
increases in case of cases associated with the cell death (Rosen and Keeffe, 2000). ALP is an enzyme that is 
arises mainly from the bile duct (Muriel and Escobar, 2003).  
 

 ALP is a cholestasis indicator (Giannini et al., 2001). The obstruction causes fats to be accumulated in 
the blood instead of being alleviated normally. Resveratrol decreased the AST,ALT and ALP levels , suggesting 
that resveratrol can be a good hepatoprotective agent (Fan et al., 2009).  
 

Additionally, the declined total protein levels in nicotine group suggesting a decline in the protein 
synthesis. On the other hand, protein level was increased in resveratrol groups suggesting the hepatic cells 
amelioration. 
 

Oxidative stress results in the breakdown of the phospholipids of the cell membrane and then leads 
to the formation of oxidation end products of oxidation such as malondialdehyde  (El-Shenawy et al.,2014).  
 

Free radicals which are generated during the nicotine metabolism, have a potent effect to interact 
with triglycerides of the hepatic cell membranes and could produce lipid peroxides. 
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The lipid peroxidation is a phenomena that is common in toxic mechanisms. It occurs under normal 

physiological conditions (Chávez et al., 2008).  
 

The obtained results on hepatic tissues of nicotine-group showed a marked elevation in MDA levels as 
a significant decline in GPx levels. MDA is an oxidative stress marker.The significant decline of MDA levels and 
increment of glutathione enzyme in resveratrol treated animals may reflect a decline in the lipid peroxidation 
and increment of the tissue antioxidant defense enzymes. This indicates that resveratrol could reduce the free 
radicals generation and thus reduce the oxidative stress. 
 

Resveratrol has proven previously against lipid peroxidation (Rivera et al., 2008). Rats treated with 
resveratrol only showed a normal physiological status which prove the safe using of resveratrol. Resveratrol 
induced a restoration effects on hepatic tissues (Hong et al., 2010) . 
 

The histological parameters for the evaluation of the liver cells damage. The necrosis in the nicotine 
group indicated the death of different cells of the liver. Fatty change of liver noticed in nicotine group reflects 
an imbalance of metabolism of lipids by the liver cells. The histopathlogical alterations in the liver of nicotine 
group suggested  the presence of specific pathogenic pathway . 

 
CONCLUSION 

 
Resveratrol have an improvement effect on the hepatic tissues. The obtained results indicate that the 

decline in the antioxidant status is contributing to the nicotine toxicity especially on the hepatic tissues. The 
observed significant increase in the reactive oxygen species in the hepatic tissues confirmed the occurance of 
oxidative stress due to nicotine exposure, thus the hepatic tissues are subjected to high level of oxidative 
stress. Histological ameiolration was observed after the administration of  resveratrol to nicotine treated 
group. Resveratrol treatment remove the  generated free radicals induced by nicotine. 
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