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Abstract: 

Objective: Vitamin C is a vital antioxidant that may antagonize deleterious effects of smoking. The aim of this 

study was to evaluate the effects of administration of nicotine alone for three weeks or combined with vitamin C 

on the antioxidant defense status, functional, histopathological changes, and immunohistochemical 

demonstration of proliferating cell nuclear antigen (PCNA) in rat liver and kidney tissues.  

Methods: Animals were divided into four groups; (C) saline-treated, (VC) vitamin C-treated, (NIC) nicotine-

treated, all were for 3 weeks, and (NIC+VC) is given vitamin C for 3 days prior, with nicotine injection and 2 
days thereafter.  

Results: Present work showed that nicotine exposure caused significant reduction in total body weight, relative 

liver and kidney weights, elevated malondialdehyde (MDA), alanine transaminase (ALT), aspirate transaminase 

(AST), and alkaline phosphatase (ALP) in both hepatic and renal tissues. Co-exposure to nicotine and vitamin C 

maintained normal liver and kidney weight, significantly lowered MDA, ALT, AST, ALP and elevated 

glutathione in both hepatic and renal tissues compared NIC group as well as controls. Nicotine administration 

resulted in shedding, necrosis, and loss of brush border of cells covering proximal and distal convoluted tubules 

of kidney. The liver in the nicotine-treated group showed vacuolated cytoplasm of hepatocytes, with dilated 

central vein and sinusoids and mitochondrial destruction. Immunohistochemistry showed dense PCNA 
immunostaining in the livers of nicotine-treated rats. Vitamin C induced partial correction of nicotine-induced 

histopathological damage of liver and kidney and significant elevation in PCNA expression.  

Conclusion: The results of present work suggested that vitamin C has a promising prophylactic effect against 

nicotine-induced oxidative damage of liver and kidney. 

Keywords: Nicotine, Vitamin C, Ascorbic acid, Liver, Kidney, Histopathology, Glutathione (GSH), 

Malondialdehyde (MDA), Lipid peroxidation, Oxidative stress, Immunohistochemistry. 

 

I.      Introduction 
Tobacco smoking is the most socially spread habit and is considered as one of the leading causes of 

premature death in developed as well as developing countries. Epidemiological studies have shown that 

cigarette smoking may accelerate the progression of renal, pulmonary, and cardiac fibrosis [1], but whether it 

might cause organ damage in rather healthy tissues is an important question.  The bad effects of nicotine on 

body function such as rise in heart rate, blood pressure, disturbed lipid profile, atherosclerosis and ischemic 

heart disease [2] had been previously shown by direct administration of nicotine in human and animals [3]. 

However, the mechanisms underlying these effects need to be elucidated. Nicotine as major constituent of 

tobacco is probably the cause of the smoking-induced organ malfunction. Cotinine, the major metabolite of 

nicotine is produced by C-oxidation pathway in the liver and has been used as a marker for nicotine intake [4]. 

Kidney is probably the organ responsible for getting rid of cotinine produced by the liver. To this end, this work 
is planned to investigate the functional and structural effects of nicotine administration for three weeks on rat 

liver and kidney. 

The role of oxidative stress in the pathogenesis of liver damage is supported by previous studies. It has 

been shown that nicotine enhanced lipid peroxidation and the production of reactive oxygen species [5]. A fairly 

recent study reported that nicotine enhanced the activity of NADPH oxidase as well as myeloperoxidase activity 

in murine peritoneal macrophages [6]. Other studies reported malfunction of antioxidant defense systems 

through the reduction of the activity of catalase and superoxide dismutase [7]. Vitamin C or L-ascorbic acid is 

vital dietary supplement that has antioxidant properties. Most of the protective antioxidant effect of ascorbate is 

due to its action as an electron donor that undergoes pH-dependent oxidation producing hydrogen peroxide [8]. 

Recent studies showed that parentral administration of vitamin C through escaping the gut control and reaching 

very high level in plasma is more effective in antagonizing oxidants [9]. The risk of oxidative stress mainly 

affect liver and kidney tissues  therefore, we investigated the effect of nicotine injection (i.p.) for three weeks or 
combined with vitamin C on lipid peroxidation and glutathione level in hepatic and renal tissues.  
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Proliferating cell nuclear antigen (PCNA), an S-phase marker, is considered as the maestro of the 

replication fork and is known as the sliding clamp [10]. PCNA is formed of alpha and beta protein assembled 

into a multimers that encircles the DNA double helix at the replication fork as DNA polymerase adds 
nucleotides to the growing strand [11]. It also attaches to the DNA polymerase by protein/protein interaction and 

slides along the DNA with the advancing polymerase therefore, increasing the number of nucleotides that the 

polymerase can add up to 1,000-fold [12]. However, PCNA expression in non-proliferating cells is associated 

with repair of DNA damage [13]. In this concern, Kaya and his group  reported that proteins associated with 

DNA damage and repair (p53, Bax, PCNA) were highly expressed in the nuclei of apoptotic and injured cells 

which showed DNA fragmentation [14]. This study was designed to examine the role of i.p. administration of 

nicotine for three weeks or combined with vitamin C on the oxidative status, functional, structural changes, and 

regeneration capacity of the liver and kidney tissues of young adult male rats. We assessed the damage and 

regenerative capacity of the liver and kidney tissues by immunohistochemical staining of PCNA. 

 

II.      Material and Methods 
II.1 Drugs and chemicals 

Nicotine: Synonyms 3-(1-Methyl-2-pyrrolidinyl) pyridine, (S)-(-)-Nicotine 100% concentration 

(Cat.No. 109535, Product number:  8208770025, glass bottle (25 ml) was obtained from Merck KGaA 

Frankfurter Str. 250, 64293 Darmstadt Germany. Vitamin C 1 gm/ 5ml ampoule (Batch No.: 213145, Memphis 

Co. For Pharm. & Chem. Ind. Cairo-Egypt).  

 

II.2 Animal preparation and experimental approach  
A total of 24 young adult male Albino rats weighing 150-200 g were used. For acclimatization, rats 

were kept for 3 days before the onset of experiment and housed in metal cages at room temperature 25°C, 12 

hours light dark cycle in the research laboratory of the department of Human Anatomy and Embryology, Faculty 

of Medicine-Assiut University during the period of the research.  Water and food (standard rat chow) were 

allowed to rats ad libitum. The experiments were carried out according to the protocol approved by the Local 

Ethical Committee of the Faculty of Medicine, Assiut University in accordance with the ethical guidelines for 

scientific research in conscious animals. 

Animals were divided into four groups (6 rats each). Group I (C) serve as control receive i.p. injection 

of saline daily for 3 weeks. Group II (VC) is given vitamin C 300 mg/ kg i.p. for 3 weeks. Group III (NIC) is 

given nicotine 5 mg/ kg i.p. for 3 weeks. Group IV (NIC+VC) is given vitamin C 300 mg/ kg i.p. for 3 days 

prior, with nicotine injection and 2 days thereafter. Rats in all groups were anaesthetized with ether, scarified by 
decapitation 24hours after the last injections. Target tissues (kidney and liver) were excised from animals at the 

time of sacrifice, cleared off blood and immediately transferred to ice-cold containers containing 0.9% sodium 

chloride for various estimations.  

 

II.3 Preparation of tissue extracts  

Livers and kidney were excised immediately, washed with ice-cold physiologic saline solution (0.9%), 

dried and weighed. Approximately 0.5 gm of livers and kidneys tissues was homogenized in 10 volumes (1:10; 

w/v) of ice-cold isotonic saline (0.9% NaCl, pH 7.4) in an Ultra Turrax tissue homogenizer for 30s. For 

detection of MDA; homogenates were centrifuged at 10000 rpm for 10 min. The supernatant was immediately 

pipetted into clean centrifuge tubes and stored in aliquots (-80°C) for analysis. For detection of GSH; 

homogenates were mixed with an equal volume of 1 mole/L perchloric acid and mixed by vortex. Then, the 

mixture was allowed to stand at room temperature for 5 min. The supernatant was collected carefully without 
disturbing the precipitate into clean centrifuge tubes and stored in aliquots (-20°C) until assay. 

 

II.4 Oxidative stress parameters  

II.4.1 Determination of liver and kidney lipid peroxidation 

It is estimated by measuring the thiobarbituric acid reactive substance (TBARS) i.e. malondialdehyde 

(MDA) in liver and kidney homogenates according to the method of [13]. MDA forms a 1:2 adduct with 

thiobarbiturique acid (TBA)  which can be measured by spectrophotometry.  Briefly, 0.2 ml of standards or 

tissue homogenate was added to 0.2 ml of 8.1% of sodium doedecyl sulfate, then 1.5 ml of 20% acetic acid, last, 

1.5 ml of 0.8% TBA freshly prepared in solution (bidistilled water in the presence of 0.1M NaOH freshly 

prepared) were added. The mixture was diluted to 4ml by addition of bidistilled water. After vortex, the mixture 

is incubated in H2O bath at 95°C for 60 min. After cooling in a cold water bath for 10 min, the mixture is 
extracted with 4ml of n-butanol and pyridine (1.5:1 v/v) by vigorous shaking. After centrifugation for 10 min, 

the organic phase is collected and the absorbance is measured at a wave length of 532 nm. The concentration of 

MDA was calculated by drawing standard curve (Fig. 1A) using GraphPad Prism 5 software and expressed in 

micromoles per gram of kidney or liver tissue.  
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II.4.2 Determination of liver and kidney glutathione (GSH) levels 

The sulfhydryl group of GSH reacts with 5,5-dithiobis-2-nitro-benzoic acid (DTNB or Ellman's 
Reagent) and produces a yellow colored 5-thio-2-nitrobenzoic acid (TNB). GSH level in liver and kidney 

homogenate was measured according to the method of Ohkawa and his group [15].  In brief, before the assay the 

pH of homogenate was adjusted by adding 50μl of 4 mol/L triethanolamine/ 1ml of the supernatant and vortex 

immediately. Then, pipette successively into clean test tubes 200μl of the samples or standards, 200μl bidistilled 

water, 2ml saline, 1ml DTNB, then, mix and vortex. The absorbance was measured at a wave length of 412 nm. 

The concentration of MDA was calculated by drawing standard curve (Fig. 1B) using GraphPad Prism 5 

software and expressed in micromoles per gram of kidney or liver tissue.  

 

II.5 Determination of alanine transaminase, aspartate transaminase, and alkaline phosphatase in liver 

homogenates 
Alanine aminotransferase (ALT) was estimated in liver homogenate by using Alanine aminotransferase 

(EC 2.6.1.2) liquiUV test (diagnostic kits ordered from Human Gesellschaft für Biochemica und Diagnostica 

mbH, Wiesbaden, Germany) following the manufacture instructions. Aspartate aminotransferase (AST) was 

estimated in liver homogenate by using Aspartate aminotransferase (EC 2.6.1.1) liquiUV test (diagnostic kits 

ordered from Human Gesellschaft für Biochemica und Diagnostica mbH, Wiesbaden, Germany) following the 

manufacture instructions. Alkaline phosphatase (ALP) was estimated in liver homogenates by using Alkaline 

phosphatase FS DGKC, Diagnostic reagent for quantitative in vitro determination of alkaline phosphatase on 

photometric system, Cat No. 844 0401 10 02 00 (diagnostic kits ordered from DiaSys Diagnostic Systems 

GmbH, Alte Strasse 9  65558 Holzheim   Germany) following the manufacture instructions. 

 

II.6 Immunohistochemistry and light microscopy 

The specimens were taken from the kidney and liver of each group and were fixed in 10% neutral-

buffered formalin solution, dehydrated in ascending grades of alcohol, cleared, embedded in paraffin [16]. 
Paraffin sections were cut at 6μm and mounted on aminopropyltriethoxysilaine (APES)-coated slides. To 

eliminate the endogenous peroxidase activity the sections were incubated in 0.3% H2O2 for 30 min. Antigen 

retrieval (unmasking) was done by heating slides in sodium citrate buffer (pH 6.0) at 95°C in a microwave for 

15 min and slowly cooling to room temperature [17]. Sections were then incubated for 24 h at 4°C with the 

primary antibody [Rabbit polyclonal antibody directed against proliferating cell nuclear antigen, PCNA 

(Thermo Scientific, South San Francisco, California, USA; dilution 1:100)]. Immunohistochemical reaction was 

detected by using the standardized commercially available UltraVision Detection System anti-polyvalent 

HRP/DAB kit (Thermo Fisher scientific, USA). The slides were washed and incubated with biotinylated goat 

anti-polyvalent (goat anti-rabbit secondary antibody, dilution 1:200) for 10 min at room temperature. Then 

sections were incubated with streptavidin peroxidase for 10 min and finally with 0.05% diaminobenzidine 

(DAB) plus chromogen for 15 min. Slides were counterstained with Hematoxylin and Eosin (H&E), dehydrated, 
cleared, and mounted. PCNA-positive cells appeared with brown nuclei. Negative control slides were prepared 

by incubating the slides without the primary antibody; hence, no immunostaining occurred [18]. Slides were 

examined using an Olympus CX41 optical microscope equipped with an Olympus EVOLT E-330 digital camera 

interfaced to a computer. 

 

II. 7 Transmission electron microscopy 

Liver and kidney specimens were fixed in 5% cacodylated-buffered glutaraldehyde for 24 h and 

postfixed in 1% osmium tetraoxide for 1 h [19]. About 2mm-thick slices were processed and embedded in 

Epon-araldite mixture. Semithin sections of 1μm thickness were cut with a glass knife in KLB, Bromma 

Ultramicrotome, and stained with toluidine blue and examined. Ultrathin sections (450-500 A) from liver 

selected areas were cut with ultramicrotome, mounted on copper grids, stained with uranyl acetate and lead 

citrate, examined with a transmission electron microscope model JEM100CXII (JEOL, Tokyo, Japan), and 
photographed in the Assiut University Electron Microscopy Unit. 

 

II.8 Statistical analysis 

GraphPad Prism 5 (GraphPad Software Inc., La Jolla, CA, USA) was used for data analysis. Data were 

presented as mean +/-SE. Comparison among groups is done using One-Way Analysis of Variance (ANOVA) 

followed by Bonferroni Multiple comparison posthoc test. A (P) value of less than 0.05 was considered to 

represent a statistically significant difference. 
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III.        Results 

III. 1 Effect of nicotine versus nicotine and vitamin C on Malondialdehyde (MDA) concentration in renal 

and hepatic tissues of rats 

Treatment with nicotine 5 mg/kg i.p. daily for 3 weeks caused significant rise in MDA levels in both 

renal and hepatic tissues of rats compared to both saline- treated and vitamin C-treated groups. Co-

administration of nicotine and vitamin C caused significant reduction in MDA level in renal and in hepatic 

tissue compared to nicotine treated group. Insignificant difference in MDA levels in renal tissue was found 

between saline-treated (C), vitamin C-treated groups (VC), or nicotine and vitamin C-treated group (NIC+VC). 

Significant rise in MDA levels was found nicotine + vitamin C group compared to both saline-treated and 

vitamin C-treated groups indicating that vitamin C provide partial protection against oxidative stress in liver 

tissues. Insignificant difference in renal or hepatic MDA levels was found between saline-treated, vitamin C-

treated groups (Fig. 2A & B. n=6).  
 

III. 2 Effect of nicotine versus nicotine and vitamin C on glutathione (GSH) concentration in renal tissues 

of rats 

Treatment with nicotine 5 mg/kg i.p. daily for 3 weeks caused insignificant change in GSH levels in 

renal and hepatic tissues of rats compared to saline- treated and vitamin C-treated groups. Co-administration of 

nicotine and vitamin C caused significant rise in GSH level in both renal and hepatic tissues compared to 

nicotine treated group and compared to both saline-treated and vitamin C-treated groups (Fig. 3A & B, n=6).  

 

III.3 Effect of nicotine versus nicotine and vitamin C on relative kidney and liver weight compared to 

total body weight of rats 

Treatment with nicotine 5 mg/kg i.p. daily for 3 weeks caused significant reduction of relative kidney 
weights of rats compared to saline- treated group. Treatment with nicotine also caused significant reduction of 

relative liver weight and total body weight of rats compared to both saline- treated and vitamin C-treated groups. 

Co-administration of nicotine and vitamin C caused significant increase in relative kidney and liver weight 

compared to nicotine treated group but failed to correct the decrease in total body weight. Insignificant 

difference in relative kidney and liver weight between other groups was found.  (Fig. 4A, B & C, n=6). 

 

III.4 Effect of nicotine versus nicotine and vitamin C on alanine transaminase (ALT), aspartate 

transaminase (AST), and alkaline phosphatase (ALP): 

Treatment with nicotine 5 mg/kg i.p. daily for 3 weeks caused significant rise in ALT, AST, and ALP 

level in liver homogenate. Co-administration of nicotine and vitamin C caused significant reduction in ALT, 

AST, and ALP level compared to nicotine-treated group (P< 0.05). Insignificant difference of ALT and AST 

level between other groups was found. Significant decrease in ALP level in VC treated group compared to 
control (Fig. 4 D & E, F, n=8). 

 

III.5 Histological analysis of the liver tissues: 

III.5.1 Light microscopy 

III.5.1.1 Semithin sections  

In the control group rat livers of the present study the hepatic lobules consisted of a central vein with 

plates of hepatocytes radiating from the center toward the periphery (Fig. 5.1). The hepatocytes were polyhedral 

in shape with centrally located rounded vesicular nuclei and intracytoplasmic basophilic bodies. Blood sinusoids 

were observed between the hepatocytes, and Kupffer cells (sinusoidal stellate macrophages) were present in the 

sinusoids (Fig.5. 2). In the vitamin C-treated group animals the livers showed normal morphological appearance 

similar to that of the control group (Figs 5.3 and 5.4). In the nicotine-treated group animals livers, histological 
examination revealed marked tissue damage. There were dilatation and congestion of the central vein and blood 

sinusoids (Fig. 5.5). Vacuolations of the cytoplasm and cellular degeneration were detected in some 

hepatocytes. Some hepatocytes had deeply stained nuclei and pale cytoplasm (Figs 5.5 and 5.6). In the 

nicotine+vitamin C treatment group animals the liver damage was milder as compared to the nicotine-treated 

group. The blood sinusoids were mildly dilated (Fig. 5.7). Few hepatocytes had deeply stained nuclei, while 

others had variable sizes of nuclei and nucleoli (Fig. 5.8).  

 

III.5.1.2 Immunohistochemistry of the effect of nicotine versus nicotine and vitamin C on proliferating 

cell nuclear antigen (PCNA) expression in liver tissues of rats:  

We assessed the proliferation activity (regeneration) of the liver tissues by immunohistochemical 

staining using PCNA antibodies. In the control and vitamin C-treated groups’ rat livers of the present study, 

there was no visible expression or nuclear reaction of PCNA (Figs 5.9 and 5.10). Nicotine administration 
increased the intensity of PCNA immunoreactivity in the liver cells (Fig. 5.11) as compared to control (C) 
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(Fig.5. 9), and vitamin C-treated (VC) groups (Fig. 5.10). To verify the specificity of PCNA primary antibody 

and the immunohistochemistry protocol, when the experiment was done without using primary antibody at all 

the result was no brown color for PCNA immunostaining (Fig. 5.12). Vitamin C coadministration with nicotine 
further increased the intensity of PCNA immunoreactivity in the nuclei of liver cells as indicated by dark brown 

color (Fig. 5.13) in comparison with other groups. 

 

III.5.2 Transmission electron microscopy 

Examination of the control liver showed hepatocytes with rounded nuclei, many mitochondria, free 

ribosomes and rough endoplasmic reticulum were crowded within the cytoplasm (Fig. 5.14). Glycogen granules 

were also seen in the cytoplasm. In the vitamin C-treated group animals the liver was of normal morphological 

appearance similar to the control group (Fig. 5.15). In nicotine-treated group rat livers, the hepatocyte cytoplasm 

was vacuolated with destruction of mitochondria and other organelles. Lipofuscin granules, peroxisome, and 

lysosome were present in the cytoplasm. Also there were few numbers of free ribosomes and rough endoplasmic 

reticulum (Fig. 5.16). In the nicotine+vitamin C treatment group animals the liver damage was milder as 
compared to the nicotine-treated group. Numerous mitochondria and few vacuolations were seen in the 

cytoplasm (Fig. 5.17). 

 

III.6 Histological analysis of the kidney tissues: 

III.6.1 Light microscopy 

III.6.1.1 Semithin sections  

In the control group rat kidneys of the present study showed normal histological architecture. The renal 

cortex was formed of renal corpuscles (glomerular tuft of capillaries surrounded by Bowman’s capsule) and 

proximal and distal convoluted tubules (Figs 6.1 and 6.2). The proximal convoluted tubules were lined by a 

cuboidal epithelium with basally located and spherical nuclei and prominent brush border at the apical surface 

(Fig. 6.2). The distal convoluted tubules were lined by cuboidal epithelial cells that lacked a brush border. The 

nuclei were spherical and apically located with pale cytoplasm compared with proximal convoluted tubules 
(Figs 6.1 and 6.2). In the vitamin C-treated group animals the kidneys showed normal morphological 

appearance similar to that of the control group (Figs 6.3 and 6.4). In nicotine-treated group rat kidneys, 

histological examination revealed marked tissue damage. The proximal and distal convoluted tubules showed 

partial destruction of the brush border of the proximal convoluted tubules and desquamated cells were observed 

inside their lumens (Figs 6.5and 6.6). Apparent thickening of the basement membrane of the distal convoluted 

tubules was also found. Small pyknotic nuclei and collapsed necrotic glomerulus were present. There were 

irregular shapes of the nuclei of some tubular cells (Fig. 6.6). Vitamin C supplementation with nicotine 

treatment markedly decreased the degree of injury and dilation of both PCT and DCT. Many parts of proximal 

convoluted tubules showed preserved brush border (figs.6.7 and 6.8). 

 

III.6.1.2 Immunohistochemistry of the Effect of nicotine versus nicotine and vitamin C on proliferating 
cell nuclear antigen (PCNA) expression in kidney tissues of rats:  

We assessed the proliferation activity (regeneration) of the kidney tissues by immunohistochemical 

staining via PCNA antibodies. In both of the control and vitamin C-treated groups’ rat kidneys of the present 

study, there was no visible expression or very faint nuclear reaction of PCNA (Figs 6.9 and 6.10). Nicotine 

administration increased the number of PCNA-positive kidney cells as compared to other groups (Fig. 6.11). 

When no primary antibody was applied there was no brown color for PCNA immunostaining in the nuclei of the 

renal cells (Fig. 6.12). Vitamin C coadministration with nicotine further increased the intensity of PCNA 

immunoreactivity in the kidney cells as indicated by brown color in the nuclei of PCNA-positive cells (Fig. 

6.13) as compared to other groups. 

 

IV.       Discussion 

Nicotine is mainly metabolized in the liver and excreted by the kidney [20]. The present study revealed 

that nicotine exposure for three weeks in a dose of 5 mg/ kg i.p. caused significant reduction in the total body 

weight, relative liver and kidney weights. The reduction in liver weight is supported by a previous study 

showing decreased liver weight in nicotine treated rats [21]. The reduction in body weight is supported by 

previous studies that reported lower body weight among smokers compared to non-smokers and weight gain in 

most subjects who quit smoking [22] [23] [24]. Gonseth and his colleagues suggested a hormonal mechanism 

related to disturbed dynamics of leptin secretion after smoking cessation [25]. We found that co-exposure to 

nicotine and vitamin C failed to correct the nicotine-induced decrease in total body weight. This is supported by 

several studies reporting that vitamin C supplementation is an effective method of weight loss. According to 

researchers from Arizona State University, individuals having sufficient amounts of vitamin C in their body 
burn 30% additional amount of fat during moderately severe exercise [26]. The correlation between nonsteroidal 
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vitamins such as vitamin E or C and leptin secretion in modulating body weight is previously reported [27] [28]. 

Taken together, we suggest an additive interaction of both nicotine and vitamin C in decreasing body weight 

through modulating leptin secretion. This particular point needs further study. 
     This work also demonstrated that nicotine treatment caused significant elevation of liver enzymes; 

ALT, AST, and ALP indicating impaired liver function. In line with us, Fahim and his group reported rise in 

both  hepatic ALT and AST levels following I.P. nicotine injection (1mg/Kg) for 3 weeks in mice [29]. Another 

study observed overexpression of ALP level and other genes involved in osteoblast maturation and 

differentiation in osteoblasts in response to subtoxic nicotine administration in humans [30]. Histological 

examination of the liver showed marked centrilobular congestion, dilatation of central vein and blood sinusoids, 

cellular degeneration with loss of trabecular arrangement in the nicotine-treated group. In addition, vacuoles 

appeared in many hepatocytes, indicating possible fatty changes. The ultrastructural examination of the liver 

revealed, the nucleus of the hepatocyte had clumped heterochromatin with an irregular thick nuclear membrane, 

rarified cytoplasm, cytotoxic and degenerative changes in hepatic cells. Actually the damaging effect of 

smoking on liver diseases has been previously reported [30]. In addition, we found severe destruction of the 
mitochondria, presence of lipofuscin granules and peroxisome, and decreased number of cytoplasmic organelles 

in hepatocytes from nicotine-treated rats only. Commensurate with the present results, some investigators 

described that nicotine has strong affinity to mitochondria [31]. They hypothesized that altered cellular energy 

metabolism is involved in the pathogenesis of nicotine toxicity. It was reported that the major source of 

lipofuscin granules is incomplete lysosomal degradation of damaged organelles as was shown in a model of 

aging [32]. Lipofuscin sensitizes the cells to oxidative stress, as the accumulation of defective mitochondria 

produces more reactive oxygen species, which causes additional damage [33] [34]. Nevertheless, the 

peroxisomes are major sites of oxygen utilization and contain oxidative enzymes as urate oxidase for 

detoxification [34]. The enzyme oxidase can create hydrogen peroxide as a byproduct of its enzymatic reactions 

within the peroxisome. Hydrogen peroxide can then be converted to water by enzymes like catalase and 

peroxidase present in the peroxisome [34]. Coadministration of vitamin C and nicotine significantly decreased 

liver enzymes ALT, AST, and ALP compared to nicotine treated group. This result is supported by the work of 
Su and his colleague who reported a hepatoprotective effect of vitamin C against carbon tetrachloride-induced 

liver damage and elevation of liver enzymes [35]. Moreover, this study showed that vitamin C supplementation 

decreased the degree of hepatocyte injury and vacuolation of its cytoplasm. In hand with our results, earlier 

studies reported that both vitamin E and vitamin C were effective in improving fibrosis scores in patients with 

nonalcoholic steatohepatitis [36] [37].  

In addition, our study showed that nicotine caused dilation and marked destruction of cells lining the 

proximal and distal convoluted tubules of the rat kidney. Presence of collapsed fibrotic renal glomeruli may be 

secondary to increased collagen fiber formation or glomerulosclerosis caused by several toxic agents [38]. 

Moreover, we found that some cells of the proximal and distal convoluted tubules of the rat kidney of nicotine-

treated group had nuclei of irregular shapes. It has been reported that irregular nuclear shape indicates mitotic 

instability that might be associated with genetic aberrations [39] [40]. Previous researchers found that abnormal 
nuclear shape is associated with premature and normal aging, as well as cancer [41] [42] [43]. The changes 

observed in the kidney are greatly improved by the use of vitamin C. Consistent with our results; one study 

revealed that vitamin C antagonized nicotine-induced kidney damage through reduction of fibronectin 

accumulation in proximal tubules of the kidney [44]. 

Moreover, our results showed elevation of oxidative stress marker; malondialdehyde (MDA) however, 

it doesn't significantly change the level of antioxidant marker; glutathione in both liver and kidney tissues. This 

result is supported by previous studies reporting that tobacco caused hepatic damage both in vitro and in vivo 

due to oxidative stress associated with lipid peroxidation  [45] [46] through induction of cytochrome P-450 [47]. 

In agreement with us, another study reported elevation of MDA in liver tissues-induced by nicotine and 

aggravated by ethanol [21]. Our results also revealed that co-exposure to nicotine and vitamin C caused 

significant reduction in the levels of MDA. Vitamin C also caused a significant elevation of glutathione 

compared to nicotine treated group as well as control. This result is supported by in vivo study demonstrating 
that vitamin C prevents oxidative damage caused cigarette smoking [37].  

In normal conditions the hepatocytes remain in quiescent state (phase G0 of the cell cycle), but retain 

the ability to reinitiate the cell cycle with occasion of tissue damage, tissue loss or exogenous stimulus (growth 

factors, mitogens) [48] [49] [50]. Thus, in normal conditions mitosis is observed only in one out of 20,000 

hepatocytes [51]. Immunohistochemical demonstration of proliferating cell nuclear antigen (PCNA) showed that 

nicotine causes significant elevation in the number of PCNA positive hepatocytes. This result is supported by 

the work of Wiśniewska and his group who showed that nicotine coadministration with alcohol significantly 

increasing PCNA expression in pancreatic and hepatic rat cells [52]. PCNA is an auxiliary protein of DNA 

polymerase delta and is involved in a wide range of functions in the nucleus such as control of DNA replication, 

cell-cycle progression, transcription as well as DNA damage repair [53] [54]. The concentration of the PCNA 
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protein in the nucleus increases in the final stage of G1 phase of the cell cycle and reaches maximum value in S 

phase. Total absence of this protein could be observed in G0 phase [55] [56].  

We found that vitamin C coadministrattion enhances the effect of nicotine in the liver and kidney 
through increasing PCNA expression significantly in both tissues. In agreement with our results Gürgen and his 

colleagues suggested that ascorbic acid through increasing PCNA expression reduced the cyclophosphamide-

induced damage of rat ovarian tissue [57]. Another study showed that coadministration of ascorbic acid and 

kojic acid increased the number of liver cells positive for PCNA and reduced the number of TUNEL-positive 

cells probably through its antioxidant activity [58]. Taken together, the results of present work provides a further 

evidence for the liability toward the occurrence of liver and kidney damage in rather healthy individuals with 

daily exposure to nicotine. Moreover, it demonstrated the protective effect of vitamin C against the oxidative 

damage induced by nicotine on liver and kidney tissues. Finally, we encourage smokers to consume high 

vitamin C supplement to protect their liver and kidney from oxidative damage induced by nicotine. 

 

V.      Conclusion 
The aim of this study was to evaluate the detrimental effects of administration of nicotine alone for 

three weeks or combined with vitamin C on the antioxidant defense status, functional, histopathological 

changes, and proliferating capacity in liver and kidney tissues of young adult male rats. The major findings of 

this study is that i.p. injection of  nicotine at a dose 5 mg/ Kg body weight for 3 weeks is associated with 

reduction in liver, kidney weight as well as total body weight, elevated liver enzymes, hepatic PCNA 

expression, and increased oxidative stress in rat liver and kidney tissues. All these disturbances are considered 

as indicators for occurrence and progression of hepatic and kidney disease that is proved by histopathology. 

Prophylactic vitamin C supplementation at a dose of 0.3 g/ Kg i.p. 3 days prior, with nicotine injection and 2 

day thereafter significantly reduced malondialdehyde, liver enzymes and elevated glutathione level in liver and 
kidney tissue. Histopathological examination of the liver and kidney tissues revealed marked tissue damage in 

nicotine-treated group compared to the control that is greatly reduced by vitamin C supplementation.  Vitamin C 

coadministration significantly increased the proliferating capacity of hepatic and renal tissue as indicated by 

increasing the number of PCNA positive cells. We suggest that vitamin C has a promising pharmacological 

prophylactic role against liver and kidney damage that is induced by nicotine.  
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VII.    Figures 

  
Figure 1: (A) Standard curve of malondiadehyde (MDA) and (B) glutathione (GSH). Absorbance is 

read at 532nM for MDA and 412nM for GSH using UV-Visible spectrophotometer Pharmacia LKB- Ultraspec 

Plus. (mM/ L = millimole/Liter, μM/L = micromole/ liter, nm= nanometer wavelength). 

 

 
Figure 2: Effect of nicotine versus nicotine and vitamin C on Malondialdehyde (MDA) concentration 

in renal tissues (A) and hepatic tissues (B) of rats: C; saline treated-control; VC= vitamin C-treated control, NIC 

= nicotine treated group; NIC+VC = nicotine and vitamin C treated group. All values are expressed as mean +/-

SEM, One Way ANOVA with Bonferroni's Multiple Comparison Test was used. (*) compared to C group, (#) 

compared to VC group, (+) compared to NIC+VC group. (n=6). 

 

 
Figure  3: Effect of nicotine versus nicotine and vitamin C on Glutathione (GSH) concentration in renal tissues 

(A) and hepatic tissues (B) of rats: C; saline treated-control; VC= vitamin C-treated control, NIC = nicotine 

treated group; NIC+VC = nicotine and vitamin C treated group. All values are expressed as mean +/-SEM, One 

Way ANOVA with Bonferroni's Multiple Comparison Test was used. (*) compared to C group, (#) compared to 

VC group, (+) compared to NIC+VC group (n=6). 
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Figure 4: Effect of nicotine versus nicotine and vitamin C on A: relative kidney weight (RKW), B: 

relative liver weight (RLW) and, C: Total body weight of rats (TBW), D: alanine transaminase (ALT), E: 

Aspartate transaminase (AST), F: Alkaline phosphatase (ALP) level in liver homogenate. C = saline treated-

control; VC= vitamin C treated control, NIC = nicotine treated group; NIC+VC = nicotine and vitamin C treated 

group. All values are expressed as mean +/-SEM., One Way ANOVA with Bonferroni's Multiple Comparison 

Test was used. (*) compared to C group, (#) compared to VC group, (+) compared to NIC+VC group. (n=8). 
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Figure 5.1. A photomicrograph of a semithin section of the liver of control rat group showing normal 

appearance of radiating cords of hepatocytes from the central vein (C.V.) and narrow blood sinusoids (S) in 

between. Some hepatocytes are binucleated (double arrows). Note the presence of Kupffer cells (K) in the 

sinusoids. Toluidine blue, × 400. 

Figure 5.2. A photomicrograph of a semithin section of the liver of control rat group showing hepatocytes with 

basophilic bodies (arrow heads) and vesicular nuclei (arrows). The cords of hepatocytes separated by blood 

sinusoids (S). Some hepatocytes are binucleated (double arrows). Note the presence of Kupffer cells (K) in the 

sinusoids. Toluidine blue, × 1000 
Figure 5.3. A photomicrograph of a semithin section of the liver of vitamin C- treated rat group showing the 

central vein (C.V.) with radiating cords of hepatocytes and narrow sinusoids in between. Some hepatocytes are 

binucleated (double arrows). Toluidine blue, × 400. 

Figure 5.4. A photomicrograph of a semithin section of a liver of vitamin C-treated rat group showing 

hepatocytes with basophilic bodies (arrow heads) and vesicular nuclei (arrows). The cords of hepatocytes 
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separated by blood sinusoids (S). Note the presence of Kupffer cells (K) in the sinusoids. Toluidine blue, × 

1000. 

Figure 5.5. A photomicrograph of a section of the liver from nicotine-treated rat group showing marked 
congestion of the central vein (C.V.), and some hepatocytes with deeply stained nuclei (arrowheads), and areas 

of cellular degeneration (d). Some hepatocytes have vacuolated cytoplasm (arrows). Toluidine blue, × 400. 

Figure 5.6. A photomicrograph of a semithin section of the liver from nicotine-treated rat group showing the 

central vein (C.V.) and hepatocytes with apparent reduction of basophilic cytoplasmic granules (thin arrows), 

and dilatation of blood sinusoids (S). Some hepatocytes have shrunken pyknotic nuclei (arrowheads), and areas 

of cellular degeneration (d). Some hepatocytes have vacuolated cytoplasm (thick arrows), and Kupffer cells (K) 

present in the sinusoids. Toluidine blue, × 1000.  

Figure 5.7. A photomicrograph of a semithin section of the liver from nicotine+vitamin C-treated rat group 

showing cords of hepatocytes and blood sinusoids (S) in between. Some hepatocytes are binucleated (double 

arrows). Toluidine blue, × 400. 

Figure 5.8. A photomicrograph of a semithin section of the liver from nicotine+vitamin C-treated rat group 
showing cords of hepatocytes and blood sinusoids (S) in between. The hepatocytes have variable sizes of nuclei 

and nucleoli. Some nuclei are pyknotic densely stained (arrowheads), while others are large with 2 or more 

nucleoli (arrows). Kupffer cells (K) present in the sinusoids. Toluidine blue, × 1000. 

Figure 5.9. A photomicrograph of a paraffin section of the liver from control rat group showing no proliferating 

cell nuclear antigen (PCNA) immunohistochemical localization in the nuclei of hepatocytes. The hepatocytes 

have vesicular basophilic nuclei (arrows) and blood sinusoids (S) in between. PCNA immunostain 

counterstained with H&E, × 1000. 

Figure 5.10. A photomicrograph of a paraffin section of the liver from vitamin C-treated rat group showing no 

proliferating cell nuclear antigen (PCNA) immunohistochemical localization in the nuclei of hepatocytes. The 

hepatocytes have vesicular basophilic nuclei (arrows) and blood sinusoids (S) in between. PCNA immunostain 

counterstained with H&E, × 1000. 

Figure 5.11. A photomicrograph of a paraffin section of the liver from nicotine-treated rat group showing 
positive reaction for proliferating cell nuclear antigen (PCNA) immunohistochemical localization in the nuclei 

of hepatocytes. The hepatocytes nuclei have brown immunostain (arrows) and blood sinusoids (S) present in 

between. PCNA immunostain counterstained with H&E, × 1000. 

Figure 5.12. A photomicrograph of a paraffin section of the liver from nicotine-treated rat group used to test the 

specificity of PCNA antibodies and immunohistochemistry. When no primary antibody was applied there was 

no brown color for PCNA immunostain. The hepatocytes are separated by blood sinusoids (S). PCNA 

immunostain counterstained with H&E, × 1000. 

Figure 5.13. A photomicrograph of a paraffin section of the liver from nicotine+vitamin C-treated rat group 

showing strong positive reaction for proliferating cell nuclear antigen (PCNA) immunohistochemical 

localization in the nuclei of hepatocytes. The hepatocytes nuclei have dark brown immunostain (arrows) and 

blood sinusoids (S) present in between. PCNA immunostain counterstained with H&E, × 1000. 
Figure 5.14. Transmission electron micrograph of a portion of the liver from control group showing a 

hepatocyte with normal morphological appearance of nucleus (N) and heterochromatin clumps. The cytoplasm 

is rich in mitochondria (M), and has many rough endoplasmic reticulum cisternae (RER) and free ribosomes 

(R). Note the presence of glycogen granules (thick arrow). Uranyl acetate and Lead citrate, ×10000. 

Figure 5.15. Transmission electron micrograph of a portion of the liver from vitamin C-treated group showing a 

hepatocyte with normal morphological appearance of nucleus (N). The cytoplasm contains many mitochondria 

(M), and has numerous rough endoplasmic reticulum cisternae (RER) and free ribosomes (R). Uranyl acetate 

and Lead citrate, ×10000. 

Figure 5.16. Transmission electron micrograph of a portion of the liver from nicotine-treated group showing a 

hepatocyte with clumps of heterochromatin in the nucleus (N). The cytoplasm is vacuolated (V) with destroyed 

and dispersed organelles, and apparent reduction in the number of mitochondria (M), free ribosomes (R) and 

rough endoplasmic reticulum cisternae (RER). Note the presence of damaged mitochondria, lipofuscin granules 
(thick arrow), peroxisome (thin arrow) and lysosomes (L). Uranyl acetate and Lead citrate, ×10000. 

Figure 5.17. Transmission electron micrograph of a portion of the liver from nicotine+vitamin C treatment 

group showing a hepatocyte with nucleus (N), that has indentation of the nuclear envelop (arrow) and prominent 

nucleolus. The cytoplasm shows some vacuolations (V), and has numerous mitochondria (M), many free 

ribosomes (R) and rich in rough endoplasmic reticulum cisternae (RER). Uranyl acetate and Lead citrate, 

×10000. 
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Figure 6.1. A photomicrograph of a semithin section of the renal cortex of control rat group showing a 

glomerular tuft of capillaries (G), proximal convoluted tubules (P), and distal convoluted tubules (D). Toluidine 

blue, × 400. 

Figure 6.2. A photomicrograph of a semithin section of the renal cortex of control rat group showing; 

glomerular tuft of capillaries (G), parts of proximal convoluted tubules (P) with prominent brush border 

(arrows) and parts of distal convoluted tubules (D) with pale cytoplasm. Toluidine blue × 1000 

Figure 6.3. A photomicrograph of a semithin section of the renal cortex of vitamin C-treated rat group showing 

a glomerular tuft of capillaries (G), proximal convoluted tubules (P), and distal convoluted tubules (D). 

Toluidine blue, × 400. 

Figure 6.4. A photomicrograph of a semithin section of the renal cortex of vitamin C-treated rat group showing; 

glomerular tuft of capillaries (G), proximal convoluted tubules (P) with prominent brush border (arrow) and 
distal convoluted tubules (D) with pale cytoplasm, and peritubular blood capillaries (C). Toluidine blue × 1000. 

Figure 6.5. A photomicrograph of a semithin section of the renal cortex of nicotine-treated rat group showing 

partial destruction of cells lining the proximal (P) and distal (D) convoluted tubules, as well as presence of areas 

desquamated disrupted brush border of proximal convoluted tubules (thin arrows). Densely stained pyknotic 

nuclei can also be seen (thick arrow), and a collapsed necrotic glomerulus (asterisk). Apparent thickening of the 

basement membrane of distal convoluted tubule was noticed (arrowhead). Toluidine blue, × 400. 

Figure 6.6. A photomicrograph of a semithin section of the renal cortex of nicotine-treated rat group showing 

dilatation and destruction of cells lining the proximal (P) and distal (D) convoluted tubules, as well as presence 

of partially desquamated disrupted brush border of proximal convoluted tubules (asterisk). Densely stained 
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nuclei can also be seen (arrowheads), and desquamated cells (thin arrows) present inside proximal convoluted 

tubules. Note the irregular shapes of the nuclei of some tubular cells (thick arrows). Toluidine blue, × 1000. 

Figure 6.7. A photomicrograph of a semithin section of the renal cortex of nicotine+vitaminC-treated rat group 
showing a few dilatation and destruction of some cells lining the proximal (P) and distal (D) convoluted tubules, 

as well as presence of partially desquamated disrupted brush border of proximal convoluted tubules (asterisk). 

Many parts of proximal convoluted tubules showed preserved brush border (arrows). Toluidine blue, × 400. 

Figure 6.8. A photomicrograph of a semithin section of the renal cortex of nicotine+vitaminC-treated rat group 

showing mild dilatation and destruction of some cells lining the proximal (P) convoluted tubules that show 

partially desquamated disrupted brush border (asterisk). Many parts of proximal convoluted tubules showed 

preserved brush border (thin arrows). Irregular shape of some nuclei can also be seen (thick arrows), and 

peritubular blood capillaries (C). Toluidine blue, × 1000. 

Figure 6.9. A photomicrograph of a paraffin section of the renal cortex from control rat group showing no 

proliferating cell nuclear antigen (PCNA) immunohistochemical localization in the nuclei of cells of renal 

glomerulus (G), proximal (P), and distal (D) convoluted tubules. PCNA immunostain counterstained with H&E, 
× 1000. 

Figure 6.10. A photomicrograph of a paraffin section of the renal cortex from vitamin C-treated rat group 

showing no proliferating cell nuclear antigen (PCNA) immunohistochemical localization in the nuclei of cells of 

renal glomerulus (G), proximal (P), and distal (D) convoluted tubules. The nuclei were basophilic and did not 

stain brown. PCNA immunostain counterstained with H&E, × 1000. 

Figure 6.11. A photomicrograph of a paraffin section of the renal cortex from nicotine-treated rat group 

showing positive reaction for proliferating cell nuclear antigen (PCNA) immunohistochemical localization in 

the nuclei of some cells in the renal glomerulus (G), proximal (P), and distal (D) convoluted tubules. The 

PCNA-positive nuclei were stained brown (arrows). PCNA immunostain counterstained with H&E, × 1000.  

Figure 6.12. A photomicrograph of a paraffin section of the renal cortex from nicotine-treated rat group used to 

test the specificity of PCNA antibodies and immunohistochemistry. When no primary antibody was applied 

there was no brown color for PCNA immunostain in the nuclei of the renal glomerulus (G), and proximal (P) 
convoluted tubules. PCNA immunostain counterstained with H&E, × 1000. 

Figure 6.13. A photomicrograph of a paraffin section of the renal cortex from nicotine+vitamin C-treated rat 

group showing strong positive reaction for proliferating cell nuclear antigen (PCNA) immunohistochemical 

localization in the nuclei of some cells in the renal glomerulus (G), proximal (P), and distal (D) convoluted 

tubules. The PCNA-positive nuclei were intensely stained brown (arrows). PCNA immunostain counterstained 

with H&E, × 1000. 


