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Abstract 

Protective efficacy of silymarin, a flavonoids complex known as ‘milk thistle’ and extracted 

from the fruit of Silybum marianum (L.) Gaertn. (Carduus marianus L., Asteraceae), and 
narigenin, a citrus bioflavanoid commonly found in citrus fruits, were studied against nicotine 

induced hepatic oxidative stress in young rats. Recent studies have shown that silymarin and 
naringenin possess antioxidant and free radical scavenging properties. Male wistar rats were 

injected with nicotine hydrogen tartarate (0.75mg/kg, intraperitoneally) and simultaneously 

given oral treatment with silymarin and naringenin (50 mg/kg each) for 21days to evaluate 
hepatic damage and antioxidant potential. Our results demonstrate a significant decrease in 

hepatic glutathione peroxidase (GPx) and glutathione reductase (GR) activities and an 

increase in glutathione S-transferase (GST) and thiobarbituric acid reactive substances 
(TBARS) levels on nicotine exposure. A similar trend was observed in blood and brain 

biochemical variables. Co-supplementation of silymarin or naringenin with nicotine was 

beneficial in the recovery of altered TBARS levels and GPx, GR and GST activity. Our 
results thus indicate the antioxidant potential of these flavonoids, which might be of benefit 

in the clinical recovery of subject exposed to nicotine. We thus recommend that diet rich in 

flavonoids may be of help in protecting nicotine-induced cytotoxicity. 
 

© 2012 GESDAV 

 

INTRODUCTION 

Nicotine is a natural alkaloid obtained from the leaves 

and stems of the Nicotiana tabacum and Nicotiana 

rustica. Nicotine content of cigarette varies among 

different brands of cigarette. Despite the measures to 

discourage smoking, it has grown more rapidly in the 

recent past. Nicotine enters the body when inhaled 

during smoking and orally through ingested tobacco 

products which gets rapidly absorbed into the 

circulatory system. Nicotine which is absorbed through 

the lungs gets rapidly metabolized in the liver [1], 

leading to major adverse effects on the liver, immune 

and oncogenic system [2-4]. Smoking also causes 

genotoxic effect on rat liver [5] and a direct 

genotoxicity in human target cells in vitro [6]. The 

deleterious toxic effects of nicotine are, at least in part, 

due to increased production of free radicals and 

reactive oxygen species (ROS) [7]. The increased 

generation of ROS by nicotine can produce a condition 

of oxidative stress which has been suggested to play a 

major role in the pathogenesis of several smoking-

related diseases such as cancer, cardiovascular and oral 

diseases [8-10].  

Flavonoids are a group of natural products including 

flavones, flavanones, and isoflavones; several 

beneficial biological activities of flavonoids including 

antioxidant, antitumor, and anti-inflammation 

properties have been identified in several previous 

studies [11-13]. Reports suggest that the number of 

hydroxyl (-OH) substitutions is a critical factor in the 

reactive oxygen species (ROS) scavenging activity of 

flavonoids; flavonoids with more -OH groups exhibited 

more potent antioxidant activity [14, 15]. The 

antioxidant nature of flavonoids is defined mainly by 

the presence of a B-ring catechol group 

(dihydroxylated B-ring) capable of readily donating 

hydrogen (electron) to stabilize a radical species. The 

presence of 2,3 unsaturation in conjugation with a  

4-oxo- function in the C-ring and the presence of 

functional groups capable of binding transition metal 

ions, such as iron and copper are also responsible for 

the antioxidant nature of the flavonoids (Fig.1)[16, 17].  
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Figure 1. Structure of the flavonol quercetin, silymarin and 
naringenin showing important features in defining the classical 

antioxidant potential of flavonoids. 

Silymarin is a polyphenolic flavonoid derived from 

milk thistle (Silybum marianum), which has anti-

inflammatory, cytoprotective, and anticarcinogenic 

effects, that suppress the TNF-induced production of 

ROS and lipid peroxidation [18]. Silymarin has been 

shown to improve the antioxidant status in blood and 

liver [19]. Antioxidant potential of quercetin against 

nicotine induced oxidative stress in rat has already been 

demonstrated [20]. In another study the possible 

preventive role of vitamin E and Hippophae 

rhamnoides during nicotine exposure on parameters 

suggestive of oxidative stress has been explored in 

blood and tissues while H.rhamnoides was unable to 

provide protection to altered brain biochemical 

variables [21].  

Naringenin is a natural flavonoid, aglycone of naringin 

and is widely distributed in citrus fruits, tomatoes, 

cherries, grapefruit and cocoa. Naringenin has also 

been extensively investigated for its pharmacological 

activities, including antitumor [22], anti-inflammatory 

[23], and hepatoprotective effects [24]. Structural 

similarity of silymarin and naringenin with quercetin 

(Fig.1) raised the possibility of its use as an antioxidant 

against nicotine toxicity.  

We recently reported that chronic administration of 

nicotine results in the imbalance of 

prooxidant/antioxidant status in the circulation of 

experimental rats [25]. These harmful species are 

known to cause oxidative damage to a number of 

molecules in the cells, including membrane lipids, 

proteins and nucleic acids [25, 26]. The potential 

harmful effects of these species are controlled by the 

cellular antioxidant defense system, including 

enzymatic (superoxide dismutase, catalase and 

glutathione peroxidase) and non-enzymatic 

antioxidants (reduced glutathione, Vitamins A, E, C, 

etc) [28]. Although antioxidant properties of silymarin 

and naringenin are well defined, there are no reports 

which suggest protective efficacy of these flavanoids 

against nicotine induced oxidative stress. Thus, the 

present study was planned to elucidate if concomitant 

administration of silymarin or naringenin with nicotine 

can ameliorate toxic effects of nicotine in terms of 

biochemical and hematological variables indicative of 

oxidative stress. 

MATERIALS AND METHODS 

Chemicals 

Nicotine hydrogen tartarate (Sigma-Aldrich, St. Louis, 

MO, USA), and all other chemicals were of analytical 

grade or the highest purity available and were 

purchased from Merck (Darmstadt, Germany), BDH 

Chemical (Mumbai, India) or Sigma (St. Louis, MO, 

USA). Triple distilled water prepared by Millipore 

(New Delhi, India) was used through-out the 

experiment for the preparation of reagents and buffers 

used for various biochemical assays in our study. 

Animals, experimental design and treatment 

All animals were obtained from the Animal House 

Facility of Defence Research and Development 

Establishment (DRDE), Gwalior, India. The Animal 

Ethical Committee of DRDE approved the 

experimental protocol. All experiments were performed 

on male Wistar rats weighing 60 ± 10 g housed in 

stainless steel cages in an air conditioned room with 

temperature maintained at 25±2
o
C and 12 h alternating 

day and night cycles. Rats were allowed to feed on a 

standard rat chow diet (Ashirwad Feeds, Chandigarh, 

India; metal content of diet in ppm dry weight: Cu 10, 

Zn 45, Mn 55, Co 5, Fe 75) and water ad libitum,   

Twenty rats were equally divided into four groups and 

treated as below for 3 weeks (21 days): 

Group 1; normal drinking water  

Group 2; nicotine as nicotine hydrogen tartarate 

(0.75 mg/kg, intraperitoneally)  

Group 3; nicotine as in group 2 + silymarin (50 mg/kg, 

orally, once daily) 

Group 4; nicotine as in group 2 + naringenin 

(50 mg/kg, orally, once daily) 

After 21days of exposure animals were sacrificed under 

light ether anesthesia. Blood was collected and liver 

and brain were rinsed in cold saline, blotted, weighted 

and used for various biochemical variables as well as 

metal estimation. 

Reactive oxygen species  

Amount of ROS in blood was measured using  

2′,7′-dichlorofluorescin diacetate (DCFDA) that gets 

converted into highly fluorescent DCF by cellular 

peroxides (including hydrogen peroxide). The assay 

was performed as described by Socci et al [29]. Briefly, 

whole blood was diluted to 1.5% with ice-cold 40 mM 
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Tris-HCl buffer (pH 7.4) and placed on ice. 40 l of 

1.25 mM DCFDA in methanol was added for ROS 

estimation. All samples were incubated for 15 min in a 

water bath at 37C after addition of DCFDA. 

Fluorescence was determined at 488 nm excitation and 

525 nm emission wavelength using a fluorescence plate 

reader (Perkin Elmer LS-55, Waltham, MA, USA). 

Blood glutathione (GSH) 

Analysis of blood GSH concentration was performed 

by slightly modifying the method of Jollow et al [30].
 

0.2 ml of whole blood was added to 1.8 ml of distilled 

water and incubated for 10 minutes at 37C for 

complete hemolysis. After adding 3 ml of 4% 

sulphosalicylic acid, tubes were centrifuged at 

2500 rpm for 15 minutes. To the supernatant 0.2 ml of 

10 mM solution of 5,5’dithiobis(2 nitrobenzoic acid) 

(DTNB) was added in presence of phosphate buffer 

(0.1 M, pH 7.4). Absorbance recorded at 412 nm was 

used for calculation of GSH concentration. 

Thiobarbituric acid reactive substances (TBARS)  

Measurement of lipid peroxidation was done by the 

method described by Ohkawa et al [31] in blood and 

tissue. 0.1 ml of 5% RBC hemolysate was added to 

0.2 ml of 8.1% SDS (w/v) and incubated for 10 min. 

Then 1.5ml of 20% acetic acid (pH 3.5) was added 

followed by adding 1.5 ml of 0.8% thiobarbituric acid 

(w/v) and 0.7 ml distilled water and incubation for 1 h 

in boiling water bath. One millilitre of distilled water 

was added to the solution after cooling and centrifuged 

at 6000 rpm for 15 min. The malondialdehyde 

formation was determined by reading absorbance at 

535 nm.  

Tissue lipid peroxidation was measured in whole-brain 

and liver homogenate [5% brain and 10% liver 

homogenate (w/v) in 150 mM KCl] for 30 min at 37°C. 

The incubation was interrupted by adding 1 ml of 10% 

trichloroacetic acid. After centrifugation (1 ml) 

supernatant was then mixed with 1 ml of 0.65% 

thiobarbituric acid. The mixture was then kept in a 

boiling water bath for 15 min. The amount of TBARS 

was calculated using a molar extinction coefficient of 

1.56 x 10
5
/M/cm. The absorbance of supernatant was 

read at 535 nm and the values were expressed as 

nmoles of MDA/ml blood or µg/gm tissue weight in 

tissue samples.  

Tissue glutathione  

Tissue GSH content was measured as described by 

Hissin and Hilf [32]. For this reason, 0.25 g of tissue 

sample was homogenized on ice with 3.75 ml of 0.1M 

phosphate-0.005M EDTA buffer (pH 8.0) and 1 ml of 

25% HPO3, which was used as a protein precipitant. 

The total homogenate was centrifuged at 100,000g for 

30 min at 4°C.  

For the GSH assay, 0.5 ml supernatant and 4.5 ml of 

phosphate buffer (pH 8.0) were mixed. The final assay 

mixture (2.0 ml) contained 100 l of supernatant, 

1.8 ml of phosphate-EDTA buffer and 100 l  

o-phthaldehyde (OPT; 1,000 L/ml in absolute 

methanol, prepared fresh). Samples were incubated at 

room temperature for 15 min and fluorescence was 

measured at 350 nm (Ex)/420 nm (Em) with Perkin-

Elmer LS-55 (Waltham, MA, USA). 

Glutathione peroxidase (GPx) and glutathione-S-

transferase (GST) 

Glutathione peroxidase was determined by the 

literature method Flohe and Gunzler [33] at 37ºC. 

Supernatant was obtained after centrifuging 5% liver 

homogenate at 1,500g for 10 min followed by 11,000 

rpm for 30 min at 4°C was used for GPx assay. One ml 

of reaction mixture was prepared which contained 

0.3 ml of phosphate buffer (0.1 M, pH 7.4), 0.2 ml of 

GSH (2 mM), 0.1 ml of sodium azide (10 mM), 0.1 ml 

of H2O2 (1 mM) and 0.3 ml of liver homogenate. After 

incubation at 37°C for 15 min, reaction was terminated 

by addition of 0.5 ml of 5% TCA. Tubes were 

centrifuged at 1,500g for 5 min and supernatant was 

collected. 0.2 ml phosphate buffer (0.1 M, pH 7.4) and 

0.7 ml of DTNB (0.4 mg/ml) was added to 0.1 ml of 

reaction supernatant. After mixing, absorbance was 

recorded at 420 nm. A molar extinction coefficient of 

6.22 x 10
3 
Mcm

-1 
was used to determine the activity. 

GST activity was determined by the literature protocol 

of Habig et al [34]. The reaction mixture contained 

0.02 ml of 1-chloro-2,4-dinitro benzene (1 mM) and 

2.9 ml of GSH (0.3 mg GSH/ml in 0.2 M phosphate 

buffer, pH 7.4) and 30 l of liver supernatant and 

change in color was monitored by recording 

absorbance (340 nm) at 30 s intervals for 3 min. The 

enzyme activity was expressed in nmole 

conjugate/min/mg protein. 

Glutathione reductase (GR) activity 

Glutathione reductase was determined by the literature 

method of Worthington et al [35] at 37ºC. Supernatant 

was obtained after centrifuging 5% tissue homogenate 

at 1,500g for 10 min, followed by 10,000 rpm for 30 

min at 4ºC was used for GR assay. To measure the GR 

activity, 60mM EDTA was mixed with 0.1 M 

phosphate buffer (pH 7.4), 2 mM NADPH and 60 mM 

glutathione disulfide (GSSG) was added, just before the 

enzymatic determination supernatant was added to start 

the reaction. The assay was run at 340 nm for 5 min 

with absorbance readings taken every 60 seconds. 
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Serum glutamic oxaloacetic transaminase (SGOT), 

serum glutamic pyruvic transaminase (SGPT) and 

lactate dehydrogenase (LDH) 

Serum glutamic oxaloacetic transaminase (SGOT), 

glutamic pyruvic transaminase (SGPT) and lactate 

dehydrogenase (LDH) activities were measured in 

serum using Merck (Darmstadt, Germany) kits. 

Statistical analysis 

Experimental results are expressed as the mean ± SEM 

and are accompanied by a number of observations. 

Data are assessed by the method of one-way analysis of 

variance (ANOVA). If this analysis indicated 

significant difference among the group mean, then 

unexposed and exposed group (with or without 

treatment) was compared by Dunnett’s multiple 

comparision test. Values with matching symbol 

notation in each column are not significant at 5% level 

of probability. 

RESULTS 

Effect on blood oxidative stress variables 

Figure 2 shows the effect of silymarin and naringenin 

on blood ROS, GSH and TBARS levels during nicotine 

exposure. The blood ROS and TBARS levels increased 

significantly and GSH level decreased (not significant) 

following nicotine exposure. Administration of 

silymarin during nicotine exposure was beneficial in 

recovering both blood ROS and TBARS levels 

significantly. 

Figure 3 shows the effect of silymarin and naringenin 

on blood GPx, GR and GST activity during nicotine 

exposure. The blood GPx, GR and GST activity 

decreased on nicotine exposure. Administration of 

silymarin and nicotine during nicotine exposure was 

beneficial in improving blood GR and GST activity 

significantly, while no effect was noted in GPx activity. 

 

 

 
Figure 2. Nicotine-induced change in reactive oxygen species (ROS), reduced glutathione (GSH) and thiobarbituric acid reactive substances 
(TBARS) levels in blood and their response to administration of silymarin and naringenin in young rats. Values are mean ± SEM; n = 5; values 

with matching symbol notation (* or †) in each column are not significant at 5% level of significance.; nicotine exposed animals are compared to 

normal animals; treatment (silymarin or naringenin) animals are compared to nicotine exposed animals. 

 

 
Fig. 3 Nicotine-induced change in glutathione peroxidise (GPx),glutathione reductase (GR) and glutathione-S-transferase (GST) activities in 

blood and their response to administration of silymarin and naringenin young rats. Values are mean ± SEM; n = 5; values with matching symbol 
notation (* or †) in each column are not significant at 5% level of significance.; nicotine exposed animals are compared to normal animals; 

treatment (silymarin or naringenin) animals are compared to nicotine exposed animals. 
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Effect on liver biochemical variables and membrane 

damage enzyme 

Table 1 shows the effect of nicotine on serum clinical 

variables of hepatic damage as SGOT and SGPT 

activity in exposed rats. Concomitant administration of 

silymarin and naringenin with nicotine provided 

significantly protection to these altered serum clinical 

variables. 

Effect on hepatic oxidative stress and lipid 

peroxidation 

Table 2 indicate toxic effects on some hepatic oxidative 

stress variables upon nicotine exposure and subsequent 

treatment. We found a significant increase in liver 

TBARS after nicotine exposure. Supplementation of 

the two flavanoids silymarin and naringenin resulted in 

a significant recovery in the lipid peroxidation.  

Nicotine intoxication imposes deleterious effects on the 

glutathione dependent enzyme in liver as evidenced by 

a significant depletion of glutathione peroxidase and 

glutathione reductase activity suggesting impaired 

antioxidant defence system and the inhibited liver GPx 

and GR activity showed significant protection 

following treatment with silymarin and naringenin. 

Interestingly, we observed a reverse trend as GST level 

showed an increase on nicotine exposure and a decline 

after the treatment with flavanoids. The increased GST 

activity following nicotine exposure suggests a 

counteracting mechanism adopted by system to 

metabolize nicotine. The reduced liver GST activity in 

silymarin and naringenin treated animals also signifies 

the reduced body burden of nicotine. The reason behind 

this unusual trend needs to be evaluated further. 

Effect on brain oxidative stress and lipid peroxidation  

Table 3 indicates toxic effects on some brain oxidative 

stress variables upon nicotine exposure and subsequent 

treatment. Nicotine intoxication imposes deleterious 

effects on the glutathione dependent enzyme in brain as 

evidenced by a significant depletion in glutathione 

peroxidase and glutathione S-transferase activity 

suggesting impaired antioxidant defence system and 

this inhibited brain GST activity showed significant 

protection following treatment with silymarin and 

naringenin. 

 
 

Table 1. Effect of silymarin and naringenin administration on some clinical variables in young rats exposed to nicotine 

 Normal Nicotine Nicotine + Silymarin Nicotine + Naringenin 

SGOT (U/l) 47.1 ± 5.8* 76.3 ± 7.9† 69.3 ± 5.1† 45 ± 5.9* 

SGPT (U/l) 20.7 ± 1.8* 30.2 ± 1.7† 25.4 ± 1.1* 33.9 ± 1.9† 

LDH (U/l) 42.7  ± 3.4* 52.1 ± 3.7† 52.4 ± 6† 56 ± 5.9† 

Values are mean ± SEM; n = 5; values with matching symbol notation (* or †) in each column are not significant at 5% level of significance.; 

nicotine exposed animals are compared to normal animals; treatment (silymarin or naringenin) animals are compared to nicotine exposed 

animals. 
 

Table 2. Effect of silymarin and naringenin administration on some hepatic variables in young rats exposed to nicotine 

 Normal Nicotine Nicotine + Silymarin Nicotine + Naringenin 

GSH 4.4 ± 0.15* 4.29 ± 0.13* 3.80 ± 0.11* 4.46 ± 0.22* 

TBARS 2.81 ± 0.27* 5.16 ± 0.73† 2.66 ± 0.2* 3.25 ± 0.41* 

GPx 0.246 ± 0.011* 0.187 ± 0.016† 0.235 ± 0.008* 0.216 ± 0.009* 

GR 20.9 ± 0.75* 16.1 ± 0.91† 18.0 ± 1.06* 18.8 ± 0.9* 

GST 9.04 ± 0.28* 10.2 ± 0.28† 8.16 ± 0.27* 7.24 ± 0.11‡ 

Values are mean ± SEM; n = 5; values with matching symbol notation (* or †) in each column are not significant at 5% level of significance.; 

nicotine exposed animals are compared to normal animals; treatment (silymarin or naringenin) animals are compared to nicotine exposed 
animals. (GSH – mg/g; TBARS – µg/g; GPx – nmole conjugate produced/min/mg protein; GR – units/l; and GST – nmole/min./mg protein) 

 

Table 3. Effect of silymarin and naringenin administration on some brain biochemical variables in young rats exposed to nicotine 

 Normal Nicotine Nicotine + Silymarin Nicotine + Naringenin 

GSH 6.59 ± 0.21* 7.70 ± 0.338 8.20 ± 0.13* 7.85 ± 0.29* 

TBARS 4.75 ± 0.45* 5.47 ± 0.3* 5.2 ± 0.3* 3.87 ± 0.37* 

GPx 0.124 ± 0.004* 0.105 ± 0.001† 0.099 ± 0.003† 0.107 ± 0.001† 

GR 14.9 ± 0.85* 11.4 ± 0.84* 12.1 ± 0.74* 12.4 ± 0.39* 

GST 0.966 ± 0.028* 0.628 ± 0.019† 0.944 ± 0.036* 1.009 ± 0.029* 

Values are mean ± SEM; n = 5; values with matching symbol notation (* or †) in each column are not significant at 5% level of significance.; 
nicotine exposed animals are compared to normal animals; treatment (silymarin or naringenin) animals are compared to nicotine exposed 

animals. (GSH – mg/g; TBARS – µg/g; GPx – nmole conjugate produced/min/mg protein; GR – units/l; and GST – nmole/min./mg protein) 
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DISCUSSION 

The effect of nicotine on different organs has not been 

completely elucidated to date. It was illustrated that 

iminium metabolite of nicotine via electron transfer 

with redox cycling might be involved in the production 

of radical entities. Free radicals are widely involved in 

the intracellular processes low levels of free radicals 

appear to participate in the basic metabolic processes 

whereas high concentrations are associated with 

oxidative insult [36]. Wetscher et al [37] showed that 

nicotine is chemotactic for polymorphonuclear (PMN) 

leucocytes and enhances the responsiveness of PMN 

leucocytes to activate complement C5a, leading to the 

generation of oxygen free radicals. Thus, it can be 

assumed that nicotine exerts its toxic effects through 

generation of ROS [7]; it disrupts the mitochondrial 

respiratory chain leading to an increased generation of 

superoxide anions and hydrogen peroxide [38]. 

Superoxide anion and hydrogen peroxide are the major 

free radicals responsible for cellular damage [3]. 

Increased lipid peroxidation and conjugated dienes in 

liver and kidney are other characteristic observations in 

nicotine exposed rats [39], while being a potent 

carcinogen it also plays an important role in the 

pathogenesis of liver, lung and kidney [40]. 

Glutathione-related enzymes, such as GPx and GR 

function either directly or indirectly as antioxidant 

whereas GST plays an important role in metabolic 

detoxification. Considering this, it is expected that use 

of antioxidants provides a viable and novel option to 

the treatment of nicotine. The aim of the present 

investigation thus was to evaluate the efficacy of 

flavonoids, silymarin and naringenin in protecting oral 

nicotine-exposed oxidative damage to blood, brain and 

liver. Although, inhalation is the major route of 

nicotine exposure (cigarette smoke), there are recent 

report that cigarette smokers will switch to alternative 

oral nicotine delivery products to reduce their health 

risks [41].  

Flavonoids are naturally occurring substances that 

exhibits various pharmacological and therapeutic 

applications [42, 44]. Due to their phenolic structures, 

they have antioxidant effect and also inhibit free 

radical-mediated processes. Hepatoprotective effects 

are achieved via several mechanisms like antioxidant 

effects [44-46] including inhibition of lipid 

peroxidation [47]; stimulation of ribosomal RNA 

polymerase and subsequent protein synthesis leading to 

enhanced hepatocyte regeneration [48]; enhanced liver 

detoxification via inhibition of phase I detoxification 

[49, 50], enhanced glucuronidation and protection from 

GSH depletion [51]. Silymarin may also show 

neuroprotection since besides being an antioxidant it 

penetrates the blood-brain barrier (BBB) to reach CNS 

[52]. Antioxidant, metal chelating and free radical 

scavenging properties of naringenin have also been 

reported earlier [53-56].  

Our results show that nicotine exposure causes a 

significant increase in blood ROS levels suggesting that 

free radicals were involved in oxidative stress. 

Alteration in blood and tissue GSH level upon nicotine 

exposure was not significant. The treatment with 

silymarin was able to reverse the trend. However, 

naringenin is not able to reduce the increased ROS 

levels. This requires further exploration.  

Lipid is considered as an index to monitor the function 

of membrane integrity, while TBARS (the end product 

of lipid peroxidation) is measured as the index of lipid 

peroxidation [57]. In the present investigation, there 

was a marked increase in blood and liver TBARS 

levels on nicotine exposure which was significantly 

reduced by silymarin and naringenin administration. 

The preventive effects of silymarin and naringenin 

have been related to the inhibition of lipid peroxides 

formation or free radicals scavenging property as 

evident from the decreased TBARS level.   

Antioxidants enzymes which prevent biological 

macromolecules from oxidative injury and remove 

peroxides, free radicals and superoxide anion generated 

within the cell are considered to be the body’s primary 

defense. Glutathione peroxidase is the enzyme that 

removes hydrogen peroxide generated by superoxide 

dismutase in cytosol and mitochondria by oxidizing 

GSH to GSSG [58]. On the other hand, GR is an 

enzyme that reduces GSSG to GSH, a sulfhydryl form 

which is an important cellular antioxidant to scavenge 

reactive oxygen species in cell. We observed a 

significant depletion of GPx and GR activities in blood, 

liver and brain following nicotine exposure. Nicotine 

induced depression in GPx activity in liver and kidney 

of exposed rats may be attributed to the perturbation in 

normal oxidative mechanism or enhanced utilization 

during detoxification of nicotine [39]. In the present 

study, administration of silymarin and naringenin 

significantly protected GPx activities by directly 

scavenging ROS as well as by inhibiting lipid 

peroxidation, suggesting antioxidant properties of 

flavonoids. Nicotine inhibited glutathione reductase 

activity in the liver, lungs, heart, stomach, kidney, and 

testicular tissues in vivo compared with the control 

group which may be due to competitive inhibition by 

binding the active site of GR [59]. It is also possible 

that this may lead to non-competitive inhibition by 

binding other sites affecting three dimensional structure 

of the enzyme [60]. The reason for the increased GR 

activity in the brain may be a compensatory mechanism 

to remove the increased reactive oxygen species due to 

nicotine administration in brain [21]. In our present 

study, we observed an unchanged brain GR activity on 

nicotine exposure. Glutathione-S-transferase is 
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believed to participate in the detoxification process by 

catalyzing the conjugation of electrophilic xenobiotics 

to GSH, by binding various ligands covalently and non-

covalently and by expressing GPx activity towards 

lipid hydroperoxides. Nicotine-induced decrease in 

brain GST activity in rats has been reported earlier and 

it was suggested that the decrease in activity may be 

due to an decrease in mRNA level encoding different 

GST isoenzymes [21]. In the present study, we also 

found a decreased GST activity in blood and brain of 

rats while a moderate increase in liver GST activity 

was observed which might be due to the extensive 

metabolism of nicotine in the liver. An increased liver 

GST has been reported earlier in the mice exposed to 

nicotine [61]. Co-supplementation of silymarin or 

naringenin along with nicotine restored the elevated 

activity of GST towards normal. The inhibitory effects 

of plant polyphenols (quercetin, purpurogallin, alizarin, 

and ellagic acid) on various GST isoenzymes have been 

shown to be very effective in reducing these effects 

[62]. Since the polyphenols are known to inhibit the 

GST activity, there may be a competition between the 

two for the active site of the enzyme. 

Nicotine ingestion also resulted in the elevation of 

serum markers such as SGOT, SGPT and LDH which 

may be attributed to membrane damage [20]. 

Naringenin in particular was able to reverse these 

changes, however, the same was not observed with 

silymarin. Thus, it is possible that a dose higher than 

the one used in the present study may offer significant 

protection against the systemic damage induced by 

nicotine. 

The results suggest ingestion of nicotine may lead to 

alteration in various biochemical variables, particularly 

suggestive of oxidative stress affecting blood and liver. 

However, supplementation of silymarin or naringenin 

might be beneficial in reducing some of these altered 

biochemical variables. Thus, these flavonoids may be 

easily incorporated into the diet or could be  

co-supplemented and thus may afford a protective 

effect against nicotine-induced cytotoxicity.  
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