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ABSTRACT 
 

Increasing evidence demonstrates that oxidative stress induced by nicotine plays an important role in brain 
injury. Experimental manipulations suggest that in vivo administration of exogenous antioxidant agents decrease 
the production of free radicals in the brain and modulate oxidative stress. Both vitamin E and thymoquinone 
have been reported to possess strong antioxidant properties. The present study aims to investigate the protective 
effect of both vitamin E or thymoquinone against oxidative stress induced by nicotine treatment and withdrawal 
in adult male albino rats. Animals were divided into control group (0.9% NaCl saline solution), nicotine-treated 
group (1mg/kg B.W.), nicotine (1mg/kg B.W) + vitamin E (75 mg/kg B.W.) treated group and nicotine (1mg/kg 
B.W) + thymoquinone (5 mg/kg B.W.) treated group. Animals were sacrificed after 14 and 28 days of daily 
treatment and after 3 and 7 days of stopping the treatments that persisted for 28 days. The brain was dissected to 
obtain the cerebral cortex and hippocampus to determine the lipid peroxidation, reduced glutathione level, 
catalase activity and total antioxidant capacity. The results obtained in the present study indicated that nicotine 
treatment generated a state of oxidative stress in the cortex and hippocampus. The combined administration of 
both vitamin E or thymoquinone mitigated the oxidative stress induced by nicotine. The present findings 
suggested that vitamin E or thymoquinone can protect smokers against the adverse effects induced by nicotine 
and its withdrawal. 
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Introduction 
 

The brain is exposed throughout life to oxidative stress, and certain diseases of the brain and nervous 
system are thought to involve generation of free radical processes and oxidative damage, either as a primary 
cause or as a consequence of disease progression. The brain is one of the most susceptible organs to oxidative 
stress that is closely related to natural aging, through the increment of cell damage accumulation, playing a 
pivotal role in many aging related neurological disorders (Giovanelli et al., 2003). There are controversial 
results on the effect of nicotine-induced oxidative stress (Crowley-Weber et al., 2003; Guan et al., 2003). 
Nicotine exposure, although its major mechanism for systemic toxicity is via the hyperstimulation of nicotinic 
acetylcholine receptors, elicits oxidative stress. It has been shown that the level of lipid peroxidation increases in 
smokers (Pre et al., 1989). In addition, in nicotine-administered rats, the concentrations of free fatty acids and 
the level of malondialdehyde increased; while the activities of free radical scavenging enzymes superoxide 
dismutase, catalase, and glutathione reductase decreased (Ashakumary and Vijayammal, 1996). Moreover, the 
study of Pooja et al. (2012) reported a state of brain oxidative stress after nicotine exposure. 

It is believed that the requirement for antioxidant nutrients depends on a person’s exposure to endogenous 
and exogenous reactive oxygen species. Since cigarette smoking results in an increased cumulative exposure to 
reactive oxygen species from both sources, it would seem logical that a cigarette smoker would have an 
increased requirement for antioxidant nutrients, both dietary and supplementary (Kelly, 2002). 

Vitamin E (alpha-tocopherol) is a critical component of the body’s antioxidant defense mechanisms, 
serving as a primary antioxidant against lipid peroxidation. Furthermore, vitamin E is the most potent 
antioxidant that can break the propagation of the free radical chain reaction in the lipid part of the biological 
membrane; so that, among the antioxidants, it has shown some promise in the treatment of neurodegenerative 
disorders (Vatassery, 1992). Among its accepted physiological effects is the ability to protect against lipid 
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peroxidation. The increased free radical exposure and in vivo lipid peroxidation associated with smoking would 
seem to indicate a need for increased vitamin E intake as an antioxidant counter-measure (Kelly, 2002).  

One of the potential properties of Nigella sativa seeds is the ability of one or more of its constituents to 
reduce toxicity due to its antioxidant activities both in vitro and in vivo (Mohamed, 2005). Thymoquinone, the 
active constituent of Nigella sativa seeds, is a pharmacologically active quinone which possesses several 
properties including analgesic, anti-inflammatory actions (Abdel-Fattah et al., 2000) and protection against 
chemical-induced carcinogenesis (Worthen et al., 1998). Moreover, it has been reported that thymoquinone 
prevents oxidative injury in vitro (Daba and Abdel-Rahman, 1998) and in vivo (Mansour et al., 2001). It has 
been suggested that thymoquinone may act as an antioxidant agent that prevents membrane lipid peroxidation 
(Mansour et al., 2002).  

Therefore, the aim of the present study was to investigate the oxidative stress induced by nicotine treatment 
and withdrawal and whether the combined treatments of nicotine with either vitamin E or thymoquinone could 
mitigate this oxidative stress.  
 
Materials and Methods 
 
Experimental Design: 

 
One hundred and sixty adult male Wistar albino rats, weighing 150-200 g, were used in the present study. 

The animals were obtained from the Animal House Colony of the National Research Center, Giza, Egypt. On 
arrival, animals were housed ten individuals per cage in stainless steel cages with ad libitum access to standard 
laboratory diet (composed of 10% casein, 4% salt mixture, 1% vitamin mixture, 10% corn oil, 5% cellulose and 
completed to 150 g with corn starch) and tap water in a temperature-controlled (20-250C) and artificially 
illuminated (12 hs. dark/12 hs. light cycle) room free of any chemical contamination. Animals were allowed to 
acclimate 10 days before they were used. All animals received human care in compliance with the guidelines of 
the Animals Care and Use Committee of the National Research Center, Egypt. 

Animals were divided into four main groups each one of forty animals: 1- control group that received 
continuous daily subcutaneous injections of isotonic saline solution 0.9% NaCl (1ml/kg B.W.), 2- nicotine-
treated group that received continuous daily subcutaneous injections of nicotine as nicotine hydrogen tartrate 
salt (purchased from BDH Chemicals Ltd, Poole England) dissolved in saline solution (1mg/kg B.W.) (Rezvani 
and Levin, 2001; Hernandez and Terry, 2005), 3- nicotine + vitamin E-treated group that received continuous 
daily subcutaneous injections of nicotine (1mg/kg B.W.) and oral administration of vitamin E (75 mg/kg B.W.) 
(Erat et al., 2007) and 4- nicotine + thymoquinoine-treated group that received continuous daily subcutaneous 
injections of nicotine (1mg/kg B.W.) and oral administration of thymoquinone (5mg/kg B.W.) (Paget and 
Barnes, 1964). 

Each group was subdivided into four subgroups of ten animals each; the first and second were sacrificed 
after 14 and 28 days of daily treatment respectively. The third and the fourth subgroups were sacrificed after 3 
and 7 days of stopping treatments that persisted daily for 28 days to study the withdrawal effect of nicotine. 
 
Handling of Tissue Samples: 

 
Animals were killed by sudden decapitation after being fasted for 12 hours. The brain of each animal was 

quickly removed and rapidly transferred to an ice-cold Petri dish and dissected to obtain the cerebral cortex and 
hippocampus according to Zeman and Innes (1963) and Glowinski et al. (1966). Each brain area was weighed 
and frozen at -20°C until analyzed. 
 
Preparation of homogenate: 

 
Prior to dissection, the tissue was perfused with a PBS (phosphate buffer saline) solution, pH 7.4 containing 

0.16 mg/ml heparin to remove any red blood cells and clots. Each brain area was homogenized in 5 – 10 ml cold 
potassium phosphate buffer (50 mM, pH 7.5) per gram tissue and centrifuged at 4000 r.p.m for 15 minutes. The 
supernatant was used for the determination of lipid peroxidation level according the method of Ohkawa et al. 
(1979) using kits from Bio-diagnostic, Giza, Egypt;  reduced glutathione Level as described by Beutler et al. 
(1963) using kits from Bio-diagnostic, Giza, Egypt; catalase activity based on the method of Aebi (1984) using 
kits from Bio-diagnostic, Giza, Egypt and total antioxidant capacity according the method of Koracevic et al. 
(2001) using kits from Bio-diagnostic, Giza, Egypt. 
 
Statistical analysis: 
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The data were expressed as means ± S.E.M. Data were analyzed by analysis of variance (ANOVA) 
followed by the Tukey's multiple range test when the F-test was significant (p<0.05). All analyses were 
performed using the Statistical Package for Social Sciences (SPSS) software in a PC-compatible computer. 
 
Results: 

 
As shown in figure (1), in the cortex the daily nicotine treatment for 14 and 28 days resulted in a significant 

increase in lipid peroxidation and a significant decrease in reduced glutathione level, catalase activity and total 
antioxidant capacity. After 3 days of stopping nicotine treatment that persisted for 28 days, a significant increase 
in cortical lipid peroxidation and reduced glutathione levels was observed. The combined treatment of rats with 
either nicotine + vitamin E or nicotine + thymoquinone restored the changes in lipid peroxidation and total 
antioxidant capacity to control-like values. The daily treatment of nicotine + vitamin E restored the significant 
decrease in cortical reduced glutathione level to control-like value after 14 and 28 days. However, the daily 
treatment of nicotine with thymoquinone restored reduced glutathione to control-like value after 14 days but not 
after 28 days. Moreover, the decrease in cortical catalase activity induced by nicotine returned to non significant 
changes after 14 days of the daily combined treatment of nicotine + vitamin E. At the third day of stopping 
treatments, both the significant increase in cortical lipid peroxidation and reduced glutathione induced by 
nicotine withdrawal were returned to non significant changes in rats that were treated with nicotine +vitamin E 
or nicotine + thymoquinone. 

 

 

 
Sign * indicates a significant value in comparison to control value 
 
Fig. 1: Effect of nicotine, nicotine + vitamin E and nicotine + thymouinone on the lipid peroxidation (a), 

reduced glutathione (b), catalase activity (c) and total antoxidant capacity (d) in the cerebral cortex of rat 
brain
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Figure (2) illustrates that in the hippocampus a significant increase in lipid peroxidation accompanied by a 
significant decrease in reduced glutathione, catalase activity and total antioxidant capacity were recorded after 
14 and 28 days of daily nicotine treatment. 

The daily administration of nicotine with either vitamin E or thymoquinone restored the changes induced by 
nicotine to non significant changes from the control values, except for the significant decrease in reduced 
glutathione that was observed after 28 days of daily nicotine + thymoquinone treatment.  

The significant increase in hippocampal lipid peroxidation obtained after 3 days of stopping nicotine was 
restored to control-like values after 3 days of stopping nicotine + vitamin E or nicotine + thymoquinone 
treatments. Moreover, the significant decreases in catalase activity (after 3 days of stopping nicotine) and total 
antioxidant capacity (after 3 and 7 days of stopping nicotine) returned to non significant changes after cessation 
of nicotine + vitamin E or nicotine + thymoquinone in rats treated for 28 days with both combinations. 

 
 

 
Sign * indicates a significant value in comparison to control value 

 
Fig. 2: Effect of nicotine, nicotine + vitamin E and nicotine + thymouinone on the lipid peroxidation (a), 

reduced glutathione level (b), catalase activity (c) and total antioxidant capacity (d) in the hippocampus 
of rat brain 

 
Discussion: 

 
The brain is one of the most susceptible organs to oxidative stress due to the high metabolic activity that 

imposes a high oxygen consumption rate and the great amount of oxidizable polyunsaturated fatty acids at the 
cellular membranes (Gupta, 2004; Qiao et al., 2005). In addition, there is an abundance of metal ions like 
ferrous ions and relatively low levels of both enzymatic and non enzymatic antioxidant defenses in brain regions 
like the hippocampus and cortex (Balu et al., 2005). 

The results obtained in the present study indicated that nicotine treatment generates a state of oxidative 
stress in the cortex and hippocampus. A significant increase in lipid peroxidation was recorded in the cortex and 
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hippocampus after 14 and 28 days of daily nicotine treatment. This was accompanied by a significant decrease 
in reduced glutathione level, catalase activity and total antioxidant capacity in the two studied brain regions.  

The present findings are in agreement with the study of Barros et al. (2007) who showed that nicotine was 
effective in increasing reactive oxygen species concentration and reducing antioxidant capacity in the cortex and 
hippocampus of rats exposed to nicotine (1mg/kg).  

The brain exhibits distinct variations in cellular as well as regional distribution of antioxidant biochemical 
defenses (Verma and Srivastava, 2001). Thus, neural cells and/or brain regions are likely to differentially 
respond to changes in metabolic rates associated with the generation of reactive oxygen species (Hussain et al., 
1995). Indeed, there is abundant evidence of regional sensitivity to oxidative stress that is dependent on cellular 
and regional redox status (Baek et al., 1999).  

Mandavilli and Rao (1996) showed that the cortex and hippocampus were more susceptible to oxidative 
damage. These results support the present findings induced by nicotine treatment.  

There are reports that nicotine treatment affected the trace element relationship between tissues as well as 
components of free radical defense system (Bui et al., 1995). In addition, the metabolism of nicotine by P-450 
enzymes should favor reactive oxygen species production (Guan et al., 2003). Moreover, Gvozdjakova et al. 
(1992) mentioned that nicotine disrupts the mitochondrial respiratory chain leading to the increased generation 
of superoxide anions and hydrogen peroxide. In addition, it has been demonstrated that nicotine metabolism 
requires oxygen and is mediated by mono-oxygenases of the cytochrome P-450 (Cashman et al., 1992). 
Interestingly, a 1.4-10 fold induction of cytochrome P-450 enzyme activities by nicotine has been reported 
(Snyder et al., 1993). One of the most important consequences of metabolism of toxic chemicals by mixed 
function oxidases is the formation of free radicals (Meister, 1981). Therefore, free radicals may be generated 
through the increased activity of the cytochrome P-450 enzymes during the intracellular metabolism of nicotine.  

It is known that nicotine exerts its effect by activating nicotinic acetylcholine receptors which are 
transmembrane ligand-gated ion channels. The activation of nicotinic acetylcholine receptors by nicotine 
increases ion influx including Ca2+ (Hogg et al., 2003). Elevation of intracellular Ca2+ concentration often 
interrupts intracellular signaling and organelle function (Orrenius et al., 2003). One of the consequences of Ca2+ 
influx is overproduction of reactive oxygen species leading to oxidative stress in the cell (Ermak and Davies, 
2002). 

Thus, in the light of the previously mentioned studies and the present results, it could be suggested that the 
decrease in reduced glutathione level, catalase activity and total antioxidant capacity after 14 and 28 days of 
daily nicotine treatment may be due to their exhaustion to overcome the generation of reactive oxygen species 
induced by nicotine in the cortex and hippocampus. The overproduction of reactive oxygen species can be 
detoxified by endogenous antioxidants causing their cellular stores to be depleted (Candelario-Jalil et al., 2001). 

Glutathione has a crucial role as a reactive oxygen species scavenger (Meister, 1981). Thus, the decrease in 
reduced glutathione, in the present study, could be explained by the consumption of reduced glutathione in 
scavenging the reactive oxygen species.  

The presence of oxidative stress in response to nicotine is supported by an increase in lipid peroxidation. 
Oxidative stress generates free radicals that attack the membrane lipids resulting in the formation of 
malondialdehyde which causes peroxidative tissue damage  (Srinivasan and Pugalendi, 2000). The degree of 
lipid peroxidation due to oxidative stress is often quantified by measuring malondialdehyde levels (Tietz, 1986). 
This peroxidation of lipids causes alteration in mitochondrial membrane fluidity, synaptic functions and altered 
action potential. 

Therefore, the present significant increase in cortical and hippocampal malondialdehyde after 14 and 28 
days of daily nicotine treatment could be due to the overproduction of reactive oxygen species under the effect 
of nicotine. 

The present elevated level of malondialdehyde could indicate the failure of the antioxidant mechanism in 
overcoming the reactive oxygen species.  

The continuous increases in lipid peroxidation and decrease in antioxidant response in both cortex and 
hippocampus after 28 days of nicotine treatment revealed that oxidative stress may be amplified and propagated 
by an autocatalytic cycle of metabolic stress, tissue damage and cell death, leading to further increase in free 
radical production and depletion of antioxidants.  

There is a close relationship between the changes in monoamine neurotransmitter contents and the state of 
oxidative stress induced by nicotine treatment. This relationship is supported by the study of  Blum et al. (2001) 
who found that nicotine evokes the release of dopamine and norepinephrine which are pro-oxidant 
neurotransmitters suspected to contribute to cell death in neurodegenerative diseases. In addition, the increased 
dopamine in the extracellular space leads to the formation of oxidative products of dopamine; the neurotoxin 6-
hydroxydopamine that is another toxic by-product of dopamine (Seiden and Vosmer, 1984). Moreover, 
serotonin or its metabolites are likely to enhance plasma lipid peroxidation via changes in the redox potential 
and lipid peroxidation chain reaction (Aviram et al., 1991) where high serotonin levels were found to cause 
oxygen formation (Lee et al., 1998) and hydrogen peroxide as a by-product (Abell and Kwan, 2001).  
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After 3 days of nicotine cessation, a significant increase in lipid peroxidation was recorded in the cortex and 
hippocampus. However, the catalase and total antioxidant capacity were restored to control-like values while 
reduced glutathione level was elevated significantly in the cortex only. 

The significant increase in lipid peroxidation in the cortex and hippocampus after 3 days of nicotine 
withdrawal may be a result of the oxidative stress that occurred during nicotine treatment. Although the 
oxidative stress markers returned to normal values, the effects of oxidative stress persisted even after 3 days of 
nicotine withdrawal as the free radicals attacked the membrane lipids and resulted in the formation of lipid 
peroxidation (Srinivasan and Pugalendi, 2000). 

The elevated level of reduced glutathione in the cortex may be a compensatory mechanism to elevate the 
antioxidant defense against lipid peroxidation. The present findings are supported by the study of Hughes et al. 
(1991) who found that nicotine withdrawal is characterized by anxiety that is closely correlated with oxidative 
stress (Masood et al., 2008). After 7 days of nicotine withdrawal, the oxidative stress markers returned to 
control-like values. However in the hippocampus, a significant decrease in total antioxidant capacity and 
catalase activity was recorded. This can be attributed to the state of anxiety that has evolved after nicotine 
withdrawal as the hippocampus is particularly sensitive to oxidative stress due to its low antioxidant defense 
capacity (De Freitas et al., 2010). 

The potential damage caused by oxidative stress is normally minimized by biological antioxidant systems 
including non-enzymatic and enzymatic antioxidant defenses (Naik, 2003). Several micronutrients, vitamins and 
antioxidants of synthetic and natural origin have been proved experimentally as effective agents against 
smoking-induced oxidative stress (Prado et al., 2009). Therefore, the use of antioxidants, free radical scavengers 
or trapping agents may be rational in nicotine treatment. 

In the present study, supplementation of vitamin E or thymoquinone to nicotine-treated rats counteracts 
almost all changes in the oxidative stress markers induced by nicotine in the cortex and hippocampus. This was 
indicated from restoration of lipid peroxidation, catalase activity and total antioxidant capacity to control-like 
values. Moreover, reduced glutathione was elevated in the two studied brain regions. These results were 
recorded after 14 and 28 days of daily treatments of nicotine + vitamin E or nicotine + thymoquinone. 

The present results showed that the effect of vitamin E on nicotine-treated rats was more pronounced than 
that of thymoquinone. The present findings are in agreement with earlier studies conducted by Cadenas et al. 
(1995) and Zaidi and Banu (2004). These studies showed that vitamin E was effective in restoring inherent 
antioxidant system and lipid peroxidation.  

Vitamin E is considered one of the most important naturally occurring antioxidant defense agents. Its action 
has been ascribed to its ability to chemically act as a lipid-based free radical chain-breaking molecule, thereby 
inhibiting lipid peroxidation and protecting the organism against oxidative damage (Gallo et al., 2010). Vitamin 
E reduces the production of oxygen free radicals in various organs including brain (Gurel et al., 2005).  

Brain membranes associated polyunsaturated fatty acids are readily attacked by reactive oxygen species in a 
process that results in peroxidation of lipids. Since vitamin E is an effective free radical scavenger in the brain, 
the antioxidant effect of vitamin E could be explained by means of preventing reactive oxygen species from 
peroxidizing lipids and thus stabilizing the cell membrane.  

Lipid peroxidation is a self-propagating chain reaction. The initial oxidation of only a few lipid molecules 
can result in significant tissue damage and diseases, especially so in polyunsaturated fatty acids rich brain 
tissues (Zaidi and Banu, 2004). Vitamin E breaks the propagation of free radicals chain reaction in lipids of 
biological membranes (Burton et al., 1983). 

Thus, the combined treatment of nicotine with vitamin E in the present study could relief the state of 
oxidative stress induced by nicotine not only during treatment but also after stopping nicotine administration. 
This effect was mediated by the ability of vitamin E to scavenge free radicals, elevate the reduced glutathione 
level, catalase activity and total antioxidant capacity in the cortex and hippocampus. 

Many plant extracts have considerable antioxidant properties and could be used to prevent oxidative stress 
damage caused by different reactive oxygen species. Among the large classes of active compounds isolated 
from plants is thymoquinone, the main component of Nigella sativa oil and seed. Thymoquinone seems to be 
characterized by low toxicity and has beneficial effects in different diseases (Carlsen et al., 2003). 

 The results obtained in the present study suggest that thymoquinone has a protective effect against lipid 
peroxidation induced by nicotine treatment. The present data demonstrated that thymoquinone protects both the 
cortex and hippocampus against nicotine-induced oxidative stress. This protection was evident from the reduced 
lipid peroxidation level and the reversal of the decreased glutathione content, catalase activity and total 
antioxidant capacity to normal levels after the administration of nicotine with thymoquinone.  

The protective effect of thymoquinone against oxidative stress induced by nicotine extended after stopping 
the combined treatment of nicotine and thymoquinone. The inhibition of lipid peroxidation induced by 
thymoquinone could be attributed to the marked antioxidant effect of thymoquinone (Nagi et al., 1999). 

Thymoquinone acts as a scavenger of superoxide, hydroxide radical and singlet molecular oxygen (Badary 
et al., 2003). Thymoquinone can also reduce reactive oxygen species production indirectly. The concomitant 



4047 
J. Appl. Sci. Res., 9(6): 4041-40550, 2013 

administration of nicotine with thymoquinone elevated the reduced glutathione level and normalized the 
inhibited antioxidant enzymatic systems. 

It has been shown that both Nigella and thymoquinone inhibit non-enzymatic lipid peroxidation in ox brain 
phospholipids in liposomes (Houghton et al., 1995). Burits and Bucar (2000) showed that Nigella sativa as well 
as its constituents especially thymoquinone have appreciable antioxidant and free radical scavenging properties 
but without pro-oxidant effect. Moreover, Kanter et al. (2005) showed that Nigella sativa treatment decreased 
tissue malondialdehyde and protein carbonyl levels and prevented inhibition of superoxide dismutase, 
glutathione peroxidase, and catalase enzyme activities following experimental spinal cord injury in rats. In 
addition, Badary et al. (1999) suggested that the enhancement of the detoxification process and/or improvement 
of the oxidant status by thymoquinone were accompanied by restoration of reduced glutathione level, lipid 
peroxides and the activities of some antioxidant enzymes. 

Quinone reductase catalyzes the two electron reaction of quinines to hydroquinones preventing their 
participation in redox cycling and subsequent generation of reactive oxygen species (Brunmark et al., 1988). 
Quinone reductase activity was found in all rat brain regions, including cortex and hippocampus (Stringer et al., 
2004). It has been reported that compounds that increase quinone reductase expression such as tetra-butyl-
hydroquinone significantly decrease the cytotoxic effects of glutamate, H2O2 and dopamine which are known to 
generate oxidative stress-induced neurotoxicity (Murphy et al., 1991). Thymoquinone is a substrate for quinine 
reductase that forms dihydrothymoquinine (Nagi et al., 1999). Moreover, Al-Majed et al. (2006) hypothesized 
that up-regulation of quinine reductase in hippocampal pyramidal neurons is a cellular neuroprotective response. 
Thymoquinone administration showed a significant induction in the enzyme activity of hepatic quinine 
reductase (Badary and Gamal El-Din, 2001). 

Therefore, the neuroprotective effect of thymoquinone against nicotine-induced oxidative stress in the 
present study could be attributed to the activation of quinine reductase in the cortex and hippocampus. 

Another mechanism by which thymoquinone could mitigate the oxidative stress induced by nicotine is 
through its interference with calcium ion mobilization. It has been found that thymoquinone affects calcium 
entry (Abdel-Fattah et al., 2000). 

According to the results obtained in the present study, it could be concluded that nicotine administration 
exerts oxidative stress in the two studied brain regions. These changes were recorded during the administration 
of nicotine and after its cessation. The combined treatment of nicotine with vitamin E or thymoquinone was 
found to ameliorate the oxidative stress exerted by nicotine in the cortex and hippocampus. This suggests that 
the use of vitamin E or thymoquinone during nicotine exposure as in smoking could assist smokers to overcome 
the adverse effects induced by nicotine and its withdrawal. 
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