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SUMMARY 

 A detailed investigation on the behavioral, metabolic and neurochemical effects of nicotine administration in mice 

was carried out for the first time. In acute study, different doses of nicotine (0.5mg/kg/ml-7.16mg/kg/ml) were 

administered intraperitoneally in mice while control groups received an equal volume of saline. All groups were 

killed after 3.5 hours. Behavioral analysis showed that acute administration of nicotine in mice decreased the time 

spent in an open arm during plus maze test and locomotor activity in an open field test as compared to their 

respective controls. It was also found that acute administration of nicotine significantly increases plasma tryptophan 

(TRP) concentrations at the range of 2.4-7.16mg/kg doses however maximum increase (68.3%) was observed at 

latter dose. Corticosterone concentrations were increased by all doses while liver tryptophan concentrations were 

decreased by 18.5% at 3.08mg/kg and by 24.4% at 7.16mg/kg dose. Brain TRP, 5-hydroxy-tryptamine (5HT) and 5-

hydroxyindole acetic acid (5HIAA) concentrations were significantly increased at the range of 3.08-7.16 mg/kg. 

However, the increases were greater at 3.08mgkg dose while brain 5HIAA/5HT ratio was significantly decreased at 

all doses tested. It is suggested that the rise in 5HT concentrations were mediated by circulating tryptophan 

availability to the brain. It was found that significant rise in brain indoles began at 3.08mg /kg as compared to other 

lower doses therefore it was desired to see further the chronic effects nicotine in relation to health outcomes such as 

cardiovascular disease, oxidative stress and the metabolic syndrome at this dose. 

 Chronic administration of nicotine (3.08mg/1mg of the free base) per 100 ml of drinking water for 4 weeks in mice 

decreased the time spent in an open arm of the  plus maze and  locomotor activity in an open field test as compared 

to their respective controls. Rise in liver tryptophan concentrations were reflected in decreased plasma TRP. Brain 

tryptophan and 5HT concentrations were increased while 5HIAA/5HT turnover was decreased. It was also found 

that plasma corticosterone concentrations were decreased in nicotine treated mice. As regard to metabolic effects 

and oxidative stress markers in nicotine administered mice, there was significant increase in plasma low density 

lipoprotein cholesterol (LDL-C) and triglycerides levels. Plasma glucose and body weight were also significantly 

increased. Antioxidant status in tissue showed liver malondialdehyde (MDA) levels were increased while reduced 

glutathione (GSH) levels and catalase activity were decreased. However, levels of MDA, GSH and catalase were 

increased in the brain. It is suggested that nicotine use may induce oxidative stress by inducing the generation of 

reactive oxygen species in the periphery and central nervous system. Present findings show that administration of 

nicotine cause changes in lipid profile, promoted lipid peroxidation and significantly reduced liver antioxidant 

enzyme activities in mice. It could be inferred that nicotine users have increased LDL-C and triglycerides which 

makes them more vulnerable to cardiovascular events.  

Time course (0h-72h) effects of nicotine withdrawal (NW) and its pharmacological interventions using 

antidepressants were also investigated for the first time. Nicotine (3.08mg/100ml) was given in drinking water for 4 

weeks to mice and its withdrawal was successfully achieved by removing the drug from drinking water. It was found 

that liver tryptophan concentrations were significantly decreased by 45% at 24h, by 47.5% at 48h NW and 46.2% at 

72h of NW. Decreases in plasma TRP concentrations were maximum (27.2%) at 48h NW. In corticosterone 

concentration there was significant increased by 77.4% at 48h of NW. As regard to neurochemical changes were 
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concerned it was found that brain tryptophan were decreased at 48h and 72h of NW. Brain 5HT were decreased at 

all withdrawal hours,  however, the maximum decreases were found at 72h of NW. Brain 5HIAA and 5HIAA/5HT 

concentration were decreased between 24-72h NW. At 72h NW behavioral and neurochemical changes i.e. 

decreased 5-HT synthesis, 5HIAA and turnover were maximum therefore 72h NW was selected for further 

investigation.  

Effects of antidepressants were also seen on behavior and brain tryptophan metabolism in nicotine withdrawn mice. 

Antidepressants (Bupropion/Tianeptine/Imipramine (20mg/kg/ml) and St. John’s Wort (SJW, 500mg/kg/ml) was 

administered (i.p.) 3.5h prior 72h of NW. All the antidepressants tested were found to reduce nicotine abstinence 

signs (shaking, scratching, chewing and facial tremor). All the drugs were found to inhibit nicotine abstinence signs, 

decreased plasma corticosterone concentrations and tryptophan. As regard to effects of antidepressants 

(Bupropion/Tianeptine/Imipramine) on brain indoles in NW mice, there was significant decreased in brain TRP and 

5HIAA/5HT turnover with no effect on 5HT concentrations.  In contrast SJW administered nicotine withdrawal 

mice showed increased brain TRP, 5HT, 5HIAA and 5HT turnover indicating tryptophan availability through 

periphery. 

 It is concluded that NW produces a robust increase in circulating corticosterone concentrations by activating 

hypothalamic pituitary adrenal axis and decreases intraneuronal brain 5HT levels. Our results showed that 

Bupropion, Imipramine and Tianeptine share common property of decreasing plasma corticosterone and brain 5HT 

turnover (5HIAA/5-HT) without effecting 5-HT concentrations in nicotine withdrawal paradigm. However increase 

in 5HT concentrations were only found in SJW administered NW mice. Our findings warrant SJW’s therapeutic 

efficacy to alleviate nicotine withdrawal signs and disturbed serotonergic neurotransmission through its ability to 

increase brain tryptophan and thus 5HT synthesis.  
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1.1. TRYPTOPHAN: 

L-Tryptophan amino indole propionic acid (Fig.1.1) is an essential aromatic and non-polar amino 

acid that holds an indole ring structure. It is both ketogenic and glucogenic. For normal growth 

of young animal the first amino acid to be recognized as an essential element was tryptophan. In 

most dietary proteins e.g. in casein, ovalbumin and most meats contains 1-1.5% tryptophan (Orr 

and Watt, 1968). Tryptophan is a regulatory amino acid for protein synthesis in liver and other 

tissues. It is also notably important because it is a precursor for neurotransmitter serotonin (5HT) 

required for behavioral and neuroendocrine functions. In liver tryptophan is also essential for the 

synthesis of niacin (a water-soluble vitamin) which is formed via kynurenine in animal’s liver 

(Harper 1981).  

 

1.2. TRYPTOPHAN METABOLISM AND DISPOSITION: 

In mammals four different pathways are present to catabolize trptophan, three of which occur in 

liver while one occurs in brain (Fig 1.2).  

Major metabolic pathway in liver:  

(i)Kynurenine pathway: 

This pathway is quantitively the most significant route of tryptophan catabolism in the body 

(about 95% of the daily tryptophan metabolism) (Oxenkrug, 2007). Tryptophan is oxidized by 

tryptophan 2, 3-dioxygenase (TDO) to kynurenine and subsequently to acetyl-CoA or 

nicotinamide adenine dinucleotide. 

Minor metabolic pathway:  

(ii) Decarboxylation to Tryptamine: 

Transamination of L-tryptophan via aromatic amino acid decarboxylase enzyme to form 

tryptamine, when oxidized by monoamine oxidase yields aldehyde, which is readily oxidized by 

aldehyde oxidase to yield indol-3yl-acetic acid.  

(iii) Transamination to indole-3-ylpyruvate: 

 Oxidative decarboxylation indole-3yl-pyruvic acid formed from tryptophan by the action of 

enzyme tryptophan amino acid transferase. This pathway occurs in central nervous system 

(CNS) and periphery (Bender, 1982).  
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Fig 1.1. L -Trypyophan  (1-amino-2 indolyl propionic acid) 
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Fig 1.2: Main Tryptophan Degradative Pathways in Mammals illustrated by Badawy (1988)  

 (1)Kynurenine-nicotinic pathway (2) Tryptamine synthesis  

       (3) Tranamination    (4) 5HT synthesis 
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(iv) 5-Hydroxy Tryptamine synthesis: 

Tryptophan is a precursor of neurotransmitter called serotonin (5HT) required for neurochemical 

and behavioral functions. L-tryptophan is converted into 5-hydroxy-L-tryptophan by the action 

of hydroxylase which later form 5HT.  

 

 1.3.ENZYMES OF KYNURENINE PATHWAY:  

(i)2,3 TRYPTOPHAN 2,3  DIOXYGENASE (TDO): 

 Rate-limiting enzyme of the kynurenine pathway in liver is TDO (Botting, 1995). TDO 

catalyses the oxidative cleavage of tryptophan and regulate homeostatic plasma tryptophan 

concentration. Activity of TDO influenced the concentration of plasma free tryptophan (Badawy, 

1977).  

There is an inverse relationship between TDO activity and brain tryptophan concentration 

(Badawy, 1989) and by inhibiting TDO activity, brain tryptophan concentrations significantly 

increased (Salter et al., 1995). Action of several antidepressant drugs (imipramine, 

tranylcypramine (Mangoni, 1974), lofepramine (Badawy et al., 1991), desmethylimipramine 

((Badawy et al., 1991), paroxetine ((Badawy and Morgan, 1991), flouxetine (Bano and Sherkheli 

2003) is increases brain serotonin by increasing plasma and brain tryptophan concentrations by 

inhibiting TDO activity (Salter et al., 1995). It was found that medroxyprogesterone inhibit stress 

induce increase in peripheral tryptophan metabolism and increases plasma tryptophan (Saeed and 

Bano, 2007).   

Badawy et al., 1981 showed that chronic administration of four drug of dependence (Morphine, 

Alcohol, Nicotine and Phenobarbitone) increase brain 5HT by the inhibition of liver TDO. It has 

been demonstrated that liver TDO activity is enhanced during alcohol withdrawal by a 

corticosterone-mediated hormonal induction mechanism (Badawy et al., 1980). Glucocorticoid 

enhances the transcription of the TDO gene (Nakamura et al., 1987) and that TDO mRNA 

expression was dramatically increased at 7h after alcohol withdrawal (Bano et al., 1996)    

Regulation of TDO: 

Substrate activation: 

TDO is induced by tryptophan (substrate) (Gal and Sherman, 1980) that causes stabilization of 

the enzyme and its activation. 
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Hormonal activation: 

 TDO is regulated by cortisol leading to enhanced kynurenine production. Effects of estrogens 

and testosterone on TDO are not clear however administration of estrogens and testosterone were 

found to have no effect on TDO (Bender et al., 1983; Shibata and Toda, 1997). Progesterone 

inhibits TDO activity by prevention of conjugation of apo-enzyme with heam and decreased 

haem availability (Saeed and Bano, 2007). 

Cofactor activation by heam: It has been reported that for glucocorticoid-induced TDO mRNA 

transcription and translation, haem may be necessary thus involving haem for TDO regulation 

(Ren & Correia 2000).  

Feedback inhibition by NADPH: 

TDO is inhibited allosterically by NADPH (Cho-Chung and Pitot, 1967). This supported by the 

finding that chronic administration of glucose or nicotinamide both increase hepatic NADPH 

levels thereby inhibit TDO activity.  

(a) INDOLEAMINE 2,3 DIOXYGENASE (IDO) :       

IDO is widely distributed in mammalian peripheral tissues and cells such as glial, macrophages 

and dendritic (Schwarcz and Pellicciari, 2002) and immune cells in the CNS (Botting, 1995). 

Oxidative cleavage of tryptophan is catalyzed by IDO utilizes superoxide, molecular oxygen and 

dihydroflavin mononucleotide and tetrahydrobiopterin as a cofactor (Taniguchi et al., 1979). 

Tryptophan metabolism through IDO activity in brain have many different functions, In the 

periphery, IDO is expressed but can also be induced in alveolar interstitial cells of the lung 

following treatment of mice with lipopolysaccharide (Urade et al., 1983).  

Regulation of IDO:   

INTERFERONE (IFN): 

 IDO is activated by interferon γ (Widner et al., 2000) that shift tryptophan metabolism from 

5HT to KYN formation. In hepatitis C patient IFN-α treatment increased the formation of KYN 

which lead to depression ((Wichers et al., 2005). IFN-γ induced IDO expression enhances IDO 

activity up to 300% by stimulating TNF- γ. IFN-γ induced IDO activity synergistically with 

proinflammatory molecule such as IL-1, IL-12, IL-11-18, prostaglandin E2 (Liebau et al., 2002; 

Kawaguchi et al., 2005). 
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Kynurenines and metabolic syndrome: 

 The ratio of KYN to tryptophan is used in human studies as an index of IDO activity. In 

coronary heart disease increased KYN/TRP ratio was found in a significant proportion 

(Wirleitner et al., 2003). Plasma free tryptophan was found to be decreased in obese rats and 

obese subjects despite weight loss (Finkelstein, 1982) or dietary intake (Brandacher et al., 2007). 

IDO activity increases with aging (Raitala et al., 2005).  

 

1.4. TRANSPORT OF TRYPTOPHAN FROM BLOOD TO BRAIN: 

Tryptophan is the amino acid present in circulations in free and specifically bound to plasma 

albumin (Pardridge and Fierer, 1990) and exists in equilibrium between albumin bound and free 

form (McMenamy, 1965). About 90% of the bound tryptophan in plasma cannot cross the blood 

brain barrier (BBB) and remaining 10% that is free circulates in circulation is free that can cross 

the blood brain barrier (Madras et al., 1974). Plasma concentration of non-estrified fatty acids 

(NEFAs) determines the ratio of free to bound tryptophan. NEFA have affinity to bind to 

albumin at a similar binding site therefore tryptophan could be displaced (Curzon, 1973) 

resulting in enhanced concentration of free tryptophan in plasma (Chaoulff et al., 1986; 

Blomstrand et al., 1989). 

A common carrier transport mechanism exists not only for tryptophan but also for phenylalanine, 

tyrosine thereonine, leucine, isoleucine and valine so called large neutral amino acid (LNAA).  

Increase in plasma concentration of LNAA decreases the transport of the aromatic amino acid 

(tryptophan) into the brain (Fernstrom, 2005). Changes in brain tryptophan and 5-HT 

concentration were directly related to changes in plasma ratio to tryptophan to LNAA and this 

alteration is predicted of changes in brain 5-HT synthesis (Fernstrom and Wurtman, 1972). 

Increase binding of albumin with tryptophan reduced the amount of uptake in to the brain 

(Curzon, 1974).The affinity of the transport system in blood brain barrier for tryptophan is 

identical to the affinity of albumin for tryptophan that bring about competition of cell membrane 

binding with albumin for tryptophan binding and effectively stripped the amino acid (Madras et 

al; 1974). 

Following 3 factors influence brain tryptophan availability: 

1. Plasma free tryptophan (Tagliamonte et al., 1973). 
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2. Concentration of free tryptophan and other large neutral amino acid (Perezcruet et al., 

1974)   

3. The activity of common transport system across the blood brain barrier and extent of 

binding of tryptophan to plasma, albumin that influence pool of unbound tryptophan (Fernstorm 

and Faller, 1978., Pardridge, 1998). 

 

1.5. 5-HT METABOLISM: 

Tryptophan, an essential amino acid, is the precursor of 5HT (Boadle- Biber, 1982). After 

tryptophan is taken up into the brain tissue, it is hydroxylated to 5-hydroxytryptophan (5-HTP) 

(Gal and Sheerman, 1980). This reaction is catalyzed by the enzyme tryptophan hydroxylase, an 

iron containing enzyme in the nervous system. This enzyme is specifically localized in 

serotonergic neurons. The rate-limiting step requires reduced protein cofactor and molecular 

oxygen (Kaufman, 1974). (Fig.1.3). Tryptophan hydroxylase is synthesized in serotonergic nerve  

cell bodies and is transported to the nerve terminal where most of the 5-HT synthesis occurs 

(Meck and Neff, 1972). Newly performed 5-HTP is decarboxylase to 5-HT by an enzyme L-

aromatic amino acid (Lovenberg et al., 1962). Activity of this much greater than tryptophan 

hydroxylase, so normally very little 5-HTP is found in mammalian brain (Ichiyama et al., 1968). 

(i)Melatonin Synthesis: 

Serotonin is converted to melatonin in the pineal gland by a two step process: N-acetylation of 

serotonin to N-acetyltransferase, followed by o-methylation of this intermediate to melatonin (5-

methoxy-N-acetyl serotonin). 

 (ii)Re-Uptake and Degradation of Serotonin: 

High affinity transport system is the principal means of inactivating the biogenic amine (Iverson, 

1978). Agents blocking or delaying this process are often clinically valuable drugs. Regional 

studies of serotonin metabolism and uptake in human cerebral cortex suggested that 5-HT uptake  

sites in human cortex are distributed rather uniformly and are not correlated with 5HT levels 

(Parson et al., 1992). Enzyme responsible for degradation of 5-HT is monoamine oxidase A 

(MAO-A) (Achee et al., 1978). MAO oxidizes the amino group of serotonin to form 5-

hydroxyindole acetaldehyde (5-HIAA). 5-HIAA is the principal metabolite, which is excreted in 

urine.  
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Fig.  1.3. Synthesis and degradation of serotonin by Rang and Dale et al., 1987 
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 (iii)Regulation of Brain 5-HT Synthesis: 

The mechanism by which TDO activity could regulate brain 5-HT synthesis and/or turnover may 

involve the following factors, which are as follows: 

(a) Availability of circulating free tryptophan to the brain (Maes et al., 1990). (b) Inhibition of 

cerebral uptake of tryptophan by its metabolites (Curzon, 1969). (c) A decreased availability of 

pyridoxal phosphate for 5-HT trptophan decarboxylase in the brain (Rose and Braidman, 1970). 

The serotonergic system plays a major role in depression. There is evidence that a functional 

deficit of 5-HT or its precursor L-tryptophan is linked to depression. Plasma tryptophan 

concentration was significantly lower in the patients with major depression illness, heat exposure 

(Manjunath and Ramasamara, 1985) and causes an increase in rat TDO activity.  

1.6. SEROTONIN RECEPTORS: 

Neuronal activity influenced by 5HT through 14 genetically and functionally distinct 5-HT 

receptors namely 5-HT1 through 5-HT7 (Bockaert et al., 2006). In the raphe nuclei of the mid brain, 

cell bodies and dendrites of the serotonergic neurons are located from which they project to almost all 

brain areas and the spinal cord (Tork, 1990; Baumgarten and Gothert, 1997) (Fig.1.4) The serotoninergic 

system is involved in many important physiological functions such as body temperature, appetite, 

perception of pain and emotional behavior. It also plays a role in the pathogenesis of diseases in which 

these functions are disturbed, e.g. hypertension, hormonal dysfunction, depression and anxiety. It has 

been suggested that 8-OH DPAT inhibits the activity of serotonergic neurons by activating the 

inhibitory somatodendritic autoreceptor on the serotonergic neurons. Such inhibition may lead to 

decreased stimulation GABAergic interneuron resulting in disinhibition of cholinergic neurons 

(Fig1.5).  

(i)Regulation of 5HT1A Receptor: 

The 5HT1A receptor associated with alterations in mood and emotion. Presynaptic 

somatodendritic autoreceptor and a postsynaptic heteroreceptors have opposing functions. The 

5HT1A autoreceptor mediates negative feedback inhibition on 5HT neurons, while the 5HTIA 

heteroreceptors mediate 5HT actions on target neurons. It was shown that autoregulation of 

firing was mediated by 5HT receptors on the 5HT neurons (Aghajanian, 1982; Liu et al., 2005).  
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Fig 1.4: Schematic model involving presynaptic 5HT heteroreceptors (Fink and Gӧthert, (2007).The first neuron is 

serotoninergic (neuron 1) and releases 5 HT at axoaxonal synapses directly to the 5 HT receptors of the terminal 

boutons of the axon of a second nonserotoniergic neuron (neuron II) e. g. cholinergic, dopaminergic or 

noradrenergic. Alternatively 5 HT may be release form neuron 1 terminal into the vicinity of neuron II terminals and 

reaches the 5 HT receptors on the neuron II terminals by diffusion over relatively long distances. The terminal of 

neuron II from synapses with neuron III. 
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Fig 1.5: Schematic model that highlights the role of inhibitory GABAergic interneurons (Fink 

and Gӧthert, 2007). 
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(ii) Role of 5HT in mental illnesses: 

Human and animal studies have shown that anxiety disorders involves a reduction in 5HT1A  

heteroreceptors in different brain regions (hippocampus, amygdale and prefrontal cortex) but less 

reduction in 5HT1A autoreceptor leads to anxiety disorder (Fisher et al., 2006). Reduced 5HT 

neurotransmission due to an increase in presynaptic 5HT1A autoreceptors which inhibit the 

release of 5HT lead to depression. Depression is associated with reduced levels of 5HT1A 

heteroreceptor in brain regions such as hippocampus and prefrontal cortex may be caused in 

parts by chronic stress (Jovanovic et al., 2010). Depressive mood has been linked to the activity 

of 5HT and norepinephrine in the brain. Ashcroft and coworkers reported that the concentration 

of 5-hydroxy indole acetic acid in the cerebrospinal fluid of depressed patients was significantly 

lower than in normal controls. Relationship between low levels of 5HIAA in CSF of depression 

and attempted suicide victims have been confirmed (Asberg and coworkers, 1976).  

1.7. ANTIDEPRESSANTS AND SEROTONERGIC NEUROTRANSMISSION: 

For the treatment of major depressive disorders antidepressants are used. Antidepressants agents 

have the ability to block the reuptake of nor-epinephrine (NE) and 5-HT from the synapse and 

therefore make them available in the synaptic cleft (Fig 1.6). Since the monoamine oxidase 

inhibitors (MAOIs) and tricyclic antidepressants (TCAs) showed major advances in treatment of 

depressed patients, their use was not preferred due to significant safety and toxicity issues. Later 

on desipramine and amitriptyline were developed by the modification of phenothiazine molecule 

that is known to be safer and well tolerated comparetively. The mechanism of action of these 

pharmacological agents is based on increasing the synaptic availability of monoamines by 

blocking their reuptake into the neuronal cell.  

(i)Monoamine Oxidase Inhibitors (MAOIs): 

The monoamine oxidase inhibitors are known to increase the concentration of monoamines 

(norepinephrine, dopamine and serotonin) in the synaptic cleft (Sambunaris et al., 1997). These 

are classified as non selective MAOIs (Tranylcypramine, Phenelzine) and selective monoamine 

oxidase inhibitors. The mechanism of action of non selective monoamine oxidase inhibitor 

antidepressants is to increase the availability of the monoamine neurotransmitters (NE, DA, 

5HT) in the synaptic cleft. These agents are older (nialamide and ipronaizid), having efficacy 
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Fig.1.6: Anxiolytic and antidepressant drug effects on serotonergic neurotransmission (Hensler, 

2003). 
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comparable to tricyclics and never prescribed for their difficult handling management. 

 

(ii)Reversible Inhibitors Monoamine Oxidase (RIMA): 

 

Mocloemide is the only licensed reversible inhibitor of monoamine oxidase which has less risk 

of interaction with drugs and food and safer to prescribe (Sambunaris et al., 1997; Janicak et al., 

1997). Although problems may arise if large quantities of tyramine containing foods are 

consumed. Moclobemide (Monoamine oxidase inhibitor) increases brain serotonin by increasing 

plasma and brain tryptophan concentration by inhibiting TDO activity (Bano et al., 2010). 

(iii) Tricyclic Antidepressants: 

 

Tricylcic antidepressants are divided into tertiary amines (imipramine and amitriptyline) and 

secondary amines drugs (nortriptyline and desipramine). TCAs are known to inhibit the reuptake 

of the biogenic amines NE and serotonin. These tertiary amines selectively inhibit the reuptake 

of NE and 5HT however, the secondary amines are selective only for NE. Side effects include 

sedation, anticholinergic and cardiotoxicity are the most common side effects but new 

compounds have been developed with fewer side effects such as lofepramine is better tolerated 

with lesser side effects than older (Bourin, 2001). Tricyclics are metabolized by range of 

cytochrome P450 enzymes (CYP 1A2, CYP2D6, CYP3A3, CYP3A4) and can interact with 

number of drugs metabolized by the same enzymes. 

(iv)Selective Serotonin Reuptake Inhibitor (SSRIs): 

 

These drugs exhibit selective action on serotonin neurotransmitters. These drugs are safer than 

other older antidepressant drugs and have side effects anticholinergic, cardiotoxic and sedative 

effects. Selective serotonin reuptake inhibitors are metabolized by cytochrome P450 complex of 

enzymes with CYP2D6 being the most common. The selective serotonin reuptake inhibitors 

perform vital role in the treatment of depression. These are known to enhance the 

neurotransmission of serotonin which is a mood elevating substance across the brain and 

synapse. Preclinical evidences on animal models of depression and stress have reported their 

mechanism to increase 5HT neurotransmission in the cleft (Connor et al., 1997, 2000; Barton et 

al., 2008). Its acute administration is known to enhance serotonin levels presynaptically but their 
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chronic treatment allows to release serotonin postsynaptically that is suggested to possess clinical 

therapeutic approach. Mechanism underlying acute SSRI’s (citalopram) treatment involve 

activation of 5HT1A receptors pre and postsynaptically while their chronic treatment desensitize 

receptors and increase 5HT neurotransmission postsynaptically (Hyttel et al; 1977a, b). Since the 

advancement of tryptophan metabolism contributes greatly to the development of depression, 

therefore several antidepressants have been investigated to increase brain serotonin levels via 

targeting altered peripheral tryptophan metabolism. The mechanism of action of these 

pharmacological agents is based on increasing the synaptic availability of serotonin by blocking 

their reuptake into the neuronal cell. Since there exist an inverse relationship between TDO 

enzyme activity and brain serotonin levels, these antidepressants (lofepramine, 

desmethylimipramine, paroxetine, tianeptine) enhance brain serotonin concentration by 

increasing cerebral TRP availability thereby inhibiting hepatic TDO enzyme activity, as has been 

reported ( Badawy et al., 1991; 1991a, 1991b, Bano et al., 2010; Ara I, 2012). Administration of 

these antidepressants are reported to enhance corticosterone levels that in turns disrupts albumin 

TRP binding through non esterified fatty acids elevation via inducing lipolysis pathway. As a 

result, free TRP can be positively correlated with subsequent rise in brain TRP level. Increase in 

free TRP uptake into the brain  saturate TRP hydroxylase enzyme (catalyses the conversion of 

TRP to 5-HT) that remains unsaturated with its substrate TRP normally, Similarly, free TRP 

uptake to the liver by the mechanism similar to its uptake into the brain activate TDO via its 

substrate TRP, Also, evidences suggest that the TRP in the liver enhance heam production by 

activating 5, aminolevulinate synthase enzyme (allosteric enzyme in heam biosynthesis pathway) 

Antidepressants are known to inhibit TDO enzyme activity by preventing the utilization of heam 

by Apo-TDO enzyme, thus renders the repression of heam production by producing feedback 

inhibition on allosteric enzyme 5, aminolevulinate synthase. That ultimately increase free TRP 

uptake into the brain and saturate TRP hydroxylase enzyme (catalyses the conversion of TRP to 

5 hydroxytryptamin) that remains unsaturated with its substrate TRP normally. Therefore 

antidepressants increase TRP uptake to the liver by preventing degradation of TRP through 

kynurenine pathway of TRP catabolism. 
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(v)Saint John’s Wort: 

 

Saint John’s Wort (SJW) is an herbal medicinal plant which is known for its beneficial effects to 

treat mild to moderate depression. It has been used as a folk medicine in many European 

countries. It is documented for its antidepressant activity in several clinical and preclinical 

studies (Werenke, 2004). The SJW is not preferred for the treatment of sever depression however 

keeps best pharmacological characteristic in comparison to placebo for the treatment of mild to 

moderate depression. For its interaction with several other drugs it is not given in combination 

with selective serotonin reuptake blockers because of risk of serotonin syndrome. It appears to 

have selective inhibitory effects for neuronal uptake of serotonin norepinephrine and dopamine 

that contributes for its antidepressant activity. In addition it also binds to the GABA receptors 

and at high doses function as MAOIs. It induces hepatic CYP 3A4 enzyme in the cytochrome 

system by which most of the medications are metabolized. They may lead to decrease in CYP 

3A4 metabolized drug plasma levels. It possesses half life of 24 – 48h (Kasper, 2002; Werenke, 

2004; Lawvere, 2005). Therapeutic dose is 450 mg twice daily. Since SJW is characterized to 

have properties similar to serotonergic agents, it has been identified to have antidepressant like 

anti-anxiety effects in treating alcohol withdrawal syndrome, as investigated, (Uzbay et al., 

2008). It has been identified to have some inhibitory effects on tremors, locomotor hyperactivity, 

stereotyped behaviors associated with alcohol withdrawal syndrome. Preclinical evidences in 

rodent models and randomized clinical trials have reported that extract of this plant have the anti-

depressant-like effect (Kasper and Dienel, 2002). It seems to have serotonergic properties to 

reduce 5HT re-uptake and inhibit MAO activity (Greeson et al., 2001).  

 

(vi) Serotonin Norepinephrine  Reuptake Inhibitors (SNRIs): 

 

Antidepressants e.g.Venlafaxine belong to this class are well tolerated and are differentiated on 

the basis of lesser side effects with better efficacy from other older classes of antidepressant. 

Metabolism of Venlafexine constitutes active metabolite (o-desmethyl-venlafaxine), and two 

inactive metabolites. Its active metabolite (o-desmethyl-venlafaxine), has half life of about 10 h, 

and is a potent inhibitor of neuronal reuptake of serotonin and nor-adrenaline, and more weakly 

of dopamine. It is metabolized by cytochrome CYP2D6 and a range of other cytochrome P450 
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enzyme and other cytochrome and has half life of 4h. Venlafexine has side effects similar to that 

of SSRIs and it lacks cholinergic and histaminergic receptor activity. They show lower clearance 

in patients with hepatic cirrhosis and severe renal diseases (Bolden-Walson and Richelson, 

1993). 

 

(vii) Serotonin- 2 Receptor Antagonism with Serotonin Reuptake Blocker: 

 

Nefazodone and trazodone belong to this class tend to block 5HT2 receptor (i-e antagonizes the 

action of 5HT2 receptor). Nefazondone and its major metabolite hydroxynefazodone possess half 

life of 2-4h. Nefazodone increases 5HT1A receptor binding and was developed to improve the 

pharmacological effects of earlier antidepressant trazadone, which is sedating and tends to cause 

postural hypotension. The recommended starting dose is 200mg/ day which exceed with the 

therapeutic dose-300-600mg/day (Eison et al., 1990) 

(viii) Norepinephrine-dopamine reuptake Inhibitor:  

 

Bupropion belongs to this class of antidepressant. It is well known for its pharmacological 

effects on the noradrenergic and dopaminergic system and does not affect serotonergic system 

(Cooper, et al., 1994). It exhibits beneficial effects to improve attention deficit disorder and 

smoking cessation affinity because it improves altered dopaminergic and noradrenergic 

mechanisms (Goldstein, 1998). Agitation, insomnia or nausea is the possible adverse effects. 

 

(ix) Alpha - 2 Antagonism plus Serotonin - 2 and Serotonin - 3 Antagonism: 

 

Mirtazapine belonging to this class of antidepressants is a potent antagonist of central adrenergic 

autoreceptor and heteroreceptors and antagonist of both 5-HT2 and 5HT 3 receptors. Its property 

to antagonize adrenergic receptor leads to blocked of presynaptic autoreceptor resulting in 

enhanced norepinephrine release. It has a half life of 20-40h. Blockade of heteroreceptors (5HT2 

and 5HT3) on 5-HT neurons enhance serotonin release and 5HT1A- mediated 5-HT 

neurotransmission (de Boer, 1995). It has side effects of weight gain and sedation (Stahl, 1997). 

The recommended initial dose is 15mg/day and the effective dose range is 15 – 45mg per day. 
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(x) Noradrenaline Specific Reuptake Inhibitors (NRI): 

 

Reboxetine is the first potent selective noradrenalin reuptake inhibitor; possess affinity for the 

noradrenaline transporter, and little affinity for other neuroreceptors. Reboxetine major 

metabolite is a desethylreboxetine which is inactive comparatively that parent compound. Since 

boxetine specifically affects nor-adrenaline neurotransmission therefore it well documented to 

improve pathophysiology related to depression that may also improve energy, interest, 

concentration, agitation, helplessness, and hopelessness. Hence, mechanism of action of 

reboxetine, is thought to be useful for those depressed patients who are characterized by allergic 

symptoms or suffering from co morbid anxiety. It has half life of 13h. Side effect profile is less 

than other class of antidepressant drugs such as dry mouth, constipation, and sexual dysfunction. 

The recommended dose for reboxetine is 8mg/day, in two-divided doses. 12mg daily can be 

given in case of incomplete response. Patients with renal and hepatic insufficiency show 

reduction in clearance that may require manipulation in the dose (requiring a 50% dose 

reduction) (DeBattista and Schatzber, 2000). 
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1.8. NICOTINE: 

Tobacco plants were first cultivated in South America (Gately, 2003) and the use of tobacco 

dates back as early as 5,000–3,000 BC.  Nicotine is the most active ingredient of tobacco. 

Nicotine is an alkaloid naturally found in many Solanaceae plants. It is also found in green 

pepper, tomato and potato (Doolittle et al., 1995). Smoking and tobacco related products are the 

principle source of nicotine. Nicotine is colorless, water-soluble liquid and has characteristic 

pungent odor. It was first isolated from tobacco plant in the year 1982. It is a tertiary amine 

composes of pyridine and pyrolidine rings (Schevelbein, 1982). Nicotine [1-methyl-2-(3-pyridyl-

pyrolidine), C10H14N2] and was synthesized by researcher in 1895 (Fig 1.7). Its molecular 

weight is 162.23. It is found in two stereo isomeric forms: (R)-nicotine and (S)-nicotine. (S)-

nicotine has high binding affinity for nicotinic acetyl choline receptors (nAChRs) than (R)-

nicotine. At 25oC, the pKa of nicotine is 7.84 and 3.04 is due to pyridine and pyrolidine rings, 

respectively. Nicotine is a strong base having 274.5oC boiling point (Schevelbein, 1962). 

Tobacco was initially regarded as a medicinal plant used for medical purposes such as, a 

painkiller for earaches and toothaches (Balls, 1962). However, the harmful effects of tobacco 

smoking on health were established in later studies (Peto et al., 1996). Depending on the brand, 

cigarettes made up of 8 to 20 milligrams (mg) of nicotine and when cigarette is consumed 

approximately 1 mg is absorbed by human body. Nicotine being psychoactive ingredient of 

tobacco is leading cause of high morbidity and mortality in the world (Stolerman & Jarvis, 1995; 

Murray & Lopez, 1997). Nicotine dependence is more common as compared to dependence due 

to substance abuse (Anthony et al., 1994). 

1.8.1 KINETICS: 

(i)Nicotine Absorption 

Nicotine is a potent amine that can reach readily to all parts of the body system. Its absorption is 

in human body through biological membrane is very fast due to its liposolubility (Benowitz et al, 

1990) which facilitates it to cross the blood brain barrier (BBB) and stimulates its psychoactive 

effect. Nicotine absorption in the body depends upon the pH of the mucous membrane. About  

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3467453/#B50
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3467453/#B6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3467453/#B93
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            Fig.1.7: NICOTINE [1-methyl-2-(3-pyridyl-pyrolidine) (C10H14N2) 
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31% nicotine is in unionized form at physiological pH (7.0), which can rapidly cross the BBB. In 

acidic environment, nicotine is ionized thus cannot diffuse, while in basic environment, nicotine 

is readily absorbed through oral or nasal mucosa because of the thin epithelium and rich blood 

supply to these membranes. Inhaling the nicotine through tobacco smoking also affects the 

alveoli of the lungs (Armitage et al, 1975). Absorption in alveoli depends upon the nicotine 

concentration in the smoke. About 31% of nicotine is uncharged at alveoli pH (7.4) which 

facilitates it to cross the biological membrane and enters in blood circulation. Protonated 

(ionized) form of nicotine in the acidic gastric fluid is poorly absorbed from the stomach (acidic 

pH), in contrast it is well absorbed in the small intestine (alkaline pH) having large surface area.  

Nicotine is also absorbed through skin which is important for the duration of tobacco harvesting 

and nicotine replacement therapy (Deniz Yildiz, 2004). Nicotine is also reabsorbing through 

urinary bladder. The reabsorption of nicotine through urinary bladder depends upon urine pH. 

Nicotine absorption through mucosa of bladder increases at pH 8.0-9.0 but cannot be reabsorbed 

at below pH 6.0. 

 (ii)Nicotine Distribution 

After the nicotine is absorbed, it is widely circulated to other body tissues averaging 180 (2.6 

l/kg) (Benowitz et al, 1990). Following exposure to nicotine concentrations of arterial blood and 

brain increase severely but decline over 20 to 30 min as nicotine redistributes to extra body 

tissues, mainly skeletal muscles, is during this period and immediately following nicotine 

absorption, levels of nicotine recorded are much higher in arterial than in venous blood. The 

difference between arterial and venous blood concentrations has been observed after rapid 

intravenous injection of nicotine is administered in rabbits (Porchet et al., 1987) and after 

cigarette smoking in humans (Heningfield et al., 1990). Subsequently, venous blood 

concentrations decline more slowly, which reflect both redistribution from body tissues and rate 

of elimination. Comparing to inhalation, the gradual increase in nicotine concentrations in the 

brain by oral, nasal or transdermal routes of absorption with relatively lower brain-to-blood ratio 

and small arterio-venous disequilibrium (Heningfield, 1995) depicts plasma nicotine 

concentrations after smoking a cigarette, chewing a 4 mg gum or wearing a 15 mg/16 h nicotine 

patch. 
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(iii)Metabolism of Nicotine 

Nicotine is metabolized to cotinine by the cytochrome P450 enzyme system in the liver. The 

genes coding CYP2A6 and CYP2D6 for these enzymes are predominant (Messina et al., 1997). 

Nicotine metabolism pathways can be discussed as phase l metabolism and phase ll metabolism. 

Phase l metabolism involves C- and N-oxidation in which nicotine converts into cotinine and 

further into its end-products. Phase ll metabolism involves N- and O- glucuronidation of nicotine 

and its metabolites (Fig.1.8). C-oxidation is the main metabolic route for nicotine metabolism. 

The nicotine’s half life averages 2h while the cotinine’s half life averages 16h. Cotinine is 

measurable in the blood due to its longer half life. Cotinine was found in the excretory product of 

rat, man, mouse, and rabbit (McKennis et al., 1957).  The liver enzyme cytochrome P4502A6 

(CYP2A6) produced cotinine and then 3’-hydroxycotinine (Hukkanen et al., 2005). Researchers 

have found that those with reduced activity of CYP2A6 alleles have reduced the risk of lung 

cancer but (Tan et al., 2001) reported that reduced risk is due to lower level of smoking. Flavin, 

containing monooxygenase3 is the hepatic enzyme is involved in the conversion of nicotine into 

nicotine-1’-N-oxide while cotinine is also metabolized but the enzyme of catabolism has yet not 

been identified. This metabolite of nicotine is not found only in liver but also in urine of animals 

and humans (Papadopoulos, 1964). The other nicotine metabolism pathways involve N-

methylation and N-demethylation of nicotine (Gorrod and Schepers, 1999). Nicotine and 

cotinine metabolism occur by glucuronidation (Hukkanen et al., 2005). UDP-

glucuronosyltransferase (UGT) enzymes are involved in conjugation with glucuronide. It is a 

minor pathway but in case when there is inactivation or absence of liver enzyme CYP2A6 occur, 

this pathway becomes the major determinants for nicotine clearance (Benowitz, 2009). Recent 

study indicated that nicotine and cotinine-glucuronidation take place in the human liver 

microsomes (Nakajima et al, 2002), showing that nicotine-N-glucuronidation being biphasic, 

requires two or more than two enzymes while cotinine-N-glucuronidation is monophasic. 
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                               Fig: 1.8 Metabolism of nicotine 
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(iv) Elimination: 

Studies have demonstrated that nicotine could be excreted via urine, feaces and other body fluids 

(Balabanova et al., 1992; Seaton et al., 1993). Nicotine excretion depends upon the amount of 

nicotine consumption. Much evidence indicated that nearly 55% nicotine is converting into its 

metabolites by extensive metabolism and only 1% in unchanged form of nicotine is retained in 

the body. According to the finding of (Luck and Nau, 1985) the urine of infant containing 

nicotine and cotinine indicated consumption of nicotine by the mother, concluding that the 

smoking by mother effects infant. Kidney is the main route of nicotine excretion. Nicotine alters 

the pH of the urine; the alkaline pH effects the excretion and increases the reabsorption of 

nicotine, showing less renal excretion of nicotine (Becket et al., 1965). Nicotine increases 

urinary catecholamine excretion than smokeless tobacco (Benowitz et al., 1990). 

 1.9. ADDICTION TO NICOTINE:  

Nicotine dependence through tobacco use is a serious public health issue. Nicotine has rewarding 

and reinforcing properties, that is, by stimulation of various forms of nicotinic receptors, nicotine 

causes an increase in the nucleus accumbence that has bearing on reward and reinforcement. 

Nicotine mimics the actions similar to acetylcholine, the endogenous neurotransmitter to the 

brain that ultimately causes an ion channel opening that facilitates influx of ions into the neurons. 

Ultimately, there is a depolarization of the neurons on which nicotine receptor site. Nicotinic 

receptors rapidly desensitize. When a person smokes a cigarette, nicotine gets into the brain in 

five seconds (Henningfield et al, 1990) and activates neurotransmission in pathways containing 

nicotinic receptors. Act of smoking causes aerosolized nicotine to go straight from the lungs to 

the brain that exerts its psychopharmacological effects by bearing on integrated brain systems 

(Fig.1.9).  

1.9.1. Role of Neurotransmitters in Nicotine Addiction: 

The neurotransmitter such as acetylcholine (Ach), dopamine (DA), Serotonin (5HT), gama-

aminobutyric acid (GABA) and glutamate (Glu) are involved in nicotine addiction.      
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                               Fig 1.9: ADDICTION TO NICOTINE 
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(i) Acetylcholine: The nicotinic acetylcholine receptors (nAChRs) is a complex found both in 

periphery and central nervous system complex which is composed of five subunits. The 

addiction process begins by the interaction of nAChRs with nicotine. Nicotine stimulates the 

release of variety of neurotransmitter by the interaction of brain with nAChRs and the most 

important being dopamine. Other neurotransmitters such as GABA, 5-HT, glutamate and 

endorphins are also released. (Fig.1.10) These other neurotransmitter mediates many other 

responses in the regulation of mood and behavior of a smoker. 

(ii)  Dopamine: Nicotine stimulates of brain reward mechanisms via central neuronal 

dopaminergic pathways. Mesolimbic dopaminergic system plays key role in reinforcing effects 

of several addictive drugs including nicotine (Koob et al., 1992). Transmission of dopamine in 

the nucleus accumbens has been pointed to the activation of nicotine (Pontieri et al., 1996) 

probably by the acetylcholine receptors located in mesolimbic dopaminergic pathways being 

stimulated during the process (Clarke et al., 1988). It has been reported that exposure to tobacco 

smoke causes reduction of MAO-A and MAO-B levels in the brain. Addition of glutamate 

discharge brought about by nicotine make remission of dopamine easier, with long term 

treatment and restraining of GABA release (Mansvelder and McGehee, 2002).  

(iii)  Serotonin Transporters and Receptors:  

In many individuals nicotine is the first dependence producing drug and most drug addicts were 

found to be smokers. A direct link to 5HT involvement in the regulation of drug intake is 

provided by findings showing that manipulations which decrease brain 5HT neurotransmission 

elevates self administration of several different drugs in rats (Roberts et al., 1994). LeMarquand 

et al., (1994) have found that SSRIs decrease voluntary ethanol consumption in rats. Similar 

effects of 5HT enhancing drugs have been reported on the intake of nicotine (Opitz and Weische, 

1988), opiates (Higgins et al., 1994) and psychostimulants (Porrino et al., 1989) as well as 

intracranial self stimulation (Olds, 1994). Nicotine elevates the secretion of serotonin release in 

the brain (Tyndal, 2003). Therefore, variations in the serotonergic system, including serotonin-

producing cells, serotonin transporter and serotonin receptors, may influence some aspects of 

smoking behavior (Tyndale, 2003).  Moreover, nicotine withdrawal decreases serotonin levels 

and a selective serotonin re-uptake inhibitor antagonizes the response  
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Fig.1.10. Schematic diagram of the mesolimbic dopamine (DA) projection pathway (Adopted 

from Zheng-xiong et al., 2009) 
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to nicotine (Ishikawa et al., 1999). Serotonergic neurotransmission is regulated by corresponding 

action of several 5HT related proteins 5HT autoreceptor, enzymes that synthesizes (tryptophan 

hydroxylase TPH) or degrade (monoamine oxidase MAO). 5HTT cleans the synaptic cleft by 

taking released 5HT back into nerve terminal (Fig .1.11). nAchR activation will regulate 

responsiveness of 5-HTIA receptors, known to be important in affective states including anxiety 

and depression as witnessed by 5-HT1A reactive anxiolytic agents Buspar and antidepressants 

such as Prozac (SSRI). Additionally, the 5HT1A receptors in the dorsal raphe nucleus are 

proposed a role in mediating the anxiolytic effects of nicotine (Seth et al., 2002). 5HT 

manipulation modified some reward related behavior such as behavioral sensitization and 

nicotine induced place preference (Carboni et al., 1989; Olausson et al., 2002), there is no direct 

involvement of 5-HT involvement in nicotine reinforcement. However the possible involvement 

of 5HT in nicotine’s anxiolytic and antidepressant effects suggests that brain 5-HT plays some 

role in nicotine dependence.   

(iv)  γ-Aminobutyric Acid (GABA): ): In glucose and energy metabolism, cortical excitability 

and cognitive function that are inhibitory neurotransmitters in the matured mammalian central 

nervous system, GABA has major roles to play (Levin et al., 1999). GABA is particularly 

involved in addiction as evidence by preclinical and clinical studies of nicotine addiction. The 

hippocampus expresses nAChRs and receives cholinergic innervations; presynaptic nAChRs 

mediates a calcium influx that enhances the release of both glutamate and GABA (Radcliffe and 

Dani, 1998). A single exposure increases the dopamine level and enhances GABAergic 

transmission lasting only for a short time, (Zhang et al., 2010) which causes recurring depression 

over a long period due to inhibition of other neurotransmitters. The aforesaid effects moved in 

the direction of greater excitability of dopaminergic neurons found in ventral tegmental area. 

Accordingly, effects of nicotine on the excitability of dopaminergic neurons are added by the 

stimulation and less sensitivity of nAChRs (Mao and McGehee, 2010). Stimulation and less 

sensitivity of GABAergic neurons may happen by long continued treatment with nicotine. 

Kynurenic acid counteracts enhancement of extracellular dopamine in the striatum caused due to 

stimulation by nicotine and inhibited by the excitatory amino acid. Kynurenic acid prevented the 

nicotine effect almost completely being the fact and enhancement of glutamic acid discharge  
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                                   Fig.1.11. Serotonergic Neurotransmission  
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produced by nicotine in 6-fold, which suggested that the nicotine effect is brought about through 

discharge of glutamic acid (Toth et al., 1992).  

(v) Glutamate: The past decade has seen a steady accumulation of evidence supporting a role for 

the excitatory amino acid neurotransmitter, glutamate, and its receptors (several classes of ion 

tropic-ion channel-coupled- and metabotropic-G-protein-coupled-receptors) in depression and 

antidepressant activity. The release of glutamate is highly sensitive to “stress”, and both 

depressive and anxious states are characterized by a complex pattern of regionally variable 

alterations (generally increases) in the activity of glutamatergic pathways. Antidepressants 

mainly act upon glutamate and treat the symptoms of depression by altering the level of 

glutamate in different regions of brain. Antidepressants mainly act upon glutamate and treat the 

symptoms of depression by altering the level of glutamate in different regions of brain. GABA 

and glutamate are major inhibitory and excitatory neurotransmitters and are involved in many 

neurological pathways. (Pearl and Gibson, 2004; Sanacora et al., 2003). Nicotine released of 

GABA and glutamate through nAchRs (Shameem and Patel, 2012; Mansvelder and McGhee, 

2000).   

1.10. EFFECTS OF NICOTINE ON BEHAVIOR: 

  (i) Nicotine and Locomotor Activity: 

Nicotine is linked to locomotor stimulation that is most probably brought about by activation of 

postsynaptic dopamine receptors in the nucleus accumbence (Benwell and Balfour, 1992; Clarke 

et al., 1988). Nicotine has been given that changes in dopamine mesolimbic system drawn on 

nicotine are possibly identical to those produced by psychostimulant drugs. Interestingly, near 

adolescent rats treated with nicotine before, cross sensitized to the locomotor effects of cocain 

(Collin and Izenwasser, 2004). This is indicative of the proposal that nicotine may bring in 

changes in dopamine transmission connected with the behavioral sensitization to 

psychostimulant drugs. In adult rats locomotor depressant effects of nicotine are often observed 

whereas in adolescent, locomotor activity is stimulated by nicotine (Elliott et al., 2004).  
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 (ii)Nicotine and Anxiety: 

Both anxiolytic and anxiogenic effects are reported to contain in nicotine. However the complex 

and diversifying nature of these effects is determined by age, sex and experimental condition 

(Cheeta et al., 2001, Elliott et al., 2004). The most often occurring psychiatric symptoms of 

anxiety and depression noticed is related to nicotine (Lerman et al., 1996, West and Hajek 1997, 

Eppin-Jordan et al., 1998, Parrot 2004). Brain GABAergic and 5HT neurons that add to the 

anxiogenic effect of nicotine are similar to the anxiety and depression related behavioral 

symptoms from other causes as observed in experimental models (Costal and Naylor 1992, 

Irvine et al., 2001; Tucci et al., 2003) whereas, its depressive effects are added to by brain 

monoamine neurons (Berlin et al., 1995). Doubts have been expressed as to commonly supposed 

role of this effect in the neurobiology underlaying tobacco smoking high doses of nicotine 

administration being anxiogenic as evidenced (File et al., 1998) and possibly be supposed to 

incite the neurons in the dorsal raphe, which propel to this area of the brain (Graeff et al., 1996).   

1.11. NICOTINE AND MENTAL DISORDERS: 

(i)Depression: 

 Nicotine treated mice showed increase in immobility time during forced swimming test 

(Mannucci et al., 2006). An antidepressant like activity of transdermal patch was found in 

depressed non-smokers (Salin-Paseual et al., 1996) and meanwhile stopping of nicotine intake 

provoke depression like symptoms (Markou et al., 1998).  

(ii)Parkinson’s disease: Parkinson’s disease is a neurodegenerative disorder identified by a loss 

of dopaminergic neurons located in the substantia nigra, which results in profound dopamine 

reduction at the straitum levels. Recent reports has indicated that in the perceptible 

neuroprotective effect of tobacco use in Parkinson’ disease nicotine from smoke may be a 

contributory factor (Quick et al., 2009). The beneficial effects of nicotine may be dependent on 

the dopamine release in substantia nigra, inhibition of monoamine oxidase B, as well as the 

potention of mesolimbic dopamine secretion (Mihailescu and Drucker-Colin, 2000). 



33 
 

(iii) Schizophrenia: Clinical studies show complex association between smoking and symptoms 

of schizophrenia (Dalack et al., 1998). Smokers with schizophrenia restore to more smoking 

(Olincy et al., 1997) compared to normal smokers.  

(iv) Alzheimer’s disease (AD):  

Epidemiological studies have shown data suggesting an inverse relationship between tobacco 

consumption and the development of AD.  Post-mortem study has shown that the levels of b-

amyloid peptide (neurotoxic agents in AD brains) were significantly decreased in the brains of 

smoking AD patients compared to non-smokers with the disease. The putative beneficial effect 

of tobacco has been mainly attributed to nicotine, which has been reported to improve cognitive 

abilities and reduce plaques in a mouse model of AD (Nordberg et al., 2002). However, nicotine 

has not demonstrated in clinical studies to be a useful treatment for AD (Lopez-Arrieta et al., 

2001). Since nicotinic acetylcholine receptors (nAChRs) play an important role in attention and 

learning and memory, the positive effects of nicotine on memory have been mostly credited to 

the activation of these receptors (Sabbagh et al., 2002). The beneficial effect of cotinine, the 

main metabolite of nicotine, improving memory and attention in several psychiatric conditions 

including AD (Echeverria et al., 2011), post- traumatic stress disorder (Zeitlin et al., 2012), and 

schizophrenia (Buccafusco and Terry, 2009). This evidence permits to hypothesize that many of 

the beneficial effects of nicotine may be at least in part the result of cot nine’s actions in the brain 

(Echeverria and Zeitlin, 2012).  

1.12. EFFECTS OF NICOTINE ON DIFFERENT ORGANS: 

 

Each part of the body is harmed by the consumption of nicotine, sometime at acute phase but 

mostly at chronic phase. A large portion of population consumes nicotine through smoking. 

Addiction to nicotine not only affects the neurotransmitter release but also the organs of body 

adverse effects, such as accelerating of coronary and peripheral vascular disease, stroke, 

hypertension (complications), delayed wound healing etc. 
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(i)Effects of Nicotine on Stomach 

Elements that causes gastrointestinal diseases pre-iminently comprise nicotine which is indicated 

by the action of cigarette smoke, nicotine-derived nitrosamine, 4-(methylnitrosamino)-1-(3-

pyridyl)-1-1butanone that result in gastrointestinal inflammation, besides having properties that 

encourage growth of  cancer, it is  considered as a risk factor for gastrointestinal cancer (Kent-

Man, 2013). Nicotine activates cellular and molecular pathways that mimic carcinogenesis in 

cancers throughout the GI tract, potentiating cancer growth (Jensen et al., 2012) 

(ii)Effect of Nicotine on Pancrease 

Toxic effects on pancrease are exerted by nicotine. Protein secretion increases in rat pancreatic 

acinar cells exposed by nicotine (Majumadar et al., 1985). A study indicates that reduced 

cholecytokinin mediated enzyme secretion that is a factor in nicotine induced pancreatic cell 

pathology to increase in pancreatic enzyme. Fibrosis and scarring of pancreatic acinar structures 

produced by nicotine exposure to rats is a feature of chronic pancreatitis (Wittel et al., 2006). 

The arrangement and action producing such impression being activated by nicotine is transmitted 

to the pancreatic acinar cells through signal transduction track that transforming as poisonous to 

cell, ultimately causing death (Chowdhury et al.,2002;  Chowdhury et al., 2013).   

(iii) Effects of Nicotine on Kidney 

It has been shown that increase in blood pressure, tachycardia and increased concentrations of 

catecholamines in the circulation by smoking results in intense sympathetic excitation (Groppelli 

et al., 1992). Vasoconstriction induced by smoking is not able to overcome vasodilation and in 

resulting increase in blood pressure can be transmitted into glomerulus, causing glomular 

hypertension (Ritz et al., 1998). Studies have been shown that renal plasma flow was lower in 

chronic smokers (Gambaro et al., 1999). Increased lipid peroxidation in liver and decreased 

superoxide dismutase activity due to nicotine enhances catalase activity in the kidney. 

Nephropathies with an increased incidence of microalbuminuria succeeding to proteinuria, 

followed by type-1diabetes mellitus, induced renal failure due to nicotine (Cooper, 2006).  

Hepatic metabolism of many drugs is said to translate into failure of kidney that passing through 
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hepatic enzyme cytochrome P450 2A6 down regulation and restraining action of transporters 

(Nolin et al, 2003).    

 (iv) Effects of Nicotine on Lungs 

In a study it is reported  that  nicotine  promotes tumor and has been suggested that nicotine and 

its metabolism is liable to sustain rapid proliferation, angiogenesis, migration, invasion, 

epithelial to mesenchymal transition and activation of autocrine loops associated that is linked to 

growth of tumor, and reduction in sensitivity to chemotherapy or radiotherapy simultaneously 

(Warren and Singh, 2013). It is likely that due to activation of afferent nerve endings in the 

bronchial mucosa caused by inhalation of nicotine and transmitted through parasympathetic 

cholinergic tracks, concentration-dependent cough and airway obstruction in healthy individual 

is produced (Hansson et al., 1994).  

 (v)Effects of Nicotine on Heart 

Nicotine increase heart rate, myocardial contractility and blood pressure (Perkins et al., 1986). 

Nicotine induces a beta-adrenocepter-mediated increase in heart rate and contractility and an 

alpha-adrenoceptor-mediated increase in coronary vasomotor tone through the intracardiac 

release of norepinephrine.   Ample evidence has shown a role for oxidative stress and interstitial 

fibrosis in long-term cigarette smoking-induced heart diseases with a pivotal pathological role of 

the main smoke component nicotine although other constituents of cigarette smoking such as 

carbon monoxide may also contribute to the generation of heart anomalies following cigarette 

smoking (Nan Hu and   Jun Ren, 2014).        

1.13. METABOLIC EFFECTS OF NICOTINE: 

(i)Nicotine and Cholesterol Level: 

Three major cardiovascular diseases hazard factors, smoking, serum cholesterol and 

hypertension having high correlations with humanity rates demonstrated by epidemiological 

studies. Atherosclerosis might promoted by cigarette smoking via effecting on lipid profile.  

Cardiovascular dysfunction initiated as a consequences of increase oxidative stress resulting 

http://pubs.rsc.org/en/results?searchtext=Author%3ANan%20Hu


36 
 

from exposure of cigarette smoke, a hypothesis supported by recent experimental and clinical 

data (Ambrose et al., 2004). An increase incidence of microvascular complications linked with 

TG/HDL-C ratio in patients of type 2 diabetes mellitus (Zoppini et al., 2012). Nicotine 

administered rats were found to have significant increase total cholesterol, phospholipids, 

triglycerides, very low density lipoprotein (VLDL) and low density lipoprotein (LDL) in serum 

(Ashakumary and Vijayammal , 1997). Increased auto antibodies levels of plasma against 

oxidized LDL are related by combined presence of cigarette smoking and hypercholesterolemia 

that synergistically impair endothelial function. The enhancing of LDL oxidation by potentiating 

endothelial malfunction in hypercholesterolemic patients by long term smoking, a possibility 

raise by this observations (  Heitzer et al., 1996).  

 

 (ii)Oxidative Stress: 

Lack of balance between reactive oxygen species (ROS) production and antioxidant defenses has 

been described as an oxidative stress (Betteridge, 2000) which, yield free radicals and as 

consequence, malondialdehyde (MDA) is formed with the peroxidation inducement of the 

membrane lipids (Strinivasan and Pugalendi, 2000). It has been found that nicotine treatment 

causes significant reduction in endogenous antioxidant status e.g. superoxide dismutase (SOD) 

and glutathione peroxidase (GPX) activities (Kalpana et al., 2004).  

 

 (iii) Metabolic Syndrome: 

 Insulin regulates the blood glucose levels which are also affected by other hormone, (growth 

hormone, cortisol, glucagons and adrenaline). A dose dependent effects of nicotine on plasma 

level of ACTH, epinephrine and cortisol have been reported (Morgan et al., 2004). Nicotine 

increases the release of glucose from the liver to the blood by epinephrine secretion (Benowitz, 

1986). Increased glucose concentration results in entering of more glucose into pancreatic beta 

cells and an increase in the rate of glycolysis improve insulin secretion. Smoking is likely to 

directly increase insulin resistance. Moreover, features of insulin resistance syndrome, including 

low HDL-C, high serum triglycerides, high VLDL, high fasting glucose, increased plasminogen 

activator inhibitor and microalbuminurea are indicated in smokers (Dzien et al., 2004). Positive 

relationship has been found between smoking and glucose metabolic disturbances. The 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ashakumary%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9076668
http://www.ncbi.nlm.nih.gov/pubmed?term=Vijayammal%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=9076668
http://circ.ahajournals.org/search?author1=Thomas+Heitzer&sortspec=date&submit=Submit
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prevalence of metabolic syndrome increased with tobacco exposure (Weitzman et al, 2005).    

(Figure: 1.12). 

(iv) Protein Metabolism:  

Nicotine slightly and significantly inhibits brain protein synthesis. However it does not affect 

liver protein synthesis. Alterations in hepatic protein upon exposure to cigarette smoke are 

probably due to anorexia (Sershen et al., 1981). The speculated binding of nicotine to a 

tryptophan residue in albumin might be account for the important function of this protein in 

carcinogen transport or detoxification. Serum albumin in blood could function to protect nicotine 

against solvolysis and transport it from the liver to extra hepatic target tissues such as the 

mammary gland and kidney (Wang et al., 2000).  In serum unbound free fatty acids (FFA) are 

almost no detectable where as the major proportion of FFA is tightly bound to albumin (Thomas 

et al., 2000). It has been reported that both stress or nicotine treatment stimulate the release of 

epinephrine and norepinephrine with in few minutes and their combination might enhance their 

lipolytic effect (Cryer et al, 1976). There is a raise in circulating fatty acids which may bind with 

the albumin due to increased adipose tissue lipolysis.  

 

(v) Body Weight: 

Admittedly, morbidity and mortality extending over the worldwide is blamed among others on 

tobacco smoking and being obese (Mokadad et al., 2004). Influence on health of some 

importance is said to be caused jointly by being overweight and smoking. According to the 

findings of Framingham study it is likely that obese smokers may live 13 years less, comparing 

normal-weighted nonsmokers (Peeters et al., 2003). The state of smoking and obesity being 

related is yet to be comprehenced in totally. Enhancement of keen utilization of energy caused by 

nicotine (Hofsteeter et al., 1986) that could result in reduced appetite is one aspect to possibly 

explain the smokers tending to possess less body weight comparing nonsmokers and as to gain 

weight consequent upon quitting smoking (Williamson et al, 1991 & Ward et al., 2001). 

Moreover, both smokers and nonsmokers accept the view that smoking efficiently controls body 

weight (Potter et al., 2004). Whereas, another aspect is that higher body weight is possessed by 

those smokers who consume greater number of cigarette each day, comparing those who smoke 

lightly, as indicated by studies (Bamia et al., 2004, John et al., 2005) it has been found that, at 
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Fig 1.12: Metabolic syndrome and oxidative stress (Adopted from Antonio Ceriello and Enrico 

Motz, 2004) 
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least in developed countries of the world, smoking, obesity, and lower socioeconomic status 

grow into clusters (Wild et al., 2004). Lastly but not at least, distribution of body fat is 

stimulated by smoking, with which central obesity and insulin resistance is linked to as indicated 

by increasing evidence (Eliasson  et al, 2003  &  Houston  et al, 2006) . Nicotine brings about 

most of the cigarette smoking effects on body weight, not withstanding a behavioral alternative 

to eating provided for by cigarette smoke that cause diminishing of appetite.  

(vi) Corticosterone: 

Acute nicotine administration elevates plasma ACTH and corticosterone in laboratory animals 

(Andersson et al., 1981; Lufty et al., 2006). Additionally, cigarette smoking increases circulating 

cortisol in humans (Seyler et al., 1984; Pomerleau and Pomerleau, 1990). Nicotine also 

stimulates ACTH release (Matta et al., 1987). It has been shown that acute restraint stress 

exposure prevents the nicotine-induced mesolimbic dopaminergic activation in the nucleus 

accumbens shell via a corticosterone-mediated mechanism ( Panin et al., 2014) . As well as HPA 

axis is concerned, depression can induce by both an increased level of CRH and increased 

secretion and reactivity of cortisol (Weizman et al., 2012)  

 

 (vii) Gender effects of nicotine: 

Chronic smoking modifies sex hormones that circulate and resultantly regulates nAChRs activity 

(Duskove et al., 2012). It has been indicated that activity of nAChRs activity is held back by 

progesterone (Valera et al., 1992) and in female mice estrogen not testosterone is able to 

antinociceptive effect of nicotine (Chen et al., 2009; Damaj, 2001).  

1.14. NICOTINE WITHDRAWAL: 

Various serotonergic mechanisms may play significant role in nicotine abstinence syndrome. It 

was found that acute administration of nicotine increases 5HT release in brain (Ribeiro et al., 

1993) while spontaneous nicotine withdrawal reduces 5HT turnover in whole brain (Yasuda et 

al., 2002). Decreased serotonergic neurotransmission play important role in development of 

nicotine abstinence syndrome, improved serotonin activity may calm the syndrome. In addition 
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decrease serotonergic neurotransmission may elevate brain reward threshold and increased 

anxiety during nicotine withdrawal (Costal et al., 1993; Harrisson et al., 2001).  

 

1.15. THERAPEUTICS  FOR  SMOKING CESSATION: 

 

1.15.1. NICOTINE REPLACEMENT THERAPIES: 

Products meant for nicotine replacement therapy (NRT) contains different concentrations of 

nicotine which are derived from sources other than tobacco (Fig.1.13).NRT helps improve 

withdrawal symptoms and abstinence rates thus playing an important role in eradication of 

smoking trend and fulfilling the needs of an individual. NRT act upon nAChRs and replace the 

nicotine from tobacco. NRT facilitates the arousal, positive reinforcement and stress-relieving  

effects similar to those produced by nicotine. NRT products also have the ability to desensitize 

the nAChRs, desensitization of these receptors result in decrease intake of nicotine and smoking 

puffs (Benowitz et al, 2009). However, efficacy of NRT is likely to vary insufficient dosage. It is 

believed that in human the acute toxic dose of nicotine ranges between 40–60 mg (< 1 mg/kg).  

  

(i)Transdermal Patches:  

Upon application a nicotine patch to the skin, it delivers nicotine through the skin. Different 

types of patches are marketed which vary by their range of dosages, different pharmacokinetics, 

and duration of wearing (i.e.16 or 24 hour). Indications allow that more highly-dependent 

smokers use the strongest patches and less-dependent smokers use a lower dose patch. Nicotine 

patch transfer nicotine more slowly while the plasma nicotine level gets higher during the day 

time than other NRT product use. Skin reactions and vivid dreams or sleep disturbance can occur 

if worn overnight. 

(ii)Nicotine Chewing Gum:  

It is widely marketed and is freely available in different fruit-flavors. It contains 2-4mg nicotine 

and when consumed transfers about 1-2 mg in the blood. Nicotine in gum that is absorbed 

through the buccal mucosa is about 50% (Benowitz et al, 1987). Upon discontinuing chewing, 

the absorption of nicotine slows but persists.  
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Fig 1.13: Nicotine Replacement Therapy 
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(iii)Sublingual Tablet: A tablet of 2 mg is placed beneath the tongue, containing small amount 

of nicotine, which is absorb sublingually. Either 2-mg subligual tablet or 2-mg nicotine gum both 

gives same quantity of nicotine. (Molander et al, 2001). One sublingual tablet per hour 

prescribed for chronic smokers who consume more than 20 cigarettes in a day. The most 

important effect is decrease in craving. Sometime when one tablet would fail to reduce the 

craving, the intake of the amount of tablet per hour is then decreased (2 tablets per hour). The 

duration of use of this tablet should be 84 days after that gradually taper off number of tablets. 

 (iv) Nicotine Lozenge: It is available in different ranges of dosage (2mg and 4mg) since 2002. 

The moment that is considered an easy but dominant indicator of nicotine dependence is the time 

to first cigarette (Heatherton et al, 1991) and consequently determining each smoker's nicotine 

“need” which is a useful element.  Like nicotine gum, buccal mucosa absorbed nicotine lozenge 

gradually and then delivered into blood circulation. Lozenge has a benefit over nicotine gum as it 

is not chewed and turns the use on habitual nicotinic gum user. Common symptoms associated 

with the use of nicotine lozing are nausea and heart burn.  

 (v) Nicotine Inhaler: a mouthpiece and a plastic cartridge in which nicotine is present comprise 

to make nicotine inhaler. 10 mg nicotine is present in each cartridge inhaler by which 4 mg can 

be delivered and 2 mg absorbed (Molander et al, 1996). The pharmacokinetic profile (buccal 

absorption) of nicotine inhaler or nicotine tablet are similar to that of the nicotine gum. It differs 

with other inhaler being independent from lungs as it delivers a large amount of nicotine into oral 

cavity, esophagus and stomach while very few of it to lungs. Its development was meant to 

improve compliance and provide for alternative nicotine administration forms to satisfy 

individual needs. Craving decreases by high rate of inhalations while the depth of inhalation fails 

to give any further improvement and its use is temperature dependent. 

(vi) Nicotine Metered Nasal Spray:  It is a multidose bottle with a pump that delivers 0.5 mg of 

nicotine per 50-μL squirt. Each dose consists of two squirts, one to each nostril. It reaches 

rapidly into blood where it reliefs the nicotine withdrawal symptoms. High amount of nicotine 

can be delivered by nasal spray to reduce the craving in chronic smokers. Among all other NRT 

forms nicotine nasal spray is quickly absorbed into the blood (Schneider et al, 1996).  A venous 

plasma concentration of nicotine is 5 and 12 ng/ml after a single 1-mg dose. 1-mg dose of 
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nicotine nasal spray as compared to a single dose of 4-mg nicotine gum alleviate impulsive 

nicotine withdrawal symptoms, including craving, in an individual more rapidly as indicated by 

Hurt et al., (1998). 

(vii)Nicotine Vaccines: 

A new approach to the treatment of nicotine addiction is immunotherapies that lead to 

manufacturing of anti-nicotine vaccine which stimulates smokers’ own natural immunity and 

prevent the drug to reach to the brain neural receptor. 

1.15.2. ANTIDEPRESSANTS: 

(i).Selective Serotonin Reuptake Inhibitors (SSRIs): 

Usually the interaction of neurotransmitters in the brain results in depression during nicotine 

withdrawal state. Depressed mood is a symptom of nicotine withdrawal (Hughes et al, 1984: 

Gross et al, 1989). Treatment with the SSRI sertraline, in combination with the partial 5HTIA 

receptor agonist buspirone, increased abstinence from smoking. When the SSRI flouxetine was 

used as pharmacological treatment to support smoking cessation, no effect on nicotine abstinence 

was evident, irrespective whether the treated subjects had a history of a depressive disorder or 

not (Saules et al., 2004). This was consistent with other studies using drugs increasing 

serotonergic neurotransmission (Spring et al., 1995). These results support an earlier study which 

applied the SSRI sertraline as treatment and did not find effects on abstinence from nicotine 

(Sulivan and Covey, 2002). However, sertraline did reduce withdrawal symptoms (Sulivan and 

Covey, 2002). In contrast to the above reports, a multicenter study in which the effects of 

flouxetine treatment applied in addition to behavioral therapy were investigated found positive 

effects of SSRI on abstinence rats (Niaura et al., 2001). When tested effective in reducing 

cigarette consumption (Miyamoto et al., 2007); however in another study in depressive smokers 

it was shown that treatment with flouxetine only initially reduced smoking, but 6 months after 

discontinuation of smoking the probability of relaps was higher in the treatment group (Spring et 

al., 2007). The selective 5HT3 receptors antagonist undansetron was also tested for its potential 

to support smoking cessation but did not prove to be effective (West and Hajek, 1997).    
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(ii)Bupropion: 

 Bupropion is a typical antidepressant, the complete mechanism of action of bupropion is 

unknown while presumably it mediates its action on dopaminergic and adrenergic neurons. It is 

confirmed in one clinical trial that bupropion is more likely to affect decrease in depressive 

symptoms in highly nicotine-dependent smokers during active treatment (Lerman et al, 2004). 

Pleasing effects of nicotine that increase effective withdrawal symptoms decreased by low dose 

of bupropion has been originate by pre-clinical study. One day maximum prescribed dose of 

bupropion is 300 mg, administered in equally divided dose of 150 mg twice daily. Adverse 

effects associated with the use of bupropion are reported to be dry mouth and insomnia.  

(iii)Nortriptyline: Nortriptyline, in combination with transdermal patch, enhances the rate of 

nicotine cessation than transdermal patch alone. One study found abstinence rates of 23% at 6 

months for nortriptyline plus patch and 10% for placebo plus patch (Prochazka et al, 2004). ). 

Side effects associated with nortriptyline include fast heart rate, blurred vision, urinary retention, 

dry mouth, constipation, weight gain or loss, and low blood pressure.  

(iv)Reboxitene: It is another antidepressant formulation meant for the treatment of tobacco 

nicotine dependence. It is a selective nor-epinephrine reuptake inhibitor that inhibits activity of 

acetylcholine receptors and helps reduce the nicotine self administration (Miller et al, 2002).  

(v) Bromocriptine: it is another approved Parkinson agonist which use as a smoking cessation in 

a laboratory. Studies suggest that total puffing time, total number of cigarettes smoked, nicotine 

level and its metabolite cotinine level in plasma and also cravings are reduced by administration 

of Bromocriptine (Jarvik et al, 2000). The drugs, such as Carbidopa/Levodopa for Parkinson’s 

disease treatment is ineffective for smoking cessation, compared to placebo (Hurt et al, 2000). 

(vi) Macamylamine: is a nicotine antagonist which blocks the nicotine receptor without 

producing any significant side effects. It suppresses craving and diminishes the withdrawal 

symptoms whereas further studies do not suggest complete effectiveness of its action.  
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(vii)Glucose Tablet: 

Another treatment developed involved glucose tablet in the production of positive results for 

nicotine cessation. It increase the abstinence rate when use in combination with NRT (West R, 

2000). It has been suggested that glucose gluts carbohydrate cravings, which ex-smokers often 

misconceive as cigarette craving (West R, 2001). As glucose is relatively cheaper drug having 

less side effects, further studies and investigations in future is advisable to arrive at its conclusive 

efficacy.  

1.16. AIM OF THE STUDY:  

(1) To investigate the effects of acute (various doses) and chronic administration of nicotine in 

drinking water on behavioral, metabolic and neurochemical alterations in mice.  

(2) To investigate the effects of antidepressants on nicotine abstinence signs and serotonergic 

neurotransmission in mice. 
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2.1. BEHAVIORAL STUDIES: 

 

2.1.1. PLUS-MAZE TEST: 

An elevated plus-maze (Fig. 2.1) was prepared with white plexi glass that consisted of two open 

arms (23×6 cm) and two closed arms (23×6×5cm) which extended from a central plate form. It 

was mounted on a base raised up to 60 cm above the floor. The mice were placed in the center of 

the maze and the variables scored were (1) time spent in the open arms and (2) time spent in the 

closed arms (Pellow et al., 1985). The test lasted for 5min and evaluation of these parameters 

was performed at 4 weeks after the nicotine treatment. Anxiolytic response was calculated as the 

percentage of time spent in the open arm, where % time= [(test-300) × 100]. 

 

2.1.2. OPEN FIELD TEST: 

The locomotor activity of the mice was monitored in an open field; sized 76 cm x 76 cm. the 

field had 16 equal divisions. Noise and light was maintained at a level not to disturb the mice 

causing changes in their locomotion, or inducing anxiety. The apparatus was cleaned with 70% 

alcohol after every mouse. The ambulation of  mice is the count of the number of inter – line 

crossings during the 30 minutes session in the open field, with 2 minutes in the beginning for the 

proper settling of the mice in the apparatus before the actual counting (Holland and Weldon, 

1968). 
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                  Fig.2.1 .  APPARATUS FOR PLUS MAZE ACTIVITY 
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2.2. BIOCHEMICAL ANALYSIS:  

2.2.1. Determination of Plasma Albumin Levels by Doumas and Biggs method: 

A method is based on addition of albumin to a solution of bromcresol green (BCG) in 0.075M 

succinate buffers, pH 4.2. At pH lower than its PI, albumin is positively charged and has an 

affinity for anions. On combination with albumin several anionic dyes undergo changes in color. 

Any change in the concentration of plasma albumin is bound to affect its binding with the amino 

acid and the intensity of the color change is monitored and read at λ 628nm. Method of Doumas 

and Biggs (1971) was used to find out the plasma concentration of albumin.   

Reagents: 

Succinate Buffer: 0.1 M, pH 4.0: 

11.9 gms of succinic acid were dissolved in about 900 ml of deionized water adjusted to 1L final 

volume with pH adjusted to 4 by using NaOH and stored at 4ºC. 

0.6M Bromo Cresol Green (BCG) dye solution (stock): 

419 mgs of BCG were dissolved in 10 ml of 0.1 M NaOH and dilute up to 1L volume with 

distilled water and stored at 4oC. 

Working Dye Solution:  

One volume of Stock BCG solution (0.6M) was diluted with three volumes of 0.1 M succinate 

buffer and add 30% Brij–35 per liter 4.0 ml per liter and adjust pH 4.2 and was stored this 

solution at 4oC before use. 

Sodium hydroxide 1 M:  

 4.0 gms of sodium hydroxide (NaOH) were dissolved in 100 ml of distilled water. 
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Albumin Standard: 

Stock (10%):  

10 gms of Bovine serum albumin (BDH) were dissolved in 100 ml of distilled water. Fresh 

solution was prepared on the day of experiment due to the chance of bacterial growth.  

Working standard:  

0.2, 0.4 and 0.6 ml from the stock standard was taken in test tubes and volume was made upto l 

ml. 

Sample Preparation:  

Trunk blood from decapitated mice was collected in centrifuge tube and adds anticoagulant 

(heparin). Top layer was collected which is the plasma after centrifuged at 3000 g for 15 

minutes. 

Procedure: 

 In test tube 20µl of plasma (in duplicates), 20µl of standard and 20µl water (blank) were 

taken. 

 To above solution 5 ml of working dye were added in all tubes and mixed well 

(vortexed). 

 The solution was incubated for 10 minutes at 25oC and absorbance was read 

spectrophotometrically at λ 628 nm. 

Calculation: 

The concentration was calculated with the formula given below: 

 

 Concentration of albumin (g/dl) =    OD of test    x  Concentration of standard 

                                                   OD of standard 
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Fig. 2.2 Various known concentrations of albumin were made (e.g. 5, 10, 15, 20, 25 g/l respectively). The solutions 

were treated according to general procedure for albumin determination as described in section 2.2. OD was plotted 

against concentration to get the curve. 
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2.3. Determination of Glucose Levels in Plasma by O-Toulidine Method by 

Hultman (1959): 

Principle 

“A blue-green colored condensation product is formed when aromatic amines, such as ortho-

toluidine reacts with the terminal aldehyde group of glucose in hot glacial acetic acid that can be 

measured calorimetrically at λ max 630 nm. The green color complex formed is directly 

proportional to the concentration of glucose.’’ 

 

 

 

 

 

Reagents 

5% Trichloroacetic acid (TCA): 

5gms of TCA were dissolved in 100ml of water. 

O-Toulidine reagent:  

0.15 gm of thiourea and 6ml of O-Toulidine were dissolved in 2ml of glacial acetic acid.The 

final volume was made up to 100 ml with glacial acetic. Reagent was freshly prepared. 

D-Glucose standard solution (0.1mg/ml): 

Benzoic acid (2%) solution: 

Stock: 

Standard of 100mg / 10 ml of D- Glucose was prepared in saturated benzoic acid (2%) solution. 

Working Standard: 

1:10 dilution of stock standard (1mg/ml) using de-ionized water was prepared. 
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Procedure: 

Sample 

 100 µ1 of plasma was taken in centrifuge tubes properly labeled. 

 100 µ1 of de-ionized water was added to it. 

 1.8 m1 of 3% TCA was added to the sample tubes and allowed to stand for 5 minutes. 

 The tubes were bench centrifuged at 8000 rpm for 10 – 15 minutes. 

 1 ml of supernatant was separated from each tube in fresh tubes. 

Standard curve: 

For standard curve 0.5, 1, 1.5 and 2 ml of working standard were taken in test tubes and the 

volume of each tube was made up to 2 ml with de-ionized. 

Blank:  

 2 ml de-ionized water was taken in a tube marked as blank.  

 5 ml of o-toulidine reagent was added to all tubes. 

 The tubes were heated in boiling water bath for 10 minutes. 

 After cooling at room temperature, the optical density was read spectrophotometrically at 

630 nm. 

Calculation: 

The concentration was calculated with the formula given below: 

 

Glucose concentration (mg/dl) =  OD of test x  concentration of standard x 100 

          O.D. of standard      Volume of sample 
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Fig.2.3. Various known concentrations of glucose were made (e.g. 0.05, 0.1, 0.15, 0.2, 0.25 mg/ml respectively). 

The solutions were treated according to general procedure for glucose determination as described in section 2.3. OD 

was plotted against concentration to get the curve. 
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2.4. Determination of Corticosterone Levels in Plasma by Glick et al., 1963: 

Principle: 

The steroid hormones cortisol (human) and corticosterone (animals) quickly develop a rather specific 

fluorescence in ethanolic sulphuric acid (1:3, v/v). The transformation of cortisol into androst-4-ene-

11ß, 17 dihydroxy-3-oxo17 carboxylic acid by the action of sodium hydroxide makes it much more 

fluorescent than cortisol in sulfuric acid mixtures. Iso-Octane is used as a washing agent for the steroid. 

Reagent:  

Iso-Octane (Merck): 

Chloroform (Merck): 

0.1N NaOH:  

1gm of NaOH was dissolved in 250 ml distilled H2O. 

Alcoholic Acid:  

8.75 ml absolute ethanol was taken in a graduated flask and the volume was made upto 25 ml 

with sulphuric acid. 

Corticosterone Stock standard:  

10 µg of corticosterone (Sigma) standard was dissolved per ml of absolute ethanol. 

Sample Preparation:  

Trunk blood from decapitated mice was collected in centrifuge tube containing anticoagulant 

(heparin). It was then centrifuged at 3000 g for 15 minutes and the top layer was collected which 

is the plasma. 

Procedure: 

 Test Standard Blank 

Plasma 50 µl _ _ 

Standard sol. _ 10, 20, 30, 40 and 

50 µl 

_ 

Distilled water 350 µl Maintain volume 

upto 400 µl 

400 µl 

Iso octane 1.2ml 1.2ml 1.2ml 
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 The tubes were mixed well and vortexed for 3 minutes. 

 All the tubes were bench centrifuged at 3000 rpm for 15 minutes. 

 Top layer was discarded using pastuer pipette. 

 2.4 ml chloroform was added to all tubes. 

 The tubes were mixed well and vortexed for 3 minutes.  

 All the tubes were bench centrifuged at 3000 g for 15 minutes. 

 Top layer was discarded using pastuer pipette. 

 0.2 ml 0.1N NaOH was added to all tubes. 

 The tubes were mixed well and vortexed for 3 minutes.  

 All the tubes were bench centrifuged at 3000 g for 15 minutes.  

 Top layer was discarded using pastuer pipette.  

 2 ml of the bottom layer was transferred to fresh tubes. 

 0.8 ml Alcoholic acid reagent was added to all tubes. 

 The tubes were mixed well and vortexes for 3 minutes.  

 All the tubes were bench centrifuged at 3000 g for 15 minutes.  

 Top layer was discarded using pastuer pipette.  

 The fluorescence was read by using spectroflourimeter with excitation at λ462 and 

emission λ518 nm respectively. 

Calculation: 

The concentration was calculated with the formula given below:  

 Corticosterone concentration (µg/dl) = Flour. of test  x  Conc of standard x 100 

                                                         Flour. of standard 

 

 



57 
 

 

 

 

                 

 

 

Fig.2.4. Various known concentrations of corticosterone were made (e.g. 20, 40, 60 µg/ml respectively). The 

solutions were treated according to general procedure for corticosterone determination as described in section 2.4. 

Flourscence intensity was plotted against concentration to get the curve. 
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2.5. Determination of Tryptophan Levels in Plasma by Revised Method of 

Denckla and Dewey: 

The flourimetric method of Denckla and Dewey (1967) was revised by Bloxam and Warren 

(1974). The principal of the test is based on the conversion of tryptophan to flourophore, 

norharman, by heating under the acidic conditions with formaldehyde and ferric chloride 

(Fig.2.2). 

Reagents: 

10% Trichloroacetic acid (TCA): 

 50 gm of TCA were dissolved in 500 ml (w/v). 

2% v/v Formaldehyde:  

28 ml of formaldehyde (36%) was mixed with distilled water to make 500 ml and was stored at 

4ºC. 

6mM Ferric Chloride 

0.16 gm of FeCl3 was dissolved in 10 ml of 10% TCA (freshly prepared). 

0.1 M NH4OH:  

0.5 ml of NH3 was dissolved in 500 ml of distilled water. 

Tryptophan (standard A) (5 µg /0.1 ml):  

50 mg of L tryptophan (Sigma) was dissolved in 1 liter of 0.1M NH4OH. 

Tryptophan reagent (standard B): Freshly prepared (1 µg / 0.1 ml) 

Tryptophan  (standard A) 1 ml diluted with 4 ml of 0.1M NH4OH. 

Sample Preparation:  

Trunk blood from decapitated mice was collected in centrifuge tube containing anticoagulant 

(heparin). It was then centrifuged at 3000 g for 15 minutes and the top layer was collected which 

is the plasma. 
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              Fig. 2.5: The formation of Harman and norharman from tryptophan 
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(a) Preparation of protein free  filtrate from Plasma: 

 All samples were treated in duplicates. 

 2.0 ml of 10% TCA were added to centrifuge tubes. 

 0.05 ml of plasma was added to the above TCA and was vortexed, then allowed to stand 

at room temperature for 10 min. 

 All samples were then spun for 10 min in a benchy centrifuge at 3000g. 

 The supernatant was decanted quantitively in to a 10 ml graduated glass conical 

centrifuge tube for further analysis. 

(b) Preparation of liver extracts:   

One gram of frozen (or fresh) liver was taken and homogenized in 7ml of 12% TCA with the 

help of a polytron-PT-2100 homogenizer at 1300rpm for two three minutes. The homogenate 

was left for 10 minute of allows this to precipitate at room temperature. The homogenate was 

then bench centrifuged at approx. 3000xg for 10 to 15 minutes. The supernatant was filtered 

through whatman #1 filter paper and 200µl of this filtrate were analyzed in duplicates.  

General Procedure for tryptophan determination:  

 Standard tryptophan (0.1ml of A & B), plasma ultra filtrate (approx. 2 ml), tissue extracts 

(0.2ml of liver) and water blank (0.05ml) were made in respective set of tubes.  Then 

0.2ml formaldehyde (2% w/v) & 0.1ml of FeCl3 were added to each to each of the tube 

and vortexed. 

 The test tubes containing standard, blank, and sample mixture were covered by glasss 

marbles to avoid excessive evaporation of the solution and shifted to a boiling water bath. 

 By the end of one hour boiling was stopped. Tubes shift to a refrigerator to be cooled and 

the volume was made (10% TCA) to compensate any evaporation of the solution during 

the boiling. All tubes were vortexed. 
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 The fluorescence, so developed, was read by using spectroflourimeter with excitation at 

λ373 and emission λ452 nm respectively. 

 

Calculation:  

The following formulas were used for calculating the tryptophan contents of liver and plasma. 

1. Liver tryptophan (µg/g wet wt) = (Tryptophan in sample) × 40 

2. Total tryptophan (µg/ml) = (Tryptophan contents in sample) × 20 

 

                                

               

  

 

Fig.2.6. Various known concentrations of tryptophan were made (e.g. 1, 5, 10, 15, 20 µg/ml respectively). The 

solutions were treated according to general procedure for tryptophan determination as described in section 2.5. 

Flourscence intensity was plotted against concentration to get the curve. 
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2.6. Determination of the Lipid Profile in Plasma: 

The lipid profile was determined by the Randox® kit method. This method is highly 

sophisticated. The main criterion is that the result which is obtained by this method is highly 

accurate and less time consuming. Measurement of Lipid profile is an important indicator of 

some major pathologies as well as treating disease in early time is also possible by this 

measurement.  

(a) Determination of Total Cholesterol:  

Principle: 

“Cholesterol is determined after enzymatic hydrolysis and oxidation. In the presence of phenol 

and peroxidase, quinoneimine (the indicator) is formed from hydrogen peroxide and 4- 

aminoantipyrine. It is called the CHOD – PAP method. 

 

Cholesterol ester + H2O      Cholesterol Esterase  Cholesterol +Fatty acids 

 

Cholesterol ester + O2       Cholesterol Oxidase            Cholestene-3-one + H2O2 

 

2H2O2 + phenol + 4-aminoantipyrine Peroxidase  Quinoneimine +H2O 

 

Contents of Reagents:  

The concentrations of reagent were as follows:  

4 – Aminoantipyrine  (0.30 mmol / l), Phenol (6 mmol /1), Peroxidase ( > 0.5 U / ml), 

Cholesterol esterase ( > 0.15 U / ml), Cholesterol oxidase ( > 0.1 U / ml), Pipes Buffer  (80 mmol 

/ l; pH 6.8). 

Standard:  

The concentration of cholesterol standard was 5.17 mmol / l (200 mg/dl). 

Procedure: 

 In test tubes 10 µl (plasma), 10 µl of standard and 10 µl of water (blank) were taken. 

 To above solution 1000 µl of reagent were added in all tubes and mixed well (vortexed). 

 The mixture was allowed to stand for 10 minutes at + 20 to +25oC or 5min at 37oC.  

 The absorbance of the sample was measured spectrophotometrically at 546nm. 
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Calculation: 

The concentration in mg/dl was calculated with the formula given below 

 

Total Cholesterol concentration=   Absorbance of test   x   concentration of standard   

                                                         Absorbance of standard 

 

 

(b) Determination of Triglycerides:  

Principle: 

The triglycerides are determined after enzymatic hydrolysis with lipases. The indicator is a 

quinoneimine formed from hydrogen peroxide, 4 aminophenazone and 4 chlorophenol under the 

catalytic activity of peroxidase. 

 

Triglycerides + water  glycerol + fatty acids 

  

Glycerol + ATP  glycerol-3-phosphate + ADP 

 

 

Glycerol-3-phosphate + O2    Dihydroxyacetone phosphate 

+ H2O2 

  

 2H2O2 + 4-aminophenazone+ 4-chlorophenol    Quinoneimine+HCl +4 H2O 

 

Contents of Reagents: 

Reagent A (Buffer): 

The concentrations of reagents were as follows: 

Pipes Buffer (40 mmol / l , pH-7.6), 4 chlorophenol (5.5 mmol / l),Magnesium ions (17.50 mmol 

/l). 

 

Lipases 

Glycerol Kinase 

 

Glycerol-3-phosphate Oxidase 

Peroxidase 
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Reagent B (Enzyme): 

The concentrations of reagents were as follows: 

4 – aminophenazone (0.5 mmol / l), ATP (l mmol /l), Lipases ( ≥ 150 U / ml),Glycerol – Kinase 

(≥ 0.4 U / ml), Glycerol – 3 – phosphate oxidase ( ≥ 1.5 U / ml),Peroxidase ( ≥ 0.5 U / ml).  

Standard: 

The concentration of standard was 195 mg / dl (2.20 mmol /l). 

Reagent Rl 

 One vial of enzyme reagent B reconstituted with 15 ml of buffer reagent A. It is stable for 21 

days at + 2 to 8ºC.  

Procedure: 

 In test tubes 10µl of plasma, 10µl of standard, 10µl of water (blank) were taken. 

 To above solution 1000µl of reagent R1 were added in all test tubes and mixed well 

(vortexed).  

 The mixture was allowed to stand for 10 minutes at + 20 to +250C. 

 The absorbance of the sample was measured spectrophotometrically at 546nm against the 

reagent blank within 60 minutes. 

Calculation: 

The concentration in mg/dl was calculated with the formula given below 

 

 Triglycerides concentration =   Absorbance of test   x   concentration of standard   

                              Absorbance of standard 

 

( c ) Determination of High Density Lipoprotein-Cholesterol (HDL-C): 

Principle: 

“By the addition of phosphotungstic acid low density lipoproteins (LDL and VLDL) and 

chylomicron fractions are precipitated quantitatively in the presence of magnesium ions, the 

cholesterol concentration in the HDL (High density lipoprotein) fraction that remains in the 

supernatant is determined after centrifugation.” 
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Sample Preparation: 

Trunk blood from decapitated mice was collected in centrifuge tubes containing anticoagulant 

(heparin). It was then centrifuged at 3000 g for 15 minutes and the top layer which is the plasma 

was collected. 

 

Contents of Reagents: 

The concentrations of reagents were as follows:  

R l Phosphotungstic acid (0.55 mmol/l), Magnesium chloride (25 mmol /l). 

Reagent Preparation: 

Reagent:  

Semi micro assay: 

The precipitating reagent was prediluted in the ratio 4 + 1 with distilled water (the contents of the 

80 ml bottle were diluted with 20 ml of distilled water). The reagent is stable up to the expiry 

date, when stored at + 15 to 25ºC. 

Procedure: 

1. Precipitation of Plasma: 

 

 In test tubes 200µl of plasma, 200µl of standard, 200µl of water (blank) were taken. 

 To above solution 500µl of diluted precipitant (R1) were added in all tubes and mixed 

well (vortexed). 

 The mixture was allowed to stand for 10 min at room temperature. 

 The tubes were centrifuged at 4000rpm for 10-15 min. 

 The supernatant was separated within 2 hours and the cholesterol contents were 

determined by the CHOD – PAP method, as mentioned for total cholesterol content. 
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Calculation: 

The concentration in mg/dl was calculated with the formula given below: 

 

 HDL Cholesterol =    Absorbance of test   x   concentration of standard   

   Absorbance of standard 

 

(d) Determination of Low Density Lipoprotein (LDL): 

Low Density Lipoprotein (LDL) level can be determined by the calculated values of total 

cholesterol, HDL-cholesterol, and Triglycerides.  

LDL Cholesterol (mmol/l) = Total Cholesterol – Triglycerides/2.2 – HDL-Cholesterol  

LDL Cholesterol (mg/dl) = Total Cholesterol – Triglycerides/5 – HDL-Cholesterol 

 

2.7. NEUROCHEMICAL ANALYSIS: 

2.7.1. Brain Dissection and Homogenization:  

Conscious mice were decapitated. The brains were removed from the skull within 30 seconds. 

The skin of the skull was cut along the midline till the nose and stretched aside. The bony plate 

was then cut with a scissor along the center. The insertion of the single blade on both the sides 

was done in a lateral position and then twisted to tear open the plates, exposing the brain. The 

brains were separated from the skull using a scalpel and needle. They were stored at -70ºC until 

analysis.  

 Homogenization of mice brains (1-2 g) was carried out in centrifuge tubes containing 4.0 

ml of 0.1 M HClO4 (400µl of l M NaHSO4 added per liter).  

 The brain was sonicated at 0-4ºC at a medium setting for 30 sec periods using a power 

sonic 603 sonicator.  

 0.5 ml of 4.0 M HClO4 was added and vortex mixing, the samples were then spun at 

10,000g for 10 minutes and the clear supernatant stored in polyethylene tubes for HPLC 

analysis. 
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2.7.2. Determination of Brain Indoles with HPLC Flourimetric Detector (Anderson et al, 

1982):  

The HPLC system: 

The brain indole determination was carried out on an isocratic system. The HPLC system 

consists of a fluorescence detector (RF 20A, Shimadzu), pump (LC 20 AT) and an injector (20µl 

loop) connected to the LC computerized program. 

Stationary phase: 

C18 reverse phase column was used (25 mm x 0.26 mm internal diameter, 5µm average particle 

size, Teknochroma). 

Mobile phase: 

The mobile phase consisted of 85% pH 4.5, 0.01 M sodium acetate-15% methanol (HPLC 

grade).  

Settings: 

Pressure 1 – 300 kgf 

Flow rate 1.2 ml / min 

Excitation 254 nm 

Emission 360 nm 

Run time 20 minutes 

Standards: 

Stock standard solutions were prepared by making (10mg/100ml) in distilled water with 0.1% 

ascorbate added. Serotonin (100ng/ml), 5HIAA (100ng/ml) and tryptophan (1000ng/ml) diluted 

standards were injected to assess the retention time of the metabolites. 
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                Fig. 2.7. Chromatogram showing indoleamines in standard 

 

                                                   PEAK TABLE 

Detector A   254nm-360nm 

Peak # Ret. Time Name  Area Conc. Units 

1 5.858 5HT 13067 100.000 ng/ml 

2 11.195 Tryptophan 83530 1000.000 ng/ml 

3 15.717 5HIAA 5221 100.000 ng/ml 

Total   101818   
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2.8. Determination of Protein by Lowry’s Method (1951): 

Principle: 

Bovine Plasma Albumin (BSA) is used universally as a standard protein for most protein 

estimation techniques used because of its low cost, high purity and ready availability. The 

phenolic group of tyrosine and tryptophan residues (amino acid) in a protein will produce a blue 

purple color complex, with Folin- Ciocalteau reagent that shows maximum absorption at 660 

nm. The intensity of color depends on the amount of these aromatic amino acids present in 

different proteins. The method is sensitive down to 10 µg\ml and is perhaps the most widely used 

protein assay. 

Reagents:  

 2% Na2CO3:  

2 gms of Na2CO3 were dissolved in 100 ml of 0.1 N NaOH. 

2.37% sodium potassium Tartrate:  

2.37 gms of sodium potassium tartrate were dissolved in 100 ml of H2O. 

1.56% CuSO4.5 H2O:  

1.56 gms of CuSO4 were dissolved in100 ml of H2O. 

 Analytical reagent: 

(a) 2 % sodium carbonate mixed 0.1 N NaOH solutions in a 1:1 ratio. 

(b) 1.56 % copper sulphate solution mixed with 2.37 % sodium potassium tartarate solution in a 

1:1 ratio.  

 Analytical reagent was taken 2 ml of (b) with 100 ml of (a) and mixed well (vortexed). 
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Folin-Ciocalteau reagent solution (1N): 

Commercial reagent (2N) was diluted with an equal volume of water (2 ml of commercial 

reagent + 2 ml distilled water). 

BSA Standard - 1 mg/ ml 

Preparation of tissue homogenate: 

One gram of frozen (or fresh) brain was taken and homogenized in 10 ml of 50 mM phosphate 

buffer (pH 7.4) then tissue homogenate was centrifuged at 10,000 rpm for 15 minutes in cold 

centrifuged (4oC). 

Procedure: 

 In test tubes 0.2 ml protein solution (test), 0.2ml of standard, 0.2ml of water (blank) were 

taken. 

  To above solution 2 ml of alkaline copper sulphate reagent (analytical reagent) was 

added in all the tubes and mixed well (vortexed). 

  All the tubes were kept for 10 min at room temperature. 

 To above solution 0.2 ml of reagent Folin Ciocalteau solution (reagent solution) was 

added in all test tubes and mixed well (vortexed) 

 All the tubes were incubated for 30 min at room temperature.  

 The absorbance was measured spectrophotometrically at 660 nm. 

 

Calculation: 

The concentration was calculated with the formula given below: 

 

  Protein (mg/g) = OD of test x concentration of standard 

                                 OD of standard             Weight of tissue 
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2.9. Colorimetric Assay of Catalase by Sinha et al., 1972: 

Principle: 

This method   is  based  on  reduction of dichromate in presence of  acetic acid to  

chromic  acetate when   heated  in  the  presence  of  H2 O2, with the  formation of 

perchromic acid w h i c h  i s  an unstable intermediate. The   reaction is stopped at  a  

particular time  by  the  addition of   dichromate/acetic  acid mixture and   the   

remaining  H2O2  is  determined  by  measuring  chromic acetate spectrophotometrically 

at 57 0 -610 nm.   

Reagents:   

Dichromate/acetic acid:   

5 % solution of K2Cr2O7 was mixed with   glacial   acetic   acid in a ratio of   l: 3.   

Hydrogen peroxide (0.2 M):  

2.26 ml of H2O2 was taken and volume was made up to 100ml with water. 

Phosphate buffer (0.01 M), pH 7 .0 :  

Preparation of tissue homogenate: 

One gram of frozen (or fresh) brain was taken and homogenized in 10 ml of 0.01 M phosphate 

buffer (pH 7.4) to made 10% homogenate. The post nuclear fractions for catalase assay were 

obtained by centrifugation of the homogenates at 1000 g for 20 min, at 4oC.  

Procedure: 

 In test tube 0.1 ml of 10% tissue homogenate was taken and incubated at 37oC with 0.5 ml 

of H2O2 (0.2 M) for 90 sec. 

  5% dichromate solution was added to stop the reaction.  

 The tubes were kept warmed in boiling water bath at 100oC for 15 min. 

 The quantity of H2O2 consumed, was measured spectrophotometrically at 570 nm. 
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Calculations: 

Catalase (µM/mg of protein) =   OD of test     x concentration of standard 

                                             OD of standard                           Weight of tissue 
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2.10. Estimation of Reduced Glutathione by Ellman (1959): 

Principle:  

DTNB (5,5’-Dithiobis(2-nitrobenzoic acid)), known as Ellman’s Reagent, is used   for the 

detection of thiol compounds. DTNB and glutathione (GSH) react to generate 2-nitro-5-

thiobenzoic acid and glutathione disulfide (GSSG). Since 2-nitro-5-thiobenzoic acid is a yellow 

colored product, GSH concentration in a sample solution can be determined by the measurement 

at 412 nm. GSH is generated from GSSG by glutathione reductase, and reacts with DTNB again 

to produce 2-nitro-5-thiobenzoic acid. Therefore, this recycling reaction improves the sensitivity 

of total glutathione detection by Ellman’s method.  

 

 

                

 

                                  

 

                                      Recycling mechanism of GSH  
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Reagent: 

1 mM GSH (reduced glutathione) solution:  

 15.4 mgs of GSH were dissolved in 50 ml of 0.1N HCl solution. · 

1 mM solution of DTNB (5, 5-dithiobis (2-nitrobenzoic acid):  

19.8 mgs of DTNB were dissolved in 50 ml of Phosphate buffer (pH 8.0). 

Procedure:  

  1 ml of supernatant was taken and precipitated by adding 1 ml of 4% sulfosalicylic 

acid\TCA and kept in refrigerator at 4oC for 1 h.  

 The tubes were bench centrifuged at 1200 rpm for 15 min at 4oC.  

  1 ml of this supernatant was taken and 2.7 ml of phosphate buffer (0.1M, pH: 8) and 0.2 

ml of DTNB was added. 

 The yellow color developed was read spectrophotometrically at 412 nm. 

 

 

Calculations: 

Reduced glutathione (µM/mg of tissue) =   OD of T   x concentration of S  

                                                             OD of S           Weight of tissue 
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2.11. Determination of Malonaldehyde with Thiobarbituric Acid Test by 

Uchiyama and Mihara (1977): 

Principle: 

A thiobarbituric acid (TBA) test method with practically reproducibility appropriate to the assay 

of lipoperoxides in various animal tissue homogenates is described . In this method the 

deproteinization of homogenate prior to coloration is not needed, but double wavelength (535-

520nm) measurement is necessary to avoid interference and the reaction is performed with 

phosphoric acid at a definite pH near 2.0. 

 

 

   

 

     Thiobarbituric 

            Acid 

 

Reagents: 

0.5 % TCA: 

0.5 gm of TCA was dissolved in 100 ml of distilled water. 

0.6 % TBA: 

0.6 gm of TBA was dissolved in 100 ml of water. 

ɳ-butanol: 

 

Preparation of tissue homogenate: 

After decapitation, liver and brain were removed. One gram of frozen (or fresh) liver / brain was 

taken and homogenized in 10 ml of  cold 1.15 % KCl with the help of a polytron-PT-2100 

homogenizer at 1300rpm for two three minutes. 
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Procedure: 

Reagent        Blank Test 

       n-butanol             0.5ml      -------- 

    Tissue homogenate             --------          0.5ml 

    1%  Phosphoric acid               3ml           3ml 

         0.5%  TCA               1ml            1ml 

         0.6%  TBA               1ml            1ml 

 

 The mixture was incubated for 45min in a boiling water bath. 

 4 ml of n-butanol was added after cooling and mixed well (vortexed). 

 After centrifugation butanol phase was discarded.   

 Absorbance was read spectrophotometrically at 535 and 520 nm.  

 

Calculations: 

 

µmole MDA = Abs 535- Abs520 

                               155 

 

2.12. STATISTICAL ANALYSIS:  

All values are expressed as mean ± SEM of that mean. To evaluate the significance of the 

difference between the compared means; two tailed paired student’ test was done. All values 

were taken statistically significant if the associated P (probability of error) values were less 

0.05. The confidence interval was set at 0.05 (95% confident) and 0.001 (99.99% confident). 

Any values with P ≥ 0.05 was rejected as being statistically non significant. 
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BEHAVIORAL, NEUROCHEMICAL AND METABOLIC  

                            

EFFECTS OF NICOTINE 
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3.1. INTRODUCTION:  

Nicotine is psychoactive ingredients of tobacco and is responsible for compulsive use of 

addictive tobacco. Smoking is broadly accepted as a major risk factor for cardiovascular diseases 

(Frati et al., 1996). On the other hand nicotine has been investigated as a therapeutic agent for 

ulceratic colitis, Parkinson’s disease and Alzeimer’s disease. Smoking habits also elevate plasma 

triglycerides, reduced high density lipoprotein cholesterol (Steiner et al., 1987) and cause 

hyperglycemia by the reduce insulin sensitivity (Facchini et al., 1992; Ambrose and Barua, 

2004). Number of studies has shown that smoking is associated with metabolic abnormalities and 

metabolic syndrome (Nakanishi et al., 2005; Oh et al., 2005) reported that chronic smoking is 

associated with higher triglycerides and lower HDL cholesterol with a dose effect (Oh et al., 

2005).  

Studies have shown that nicotine’s effects on hypothalamic pituitary function. The relationship 

between nicotine and cortisol is important due to three reasons. First, the hypothalamic pituitary 

adrenal axis implicated in addictive processes.  Second, increased levels of cortisol have a 

number of adverse effects on biological processes (Steptoe and Ayeres, 2004). Third, cortisol is 

highly sensitive to psychological stress (al’ Absi et al., 2004). Nicotine also induces oxidative 

stress both in vivo and in vitro that causes a peroxidant/antioxidant imbalance in blood cells, 

blood plasma and tissues (Suleyman et al., 2002). Oxidative stress generates free radicals that 

attack on the membrane lipids resulting in the formation of malondialdehyde (MDA), which 

causes peroxidative tissue damage (Srinivasan and Pugalendi, 2000).  

It has been demonstrated that nicotine has bidirectional link (both anxiogenic and anxiolytic) 

with serotonergic system. The nicotine related symptoms (anxiety and depression) has been 

reported as direct effects of nicotine (Epping-Jordan et al., 1998). In experimental models, 

similar to the anxiety and depression related behavioral symptoms from other causes, brain 

GABAergic and serotonergic (5HT) neurons contribute to the anxiogenic effects of nicotine 

(Tucci et al., 2003) whereas, brain monoamine neurons contribute to its depressive effects 

(Berlin et al., 1995). Behavioral effects of nicotine in rats selected for differences in activity and 

5HT turnover compared by Hendry & Rosecrane (1982). The hypothesis was that, depending 
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upon the rate of turnover, nicotine would alter behavior by either attenuating or augmenting the 

level of functioning of 5HT neurons having inhibitory effects on behavior.   

Human generally consume nicotine by smoking over a period measured in year. Therefore, it is 

important to also treat experimental animals for prolonged periods. The most frequently used 

methods to administer nicotine chronically have been intermittent subcutaneous, or 

intraperitoneal injections, or chronic infusion by subcutaneously implanted osmotic mini-pumps. 

Nicotine has also been administered to mice orally via drinking fluids (Pietila and Ahtee, 2000). 

No surgery is required and nicotine can be delivered for long periods without needing to handle 

the animal when nicotine administered orally. In oral administration the mice receive the nicotine 

mostly during the active phase of their circadian cycle, and many small peaks in nicotine 

concentrations can be achieved, consistent with the blood nicotine pharmacokinetics in human 

smokers (Benowitz et al., 1990).  

  The present study is designed to examine the acute effects of various doses on behavioral 

activity and brain serotonin metabolism in mice. Chronic effects of nicotine on behavior, 

metabolic and serotonin activity was also studied for the first time. 

3.2. ANIMALS AND TREATMENTS: 

All animal procedures described below were conducted in strict accordance with guide for the 

care and use of laboratory animals (1996). Ethical approval was obtained from institutional 

animal ethics committee, University of Karachi. Adult male, Albino mice weighing (20-25g) 

were used throughout the study. All animals were housed 6 per cage under natural light-dark 

conditions at 25±2o C and have free access to standard laboratory diet and water. 
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EXPERIMENT #01: 

ACUTE EFFECTS OF VARIOUS DOSES OF NICOTINE ON BEHAVIOR AND BRAIN 

INDOLES IN MICE: 

Mice were divided into five groups. Each group had six mice. Four groups were administered 

(i.p.) drug nicotine hydrogen tartrate in concentrations of 0.5, 2.4, 3.08 and 7.16mg/kg/ml. 

Control groups received saline. After 3.5hrs the mice were subjected to locomotor activity and 

plus maze test (details see in chapter II materials and method) which were recorded for 5 min for 

behavioral analysis and then mice were killed by decapitation. Brain, liver and serum were 

isolated, quickly frozen in liquid nitrogen and were then stored at -70 oC until analysis. Animals 

for behavioral studies were different from those for neurochemical estimation      

EXPERIMENT #02: 

CHRONIC EFFECTS OF NICOTINE ADMINISTRATION: 

Mice were divided into two groups (behavioral control and nicotine administered) consisting of 

12 each. Control and nicotine administered groups were further divided to saline and drug. Each 

group had six mice. Control group received saline and other group received Nicotine hydrogen 

tartrate 3.08 mg/kg/ml (1mg of the free base) in 100 ml of drinking water for 4 weeks. Body 

weight and fluid intake were recorded daily through the entire experimental period. On last day 

of treatment, the mice were subjected to locomotor activity and plus maze test which were 

recorded for 5 min. 

After plus maze and locomotor activity all the mice were killed by decapitation. Brain, liver and 

serum were isolated, quickly frozen in liquid nitrogen and stored at -70 oC until analysis.   

Analysis of plasma Parameters: 

Serum total tryptophan and liver tryptophan concentration was determined by modification 

(Bloxam and Warren, 1974) of the flourimetric method of Denkla & Dewey (1967). Plasma 

glucose concentrations were determined by O-toluidine method (Hultman, 1959). Plasma 

albumin concentrations were determined by dye-binding method (Doumas and Biggs, 1972). 
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Plasma corticosterone levels were determined by Glick et al., 1964. All above methods are 

described in detail in chapter II. 

Neurochemical analysis: 

Brain dissection and homogenization  

Brain indoles were analyzed by Anderson et al, 1981 method. Brains were removed and washed 

with ice cold normal saline. They were stored at  -70ºC until analysis. Homogenization of mice 

brains (1 – 2 g) was carried out in centrifuge tubes containing 4.0 ml of 0.1 M HClO4 (400µl of l 

M NaHSO4 added per liter). The brain was sonicated at 0-4ºC at a medium setting for 30 sec 

periods using a power sonic 603 sonicator. 0.5 ml of 4.0 M HClO4 was added and vortex mixing, 

the samples were then spun at 10,000g for 10 minutes and the clear supernatant stored in 

polyethylene tubes for HPLC analysis 

EXPERIMENT #03: 

Adult Albino mice weighing 25-30 gm were housed in 6 per cage under light and dark conditions 

at 25 ± 20 ºC and maintained at lab chow and water ad libitum under standard housing 

conditions. Mice were divided into 2 groups (control and Test). Each group had 12 mice. Those 

assigned as drug treated were given nicotine hydrogen tartrate (3.08 mg) in 100 ml of drinking 

water for 4 weeks while the control group received drinking tap water. After last treatment 

animals were decapitated. 

Perfused liver and brain were isolated, quickly frozen in liquid nitrogen and stored at -70oC until 

analysis. 

Analysis of plasma, liver and brain oxidative status: 

Reduced glutathione in liver and brain were estimated by Ellman (1959) method. Liver and brain 

MDA level were determined by Uchiyama and Mihara (1978). Catalase activity in liver and 

brain was determined by Sinha et al., 1972. Total protein was estimated by Lowry’s Method 

(1951). Plasma cholesterol, triglycerides, HDL-C and LDL-C were estimated by using kit 

method (Randox®, Private Ltd).    
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Chemical and drug: 

Nicotine hydrogen (+) tartrate was purchased from sigma chemicals Co. All others chemicals 

used were of highest analytical grade from either Merck or BDH. 

3.3 RESULTS: 

 EFFECT OF ACUTE ADMINISTRATION OF VARIOUS DOSES OF NICOTINE   

Effects on plus-maze activity and locomotor activity: 

Fig 3.1 shows that acute nicotine administration was decreases time spent in the open arm by 

69%-72% (P<0.001) at 0.5mg-7.16mg doses when compared with control mice.  

Fig 3.2 shows that locomotor activity was decreased by 64.9% (P<0.001) at 0.5mg, by 58.4% 

(P<0.001) at 2.4mg, by 52% (P<0.001) at 3.08mg and by 20.7% (P<0.05) at 7.16mg of nicotine 

doses as compared to control. 

Effects on plasma parameter and liver tryptophan concentration: 

Fig 3.3 shows the effects of various doses of nicotine administration on corticosterone in male 

mice. There was significant increased in corticosterone concentration by 45.8% (P<0.001) at 

0.5mg, 43.2 % (P<0.001) at 2.4mg, 37.9% (P<0.001) at 3.08mg and 45.8% (P<0.001) at 7.16mg. 

Table 3.1 shows the effects of various doses of nicotine administration on liver tryptophan and 

plasma parameters in male mice. There was significant decreased in liver tryptophan 

concentrations by18.5% (P<0.05) at 3.08 mg and by 24.4% (P<0.01) at 7.16 mg. There was a 

significant increased by 48-68% (P<0.01) at doses of 2.4 mg and 7.16 mg respectively in plasma 

tryptophan concentration.  

Effects on brain indoles: 

T able 3.2 shows the effects of various doses of nicotine administration on brain indoles in male 

mice. Brain tryptophan concentration was significantly increased by 43.4% (P<0.05) at 3.08mg 

and 69.5% (P<0.01) at 7.16mg doses of nicotine. There was significant increased by 96% 
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(P<0.001), by 100% (P<0.001) at 3.08mg-7.16mg in brain 5HT concentration while brain 

5HIAA concentration was significantly decreased by 41.3% (P<0.01) at 0.5mg, by 30.4% 

(P<0.01) at 2.4mg and increased by 17.3% (P<0.05) at 3.08mg, by 15.2 (P<0.05)   at 7.16mg. 

Effect on brain 5HIAA/5HT ratio: 

 Fig. 3.4 shows that brain 5HIAA/5HT ratio was significantly decreased by 58.3% (P<0.001) at 

0.5mg, by 56.6% (P<0.001) at 2.4mg, by 43.3% (P<0.01) at 3.08mg and by 50% (P≤0.001) at 

7.16mg. 

 EFFECT OF CHRONIC ADMINISTRATION OF NICOTINE IN MICE: 

 Effect on plus-maze activity:   

Fig 3.5 shows that chronic nicotine administration (3.08mg/kg/ml) was decreased the time spent 

in the open arm of the maze by (80.9%, P<0.001) as compared to control mice.  

Effect on locomotor activity: 

Fig 3.6 shows that locomotor activity was decreased by 52%, P<0.001 in nicotine administered 

mice as compared to control group. 

Effects on liver tryptophan and plasma parameter: 

Table 3.3 shows the effects of chronic administration of nicotine on liver tryptophan and plasma 

parameters in mice. There was a significant increased in liver tryptophan by 40.2% (P<0.01) 

while significant decreased in plasma TRP by 53.3% and corticosterone concentration by 40.2% 

(P<0.01). 

Effects on brain indoles: 

Table 3.4 shows that brain tryptophan and 5HT concentrations were significantly increased by 

22.5% (P<0.05) and 67.4% (P<0.001) respectively. Brain 5HIAA remains unchanged. Brain 

5HIAA/5HT ratio was decreased by 16.9% (P<0.05).                                         
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Effect on glucose concentration in mice: 

 Figure 3.7 shows the effects of nicotine on glucose concentration in mice. There was a 

significant increase in glucose concentration by 50% (P<0.01)  

Effects on body weight in mice: 

Figure 3.8 shows that body weight was significantly increased by 38.4% (P<0.01) in mice. 

Effects on plasma albumin:   

Figure 3.9 shows that plasma albumin concentration was significantly increased by 51.4% 

(P<0.01) after chronic administration of nicotine.  

Effects on plasma lipid profile: 

Table 3.5 shows the effects of chronic administration of nicotine on lipid profile in mice. There 

was a significant increase in LDL-C and tiglycerides by 35.7% (P<0.01) and 21.1% (P<0.01) 

respectively. Total cholesterol and HDL-C remains unaffected.  

Effects on liver antioxidant status: 

Table 3.6 shows the effects of chronic administration of nicotine on liver antioxidant status in 

mice. It was shows that MDA levels were increased by 15.1% (P<0.01) while reduced 

glutathione and catalase activities were significantly decreased by 30.1 (P<0.01) and 30% 

(P<0.01) respectively.     

Effects on brain antioxidant status: 

Table 3.7 shows the effects of chronic administration of nicotine on brain antioxidatant status in 

mice. It was shows that MDA, Reduced glutathione and catalase activity were significantly 

increased by 14.5% (P<0.01), 120.8 (P<0.001) and 53% (P<0.001) respectively.     
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3.4. DISCUSSION: 

EFFECTS OF ACUTE ADMINISTRATION OF NICOTINE ON BEHAVIOR AND BRAIN 

INDOLES: 

Present study shows that nicotine decreases the time spent in open arm at all doses (0.5mg/kg-

7.16mg/kg) (Fig.3.1) that are consistent with the previous findings which shows that nicotine 

have anxiogenic effect (File et al., 1998; Irvine et al., 2001). This anxiogenic effect may be due 

to nicotine induced release of 5HT in the frontal cortex (Graef et al., 1996).  

Present study shows that acute administration of nicotine decreases locomotor activity at 

0.5mg/kg to 3.08mg in mice (Fig.3.2) but decrease in locomotor activity at 7.16 is less. Present 

and previous studies have determined that nicotine produces locomotor hypoactivity in mice 

(Macphail et al., 2005; Umezu, 2012) which is differentiated from the effects of 

psychostimulants. In view that, nAchRs antagonist mecamylamine ameliorated the effect of 

nicotine, nAchrs could be involved in the inhibitory effects of nicotine on ambulatory activity in 

mice, which are capable of directly or indirectly affecting neurotransmission (Grady et al.,2000). 

Nicotine increases the corticosterone concentration at all doses i.e. 0.5mg/kg to 7.16mg/kg (Fig 

3.3). Our results are consistent with previous findings to support nicotine induced hypothalamic 

pituitary-adrenals (HPA) axis stimulation (Newhouse et al., 1990).  Secretion of ACTH from 

pituitary and cortisol secretion by the adrenal glands occurs by stimulating the HPA axis which 

secretes CRH in the PVN from single dose of nicotine. Rosecrans and Karin (1998) have found 

that nicotine acts on central nicotinic acetylcholinergic receptors.  

Table 3.1 shows that liver tryptophan concentration was significantly decreased at 3.08 mg & 

7.16 mg of nicotine. This decrease in liver tryptophan is a predictor of enhancement of TDO 

activity. Our results agree with previous studies (Badawy et al., 1975). The kinetics of elevation 

of TDO may be suggestive of adrenocorticosteroid release, the i.p. administration of 

corticosterone or hydrocortisone produces an increase in liver TDO which is remarkably similar 

(Feigelson, 1961). Total TRP concentration  increased at 2.4 mg to 7.16mg/kg of nicotine. More 

tryptophan is available for uptake into the brain by competiting with LNAA to cross the 
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BBB.This suggest that nicotine activates not only serotonergic pathway but also kynurenin 

pathway in the central nervous system and periphery.    

Brain tryptophan 5HT and 5HIAA concentrations were increases by only two doses i.e.3.08 

mg/kg/ml-7.16mg/kg/ml 5HIAA/5HT turnover were decreased (Table 3.2). Our results are 

consistent with previous studies who found that acute administration of nicotine at different 

doses 0.8-8.0mg/kg s.c increases fronto cortical 5HT release (Rebeiro et al., 1993 and Shearman 

et al., 2008). The hypothesis that nicotine-induced 5HT release may alter postsynaptic sensitivity 

of 5HT (Seth et al., 2002) through selective activation of postsynaptic 5HT1A receptors and an 

antagonism of the 5HT1A autoreceptors have been shown to be potentially beneficial for 

antidepressant effect. Acute administration of nicotine acting as MAOIs could be a possible 

explanation for the lack in the enhancement of 5HIAA concentration and 5HIAA/5HT.     

EFFECTS OF CHRONIC ADMINISTRATION OF NICOTINE ON BEHAVIOR AND 

BRAIN INDOLES IN MICE:  

Fig 3.5 shows that nicotine administered mice decreases the time spent in open arm as compared 

to control mice. Our results are consistent with previous findings that there is evidence that the 

nicotine administration is anxiogenic (File et al., 1998). Additionally chronic treatment with the 

drug causes a regionally selective reduction in the density of tryptophan transporters located on 

the nerve terminal in the hippocampus (Benwell and Balfour, 1982). 

Fig 3.6 shows that chronic nicotine administration decreases the locomotor activity. This may be 

due to increase 5HT concentration or dopamine hypothesis of drug addiction postulates that 

increased mesolimbic dopaminergic neurotransmission is a common mechanism of action for 

drug of abuse, including nicotine, morphine, ethanol, amphetamine and cocain (Chiara and 

Imperto, 1988).  

We have found increase in glucose and albumin levels (Fig.3.7; 3.8) in mice. Our results are 

consistent with previous findings that shows smoking is associated with hyperglycemia are may 

be due to resistance to insulin (Facchini et al., 1992; Eliasson et al., 1996) and impair glucose to 

tolerance (Eliasson et al., 1996; Frati et al., 1996).  
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Table 3.3 shows that liver tryptophan was significantly increased by chronic nicotine treatment.  

Our result is consistent with previous studies (Badawy et al., 1981), this increase in liver 

trptophan may be due to inhibition of TDO activity leading to decrease hepatic tryptophan 

catabolism. It has been reported that (Cho-Chung and Pitot, 1967) activity of purified rat liver 

TDO (apoenzyme) is allosterically inhibited by NADPH. This inhibition was less strong with 

NADH since these nucleotides are the end product of tryptophan metabolism via kynurenin-

nicotinic acid pathway, Cho-Chung and Pitot suggested that TDO activity may be regulated by   

feedback mechanism.  

Present result shows that corticosterone levels were decreased after chronic nicotine 

administration (Table. 3.3). Earlier it has also been reported (Westfall, 1974) that ACTH levels 

are not altered in chronic smokers in contrast to the acute effect of smoking. These data confirm 

and extend prior findings of lack of nicotine-induced HPA activation in mice (Bugajaski et al., 

2001; Cao et al., 2007). This may be due to possible development of tolerance.  

Present study showed that total tryptophan levels significantly decreased (Table 3.3), in contrast 

to Badawy (1975) who have reported increase in plasma tryptophan although (TRP) is the only 

source for serotonin synthesis, being essential amino acid. TRP intake sustains serotonin 

synthesis   (Perez-cruet et al., 1974) and the function of the passage of TRP across the blood-

brain barrier is the amount of brain serotonin and entry of tryptophan into the brain is dependent 

on the ratio of plasma TRP to LNAA. Furthermore, the rise in level of plasma free tryptophan, 

irrespective of the levels of total TRP, may be due to the comparison of calculated brain influxes 

and brain concentration of LNAA. 

The present study shows that administration of nicotine increases brain TRP and 5HT while 

decreased 5HIAA/5HT with no change in 5HIAA concentration (Table 3.4). Our results agree 

with previous findings who indicate that nicotine increases serotonin release in the brain (Ribeiro 

et al., 1993; Tyndal, 2003) in contrast to Kevin et al., (2003) who have reported decrease in 

concentration and biosynthesis of serotonin in nicotine treated rats. In present findings increase 

in 5HT could be due to 5HT autoreceptor (5HT1A receptor), enzymes that degrade (monoamine 

oxidase, MAO) serotonin and 5HT transporter gene (5HTT). Lower MAO-A and MAO-B 

activity may be the cause of decrease in 5HIAA/5HT. Our results agree with previous findings 
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that decreased MAO activity induced by MAO inhibitors contained in tobacco smoke may be 

involved in the reinforcing properties of tobacco (Berlin et al., 1995; Fowler et al., 1996: Berlin 

and Anthenelli 2001).          

 

EFFECTS OF CHRONIC ADMINISTRATION OF NICOTINE ON LIPID PROFILE AND 

LIVER AND BRAIN ANTIOXIDANT STATUS IN MICE:  

Effects on lipid profile: 

Present study shows that treatment of nicotine (3.08 mg/kg/day) for 4 weeks increases body 

weight in the mice (Fig.3.8). We have also found that nicotine treatment increased triglycerides 

and LDL-C in mice. However Serum HDL-C remained unaltered (Table 3.5). These findings are 

in agreement with previous finding by Bibi et al., (2011). The increased glucose level following 

nicotine treatment is associated with the activation of enzyme HMG CoA reductase, it is the rate 

controlling enzyme of metabolic pathway of cholesterol synthesis. These findings are consistent 

with those reported earlier (Ashakumary and Vijayammal, 1997., Heitzer et al., 1996). These 

results indicate that nicotine exerts hyperlipidemia effects particularly by increasing the synthesis 

and secretion of triglyceride-rich protein. 

Effects on liver and brain antioxidant status:  

Table 3.6 shows that MDA levels were increased while reduced glutathione and catalase levels 

were decreased. Our results are consistent with studies that manifest lipid peroxidation occurs by 

increased MDA levels (Suleyman et al., 2002). In nicotine treated rats, enhanced lipid 

peroxidation products are linked to the decreased activity of cleansing enzymes such as reduced 

glutathione and catalase (Helen et al., 2000). A decrease in the activities of these enzymes may 

be due to excessive availabilities of superoxides and peroxy radicals which in turn generate 

hydroxyl radicals resulting in initiation and propagation of lipid peroxides or may be due to 

significant decrease in the levels of ascorbic acid and vitamin E. Lipid peroxidation, restraining 

of mitochondrial electron transport system, and to oxidation of sulfhydryl groups on proteins are 

known to be brought into by lipid peroxides, normally containing in lipoproteins or membranes, 
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hence modifying its function or otherwise interrupting signal transduction pathways 

(Ischiropoulos et al., 1992).  

Table 3.7 shows that MDA levels, reduced glutathione and catalase activities were increased in 

nicotine administered mice. In contrast to our findings, Baskaran et al., (1999) reported that there 

was no significant difference in brain MDA concentration between animals suggesting that 

nicotine did not cause free radical-mediated tissue damage in the hippocampus. However, our 

studies are consistent with previous finding who found that level of reduced glutathione 

increased on 3mg/kg of nicotine administration. Moreover, CAT levels increased significantly 

(Yilmaz et al., 2008). This increase may neutralize free radicals and reactive oxygen compounds 

as well as maintaining exogenous antioxidant such as vitamin C and E in their reduced form.   

3.5. CONCLUSION:  

Present study shows that acute administrations decreases the time spent in open arm. Our results 

support the presence of nicotine-induced anxiety related behavior in mice. Acute administration 

increases 5HT concentration which is mediated by changes in circulating tryptophan availability 

to the brain. Chronic nicotine administration also decreases the time spent in open arm. Chronic 

nicotine administration increases 5HT release by the regulation of 5HT receptors, MAO and 

5HTT act as antidepressant and anxiogenic. Further our findings showed that administration of 

nicotine caused change in lipid profile, promoted lipid peroxidation and significantly reduced 

liver antioxidant enzyme activities in mice. It could be inferred that nicotine users have increased 

LDL-C and triglycerides which makes them more vulnerable to cardiovascular events. 
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FIGURE 3.1: EFFECTS OF VARIOUS DOSES OF NICOTINE ADMINISTRATION ON BEHAVIOR IN 

PLUS MAZE TEST. Experimental details are given in Material and Methods section. All values are mean ± SEM 

(n=6).Test groups were killed at 3.5h after nicotine administration (i.p.) of various doses (0.5mg/kg-7.16mg/kg). 

Control received an equal volume of saline. Nicotine treated groups were compared with control. Statistical analysis 

was performed using student’s t-test. The significance of difference is indicated by *P<0.001. 
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FIGURE 3.2: EFFECTS OF VARIOUS DOSES OF NICOTINE ADMINISTRATION ON BEHAVIOR IN 

OPEN FIELD TEST. Experimental details are given in Material and Methods section. All values are mean ± SEM 

(n=6).Test groups were killed at 3.5h after nicotine administration (i.p.) of various doses (0.5mg/kg-7.16mg/kg). 

Control received an equal volume of saline. Nicotine treated groups were compared with control. Statistical analysis 

was performed using student’s t-test. The significance of difference is indicated by *P<0.01, **P<0.001. 
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TABLE 3.1 

EFFECTS OF VARIOUS DOSES OF NICOTINE ADMINISTRATION ON LIVER AND 

PLASMA TRYPTOPHAN 

 

 

Doses Plasma TRP  

  (ug/ml) 

% Change Liver TRP      

     (ug/g) 

% Change 

Control 10.1±0.06  17.2±1  

0.5mg/kg 10±1.0       1% 17±1     1.1% 

2.4mg/kg 15±1.0***      48.5% 15±1     12.7% 

3.08mg/kg 16±1.0***      59% 14±0.8*     18.5% 

7.16mg/kg 17±1.2***      68.3% 13±0.5**     24.4% 

 

Experimental details are given in Material and Methods section. All values are mean ± SEM (n=6).Test groups were 

killed at 3.5h after administration (i.p.) of various doses (0.5mg/kg-7.16mg/kg) of nicotine. Controls received an 

equal volume of saline. Nicotine treated groups were compared with control. Statistical analysis was performed 

using student’s t-test. The significance of difference is indicated by *P<0.05, **P<0.01, ***P<0.001. 
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 FIGURE 3.3: EFFECTS OF VARIOUS DOSES OF NICOTINE ADMINISTRATION ON PLASMA 

CORTICOSTERONE CONCENTRATIONS. Experimental details are given in Material and Methods section. 

All values are mean ± SEM (n=6).Test groups were killed at 3.5h after nicotine administration (i.p) of various doses 

(0.5mg/kg-7.16mg/kg) of nicotine. Control received an equal volume of saline. Nicotine treated groups were 

compared with control. Statistical analysis was performed using student’s t-test. The significance of difference is 

indicated by *P<0.01 and **P<0.001. 
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TABLE 3.2 

EFFECTS OF VARIOUS DOSES OF NICOTINE ADMINISTRATION 

ON BRAIN INDOLES 

 

Doses Brain TRP  

  (ug/g) 

% Change Brain 5HT             

   (ug/g) 

% Change Brain 

5HIAA     

     (ug/g) 

% Change 

Control 2.3±0.18  0.75±0.05   0.46±0.01  

0.5mg/kg 2.5±0.12 8.6% 0.9±0.06    20% 0.27±0.01**   41.3% 

2.4mg/kg 2.7±0.19 17.3% 0.95±0.1     26% 0.32±0.02**   30.4% 

3.08mg/kg 3.3±0.26** 43.4% 1.47±0.04**     96% 0.54±0.03*   17.3% 

7.16mg/kg 3.9±0.25** 69.5% 1.5±0.15**     100% 0.53±0.02*   15.2% 

 

Experimental details are given in Material and Methods section. All values are mean ± SEM (n=6).Test groups were 

killed at 3.5h after nicotine administration (i.p) of various doses (0.5mg/kg-7.16mg/kg). Control received an equal 

volume of saline. Nicotine treated groups were compared with control. Statistical analysis was performed using 

student’s t-test. The significance of difference is indicated by *P<0.05, **P<0.001. 
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FIGURE 3.4: EFFECTS OF VARIOUS DOSES OF NICOTINE ADMINISTRATION ON BRAIN 

5HIAA/5HT RATIO. Experimental details are given in Material and Methods section. All values are mean ± SEM 

(n=6).Test groups were killed at 3.5h after nicotine administration (i.p) of various doses (0.5mg/kg-7.16mg/kg). 

Control received an equal volume of saline. Nicotine treated groups were compared with control. Statistical analysis 

was performed using student’s t-test. The significance of difference is indicated by * P<0.01, ** P<0.001. 
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FIGURE 3.5: EFFECTS OF CHRONIC NICOTINE ADMINISTRATION ON PLUS MAZE ACTIVITY 

TEST. Experimental details are given in Material and Methods section. All values are mean ± SEM (n=6).Test 

groups were killed at 4weeks after nicotine administration of dose (3.08mg/100 ml) of nicotine. Nicotine treated 

group was compared with control. Statistical analysis was performed using student’s t-test. The significance of 

difference is indicated by *P<0.001. 
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FIGURE 3.6: EFFECTS OF CHRONIC NICOTINE ADMINISTRATION ON BEHAVIOR IN OPEN 

FIELD TEST. Experimental details are given in Material and Methods section. All values are mean ± SEM 

(n=6).Test groups were killed at 4weeks after administration of dose (3.08mg/100ml) of nicotine. Nicotine treated 

group was compared with control. Statistical analysis was performed using student t-test. The significance of 

difference is indicated by *P<0.001. 
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TABLE 3.3 

EFFECTS OF CHRONIC NICOTINE ADMINISTRATION ON LIVER AND 

PLASMA PARAMETERS 

 

                                       

Parameter Control Test % Change 

Total TRP(µg/ml) 22.5±0.9 10.5±0.46* 53.3% 

Corticosterone (µg/dl) 39.3±0.78 23.5±1.7* 40.2% 

Liver TRP (µg/g)      13.9±0.23    19.5±0.4*         40.2% 

 

 

Experimental details are given in Material and Methods section. All values are mean ± SEM (n=6).Test groups were 

killed at 4weeks after administration of dose (3.08mg/100ml) of nicotine. Nicotine treated group was compared with 

control. Statistical analysis was performed using student’s t-test. The significance of difference is indicated by 

*P<0.001. 

 

 

 

 

 

 

 

 



99 
 

 

 

 

 

TABLE 3.4 

 

EFFECTS OF CHRONIC NICOTINE ADMINISTRATION ON  

BRAIN INDOLES 

 

    Parameter     Control          Test    %Change 

Brain TRP(µg/g)     2.04±0.1     2.5±0.12*         22.5% 

Brain 5HT(µg/g)     0.83±0.06     1.39±0.1**         67.4% 

Brain 5HIAA(µg/g)     0.38±0.03     0.40±0.05         5% 

5HIAA/5HT     0.53±0.04     0.44±0.02*         16.9% 

 

 

Experimental details are given in Material and Methods section. All values are mean ± SEM (n=6).Test groups were 

killed at 4weeks after administration of dose (3.08mg/100ml) of nicotine. Nicotine treated group was compared with 

control. Statistical analysis was performed using student’s t-test. The significance of difference is indicated by* 

P<0.01 and **P<0.001. 
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FIGURE 3.7: EFFECTS OF CHRONIC NICOTINE ADMINISTRATION ON PLASMA GLUCOSE 

CONCENTRATIONS. Experimental details are given in Material and Methods section. All values are mean ± 

SEM (n=6).Test groups were killed at 4weeks after administration of dose (3.08mg/100ml) of nicotine.Nicotine 

treated group was compared with control. Statistical analysis was performed using student’s t-test. The significance 

of difference is indicated by *P<0.01. 
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FIGURE 3.8: EFFECT OF CHRONIC NICOTINE ADMINISTRATION ON BODY WEIGHT: Experimental 

details are given in Material and Methods section. All values are mean ± SEM (n=6).Test groups were killed at 

4weeks after administration of dose (3.08mg/100ml) of nicotine. Nicotine treated group was compared with control. 

Statistical analysis was performed using student t-test. The significance of difference is indicated by *P<0.01. 
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FIGURE 3.9: EFFECT OF CHRONIC NICOTINE ADMINISTRATION ON PLASMA ALBUMIN 

CONCENTRATIONS. Experimental details are given in Material and Methods section. All values are mean ± 

SEM (n=6).Test groups were killed at 4weeks after administration of dose (3.08mg/100ml) of nicotine. Nicotine 

treated group was compared with control. Statistical analysis performed using student t-test. The significance of 

difference is indicated by *P<0.01. 
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TABLE 3.5 

 

EFFECTS OF CHRONIC NICOTINE ADMINISTRATION ON PLASMA LIPID 

PROFILE 

                                       

Parameter Control Test %Change 

Total Cholesterol 

(mg/dl) 

163.9±13.01 192.3±14.4 17.3% 

HDL- Cholesterol 

(mg/dl) 

36.5±2.95 32.52±1.58 10.9% 

LDL-Cholesterol 

(mg/dl) 

49.2±4.43 66.8±3.01* 35.7% 

Triglycerides (mg/dl) 70.6±2.26 85.5±3.53* 21.1% 

 

 

Experimental details are given in Material and Methods section. All values are mean ± SEM (n=6).Test groups were 

killed at 4weeks after administration of dose (3.08mg/100ml) of nicotine. Nicotine treated group was compared with 

control. Statistical analysis was performed using student t-test. The significance of difference is indicated by 

*P<0.001. 
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TABLE 3.6 

EFFECT OF CHRONIC NICOTINE ADMINISTRATION ON LIVER ANTIOXIDANT 

 STATUS 

Parameter Control Test %Change 

MDA 

(nM/g of tissue) 

22.4±0.25 25.8±0.46** 15.1% 

Reduced Glutathione 

(µM/g of tissue) 

6.3±0.21 4.4±0.88* 30.15% 

Catalase (µM/min/mg of 

protein) 

0.1±0.00 0.07±0.00* 30% 

 

Experimental details are given in Material and Methods section. All values are mean ± SEM (n=6).Test groups were 

killed at 4weeks after administration of dose (3.08mg/100ml) of nicotine. Nicotine treated group was compared with 

control. Statistical analysis was performed using student’s t-test. The significance of difference is indicated by 

*P<0.001 and **P<0.001 
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TABLE 3.7 

EFFECT OF CHRONIC NICOTINE ADMINISTRATION ON BRAIN ANTIOXIDANT 

 STATUS IN MICE 

 

 

    Parameter     Control          Test    %Change 

      MDA 

(nM/g of tissue) 

15.8±0.28 18.1±0.65*      -14.5% 

Reduced Glutathione 

(µM/g of tissue) 

2.3±0.2 5.08±0.47**      +120.8% 

     Catalase 

(µM/min/mg of 

protein) 

0.13±0.003 0.2±0.01**      +53.8% 

 

 

Experimental details are given in Material and Methods section. All values are mean ± SEM (n=6).Test groups were 

killed at 4weeks after administration of dose (3.08mg/100ml) of nicotine. Nicotine treated group was compared with 

control. Statistical analysis was performed using student’s t-test. The significance of difference is indicated by 

*P<0.001 and **P<0.001 

 

 

 

 

 

 

 

 



106 
 

 

 

 

 

 

 

CHAPTER IV 

 

 

STUDIES ON PHARMACOLOGICAL INTERVENTION OF 

NICOTINE WITHDRAWAL SYNDROME IN MICE 
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4.1.INRODUCTION:  

Nicotine is an active ingredient in cigarette smoke and abstinence from its use produces 

withdrawal symptoms e.g. anxiety, depression and craving to cigarette smoking (Killen et al., 

1990). A behavioral study in animal models indicates that nicotine brings in such withdrawal 

syndrome (Astone-Jones and Henis 2004; Stolerman and Jarvi 1995). Acute administration of 

nicotine increases 5HT release in brain (Riberio et al., 1993) while spontaneous nicotine 

withdrawal reduces 5HT turnover in whole brain (Yasuda et al., 2002). Enzyme monoamine 

oxidase (MAO-B) is decrease by smoking, which is responsible for the catabolism of several 

brain neurotransmitters, including dopamine, serotonin and noradrenalin (Haustein et al., 2002).  

Smokers have lower brain monoamine oxidase A and B activity, which normalizes during 

prolong abstinence as demonstrated by preclinical and clinical, studies (Berlin and Anthenelli, 

2001). It has been claimed that there is an association between cigarette smoking and the 

presence and severity of suicidal behavior due to lower brain serotonin functions in smokers with 

depression (Malone et al., 2003). 

Studies on the serotonergic mechanisms of nicotine withdrawal indicate that chronic use of 

nicotine may enhance the sensitivity of the serotonin system. For example an increase sensitivity 

of 5HTIA autoreceptor in the DRN was reported after 2 days of nicotine withdrawal (Ramussen 

and Czachura, 1997). Consistent with this finding increased sensitivity of DRN neurons to SSRIs 

(citalopram) could be observed 48hrs after chronic nicotine treatment (Touiki et al., 2008). 

However there was no effect of nicotine withdrawal on serotonin transporter m RNA expression 

in the DRN (Semba and Wakuta, 2008). Also no alteration in 5HTIA receptor m RNA could be 

found during nicotine withdrawal in the cortex, hippocampus or lateral septum (Kenny et al., 

2001).  

Nicotine use considerably leads to health risk. Current pharmacological treatments that aid in 

quitting smoking include nicotine replacement therapy and non-nicotinic strategies such as 

bupropion, which benefits some individuals but better and more effective treatment strategies is 

needed. For this purpose we examined 3 more antidepressants which are in current clinical use 

for depression. Time course effects of nicotine withdrawal and its pharmacological interventions 

using antidepressants were investigated for the first time. Tianeptine is atypical tricyclic 

compound which acts by enhancing the re-uptake of serotonin and has been indicated to affect 
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5HT mediated behavioral responses in humans and alleviate behavioral deficits seen in 

depression as well (Whitton et al., 1991). Effects of SJW on behavior during nicotine withdrawal 

have been investigated (Uzbay, 2008). Imipramine a tricyclic antidepressant, is used widely its 

antidepressant effect. Present study aims to investigate the behavioral and neurochemical effects 

of antidepressants during nicotine withdrawal. In addition ability of antidepressants to block 

abstinence signs will also be tested.  

4.2. ANIMALS AND TREATMENTS: 

All animal procedures described below were conducted in strict accordance with guide for the 

care and use of laboratory animals (1996). Ethical approval was obtained from institutional 

animal ethics committee, University of Karachi. Adult male Albino mice weighing (20-25g) 

were used throughout the study. All animals were housed 6 per cage under natural light-dark 

conditions at 25±2o C and have free access to chow diet and water. 

Exp#01: Time course Effects of nicotine withdrawal in mice: 

Mice were divided into six groups. Each group had six mice. Five groups were given chronic 

nicotine orally in drinking water at the concentration of 3.08mg/100ml. Control mice were given 

vehicle (distilled water). Withdrawal of drug of dependence was achieved by replacing the drug 

solution with drinking water. Three groups were withdrawn at 24 h, 48 h and 72 h while the 

control group nicotine (0h) was not withdrawn. Upon completion of the treatment all the mice 

killed by decapitation at respective time interval.  

Exp#02: Effects of antidepressants on nicotine withdrawal in mice: 

Mice were divided into two groups (control and nicotine withdrawal) consisting of 12 each. 

Control and nicotine withdrawal groups were further assigned to saline and drug (bupropion/ 

imipramine/ tianeptine /SJW) subgroup (n=6 each). For acute administration control was given 

saline and drug (bupropion/ imipramine/ tianeptine) were administered intraperitoneally (i.p.) at 

a dose of 20 mg/kg/ml/body weight and SJW at a dose of 500 mg/kg/ml/body weight. The drugs 

were dissolved in a mixture of dimethylformamide (DMF): saline (1:3 v/v). After 3.5 h of 

saline/drug administration, the animals were killed by decapitation. 
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For nicotine withdrawal effects both groups (saline and drug) were given chronic nicotine orally 

in drinking water at the concentration of 3.08mg/100 ml for 4 weeks. Withdrawal of drug of 

dependence was achieved by replacing the drug solution with drinking water. After 4 weeks 

control group was given saline at 48h nicotine withdrawal and other groups were injected (i.p.) 

either bupropion/ imipramine/ tianeptine at a dose of 20 mg/kg/ml/body weight and SJW at a 

dose of 500 mg/kg/ml/body weight for 3.5h prior 72h withdrawal. Locomotor activity and 

abstinence signs were evaluated for 30 min prior to the administration of drug or saline and after 

90 min thereafter at 30 min interval. All animals were killed immediately by decapitation. 

Plasma, brain and perfused livers were isolated and were stored at -70 o C until analysis. 

Assessment of abstinence signs during nicotine withdrawal:  

For the estimation of the behavioral signs, a nicotine abstinence scale was compiled and utilized. 

The velocity of shaking, scratching, chewing and facial tremors during 30 min of examination 

was scored by abstinence scale. This scale was developed in initial studies and was adopted from 

opiate and nicotine abstinence studies (Malin et al, 1992,). 

Drugs and chemicals: 

Antidepressants used were pure, gift from pharmaceuticals, these are Bupropion 

(Galaxosmithkine, Pakistan), tianeptine (Servier, Pakistan), imipramine (Indus Pharma, Pakistan) 

and Saint John’s Wrot (Medics Pharma, Pakistan). All other chemicals used were of highest 

analytical grade. 

4.3. RESULTS: 

Time course effects of nicotine withdrawal on behavior:  

Fig 4.1 shows the time course effects of nicotine withdrawal when compared with 0h NW group 

and 0h NW group was compared with control group. Nicotine abstinence signs (Chewing, 

Scratching, shaking and facial tremor were maximum at 72h NW when compared with 0h NW.    

Time course effects of nicotine withdrawal on liver and plasma parameters in mice: 

Table 4.1 shows the time course effects of nicotine withdrawal when compared with 0h NW 

group and 0h NW group was compared with control group. Liver tryptophan concentration was 
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significantly increased by 12.8% (P<0.05) at 0hNW while significantly decreased by 45.4%-

47.5% (P<0.001) at 24h NW-72h NW. Gradual decrease in 0h NW and at 24h-48h (34.1% 

P<0.001, 23.9% P<0.001 and 27.2% P<0.001 respectively) was observed in total tryptophan 

concentration. In corticosterone concentration there was a significant decreased by 20.8% 

(P<0.05) in 0h NW group was observed while significantly increased by 108% (P<0.001) at 24h 

NW, 77.4% (P<0.001) at 48h W and 62.5% (P<0.001) at 72h W when compared with 0h NW.      

Time course effects of nicotine withdrawal on brain indoles in mice: 

Fig (4.2-4.5) shows the time course effects of nicotine withdrawal when compared with 0h NW 

and 0h NW group compared with chow control. Brain tryptophan was significantly decreased by 

21.7% (P<0.01) at 48h NW and by 31.4% (P<0.01) at 72h NW (Fig 4.2). Brain 5HT was 

significantly increased by 59% (P<0.01) in 0h NW group while significantly decreased by 17.1% 

(P<0.05) at 24h NW, by 49.2% (P<0.001) at 48h NW and 42% (P<0.01) at 72h NW (Fig 4.3). 

Brain 5HIAA concentration was significantly decreased by 20% (P<0.05) in 0h NW, by 11.1% 

(P<0.05) at 24h NW, by 23.8% (P<0.01) at 48h NW and 28.5% (P<0.001) at 72h NW (Fig 4.4). 

Brain 5HIAA/5HT ratio was significantly decreased by 30% (P<0.001) at 0h, by 21.8% at 24h 

(P<0.001), by 39.2 (P<0.01) at 48h NW and 46.1% at 72h NW (Fig 4.5).   

Effects of bupropion on brain tryptophan metabolism and plasma corticosterone in nicotine 

withdrawal mice: 

Fig. 4.6: showed all the signs were significantly attenuated by the administration of bupropion. 

Fig. 4.10 shows that nicotine withdrawal significantly increases locomotor activity by 45.9% 

(P<0.001). The effect of bupropion administration demonstrated significantly increase in 

locomotor activity by 29.6% (P<0.01) in control mice and by 16.9% (P<0.05) in nicotine 

withdrawal mice.      

The biochemical changes observed during nicotine withdrawal are shown in table 4.2. Plasma 

TRP, brain TRP concentrations and those of brain 5HT and its major metabolite 5HIAA and 

5HT turnover were decreased at 72h after nicotine withdrawal by 38.2% (P<0.01), 43.3% 

(P<0.001), 47.9% (P<0.001), 64.4% (P<0.001) and 70.7% (P<0.001) respectively while 

corticosterone concentration was increased by 39.6% (P<0.01). The effects of bupropion 
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administration to control mice demonstrated significant increase in concentrations of plasma 

TRP, corticosterone and brain TRP by 13.4% (P<0.01), 26.3% (P<0.05), % and 21.3% (P<0.05) 

while significant decrease in brain 5HT, 5HIAA, 5HIAA/5HT concentrations 26% (P<0.05), 

31.1% (P<0.05) and 56.6% (P<0.01) respectively. Furthermore, bupropion administration to 

nicotine withdrawal mice also decreases plasma TRP, corticosterone, brain 5HIAA and 

5HIAA/5HT concentrations 44.9% (P<0.01), 26.9% (P<0.01), 16.1% (P<0.05) and 26% 

(P<0.05) respectively. 

Effects of tianeptine on brain tryptophan metabolism and plasma corticosterone in nicotine 

withdrawal mice: 

 Fig. 4.7: showed all the signs were significantly inhibited by the administration of tianeptine. 

Fig. 4.11 shows nicotine withdrawal significantly increases locomotor activity by 29.8% 

(P<0.001). The effect of tianeptine administration demonstrated significantly increase in 

locomotor activity by 31.1% (P<0.001) in control mice and by 23.7% (P<0.01) in nicotine 

withdrawal mice.      

Table 4.3 shows the effects of nicotine withdrawal on tryptophan metabolism and its prevention 

by tianeptine.  Brain TRP concentrations, brain 5HT, brain 5HIAA and 5HIAA/5HT were 

decreased at 72h after nicotine withdrawal by 50.2% (P<0.01), 31.6% (P<0.01), 21.8 % 

(P<0.01), 30% (P<0.01) respectively. The effects of tianeptine administration to control mice 

demonstrated significant increase in concentrations of plasma TRP by 29.3% (P<0.05), brain 

TRP by 24.4% (P<0.01) and brain 5HT by 21% (P<0.05), no change in 5HIAA and 

5HIAA/5HT. Furthermore, tianeptine administration to nicotine withdrawal mice was decreased 

corticosterone, brain TRP, and 5HIAA/5HT concentrations by 24.5% (P<0.05), 28.5% (P<0.01) 

and 20% (P<0.05) respectively.  

Effects of imipramine on brain tryptophan metabolism and corticosterone in nicotine 

withdrawal mice: 

Fig.4.8. demonstrate that all the signs were significantly attenuated by the administration of 

imipramine. 
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Fig.4.12. shows nicotine withdrawal significantly increases locomotor activity by 25.4% 

(P<0.01). The effect of imipramine administration was not significant in control and nicotine 

withdrawal mice. 

The biochemical changes observed during nicotine withdrawal are shown in table 4.4. Plasma 

TRP, brain TRP concentrations and those of brain 5HT and its major metabolite 5HIAA and 

5HT turnover were decreased at 72h after nicotine withdrawal by 24.7% (P<0.05), 29.5% 

(P<0.001), 40% (P<0.01), 61.7% (P<0.001) and 33.3% (P<0.01) respectively while 

corticosterone concentration was increased by 22.3% (P<0.05) . The effects of imipramine 

administration to control mice demonstrated significant increase in concentrations of plasma 

TRP, brain TRP and 5HT by 38.3% (P<0.001), 63.2% (P<0.01) and 25% (P<0.05) respectively. 

Furthermore, imipramine administration to nicotine withdrawal mice also decreases plasma TRP, 

corticosterone, brain TRP, 5HT, 5HIAA and 5HIAA/5HT concentrations 23.7% (P<0.05), 32.8% 

(P<0.001), 23.6% (P<0.05), 65.3% (P<0.01), 27.7% (P<0.05) and 23.4% (P<0.05) respectively. 

Effects of SJW on brain tryptophan metabolism and corticosterone in nicotine withdrawal 

mice: 

Fig.4.9. indicate that administration of SJW significantly decreases nicotine abstinence signs. 

Fig.4.13. shows that nicotine withdrawal significantly increases locomotor activity by 45.9% 

(P<0.001). The effect of SJW administration to control mice and nicotine withdrawal mice 

demonstrated significant decreases by 30.8% (P<0.01) and 30.19 (P<0.01) respectively.  

Table 4.5 shows the effects of nicotine withdrawal on tryptophan metabolism and its prevention 

by SJW. Nicotine withdrawal significantly decreases brain TRP by 24.5% (P<0.01), 5HT by 

15.1% (P<0.05), 5HIAA by 53.3% (P<0.01) and 5HIAA/5HT by 44.6% (P<0.01) concentrations 

while corticosterone concentration was increases by 39.8% (P<0.001). The effects of SJW 

administration to control mice demonstrated significant increase in total TRP by 43.1% (P<0.01), 

brain TRP by 72.5% (P<0.001) and 5HT by 31.8% (P<0.05) while significant decrease in 

5HIAA by 22.2% (P<0.05) and 5HIAA/5HT turnover by 44.6% (P<0.001). SJW administration 

to nicotine withdrawal mice shows significant decreased in plasma TRP by 13.7% (P<0.05), 

corticosterone 22.5% (P<0.001) while increasing brain TRP, 5HT, 5HIAA and 5HIAA/5HT 
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concentrations 43.7% (P<0.001), 17.2% (P<0.05), 45.7% (P<0.01) and 32.5% (P<0.001) 

respectively. 

4.4. DISCUSSION:   

TIMECOURSE EFFECTS OF NICOTINE WITHDRAWAL ON TRYPTOPHAN 

METABOLISM AND DISPOSITION IN MICE. 

Present findings indicate that withdrawal induced behavioral signs were maximum at 72h 

withdrawal therefore we use this withdrawal hour for blocking with antidepressant. Liver 

tryptophan concentration was significantly decreased by 28.7-30.6 % at 48 h-72 h N.W (Table 

4.1). This decrease in liver tryptophan could be due to enhancement of TDO activity by a 

hormonal type mechanism. The increase in TDO activity characterized the hormonal induction 

mechanism and this is supported by the observed increase in plasma corticosterone concentration 

(62.5-108% at 24h-72h), similar findings have been reported during ethanol withdrawal (Badawy 

et al, 1980). Plasma corticosterone concentration has also shown to be increasing during 

withdrawal of opiates (Kokka et al, 1973) and nicotine (Benwell & Balfour, 1979). In contrast 

other studies that nicotine withdrawal resulted in lower corticosterone levels during restraint 

stress suggesting subsensitivity of the HPA axis to stress. This may be implicated in the 

precipitation of depression during smoking cessation (Semba et al., 2004).   

TDO is a major peripheral determinant of tryptophan availability (Badawy & Evans, 1983) and 

our result shows that decreased in total tryptophan concentration by 25.2%. This shows that the 

binding of tryptophan to protein is decreased that free rather than bound tryptophan is directly 

available for transport is indicated by the finding that changes of brain tryptophan during 

withdrawal two factors controlling the supply of amino acids to the brain in various 

circumstances have been emphasized i.e. competition for transport of other LNAA (Fernstrom, 

1978) and in case of tryptophan that is free i.e. not bound to albumin. The ratio between 

tryptophan and LNAA in plasma influence the availability of tryptophan in the brain and thus 

brain 5HT activity (Curzon and Sarna, 1984). Previously results show a tending towards an 

inverse relation between changes of plasma free and total tryptophan (Curzon & Knott, 1974). It 

is possible that an elevation of activity of tryptophan catabolizing enzymes together with 

decreased binding of tryptophan to albumin leads to such a decrease of total tryptophan.  
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 Brain tryptophan concentration was un-effected at 24h N.W.   Brain 5HT and 5H1AA 

concentrations were decreased (Fig. 4.2, 4.3, 4.4) might be possible during nicotine withdrawal 

5-hydroxy tryptophan decarboxylase (5-HTP decarboxylase), which undergoes rapid 

decarboxylation for 5HT is no longer saturated with its co-factor vitamin B6, thus affecting 5HT 

synthesis. Our results provide evidence with previous study in which, the precursor of serotonin 

5–hydroxyl tryptophan (5HTP) relieved nicotine withdrawal signs (Ohmura et al., 2011). Or may 

be during nicotine withdrawal, 5-HT activates inhibitory somatodendritic 5HT1A autoreceptors in 

the raphe nuclear leading to a decrease in 5 HT release into forebrain and limbic sites (Benwell 

and Balfour, 1979; 1982, Kenny et al., 2001). Decreased 5HIAA concentration may be due to 

low baseline MAO activity significantly predicted the intensity of craving and anxiety reported 

after smoking cessation, suggesting that there was an association between severity of affective 

symptoms often cigarette withdrawal and extent of MAO inhibition (Rose et al., 2001). At 72h 

NW neurochemical changes i.e. decreased 5-HT synthesis, 5HIAA and 5HHIA/5-HT ratio was 

observed maximally so we chosen this hour for blockage of N.W. 

EFFECTS OF ANTIDEPRESSANTS ON BEHAVIORAL AND NEUROCHEMICAL 

ALTERATIONS IN NICOTINE WITHDRAWAL MICE 

Effects of bupropion: 

Our result demonstrates that shaking, scratching, chewing and facial tremor reflect specifically 

nicotine withdrawal syndrome in mice. Furthermore, it was attenuated by administration of 

bupropion. (Fig4.6). Present findings indicate that withdrawal induced behavioral effects are 

influenced by inhibitory action of bupropion. Bupropion reduced withdrawal induced chewing, 

scratching, shaking and facial tremor as indicated in our results. 

We have found that locomotor activity was increased during nicotine withdrawal that may be due 

to activation of nAchRs. That modulated the striatal dopamine system which is important in 

motor control (Anderson & Teicher, 2000; Cao et al., 2007) and may be due to decrease of 5HT 

content or by inhibiting 5HT synthesis causes increase in locomotor activity (Greson and 

Baldessarini, 1980). Our results are consistent with Isola, 1999 and in contrast with Gaddnas H, 

2000  Mannucci et al., 2006. This discrepancy in result may be due to different doses of nicotine.  
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Our results shows that single administration of bupropion stimulates ambulatory activity 

(Fig.4.10). Present findings are consistent with that Umez, 2012 that found ambulatory activity 

of mice was stimulated by bupropion that may be due to enhance DA neurotransmission through 

inhibition of its reuptake (Billes and Cowley, 2008; John and jones, 2007). 

Present result shows that plasma TRP, coticosterone and brain TRP were increased after single 

bupropion administration (Table 4.2). Bupropion administration increases brain TRP and 

decrease 5HT, 5HIAA and 5HIAA/5HT turnover may be due to decrease in the firing activity of 

5HT neurons after an acute injection, after long term treatment they enhance 5HT 

neurotransmission because they desensitize the 5HTIA autoreceptors and increase the tonic 

activity of postsynaptic 5HT1A receptors (Haddjeri et al., 1998; Szabo et al., 2001) as well as 

neurogenesis at the postsynaptic level (Santarelli et al., 2003). In addition, they sensitize alpa2- 

adrenergic hetereceptors on 5HT terminal, thereby attenuating the negative feedback of 

norepinephrine (NE) on 5HT release at the postsynaptic levels (Mongeau et al., 1997; Mansari et 

al., 2008).       

Present results shows that bupropion administration to nicotine withdrawal mice decreases 

plasma TRP, corticosterone, 5HIAA and 5HIAA/5HT turnover may be due to enhancing TDO 

activity. Induction of TDO is further supported by the findings of significant decrease in plasma 

tryptophan concentrations (Table 4.2). Such decrease has also been reported in rats (Badawy et 

al., 1975). Plasma corticosterone concentration was increased by nicotine withdrawal while 

decreased by bupropion administration our results are in contrast with previous studies that 

nicotine withdrawal does not elicit any increase in plasma concentration (Benwell and Balfour, 

1979; Semba et al., 2004).   

Effects of Tianeptine:   

These results highlight the finding of previous studies that suggested tianeptine action in 

blocking withdrawal symptoms associated with alcohol dependence (Uzbay et al., 2006). It is 

likely to consider an alternative pathway that might have increased elevated mood and reduce 

nicotine withdrawal syndrome upon administration of tianeptine in mice. It can be suggested that 

increased brain serotonin uptake by tianeptine might induce certain pathways that may cause 

reduced adaptation and tolerance in the neurotransmitter and receptor functions along with 
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behavioral responses induced by nicotine withdrawal. Present findings indicate that tianeptine 

reduced withdrawal induced chewing, scratching, shaking and facial tremor as indicated in our 

results (Fig.4.7).  

Fig. 4.11 shows that tianeptine decreases the locomotor activity when administrated acutely 

during nicotine withdrawal. However, Wlaz et al (2011) have found that tianeptine did not alter 

locomotor activity and chronic treatment with tianeptine diminished locomotor activity previous 

study that shows tianptine increases locomotor activity (Mocaer, 1988; Vaugeois et al., 1999). 

This decrease in locomotor activity may be due to increase 5HT content. 

Present results show that tianeptine administration to control mice increases plasma TRP, brain 

TRP and 5HTconcentration. Increase in plasma TRP increases the uptake of tryptophan by the 

brain through BBB in competition with LNAA stimulating 5HT synthesis or may be due to 

inhibiting liver TDO activity. Tianeptine increases brain tryptophan and 5HT in control mice 

(Table 4.3) Our results parallel with previous studies that suggest tianeptine enhances serotonin 

re-uptake and decreases serotonin levels in the synaptic cleft (Uzbekov, 2009). Tianeptine action 

initiates two processes in the synaptic region (a) enhancing of serotonin reuptake in the synaptic 

ending and (b) inhibition of MAO activity that is followed by increase of serotonin concentration 

in the synaptic cleft. Furthermore, tianeptine does not induce the decrease in 5HT1A receptors 

sensitivity of serotonin (Kelly and Leonard, 1994). Recently from our laboratory effects of 

tianeptine on brain serotonin transporter protein showed that tianeptine increases serotonin 

transporter protein expression in brain of rats (unpublished work). 

The data shows that sustained HPA-axis hyperactivity in withdrawal states appeared to be 

normalized by the administration of tianeptine as presented by our findings (Table 4.3). The 

mechanism may be due to the distinguished property of serotonergic agents that have been 

reported to restore the basal hyperactive HPA axis in depression through re-establishing 

feedback control (De Bellis et al., 1993; Maes et al., 1995). In present study tianeptine 

administration have been found to decrease plasma corticosterne level and our results are 

consistent with Delbende & Coworkers (1991) who have found that single injection of tianeptine 

decreased corticosterone levels in rats subjected to restraint stress. 
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In nicotine withdrawal mice brain tryptophan was decrease, no change in 5HT concentration 

while decreases 5HIAA/5HT turnover after tianeptine administration (Table 4.3) may be due to 

serotonin transporter mediated reuptake from the synaptic terminals. Alternatively, acute 

treatment with tianeptine significantly enhanced the levels of metabolites of 5HT, 

5hydroxyindole acetic acid in the brain stem, straitum and cerebral cortex (Fattaccini et al, 

1990).  

Effects of Imipramine: 

Imipramine decreases the nicotine withdrawal sign as clinical study show that imipramine may 

reduce symptoms of depression and mood instability (Shytle et al., 2002) (Fig.4.8). 

Fig. 4.12 shows that imipramine have no effect on locomotor activity in control mice and during 

nicotine withdrawal mice. 

Present results show that plasma TRP, brain TRP and 5HT concentration were increased after 

imipramine administration. This increase in brain TRP and 5HT may be due to increase transport 

of tryptophan from blood to the brain and may be due to inhibition of TDO activity. we have 

found that imipramine might be inhibit hepatic TDO activity and increase  brain 5HT 

concentration by increasing availability of tryptophan to the brain. An inverse relationship 

between liver TDO activity and brain 5HT synthesis has been documented under many 

circumstances (Badawy and Evans, 1982). The antidepressant activity of imipramine is believed 

to be due to restaining of monoamine reuptake and resulting increases in monoamine’s 

concentration in the synapse (Vetulani and Nalepa, 2000). Extracellular 5HT modify at the levels 

of the raphe nuclei and prefrontal cortex by acute imipramine administration whereas after 

systemic administration of high doses of imipramine may be stimulated 5HT1A autoreceptors in 

the raphe nuclei, suggested to be tonically active (Maione et al., 1997) and chronic imipramine 

seems to sensitize both 5HT1A and 5HT2A receptors in the dorsal periaqueductal gray matter 

evidence from the elevated T-maze test of anxiety (Zanoveli et al., 2005).  

 No change in 5HIAA and 5HIAA/5HT may be due to decrease MAO activity or may be due to 

increase in the firing rate of 5HT neurons.   
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 We have also found that impramine decreases corticosterone level in withdrawal mice, which is 

consistent with earlier Tokarski et al, 2009, findings who suggested that imipramine treatment 

counteracts the corticosterone- induced increase in the reactivity of the hippocampal circuitry to 

the activation of 5HT7 receptors (Table 4.4). Imipramine decreases plasma TRP, brain TRP, 5HT 

5HIAA and 5HIAA/5HT may be due to enhanced liver TDO activity is supported by the findings 

in present investigation of significant decrease in plasma TRP.   

Effects of SJW: 

Administration of SJW can reduce the intensity of somatic symptoms of nicotine withdrawal 

consistent with Catania, 2003; Uzbay et al., 2006; Mannucci et al., 2007. 

Present results indicate that nicotine withdrawal induced locomotor activity was blocked by SJW 

in mice (Fig. 4.13). SJW causes significant effect on locomotor activity at 500 mg/kg. Our 

results are consistent with Catania, 2003; Uzbay, 2006. Brain content of neurotransmitters such 

as noradrenaline, dopamine and serotonin increases by SJW (Calapai et al., 1999). Thus it is 

possible to consider that SJW attenuate the nicotine withdrawal induced hyperlocomotion in 

mice may be due to enhancing the functional tone of these neurotransmitters.  

Present results show that plasma TRP, corticosterone, brain TRP and 5HT concentrations were 

increased while 5HIAA and 5HIAA/5HT turnover were decreased after SJW administration in 

control mice. Increased plasma TRP increases the ratio of TRP to other LNAA that share the 

same brain uptake system (Fernstrom, 2005). Serotonin concentration might be increase by 

activation of 5HTIA receptors and reduction in 5HTIA heteroreceptors which decreases 5HTIA 

autoreceptors.  Decreased 5HIAA and 5HIAA/5HT may be due to weak MAO activity or SJW 

act as a MAOI (Pervoic and Muller, 1995; Bennette et al.,1998; Calapai et al., 1999).Plasma 

corticosterone concentration was increased after SJW administration in control mice. Our results 

are consistent with Ara and Bano, 2009 that have found an increase in corticosterone levels at 

similar dose i.e 500mg/kg. 

Present results show that during nicotine withdrawal mice SJW decrease plasma TRP 

concentration that may be due to increasing free tryptophan. Free tryptophan was not determined 

in present study but it is more likely that free tryptophan concentration would have increased that 

increases brain TRP. There is significant increase in brain TRP, 5HT, 5HIAA and 5HIAA/ 5HT 
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ratio (Table 4.5) may be due to increase in intracellular metabolism of 5HT without its 

subsequent release and potently inhibit 5HT neuronal firing activity. This property of SJW may 

suggest its anxiolytic property. The data shows reduction in corticosterone levels when SJW 

administered withdrawal mice were compared with SJW administered mice. The reduction in 

corticosterone underlies the mechanism that restore negative feedback loop by the release of 

serotonin and activation of 5HT1A receptors that mainly inhibit CRH release from PVN of the 

hypothalamus.  

4.5. CONCLUSION: 

Present investigation has demonstrated that nicotine withdrawal increases corticosterone 

concentration by hyper-activation of the hypothalmic axis and decreases brain serotonin levels 

and serotonin turnover as well. At 72h NW neurochemical changes i.e. decreased 5-HT 

synthesis, 5HIAA and 5HIAA/5-HT ratio was observed maximally. Furthermore, the mechanism 

of action of serotonergic antidepressant and herbal medicinal compound in relation to tryptophan 

metabolism was investigated. Our results showed that Bupropion, Imipramine and Tianeptine 

share common property of decreasing plasma corticosterone and brain 5HT turnover (5HIAA/5-

HT) without effecting 5-HT concentrations in nicotine withdrawal paradigm. However increase 

in 5HT concentrations were only found in SJW administered NW mice. Our findings warrant 

SJW’s therapeutic efficacy to alleviate nicotine withdrawal signs and disturbed serotonergic 

neurotransmission through its ability to increase brain tryptophan and thus 5HT synthesis.  
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FIGURE 4.1: TIMECOURSE EFFECTS OF NICOTINE WITHDRAWAL ON BEHAVIOR: Experimental 

details are given in Materials and Methods section. All values are mean ± SEM (n=6).Test groups were killed at 0h, 

24h, 48h and 72 h of withdrawal. Test groups were compared with 0h NW group and 0h NW group was compared 

with chow control. Statistical analysis was performed using student’s t-test. The significance of difference is 

indicated by *P<0.01, **P<0.001. 
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TABLE 4.1 

TIMECOURSE EFFECTS OF NICOTINE WITHDRAWAL ON 

LIVER AND PLASMA PARAMETRS 

 

Experimental details are given in Materials and Methods section. All values are mean ± SEM (n=6).Test groups 

were killed at 0h, 24h, 48h and 72h of withdrawal. Test groups were compared with 0h NW group and 0h NW group 

was compared with chow control. Statistical analysis was performed using student’s t-test. The significance of 

difference is indicated by *P<0.05, **P<0.001. 

 

 

 

 

 

 

 

               

 Plasma TRP  

  (ug/ml) 

% change Corticosterone  

   (ug/dl) 

% change Liver TRP      

     (ug/g) 

% change 

Chow Control 20.2±0.7   46.5±1.35  10.9±0.23  

0h NW  13.3±0.08**   34.1%  36.8±3.3* 20.8% 12.4±0.36* 12.8% 

24h NW 10.1±0.36**   23.9% 76.9±5.05** 108.9% 6.7±0.4** 45.4% 

48h NW  9.67±0.37**  27.2% 65.3±4.6** 77.4% 6.51±0.63** 47.5% 

72h NW 12.6±0.92   5.2% 59.8±3.0** 62.5% 6.66±0.3** 46.2% 
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FIGURE 4.2: TIMECOURSE EFFECTS OF NICOTINE WITHDRAWAL ON BRAIN TRYPTOPHAN 

CONCENTRATIONS. Experimental details are given in Materials and Methods section. All values are mean ± 

SEM (n=6).Test groups were killed at 0h, 24h, 48h and 72 h of withdrawal. Test groups were compared with 0h NW 

group and 0h NW group was compared with chow control. Statistical analysis was performed using student’s t-test. 

The significance of difference is indicated by *P<0.05, **P<0.001. 
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FIGURE4.3: TIMECOURSE EFFECTS OF NICOTINE WITHDRAWAL ON BRAIN 5HT 

CONCENTRATIONS. Experimental details are given in Materials and Methods section. All values are mean ± 

SEM (n=6).Test groups were killed at 0h, 24h, 48h and 72h of withdrawal. Test groups were compared with 0h NW 

group and 0h NW group was compared with chow control. Statistical analysis was performed using student’s t-test. 

The significance of difference is indicated by *P<0.01, **P<0.001. 
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FIGURE 4.4: TIMECOURSE EFFECTS OF NICOTINE WITHDRAWAL ON BRAIN 5HIAA 

CONCENTRATIONS. Experimental details are given in Materials and Methods section. All values are mean ± 

SEM (n=6).Test groups were killed at 0h, 24h, 48h and 72 h of withdrawal. Test groups were compared with 0h NW 

group and 0h NW group was compared with chow control. Statistical analysis was performed using student’s t-test. 

The significance of difference is indicated by *P<0.01, **P<0.001. 
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FIGURE 4.5: TIMECOURSE EFFECTS OF NICOTINE WITHDRAWAL ON   BRAIN 5HIAA/5HT 

RATIO. Experimental details are given in Materials and Methods section. All values are mean ± SEM (n=6).Test 

groups were killed at 0h, 24h, 48h and 72 h of withdrawal. Test groups were compared with 0h NW group and 0h 

NW group was compared with chow control. Statistical analysis was performed using student’s t-test. The 

significance of difference is indicated by *P<0.01, **P<0.001. 
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Fig.4.6. EFFECTS OF BUPROPION (Bup) ON NICOTINE ABSTINENCE SIGNS IN MICE: Experiment 

was performed after 72h of nicotine withdrawal (NW). All values are mean ± SEM of 6 mice per group. Statistical 

analysis was performed using student’s t-test. The significance of difference is indicated as follows:  *P<0.001when 

control group was compared with drug administered, NW group and †P<0.001 when drug administered NW group 

was compared with drug administered group.  
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Fig.4.7. EFFECTS OF TIANEPTINE (Tian) ON NICOTINE ABSTINENCE SIGNS IN MICE: Experiment 

was performed after 72h of nicotine withdrawal (NW). All values are mean ± SEM of 6 mice per group. Statistical 

analysis was performed using student’s t-test. The significance of difference is indicated as follows:  *P<0.001when 

control group was compared with drug administered, NW group and †P<0.001 when drug administered NW group 

was compared with drug administered group.  
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Fig.4.8. EFFECTS OF IMIPRAMINE (Imipra) ON NICOTINE ABSTINENCE SIGNS IN MICE: 

Experiment was performed after 72h of nicotine withdrawal (NW). All values are mean ± SEM of 6 mice per group. 

Statistical analysis was performed using student’s t-test. The significance of difference is indicated as follows:  

*P<0.001when control group was compared with drug administered, NW group and †P<0.001 when drug 

administered NW group was compared with drug administered group.  
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Fig.4.9. EFFECTS OF SJW ON NICOTINE ABSTINENCE SIGNS IN MICE: Experiment was performed after 

72h of nicotine withdrawal (NW). All values are mean ± SEM of 6 mice per group. Statistical analysis was 

performed using student’s t-test. The significance of difference is indicated as follows:  *P<0.001when control 

group was compared with drug administered, NW group and †P<0.001 when drug administered NW group was 

compared with drug administered group.  
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Fig.4.10. EFFECTS OF BUPROPION (Bup) ON BEHAVIOR IN OPEN FIELD TEST: Experiment was 

performed after 72h of nicotine withdrawal (NW). All values are mean ± SEM of 6 mice per group. Statistical 

analysis was performed using student’s t-test. The significance of difference is indicated as follows: **P<0.01, 

***P<0.001when control group was compared with drug administered, NW group and †P<0.05 when drug 

administered NW group was compared with drug administered group.  
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Fig.4.11. EFFECTS OF TIANEPTINE (Tian) ON BEHAVIOR IN OPEN FIELD TEST: Experiment was 

performed after 72h of nicotine withdrawal (NW). All values are mean ± SEM of 6 mice per group. Statistical 

analysis was performed using student’s t-test. The significance of difference is indicated as follows:  **P<0.01when 

control group was compared with drug administered, NW group and †P<0.05 when drug administered NW group 

was compared with drug administered group.  
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Fig.4.12. EFFECTS OF IMIPRAMINE (Imipra) ON BEHAVIOR IN OPEN FIELD TEST: Experiment was 

performed after 72h of nicotine withdrawal (NW). All values are mean ± SEM of 6 mice per group. Statistical 

analysis was performed using student’s t-test. The significance of difference is indicated as follows:  *P<0.001when 

control group was compared with drug administered, NW group.  
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Fig.4.13. EFFECTS OF SJW ON BEHAVIOR IN OPEN FIELD TEST: Experiment was performed after 72h of 

nicotine withdrawal (NW). All values are mean ± SEM of 6 mice per group. Statistical analysis was performed 

using student’s t-test. The significance of difference is indicated as follows:  **P<0.001when control group was 

compared with drug administered, NW group and †P<0.05 when drug administered NW group was compared with 

drug administered group.  
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TABLE 4.2 

EFFECTS OF BUPROPION ON BRAIN INDOLES IN 

NICOTINE WITHDRAWN MICE: 

                                        

Parameters                    Control           Nicotine         withdrawal 

Saline Bupropion Saline Bupropion 

Pasma TRP 

(ug/ml) 

15.7±0.62 17.8±0.49** 9.7±0.31*** 9.8±0.55** 

Corticosterone    

     (ug/dl) 

46.7±1.1 59±2* 65.2±3.3** 43.1±1.7** 

Brain TRP       

     (ug/g) 

2.35±0.13 2.85±0.08* 1.33±0.1*** 2.82±0.1 

Brain 5HT   

    (ug/g) 

0.96±0.07 0.71±0.06* 0.5±0.05*** 0.81±0.08 

Brain 5HIAA   

   (ug/g) 

0.45±0.05 0.31±0.009* 0.16±0.01*** 0.26±0.01* 

     Brain 

5HIAA/5HT   

      

1.06±0.1 0.46±0.03** 0.31±0.06*** 0.34±0.03* 

 

Experiments were performed 72h after withdrawal of chronic nicotine. All values are mean ± SEM of 6 mice per 

group. The values in column 2 and 3 have been compared with those in column 1, whereas those in column 4 were 

compared with those in column 2, and the significance of difference is indicated as follows: *P< 0.05 ,**P<0.01, 

***P<0.001. Abbreviation used: TRP, tryptophan; 5HT, 5-hydroxytryptamine; 5HIAA, 5-hydroxyindole-3-ylacetic 

acid.     
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TABLE 4.3 

EFFECTS OF TIANEPTINE ON BRAIN INDOLES IN NICOTINE 

WITHDRAWN MICE: 

 

Parameters                    Control           Nicotine               withdrawal 

Saline Tianeptine Saline Tianeptine  

Plasma TRP    

(ug/ml) 

11.6±0.27 15±0.66* 10.6±0.4 15.5±0.56 

Corticosterone   

      (ug/dl) 

47.4±1.8 55±1 63.3±2.5** 41.5±0.17** 

Brain TRP  

   (ug/g) 

2.45±0.09 3.05±0.14** 1.22±0.04*** 2.18±0.04*** 

Brain 5HT   

  (ug/g) 

0.6±0.008 0.73±0.04* 0.41±0.01** 0.65±0.05 

Brain 5HIAA   

    (ug/g) 

0.32±0.01 0.25±0.04 0.25±0.01** 0.23±0.05 

Brain 

5HIAA/5HT   

      

0.40±0.03 0.45±0.04 0.28±0.02** 0.36±0.02* 

 

 

Experiments were performed 72h after withdrawal of chronic nicotine. All values are mean ± SEM of 6 mice per 

group. The values in column 2 and 3 have been compared with those in column 1, whereas those in column 4 were 

compared with those in column 2, and the significance of difference is indicated as follows: *P< 0.05 ,**P<0.01, 

***P<0.001. Abbreviation used: TRP, tryptophan; 5HT, 5-hydroxytryptamine; 5HIAA, 5-hydroxyindole-3-ylacetic 

acid.     
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TABLE 4.4 

EFFECTS OF IMIPRAMINE ON BRAIN INDOLES IN NICOTINE 

WITHDRAWN MICE: 

 

Parameters                    Control           Nicotine               withdrawal 

Saline Imipramine  Saline Imipamine 

Plasma TRP 

(ug/ml) 

10.9±0.46 15.1±0.36*** 8.2±0.33** 11.6±1.5* 

Corticosterone   

     (ug/dl) 

49.2±1.8 59±2 60.2±3.0* 39.6±0.42*** 

Brain TRP    

   (ug/g) 

1.96±0.07 3.2±0.2** 1.38±0.03*** 2.46±0.1* 

Brain 5HT  

  (ug/g) 

0.60±0.05 0.75±0.04* 0.36±0.02** 0.26±0.01* 

Brain 5HIAA   

      (ug/g) 

0.34±0.02 0.36±0.02 0.13±0.01*** 0.26±0.01* 

Brain 

5HIAA/5HT   

     

0.54±0.04 0.47±0.02 0.36±0.01** 0.36±0.02** 

 

Experiments were performed 72h after withdrawal of chronic nicotine. All values are mean ± SEM of 6 mice per 

group. The values in column 2 and 3 have been compared with those in column 1, whereas those in column 4 were 

compared with those in column 2, and the significance of difference is indicated as follows: *P< 0.05 ,**P<0.01   , 

***P<0.001. Abbreviation used: TRP, tryptophan; 5HT, 5-hydroxytryptamine; 5HIAA, 5-hydroxyindole-3-ylacetic 

acid.     
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TABLE 4.5 

EFFECTS OF SJW ON BRAIN INDOLES IN NICOTINE 

WITHDRAWN MICE: 

 

Parameters                    Control           Nicotine               withdrawal 

       Saline      SJW       Saline       SJW 

Plasma TRP 

(ug/ml) 

10.1±0.4 14.5±0.39* 9.8±0.36 12.5±0.39* 

Corticosterone                   

(ug/dl) 

45.4±2.0 52±1.0* 63.5±2.0*** 40.3±0.44*** 

Brain TRP    

(ug/g) 

2.0±0.08 3.45±0.1*** 1.51±0.05* 4.96±0.12*** 

Brain 5HT   

   (ug/g) 

0.66±0.032 0.87±0.03** 0.56±0.06** 1.02 ±0.04* 

Brain 5HIAA      

   (ug/g) 

0.45±0.01 0.35±0.01* 0.21±0.02** 0.51±0.01*** 

Brain 

5HIAA/5HT   

    

0.65±0.04 0.40±0.01* 0.36±0.03** 0.53±0.01*** 

 

Experiments were performed 72h after withdrawal of chronic nicotine. All values are mean ± SEM of 6 mice per 

group. The values in column 2 and 3 have been compared with those in column 1, whereas those in column 4 were 

compared with those in column 2, and the significance of difference is indicated as follows: *P< 0.05 ,**P<0.01   , 

***P<0.001. Abbreviation used: TRP, tryptophan; 5HT, 5-hydroxytryptamine; 5HIAA, 5-hydroxyindole-3-ylacetic 

acid.     
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GENERAL CONCLUSION AND FUTURE IMPLICATIONS:  

The present investigation has shown that administration of nicotine exert adverse effects on vital 

organs such as liver and brain. It is strongly suggested that lipid metabolism in periphery and 

antioxidant enzymes in CNS are major target of action for nicotine. Nicotine use play vital role 

in pathophysiology of both cardiovascular disorders and depression. Brain tryptophan 

metabolism was studied for the first time in nicotine administration and subsequent withdrawal 

mice. Pharmacological intervention by antidepressant of nicotine withdrawal syndrome and 

associated brain trptophan metabolic disturbances was also carried out. The following are the 

main conclusion: 

There is complex relationship between nicotine use, subsequent nicotine dependence and 

depression. Nicotine delivered by patch reportedly has antidepressant properties even in non-

smokers. Thus in present work, the most detailed investigation of peripheral and central nervous 

system effects after chronic nicotine administration in drinking water. This treatment produced 

nicotine plasma concentration comparable to or above those found in smokers. By using this 

procedure previously reported effects of chronic administration and subsequent withdrawal of 

nicotine given in drinking water have been confirmed. The most remarkable effects of nicotine 

administration and subsequent withdrawal by this procedure was the dramatic and rapid rise in 

brain tryptophan and 5HT with decrease 5HT turnover with an  increase in circulating 

corticosterone concentration in  nicotine administered mice  . Both corticosterone and 5-HT 

influence behavior and it therefore remains to be seen that nicotine induce anxiety related 

behavior is due excessive 5-HT release. 

There exists a nicotinic-serotonergic interaction in the CNS. Nicotine effects are mediated by 

5HT1A receptors and it is interesting that both nicotine and 5HT1A receptor can have anxiolytic 

and antidepressant action. The changes produced in the metabolism of lipids on nicotine 

administration in drinking water shows that nicotine may contribute at least partly to the risk 

posed by cigarette smoking in development of atherosclerosis. 
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Nicotine withdrawal symptoms are similar to depression. Individual going through nicotine 

withdrawal experience anxiety and stress just like depression sufferers and antidepressants may 

able to help withdrawal from nicotine. As regards pharmacological intervention of nicotine 

withdrawal, antidepressants modulate neural pathways that underline addiction and alleviate 

depressive symptoms caused by withdrawal. Our results indicated that bupropion and 

imipramine reduce withdrawal syndromes by enhancing monoaminergic neurotransmission. 

Tianeptine act as by enhancing serotonin reuptake. However increase in 5HT concentration was 

only found by acute SJW administration during nicotine withdrawal. Taken together it is 

concluded that among serotonergic antidepressants tested, SJW is a potent herbal medicine and 

have serotonergic mediation effects against nicotine withdrawal syndrome. 

A potentially interesting approach is to establish whether the depletion of tryptophan metabolite 

serotonin plays a role in nicotine withdrawal syndrome or whether increasing tryptophan 

availability through periphery can help overcome anxiety and depression. If nicotine withdrawal 

syndrome is of hepatic origin as stress of nicotine abstinence leads to dramatic activations of 

liver tryptophan 2,3 dioxygenase (TDO) by glucocorticoid depletes trptophan availability to the 

brain and hence serotonin and therefore by  inhibiting  TDO activity,  increased tryptophan 

availability to the brain can  be increased ultimately restoring serotonergic function. 

Assessment of 5-HT in smokers should be approached from many different levels of analysis 

including behavioral, hormonal, biochemical and psychophysiological. Furthermore, to study the 

relationship between nicotine dependence, glucocorticoid mRNA expression and 5HT 

metabolism at molecular levels in animals should be fruitful. Nicotine aversion studies could be 

carried out using serotonergic antidepressants in relation to serotonin tranporter protein should be 

fruitful. However, much research is still needed to fully understand the complex interaction 

between the kynurenine pathway, IDO and kynurenines among themselves and within the CNS 

and in the periphery in nicotine administration and withdrawal. 
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