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Nicotine
Introduction
Nicotine is a small molecule, which is a liquid alkaloid substance that binds on cholinergic receptors. It weighs 162.26 g/mol in molecular weight. Its molecular formula is C10H14N2. It is both water and lipid soluble and it is found naturally in Nicotiana tabacum and Nicotiana rustica. Nicotine exists in both dextrorotatory and levorotatory forms, though levorotatory enantiomer is the one that occurs naturally and is physiologically more active. The IUPAC name for nicotine is 3-(1-methyl-2-pyrrodinyl) pyridine. It consists of a pyridine ring and a pyrrolidine ring (Gorrod and Jacob 260). Nicotine has a chemical structure that is very similar to the chemical formula of acetylcholine, which is a neurotransmitter in the peripheral nervous system and central nervous system. The structural formula of nicotine is as shown below.
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 Acetylcholine is an ester of choline and acetic acid. Acetylcholine binds nicotinic cholinergic receptors and muscarinic cholinergic receptors. Nicotinic receptors are stimulated by nicotine while muscarinic receptors are activated by muscarine. Acetylcholine activates muscles in the peripheral nervous system through opening of sodium channels when it binds on acetylcholine receptors. In the central nervous system, acetylcholine together with neurons forms a neurotransmitter system. It acts as a neuromodulator and regulates learning and memory. Much of the actions of nicotine are derived from the close resemblance to acetylcholine, thus it is able to bind and activate cholinergic receptors, the binding sites for acetylcholine. Nicotine is therefore an agonist as it mimics acetylcholine by competitively binding to nicotinic cholinergic receptors. Cholinergic receptors are found in the brain, muscles, adrenal glands, and the cardiac muscles (Gorrod and Jacob 335). These receptors play a role in coordinating body activities like breathing, skeletal muscle movements, regulation of smooth and cardiac muscle in addition to being involved in learning, memory and mood. 
Nicotine based drugs are indicated for relief of withdrawal symptoms associated with nicotine abuse, and as an adjunct to help in quitting smoking. Properties of nicotine such as being miscible with water and alkaline PH enables it to easily pass through the skin, dissolve in blood, and cross into the brain. Being weakly alkaline, nicotine exists in non-ionized form hence it able to pass through the membranes freely. Nicotine is also known as L-nicotine or nicotine alkaloid, and it has many brand names associated with it such as Nico-Fume, Mach-Nic, Niagara P.A Dust, Flux Maag, Prostep, and others.
Absorption, Distribution and Metabolism of Nicotine
Nicotine is rapidly absorbed through the skin, mouth, mucosal membranes and the alveoli into the body. Once in the body, nicotine is transported in the blood stream and can penetrate the blood-brain barrier. Nicotine has a half-life of two hours in the body and its metabolism takes place in the liver. Nicotine enters the body through inhalation of tobacco smoke, or through medical formulations such as nicotine gum, nasal spray, lozenges, and tablets. The absorption of nicotine across the cell membranes depends on PH. In low PH environment, nicotine is in ionized form and it does not easily pass these membranes. Therefore, in the stomach nicotine is poorly absorbed because of the high acidity that makes it to be ionized, while in the small intestines, it is readily absorbed since the PH is high. Nicotine is also well absorbed through the skin since it is weakly basic. However, the rate of absorption depends on skin permeability and diffusion gradient. When in ionized state, it rapidly crosses the membranes and enters the bloodstream where its concentration increases (Saeb-Parsy 68). The blood is also neutral and nicotine exists in both ionized and unionized form, but the ionized form is higher. Nicotine is widely distributed throughout the body, with much higher concentrations in the hepatic, renal, pulmonary, spleen and brain tissues. The higher affinity in these tissues correlates to the great number of nicotinic cholinergic receptors present. Nicotine is distributed in most fluids such as saliva, gastric milk, breast milk and amniotic fluids.
Metabolism of nicotine occurs in the liver where it is converted into various metabolites by enzymes like Cytochrome P450, Amine N-Methyltransferase and others. Metabolites produced include cotinine, Nicotine iminium, Nicotine N-oxide, and others. Excretion of urine occurs in the kidney by glomerular filtration.
Mechanism of Action (Pharmacodynamic effect of nicotine)
Nicotine exhibits its pharmacodynamic effects by adhering on nicotinic receptors in the peripheral and central nervous system. Nicotine binds stereoselectively to nicotinic cholinergic receptors. Cholinergic receptors are ligand–gated ion channels in the brain tissue. Nicotine is an agonist at nicotinic cholinergic receptors; therefore, it promotes the activity of nicotinic acetylcholine receptor. Nicotine has both inhibitory and excitatory effects in the body (Koob and Moal 128). In low doses, it excites the autonomic ganglia while high doses inhibit the autonomic ganglia. Nicotine attaches to acetylcholine receptors at the ganglia and neuromuscular junctions and in the brain. Nicotine also influences the release of many neurotransmitters such as acetylcholine, dopamine, serotonin, norepinephrine, anti diuretic hormone, beta-endorphin, 5-hydroxytryptamine, gamma-amino butyric acid (GABA), and adrenal cortical trophic hormone. 
Effects of nicotine on the central nervous system
The activities of nicotine are both stimulatory and excitatory. The stimulant effects of nicotine are exerted at the locus ceruleus and a rewarding effect is exerted in the limbic system. Nicotinic acetylcholine receptors are ionotropic receptors made up of five homomeric subunits. Once nicotine has penetrated the blood-brain barrier, it adheres to the receptors on dopaminergic neurons and opens ion channels thus allowing cations such as sodium, calcium, and potassium to be conducted across the channels. The conduction of the cations causes depolarization and subsequent activation of calcium channel, which are voltage gated. Opening of calcium channels permits more calcium to pass into the axonal terminal where it stimulates vesicles to move to the plasma membrane to release dopamine into the synapse (Friedman,Klein and Bendineli 68). Once dopamine is bound to its receptors, it causes the euphoric and addictive effects that are characteristic of nicotine. 
Effect of nicotine on the adrenal medulla
The depolarization and release of dopamine can also occur through the binding of nicotine on nicotinic acetylcholine receptors found on chromaffin cells in the adrenal medulla. In the adrenal medulla, it causes opening of ion channels leading to influx of sodium ions (Koob and Moal 141). The calcium ions causes epinephrine to be released from intracellular vesicles into the bloodstream where it exerts effects like constriction of blood vessels, increased metabolic activities, increased heart rate and high blood pressure. In the central nervous system, nicotine stimulates nicotinic acetylcholine receptors leading to elevation of the quantities of other neurotransmitters such as dopamine.
Effect of nicotine in the sympathetic nervous system
 Nicotine stimulates the sympathetic nervous system through the splanchnic nerves inducing release of acetylcholine. The acetylcholine released binds on nicotinic cholinergic receptors causing release of adrenaline and noradrenaline into the circulation. Nicotine also binds on melanin cells, helping in synthesis of melanin. 
Pharmacological effects of nicotine
Depending on the dose level, nicotine can excite and inhibit the sympathetic and parasympathetic ganglia, and the cells that synthesize catacholamines in the adrenal cells. Other effects are exerted upon myoneuro junctions in voluntary muscles, nerve endings, and the central nervous system. In the central nervous system, nicotine affects neuronal activity and synaptic communication and hence behavior. When it binds to its receptors, it causes the receptors to undergo conformational change resulting to influx of ions through the pores. Nicotinic acetylcholine receptors are of many sub-types and they have different properties relating to their sensitivity to nicotine and permeability. They are also located on different parts of the brain, presynaptic terminal and somatodendritic regions of neurons. Their properties make them capable of influencing the excitability of neurons and cell signaling. Binding of nicotine to these receptors will either lead to activation of the receptors or desensitize them (Friedman, Klein and Bendineli 83).  
Molecular Effects of Nicotine in the Central Nervous System
Binding to nicotinic cholinergic receptors
After biding to nicotinic cholinergic receptors, an intracellular signal is generated that causes the opening of the receptor ion channel thus letting flow of cations. Nicotine cholinergic receptors exist in many conformational forms and can undergo transition between the states in a very short time depending on the subtype of the receptor. The most dominant conformational states are the resting state, the active state, the desensitized state, and the inactive state. At the resting state, the agonist has not occupied the binding site and therefore the ion channel is closed. In the active state, the agonist is attached to the binding site but with low affinity, resulting to opening of the channel. In the desensitized state, the agonist adheres with high affinity to the binding site but the ion channel is still closed. The inactive state is a conformation form that occurs when the desensitized state lasts for a long time. On a brief exposure to or administration of relatively high quantities of nicotine, the receptor changes its conformation to the active state and the signal transduction occurs after which the receptor is desensitized. In cases where much higher concentrations of nicotine are present in plasma for long periods or very low doses are applied, the inactive or desensitized states become stabilized. This causes the receptors to be refractory to stimulation hence limiting signal transduction (Friedman,Klein and Bendineli 122- 129). Neuronal nicotinic receptors are made up of alpha and beta subunits. These subunits influence the binding of nicotine to the receptor and the pharmacological effects of the various subtypes.

Signal transduction
When the channel is closed, the pore is blocked with molecules which create a barrier and prevent cations from passing through. There are transmembrane proteins that line the lumen making it very narrow for the influx of cations. The gate is composed of amino acid rings of leucine residues and valine or isoleucine. Binding of nicotine to the receptors disturbs the hydrophobic relations between the subunits, causing conformation change by rotation of the subunits. The change of state is accompanied by expansion of the channel hence cations are able to pass through (Koob and Moal 189). In the core of the receptor, an associated water molecule makes the receptor flexible hence making it able to change state when nicotine binds. Amino acids and sugars derived from glycosylation of the nicotine cholinergic receptors also play a role in the coordinating nicotine binding and channel gating.
Intracellular cations
Stimulation of the nicotinic cholinergic receptors by nicotine causes sodium and calcium cations to pass through the channel and affects the membrane potential. The concentration of calcium ions in surrounding cells also is raised. “In addition, nicotinic cholinergic receptors further augment calcium cations by secondary activation of voltage-operated calcium channels (VOCC), or by mobilizing the release of calcium cations from internal stores via a mechanism of calcium cation induced calcium release (CICR)” (Saeb-Parsy 133). The ability of nicotine to modulate calcium ions makes nicotinic cholinergic receptors be able to affect different mechanisms such as synaptic plasticity, gene transcription, and release of other neurotransmitters.
Intended uses of nicotine

Nicotine is widely used in many areas such in pharmacotherapy to aid in smoking cessation, in the treatment of disorders such as Parkinson’s disease, and in the phenotyping of Cytochrome CYP2A6. Nicotine is also the addictive ingredient in tobacco. Nicotine stimulates the release of neurotransmitters, dopamine being one of them. The dopaminergic system is a reward system and thus by stimulating this system, nicotine brings about psychoactive effects such as good moods. Through the stimulation of the norepinephrine release, nicotine causes increased attentiveness and enhances performance of tasks, especially those which are repetitive.
Nicotine replacement therapy
This is administration of nicotine as a remedy to aid people to quit smoking. Nicotine replacement therapy helps addicts from the damaging influences of tobacco smoke and helps manage withdrawal symptoms.

Management of Parkinson’s Disease

Parkinson’s disease affects the nerve cells in the brain region that regulates movement. These neurons are the ones that secret dopamine. In people having this disease, dopamine is not released or it is not effective when released because of the damage on the secreting neurons. The disease is associated with symptoms such as trembling, stiffness, poor coordination of balance and movement. People having this disease have difficulties in movement and performance of simple tasks. Parkinson’s disease is associated with a large loss of nicotinic receptors and this contributes to the defects in cognitive, motor, and behavior. Studies have shown that people who smoke cigarettes have a reduced risk of developing this disease. Use of nicotine has potential of offering neuroprotective treatment (Henningfield, London and Pogun 144-145). The potential of nicotine to treat Parkinson’s disease is because of the effects that nicotine has on the release of dopamine, hence delaying or stopping the development of the disease.
Side Effects of Nicotine

Health Consequences
Nicotine use has health consequences in the human body. The effects are as a result of its stimulatory activity on the sympathetic nervous system. It therefore causes effects such as increased heart rate, increased blood pressure, and elevation of the levels of catacholamines and free fatty acids in blood. Higher levels of catacholamines and fatty acids in circulation can subsequently increase the amounts of total cholesterol in the body while decreasing the levels of high-density lipoprotein cholesterol (Saeb-Parsy 300-301). The increased levels of lipids and possible endothelial injury could lead to atherosclerotic vascular disorder. It also enhances intravascular coagulation because of its inhibitory on prostacyclin production and other effects on thrombocytes. Because of vasoconstriction effects on blood vessels, nicotine may aggravate high blood pressure.
Through the biotransformation of nicotine in the liver, active metabolites are released. Opening of the pyrrole cycle exposes the methyl group, which is a strong alkylating agent. The amine groups may also be released during transformation and combine with other substances such as nitrous acid to form isomers that are very reactive (Saeb-Parsy 314). The isomers can undergo further changes; react with DNA, causing irreversible change, and inhibit normal cell processes. Nicotine can also be precursor to acute cardiac ischemia; as a result of its hemodynamic effect, vasoconstriction effects, and enhancement of coagulation, hence causing thrombosis. Nicotine can also cause increased anxiety. The heightened anxiety arises because of the influence nicotine has on release of endorphins and gamma-amino butyric acid. Overdose of nicotine brings side effects such as nausea, abdominal pain, vomiting, diarrhea, diaphoresis, flushing, dizziness, altered respiration, blurred vision, impaired hearing, and low blood pressure.
Nicotine dependence and addiction
Nicotine increases the stimulation of nicotinic cholinergic receptors. Continued stimulation of these receptors can lead to a reduction of the active receptors, which consequently can lessen the psychotropic effects of nicotine. This creates tolerance and tendency to take increased amounts, hence addiction exhibited in smokers. Due to its influence on dopamine release from the nucleus accumbens, long-term exposure decreases the effectiveness of dopamine on their receptors; hence, the number of active receptors is reduced. This consequently means more nicotine is required to achieve similar pleasure moods (Henningfield, London and Pogun 396).
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