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1. INTRODUCTION 

Nicotine a plant alkaloid predominantly present in tobacco leaves. It is the 

second most causative agent used as psychoactive substance. An estimated 

1.14 billion people consume nicotine daily, mainly in the form of cigarette 

smoking worldwide. Annually around 7 million deaths occurred associated 

either directly or indirectly with cigarette smoking (GBD 2019, 2021). During 

last two decades prevalence of smoking declined significantly among high 

income countries but it increased in low- and middle-income countries in the 

same time. For this reason, the multinational companies manufacturing 

cigarette moved to developing and under developing countries. More 

interestingly the number of female smokers is increasing steadily throughout 

the World (Allen et al., 2014). 

Female smokers are more susceptible to different pathological changes like 

colorectal cancer, breast cancer, cardiovascular diseases compared to male 

smoker (Huxley et al., 2011). Nicotine also affects female sex hormones leading 

to still birth, premature infants with low birth weight (Brand et al., 2011)  

Nicotine showed its toxic effects in the form of bio-chemical changes, 

immunological disorders, respiratory problems, cellular changes and genetic 

disorders (Maiti et al., 2015; Banerjee et al., 2010; Marcy and Merrill, 1987) 

Cigarette smoking alone is the major risk factor for burden of cancer 

worldwide and responsible for more than one third cancer related deaths 

(Jung and Yoon, 2022).  Nicotine has toxic effects on the vital organs like liver, 

kidney, lungs and heart with a special emphasis on DNA damage and 

mitochondrial dysfunction (Banerjee et al., 2010).  The risk of adverse effects 

on kidney was found to be higher with long term nicotine intake (Lee et al., 

2021) which enhances renal oxidative stress (Arany et al., 2011) leading to 

kidney failure (Ramalingam et al., 2019). In 21st century cigarette smoking is 

one of the most important causes for Cardio vascular diseases around the 

world. Nicotine intake significantly enhances the risk of severe coronary and 



Chapter – 1: Introduction 

Page | 2  

 

cerebro-vascular diseases like myocardial infarction, cerebral stroke and 

sudden mortality. Tobacco smoking is also influences the progression and / or 

aggravation of cardiac failure among individuals with chronic kidney diseases 

and increases the chances of arterial fibrillation (Benowitz and Burbank, 

2016). Regular consumption of nicotine is responsible for increasing the rate of 

oxidative damage and at the same time reducing the potentiality of antioxidant 

defence mechanism. Many of the health consequences due to long term 

inhalation of cigarette smoke may be mediated through its adverse effects on 

the immune system.  Nicotine decreases the levels of certain antibodies and 

total immunoglobulin (IgG, IgM, IgA and IgD), also helps in increasing IgE 

antibody in serum.  Thus, nicotine showed its ability in changing 

immunological status leading to various inflammatory diseases (Nouri-Shirazi 

and Guinet, 2003). 

Curcumin is another plant product chiefly found in turmeric has been 

consumed as a dietary spice and also as an herbal medicinal agent against 

different health associated problems since more than 1000 years back.  

Curcumin is a biologically active compound having anti-bacterial properties 

(Schraufstatter and Bernt, 1994), cholesterol-lowering capacity (Patil and 

Srinivasan, 1971), antidiabetic (Srinivasan, 1972), anti-inflammatory (Srimal 

and Dhawan, 1973), and anti-oxidant (Sharma, 1976) activities. The 

ameliorative effect of curcumin against nicotine induced toxicity has been well 

documented. Role of curcumin against nicotine induced hepato-toxicity, renal 

toxicity, cardiac and respiratory diseases, cancer; immunological impairments 

have been well established. 

Despite of its many beneficial effects, a major problem in using curcumin is its 

low bioavailability. It has been confirmed by various studies that curcumin 

shows very poor bioavailability.  Several works also documented very low or 

even undetectable concentrations of curcumin in body fluids and extra 

intestinal tissues. The major reasons may be due to its poor absorption, faster 

rate of metabolism, molecular instability, and speedy systemic elimination 

(Anand et al., 2007). Animal experiment studies demonstrated that the 
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maximum amount of curcumin (≤90%) ingested orally is excreted along with 

faces (Metzler et al., 2013). Clinical trials of curcumin are restricted and 

unwarranted due to its above-mentioned properties (Nelson et al., 2017). To 

overcome these problems, various attempts have been undertaken using 

modern technology. 

Development of nanotechnology is one of the great achievements in the 21st 

century. The application of nanoparticles in the field of medical sciences is 

becoming an important area of interest. Nanoparticles have several advantages 

with better drug loading rate, higher biocompatibility, and targeted delivery, 

that provides the greater possibility for the effective treatment of different 

diseases compared with traditional drug molecules. Nanomaterials, with a 

large surface area, improved the solubility of indissolvable drugs with high 

absorption rate, reduces the total drug dosage. This may reduce the adverse 

side effects of the traditional molecules (Jiabo, 2022).  

Nanocurcumin showed protective effect against several toxicities like lead 

induced toxicity acrylamide induced liver damage, arsenic-induced immune 

dysfunction, excessive copper induced reproductive toxicity, aluminium 

induced toxicity (Flora et al., 2013; Atia et al., 2022; Sarawi et al., 2022; 

Alghriany et al., 2022). But such role of nanocurcumin against nicotine induced 

toxicity has not so far been explored. The present work was designed to study 

the ameliorative effects of nanocurcumin against nicotine induced under 

normal protein diet condition. In my study nanoparticles of curcumin was 

prepared by ultra-sonication and characterised by FE-SEM, UV-Visible 

spectrophotometer, FTIR and XRD. This prepared nanocurcumin used against 

nicotine induced female albino rats under the dose of 4mg/kg body weight. 

Various parameters of different groups of animas were analysed like SGOT, 

SGPT, ACP, ALP, Urea, creatinine, MDA, SOD, Catalase, GPX, GSH, IL-4, IL-6, IFN-

γ, TNF-α, BCL-2, BAX, Estrogen, Progesterone. The DNA damage study and the 

DNA content also checked in my study. 
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1.1. AIMS AND OBJECTIVES 

Tobacco use has reached the proportion of a global epidemic. In all tobacco 

products nicotine present in a substantial quantity and which has been 

internationally recognized as a drug of addiction. It is a major public health 

problem. Curcumin is a natural product used against nicotine toxicity but some 

of its drawback limits its use. Nanoparticles have been proposed as nano-drug 

for the oral administration of poorly bio-available molecules.  

 So, the aims and objectives of my study are 

1. Preparation and characterization of nano-curcumin to increase its 

bio-availability and bio-distribution. 

2. Use of nano-curcumin and its ameliorative action against various 

nicotine-induced physicochemical stresses (hepatotoxicity, oxidative, 

inflammatory and genotoxicity) under normal protein diet condition. 

3. To compare the ameliorative action of nanocurcumin against various 

nicotine-induced physicochemical stresses to that of native curcumin.  
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Nicotine is a natural nitrogenous alkaloid predominantly present in tobacco 

plants and also in eggplants, tomatoes, green pepper and potatoes. All these 

plants belong to the family nightshade. The quantity of nicotine varies from 

plant species to species with the highest amount in tobacco plants.  Nicotine is 

a highly addictive stimulant and is taken mainly by cigarette smoking and with 

other tobacco products like beedi, hookah, cigar, and kretak. Nicotine intake is 

highly injurious to human health.  The tobacco epidemic is one of the greatest 

public health threats that the world has faced ever.  More than 6.8 million 

deaths were recorded annually among active smokers and around 1.2 million 

deaths among passive smokers (Global Burden of Disease, 2019). According to 

the World Health Organization, 22.3% of the global population used tobacco 

which includes 36.7% of the world’s male and 7.8% of the female population. 

More than 80% of tobacco users (1.3 billion) live in low and middle-income 

countries with the highest burden of tobacco-associated mortality and 

morbidity (WHO, 2020).  

2.1. Overview of Nicotine 

2.1.1. Chemistry of Nicotine 

Nicotine is a dinitrogenous alkaloid present in leaves of the tobacco plants with 

concentrations of 3% in Nicotiana tabacum and 14% in Nicotiana rustica. The 

IUPAC name of nicotine is 3-(1-methyl-2-pyrrolidinyl) pyridine (Figure 2.1). It 

has two nitrogen-containing heterocycle rings, pyridine, and pyrrolidine with 

an asymmetric carbon. It exists in two configurations (S)- nicotine and (R)- 

nicotine.  In tobacco, the proportion of (S)-nicotine is higher than (R)-nicotine. 

The chemical formula of nicotine is C10H14N2 with molecular weight 162.234 

g.mol-1, the melting point is -79ᵒC, the boiling point is 247ᵒC, rotatory index 

(S) is aD = -168     at 20° C, density=1,010, the refractive index is n=1,530. 

Nicotine is a hygroscopic, colourless yellow-brown, oily liquid that is readily 
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soluble in alcohol, light petroleum, or ether. It is soluble in water in its neutral 

amine base form at 60ᵒC to 210ᵒC (ACS, 2018; Benowitz et al., 2009). 

 

Figure 2.1: The Chemical structure of (A). (S)- (−)-nicotine, (B). (R)- (+)-

nicotine (C). (S) (−)-nornicotine 

2.1.2. Absorption of nicotine  

Nicotine is a weak base (pH-8.0). In acidic environment, it persists in ionized 

state which can cross the biological barriers very poorly. Most of the flue-cured 

tobacco is acidic (pH-5.5-6.0), so a little amount of nicotine absorbed through 

buccal mucosa. Air-cured tobacco products are alkaline (pH-6.5 or higher) in 

which nicotine persists in nonionized form, which can readily be absorbed 

through the mouth cavity (Hegde et al., 2017). After inhalation of tobacco 

smoke nicotine reaches the alveoli of the lungs. The larger surface area of the 

alveoli and suitable pH promote the quick absorption of nicotine. The 

concentration of nicotine in the blood increases immediately following a puff 

and reaches the brain within 10-20 seconds which is faster than intravenous 

administration (Rostami et al., 2022). Nicotine is also absorbed through oral 

mucosa (Benowitz et al., 2009) by chewing gum, and snuff. The most frequent 

route of nicotine intake is inhalation due to tobacco smoking. Nicotine some 

time absorbed through the skin due to some occupational risks of handling 

nicotine (green tobacco sickness) (Weizenecker and Deal, 1970). The dermal 
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release rate of nicotine depends upon the permeability of the skin, diffusion 

rate through the polymer matrix, and rate of passage through a membrane.  

Dermal nicotine release and concentration in plasma vary due to different 

transdermal systems (Fant et al., 2000). Nicotine gum, nasal spray, 

transdermal patch, lozenges, inhalers, and sublingual tablets are used as 

nicotine replacement therapy (NRT). NRTs are responsible for slower rate of 

nicotine absorption through cell membrane. The blood level of nicotine 

increases gradually by the use of NRTs than smoking (Wadgave et al., 2016).  

2.1.3. Distribution and accumulation of nicotine  

After entering into the bloodstream (pH 7.4) about 69% of the nicotine persists 

in ionized and 31% in nonionized form but its affinity with plasma proteins is 

low (5%) (Catassi et al., 2008). By examining human autopsy materials, the 

highest accumulation of nicotine was recorded in the kidney, liver, lung, and 

spleen, and the lowest in adipose tissue. The concentration of nicotine in 

skeletal muscle is nearer to that in whole blood (Aoki et al., 2020). The affinity 

of nicotine binding with neural tissues was found to be high among smokers 

than non-smokers, due to presence of a higher number of nicotinic cholinergic 

receptors (Breese et al., 1997). Significant accumulation of nicotine was also 

noticed in gastric juice and saliva (Lindell et al., 1996) due to ion-trapping of 

nicotine. Nicotine also accumulates in breast milk with a milk/plasma ratio of 

2.9 (Chinnala and Konda, 2017). Nicotine can pass through the placental 

barrier and enters into the foetal serum and amnionic fluid (Suter and Aagaard, 

2020). The rate of nicotine accumulation in different organs and its resultant 

pharmacological effects are depending upon the route and the rate of dosing. 

Nicotine rapidly reaches the pulmonary venous circulation following cigarette 

smoking and is quickly delivered to the brain via the left ventricle and systemic 

arterial circulation. It takes only 10–20 sec for reaching the brain following a 

puff of a cigarette. Following smoking a cigarette, concentration of nicotine in 

arterial blood may be high up to 100 ng/ ml with a range between 20 and 60 

ng/ ml (Henningfield and Keenan, 1993; Gourlay and Benowitz, 1997; Rose et 

al., 1999; Lunell et al., 2000). The rapid delivery of nicotine within a small 
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interval by smoking or intravenous injection results in high levels of nicotine in 

the central nervous system.  It helps for determining the dose of nicotine 

required for any pharmacological outcome among smokers and in 

experimental animals.   

2.1.4. Metabolism of Nicotine and role of different enzymes 

Nicotine metabolism takes place in the liver. It metabolized to six primary 

metabolites. 70– 80% of nicotine is converted to cotinine in humans. This 

reaction occurs in two steps; firstly, nicotine is converted to nicotine-Δ1′ (5′)-

iminium ion and equilibrium with 5′-hydroxynicotine. This reaction is 

catalysed by CYP2A6. In the second step, the iminium ion is oxidized to 

cotinine by cytoplasmic aldehyde oxidase and P4502A6 (Murphy, 2021). 

About 4–7% of nicotine metabolized to another metabolite Nicotine N′-oxide 

(Benowitz et al., 1994) mediated by a flavin-containing monooxygenase 3 

(FMO3), which results in the formation of both the di-astronomers, the 1′-(R)-

2′-(S)-cis and 1′-(S)-2′-(S)-trans-isomers in animals (Perez-Paramo et al., 

2019). Nicotine N′-oxide remains unmetabolized, except it may reduce back to 

nicotine in the intestine and lead to the recycling of nicotine.  There are two 

nonoxidative pathways in nicotine metabolism: methylation of nicotine-to-

nicotine isomethonium ion (also called N -methylnicotinium ion) and 

glucuronidation of about 3-5% of nicotine to N-quaternary glucuronide 

(Benowitz et al., 1994) in the presence of uridine diphosphate-

glucuronosyltransferase (UGT) enzyme(s). Another important but minor 

pathway is oxidative N-demethylation responsible for the production of 

nornicotine from nicotine.  Hecht et al. (2000) described a new cytochrome 

P450-mediated metabolic pathway for nicotine metabolism. Here, 2′-

Hydroxylation of nicotine leading to production of 4-(methylamino)-1-(3-

pyridyl)-1-butanone with an intermediate form of 2′-hydroxynicotine. 2′-

Hydroxynicotine also yields nicotine-Δ1′ (2′)-iminium ion. 4-(methylamino)-1- 

(3-pyridyl)-1-butanone is further metabolized to 4-oxo-4-(3-pyridyl) butanoic 

acid and 4- hydroxy-4-(3-pyridyl) butanoic acid. This pathway is important, 4- 

(methylamino)-1-(3-pyridyl)-1-butanone can be converted to carcinogenic 
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NNK. But such endogenous NNK production from nicotine metabolism is yet to 

be detected in humans or rats (Hecht et al., 1999). Cotinine again metabolizes 

to six primary metabolites: 3′-hydroxycotinine (Tanner et al., 2015), 5′-

hydroxycotinine (Tan et al., 2021), cotinine N-oxide, cotinine methonium ion, 

cotinine glucuronide, and norcotinine. The main nicotine metabolite detected 

in smokers’ urine is 3′-Hydroxycotinine. Different biochemical reactions of 

nicotine metabolism have been demonstrated in Figure 2.2. 

 

Figure 2.2: Bio-chemical pathways for nicotine metabolism 
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2.1.5. Patho-physiology of nicotine  

Nicotine is the psychoactive agent present in tobacco. It functions as an agonist 

at nicotinic acetylcholine receptors (nAChRs), localized throughout the brain 

and peripheral nervous system (Wittenberg et al., 2020). nAChRs are 

pentameric ionic channels, made up of α2–α7 and β2–β4 subunits in different 

combinations. Acetylcholine (ACh) acts as an endogenous ligand (Boulter et al., 

1987; Couturier et al., 1990; Picciotto et al., 2008). nAChR undergoes 

conformational changes by binding with nicotine and leading to the opening of 

internal pores that allow an influx of sodium and calcium ions (Changeux, 

2018). Activated nAChR produces action potential firing at postsynaptic 

membranes and downstream modulation of expression of a gene by a calcium-

mediated second messenger system (McKay et al., 2007). The presynaptic 

membrane contains nAChRs and modulates neurotransmitter release (Tomàs 

et al., 2017).  Nicotine binding affinity and efficacy of nAChRs varies depending 

upon different combinations of α and β-subunits. Expression of nAChRs also 

depends on the localization in the brain and neural cell type (Wooltorton et al., 

2003; Gipson and Fowler, 2020; Hamouda et al., 2021). For instance, a faster 

rate of desensitization of nicotine was recorded by β2-containing nAChRs than 

that by α7-containing nAChRs (Wooltorton et al., 2003). Localization in the 

brain and the type of nAChR plays a crucial role in mediating the various 

degrees of nicotine effects (Jensen et al., 2020).  

2.1.6. Neurocircuitry of nicotine addiction 

Nicotine showed both rewarding effects (‘buzz’ or ‘high’) as well as adverse 

effects (nausea and dizziness), depending upon the dose and associated factors 

like inter-individual sensitivity and tolerance (Carstens et al., 2022). The 

addictive properties of nicotine are expressed by the integration of divergent 

signals from different regions of the brain that lead to reward and aversion 

(Figure 2.3). Among initial smokers’ nicotine exhibits both reinforcing as well 

as aversive effects, those together showed a similar expression of continuous 

use. When individuals are habituated to frequent smoking, nicotine-induced 

Page | 10  



Chapter – 2: Literature Review 

 

pharmacodynamic changes occur in brain circuits. That leads to reduced 

sensitivity of the drug-induced aversive effects. Nicotine is a strong reinforcer 

leading to conditional secondary effects related to drug-using experiences. It 

may enhance the affinity of more drug intake. 

 

Figure 2.3: Cycle of tobacco/nicotine use (Source: Le Foll et al., 2022) 

When such individuals enter into a phase of abstinence, nicotine withdrawal 

symptoms like irritability, agitation, deficits of memory, absent-minded, and 

anxiety are experienced. Such negative emotional symptoms lead to an 

increased urge of retaking nicotine (Le Foll et al., 2022). The pleasurable effect 

of nicotine is accredited through the mesolimbic routs made up of 

dopaminergic nerve cells situated at the ventral tegmental area (VTA) and 

prefrontal cortex (D'Souza et al., 2011) (Figure 2.4). Various types of nAChR on 

glutamatergic, dopaminergic, and GABAergic neurons are expressed by VTA 

(Mameli- Engvall et al., 2006; Picciotto et al., 2012). By the administration of 

nicotine, the level of dopamine is enhanced by raising the dopaminergic 
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neurons. This may involve in rewarding effect and is mainly controlled by the 

action of nicotine on α4 and β2-riched nAChRs (Wills and Kenny, 2021).   

 

Figure 2.4: Brain regions involved in nicotine addiction  

                                                                                                   (Source: Le Foll et al., 2022) 

On the contrary, the undesirable effects mediated by nicotine limiting drug 

intake and alleviation of withdrawal symptoms associated with fasciculus 

retroflexus projection. Other areas of the brain: the prefrontal cortex (PFC), 

nucleus tractus solitaries (NTS), ventral pallidum (VP), and insula are also 

found to be interconnected with various aspects of nicotine dependence. These 

regions of the brain are directly or indirectly associated and control drug-

seeking and drug-taking behaviours. In animal models nicotine withdrawal 

may be measured by observing several physical symptoms like scratching, 

shaking, head nods and affective signs by noticing augmented anxiety-related 

behaviours (Salas et al., 2004; Salas et al., 2009). 
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2.1.7. Harmful effects of nicotine  

Nicotine is a unique active component of tobacco that affects almost all organ 

systems by the activation and binding with nicotinic-acetylcholine (nACh) 

receptors distributed in various regions of the brain. Nicotine reduces RBC 

counts and haemoglobin concentration in the blood due to which the body 

loses its ability for carrying oxygen to several organs in rats (Banerjee et al., 

2010).  Nicotine exposure affects cardiovascular, neurological, neuromuscular, 

respiratory, excretory, immunological, and gastrointestinal systems. Animal 

model studies showed nicotine’s capability to enhance existing tissue injury 

and several diseases like cancer, cardiovascular diseases, stroke, pancreatitis, 

alteration of liver enzymes, peptic ulcer, renal injury, reproductive and 

developmental abnormalities (Sanner and Grinsrud, 2015; Benowitz Burbank, 

2016; Jena et al., 2016; Lai et al., 2017; Wannamethee and Shaper, 2010; Li et 

al., 2014; Zheng et al., 2020; Laldinsangi, 2022).  

2.1.7.1. Effect of nicotine on liver  

Nicotine showed adverse effects on the liver both directly as well as indirectly. 

By direct effects, it increases oxidative stress that activates stellate cells, 

leading to fibrosis development occurs (El-Zayadi, 2006). Pro-inflammatory 

cytokines that are related to liver cell injury are induced by nicotine (Zhang et 

al., 2022). Previous studies showed that patients suffering from chronic 

hepatitis C with a habit of smoking have an increased level of fibrosis score and 

histological activity index leading to HBV-related cirrhosis (Tsochatzis et al., 

2009). 

Secondary polycythaemia is an indirect toxic effect of smoking.  Nicotine is 

responsible for increased level of carboxyhaemoglobin thus reducing the 

oxygen-carrying capacity (Malenica et al., 2017).  It increases the production of 

erythropoietin and resulting in increased red cell mass. Increased red cell 

destruction is responsible for rising catabolic iron and erythropoietin. It 

enhances the iron absorption from the intestines (Bhoopalan et al., 2020). 

Macrophages scavenged the iron and finally accumulate in liver cells which 
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promote oxidative stress. Increased oxidative stress is responsible for liver 

injury (Galaris et al., 2019).  Histopathological changes like mononuclear cell 

infiltration, hyperchromatic nucleus, and enlarged sinusoids were noticed in 

the liver of nicotine-induced rats (Singh and Singh, 2019; Iranloye and 

Bolarinwa, 2009; Marzouk et al., 2022; Amer and Mahmoud, 2014; Syed and 

Shangloo, 2020).   

Nicotine also affects the synthesis of different metabolic enzymes in the liver. 

Cigarette smoking was significantly found to be associated with increased 

levels of gamma-glutamyl transferase (GGT) and alkaline phosphatase (ALP) 

and was inversely associated with increased aspartate aminotransferase (AST) 

(Wannamethee and Shaper, 2010). Increased levels of alanine 

aminotransferase (ALT) following nicotine intake among HCV-positive patients 

was also been reported (Rutledge and Asgharpour, 2020; Wang et al., 2002). 

An elevated level of alkaline phosphatase (ALP), alanine aminotransferase 

(ALT), and aspartate aminotransferase (AST) were reported among smokers 

with reduced total bilirubin compared to non-smokers (Abdul-Razaq and 

Ahmed, 2013; Khaitan et al., 2019; Setyawati and Anggraeni, 2018; Alsalhen 

and Abdalsalam, 2014). Previous studies demonstrated that nicotine causes a 

significant reduction of total protein (Jain and Jaimes, 2013; Alsalhen and 

Abdalsalam, 2014). 

2.1.7.2. Effect of nicotine on kidney 

Previous studies reported that nicotine develops chronic kidney diseases, 

especially those who are suffering from diabetes, hypertension, polycystic 

kidney disease, and post-kidney transplantation. Nicotine activates non-neural 

nicotinic acetylcholine receptors (nAChRs). Several nAChR subunits are 

expressed in the kidney but the α7-nAchR subunit is a special one; it is over-

expressed in the proximal and distal tubes of kidney and acts as a mediator for 

the progression of renal disease. Nicotine increases the formation of reactive 

oxygen species and activates the pro-fibrotic pathway thus progress acute 

kidney injury, diabetes, acute nephritis, and subtotal nephrectomy. Nicotine 
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also reduces the glomerular filtration rate and renal plasma flow and increases 

blood pressure. In this way, nicotine induces the development of chronic 

kidney diseases (Jain and Jaines, 2013). Alteration of renal function was 

recorded by several workers. Increased level of blood urea nitrogen and 

plasma creatinine was reported (Salahshoor et al., 2019; Halimi et al., 2000; 

Begum et al., 2018) among smokers. Histopathological changes in the kidney 

showed some vacuolated tubular cells, dilated tubules, and intraluminal casts 

in some tubules (Singh and Singh, 2019; Menshawy et al., 2019; Chen et al., 

2019; Salahshoor et al., 2019). Nicotine also induces renal injury causes a 

decrease in total protein (Yacoub et al., 2010). 

2.1.7.3. Effect of nicotine on cardiovascular diseases & lipid profile 

Nicotine enhances the risk of cardiovascular diseases (CVD). About 140,000 

deaths occur annually due to CVD by cigarette smoking. The past report 

showed that in United States 33 % of deaths from CVD and 20 % from 

ischaemic heart disease were due to smoking. Acute coronary and 

cerebrovascular diseases like myocardial infarction, stroke, and sudden death 

are increasingly influenced by smoking. Various cardiovascular effects 

including angina pectoris, intermittent claudication, vasospastic angina, and 

angioplasty of coronary and peripheral arteries are aggravated by smoking 

(CDC, 2010). 

Higher levels of triglycerides (TG), total cholesterol (TC), and LDL- cholesterol 

in contrast to decreased HDL-cholesterol were reported among tobacco 

smokers compared to non-smokers (Sinha et al., 1995; Nath et al., 2022; Szkup 

et al., 2018; Hasan et al., 2022, Singh et al., 2016, Rao and Subash, 2013; Gheni 

and Nanakali, 2020). A significantly elevated level of VLDL-cholesterol was 

noticed by Singh et al. (2016). 

2.1.7.4. Nicotine and cancer 

Tobacco products are responsible for cancer especially nicotine, polycyclic 

hydrocarbons (PAH), and tobacco-specific N-nitrosamines (TSNA). Nicotine 
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acetylcholine receptors (nAChRs) are activated by nicotine and nicotine binds 

with these receptors (Yershova et al., 2016). After oral administration of 

nicotine, two carcinogenic compounds NNN (N′-nitrosonornicotine) and NNK 

(4-(metylnitrosamino)-1-(3-pyridyl)-1-butanon) are formed (Sanner et al., 

2015). Increased cell proliferation and cell survival are happened by the 

interaction between nicotine and nAChRs (Dasgupta et al., 2009). Epithelial-

mesenchymal-transition (EMT) that is related to the acquisition of malignant 

phenotype was observed in nicotine-exposed cells (VU et al., 2016). Nicotine 

also plays an important role in the inhibition of anticancer immune response. 

Previous studies reported that dendrite cells that are responsible for 

anticancer immunosurveillance are badly affected by nicotine.  It reduces the 

response of radiotherapy (RT) or chemoradiotherapy (CRT) in mice (Sanner 

and Grimsrud, 2015). 

2.1.7.5. Effect of nicotine on Antioxidants Level  

Nicotine induces the rate of formation of Reactive Oxygen Species (ROS). These 

are free unstable radicals and have the capability to interact in several 

biological systems, leading to oxidative stress (Gandhi et al., 2009). 

Antioxidants protect the biological system from the adverse effects of such free 

radicals by scavenging them. Nicotine is a source of oxidants with the capacity 

of destroying the antioxidant defence system (Chundru and Ram, 2013). The 

enzyme Lactate Dehydrogenase (LDH) is present in many organs and tissues. 

The blood level of LDH increases rapidly with increased oxidative stress in the 

body (Chernecky and Berger, 2013). The high blood level of LDH is an indicator 

of acute or chronic cell damage like heart attack, stroke, blood flow deficiency, 

hepatitis, and tissue death (Masella et al., 2005). Catalase (CAT) is another 

antioxidant enzyme present in all organisms, that dissociates hydrogen 

peroxide into water and oxygen. Catalase is produced and located in Hydrogen 

peroxide (H2O2) producing cellular environments like peroxisomes and 

mitochondria (Chelikhani et al., 2004; Yang et al., 2014). Superoxide Dismutase 

(SOD) is another important antioxidative enzyme that catalyses the 

transformation of the superoxides to oxygen and hydrogen peroxide thus 
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playing a crucial role in the antioxidant defence mechanism at the cellular level 

(Maier and Chan, 2002). The action of SOD varies and maintains a very low 

concentration of superoxides at the tissue level (Cases et al., 2017). Glutathione 

Peroxidase (GXp) is an enzyme of the peroxidase family that protects from 

oxidative damage (Yang et al., 2014). GPx reduces lipid hydroperoxides to their 

corresponding alcohols and also reduces hydrogen peroxide to water: 

2GSH+H2O→ GS-GS+2H2O (Bhabak and Mugesh, 2010).  

The levels of superoxide dismutase (SOD), catalase (CAT), Glutathione 

peroxidase (GPx), and glutathione reductase (GR) were significantly decreased 

among nicotine-treated albino rats (Oyeyipo et al., 2014; Thirumalai et al., 

2010). A similar observation was also reported by Aspera-Werz et al., 2018; 

Raddam et al., 2017; among cigarette smokers. In contrast decreased levels of 

SOD, Catalase, and increased levels of GPx were among tobacco smokers and 

chewers (Agarwal, 2019). Nicotine-induced elevated levels of SOD, and CAT 

declined GPx activity in cell culture were noticed by Delijewski et al. (2014). 

Nicotine-induced free radicals, damages lipids and produce malondialdehyde 

(MDA) by peroxidation. The MDA level is a marker of lipid peroxidation. A 

significantly higher level of MDA was measured in nicotine-induced rat 

granulose cells (Sezer et al., 2020). A similar observation was also reported in 

human primary endometrial cells (Khademi et al, 2019), in the liver and 

erythrocytes of rats (Ben Saad et al., 2018), in murine plasma (Chattopadhyay 

and Chattopadhyay, 2008).  

2.1.7.6. Genotoxic effect of nicotine  

Nicotine provokes DNA damage in various forms such as single-strand breaks 

(SSBs) (Moktar et al., 2009) and may be double-strand breaks (DSBs) (Ishida et 

al., 2014). SSBs are the initial DNA damage and are the biomarker of nicotine 

exposure (Moktar et al., 2009). DSBs are biologically important as they may be 

responsible for chromosome translocation leading to cancer (Cannan et al., 

2016).  
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The comet assay is a standard method for genotoxicity testing (Cordelli et al., 

2021). Nicotine enhances the formation of micronucleus in human gingival 

fibroblasts indicating DNA damage (Argentin and Cicchetti, 2004). Nicotine-

induced DNA damage was assessed by the comet assay in human leucocytes 

(Sobkowiak et al., 2014), human neuroblastoma cells (Dalberto et al., 2020), 

human buccal cells (Mohanapriya et al., 2021), and in-vitro culture of 

peripheral rat blood (Sudheer et al., 2007). A higher rate of DNA damage was 

demonstrated among female smokers than male smokers (Soylemez et al., 

2011). DNA damage was also estimated by micronucleus assay in different 

types of cells. A higher frequency of micronuclei formation was reported 

among smokers than non-smokers (Smart et al., 2019; Mohammed et al., 2020; 

Bansal et al., 2012) and in exfoliated buccal cells of tobacco users (Gopal and 

Padma, 2018).    

2.1.8. Nicotine induced regulation of inflammatory cytokines, Pro-

apoptotic markers and female hormones  

Tobacco smoking may influence the rate of production of different cytokines 

associated with several inflammatory and autoimmune diseases (Sokolowska 

et al., 2019; Durazzo et al., 2014; Shein et al., 2019; Bergstrom, 2004). Nicotine 

induces inflammation by increasing the production of pro-inflammatory 

cytokines. It enhances the production of pro-apoptotic protein and inhibits the 

production of anti-apoptotic protein and thus influences the inflammation of 

the body (Zhang et al., 2022).   Nicotine also alters the hormonal level and it is 

responsible for abortion during pregnancy (Adeyemi et al., 2018).  

2.1.8.1. Interleukin-6 (IL-6)   

IL-6 is a pleiotropic cytokine (Figure 2.5) that affects the immune system and 

also operates many biological and physiological activities like cell growth 

regulation, gene activation, proliferation, and cellular differentiation.  It is 

synthesized in various types of cells such as monocytes, fibroblasts, endothelial 

cells, macrophages, T and B lymphocytes, mast cells, and granulocytes. It 

regulates the production of different acute-phase proteins in the liver.  The 
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most important role of IL6 is the differentiation of B-cells into plasma cells 

producing antibodies (Tanaka et al., 2014). The production of IL6 is influenced 

by nicotine. IL-6 expression is unregulated by nicotine through AP-1 and STAT-

3-activated pathways in human endothelial cells (Ung et al., 2019). A higher 

level of IL-6 was detected among current smokers than that of non-smokers 

(Carpagnano, 2003; Jamil et al., 2017; Al-tameemi et al., 2022). 

 

Figure 2.5: Crystallographic structure of IL-6 

2.1.8.2. Tumour Necrosis Factor- α (TNF- α)  

TNF- α is a pro-inflammatory cytokine (Figure 2.6) that plays an important role 

in inflammatory response both locally as well as in circulation. Expression of 

vascular endothelial cells is triggered by it and also enhances the leukocyte 

adhesion molecules which stimulate the infiltration of immune cells. The 

crucial role of TNF- α is in early response against different microbial infections 

by influencing the lymphocyte infiltration to the infection site (Cooper et al., 

2009; Hartel et al., 2005). Serum level of TNF- α was found to be higher among 

smokers than the non-smoker control (Petrescu et al., 2010; Olsson et al., 

2018). In contrast decreased level of TNF- α was noticed in nicotine treated 

group of rats (Kizildag et al., 2021). No such variation of TNF- α was also found 

in the serum of smokers (Wang et al., 2022).  
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Figure 2.6: Crystallographic structure of TNF- α 

2.1.8.3. Interleukin-4 (IL-4) 

Interleukin (IL)-4 (Figure 2.7) is the most important cytokine controlling 

allergic inflammation.  IL-4 is also involved in unfolding of many biological 

events like the way of T cells responds dynamically to changing environment.  

It is the signature cytokines along with IL-13 for type II inflammatory response 

against any invading microbe or allergen. Basophils, eosinophils, CD4 T cells, 

mast cells, and NK T cells are the source of IL-4 (Junttila, 2018). The genomic 

locus of IL-4 is situated on chromosome 5 of humans and chromosome 11 of 

mice (Zhu, 2015; Ansel et al., 2006). Production of IL-4 is dependent on 

calcineurin (Guo et al., 2008). Nicotine-induced enhanced production of IL-4 

was observed in rheumatoid arthritis patients (Wu et al., 2018). Similarly 

higher level of IL-4 was recorded among smokers than among non-smokers 

(Abed et al., 2020; Elisia et al., 2020; Byron et al., 1994; Merghani et al., 2012). 

No difference in serum IL-4 levels was noticed among never and ever smokers 

(Olsson et al., 2018). 
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Figure 2.7: Crystallographic structure of IL-4 

2.1.8.4. Interferon- γ (IFN-γ)  

Interferon-γ (IFN-γ) is the only member that belongs to the type II interferon 

family. It is a protein consisting of two polypeptide chains arranged in an 

antiparallel fashion (Figure 2.8) is encoded by the IFNG gene (Zaidi and 

Merlino, 2011). Three different types of IFN-γ are present in human blood with 

different molecular weights: one is active free form and the other two are 

mature IFN-γ molecules (Alspach et al., 2018; Lilkova et al., 2019). It is a 

pleiotropic cytokine with antiviral, antitumor, and immunomodulatory 

activities. It coordinates both innate and adaptive immune responses 

(Mendoza et al., 2019). It showed both pro-tumorigenic and antitumor 

immunity (Tau et al., 2001; Maimela et al., 2018). Natural killer (NK) and 

natural killer T (NKT) cells regulate the synthesis of IFN-γ in innate immunity 

but CD8 and CD4 T-cells are the major sources of the adaptive immune system 

(Burke and Young, 2019). An elevated level of IFN-γ was found in the gingival 

tissue of chronic periodontitis patients (Cesar-Neto et al., 2006), a similar 

observation was also made among nicotine smokers (Lee et al., 2017; Rahimi et 

al., 2018; Singh et al., 2019). Reduced IFN-γ level was also recorded in 

dendritic cells (Tao et al., 2019; Raymond et al., 2021).   

Page | 21  



Chapter – 2: Literature Review 

 

 

Figure 2.8: Crystallographic structure of IFN-γ 

2.1.8.5. BCL-2 and BAX 

The proteins belonging to the Bcl-2 family play a pivotal role in programmed 

cell death or apoptosis. Structurally there are two subgroups that exist in the 

Bcl-2 family: multi-domain with three or four domains and BH3-only Bcl-2 

family proteins. The multi-domain Bcl-2 family proteins consist of both pro- 

and anti-apoptotic members, whereas BH3-only proteins are proapoptotic 

(Igaki and Miura, 2004).  

Proteins under the Bcl-2 family are divided into three subfamilies depending 

upon their sequence homology and functions (i) A subfamily consisting of Bcl-

2, Bcl-xL, and Bcl-w that exert anti-cell death activity with sequence homology 

in four regions (BH1- Bh4). (ii) A second subfamily represented by Bax and Bak 

share sequence homology at BH1, BH2, and BH3 but not at BH4. All these 

proteins exert pro-apoptotic activity. (iii) Third subfamily includes Bik and Bid, 

which are pro-apoptotic and share sequence homology only within BH3 

(Figure 2.9) (Tsujimoto, 1998). The role of Bcl-2 in cancers and other 

important conditions makes it an attractive target for pharmaceutical 

intervention. Bcl-2 expression was downregulated following cigarette smoking 

was recorded (Zeng et al., 2016, 2020). In contrast, increased Bcl-2 protein 

expression was noticed in nicotine induced adult rat spleen (Ahmed et al., 

2014).  
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Figure 2.9: Homology of Bcl-2 family proteins. Sequence homology observed 

at four regions and designated as BH1 to BH4. Bik subfamily members share 

sequence homology within the BH3 region only.          (Source: Tsujimoto, 1998) 

Higher levels of BAX and lower levels of Bcl-2 were observed among the 

smoker group (Biswas et al., 2015) whereas the reverse thing was recorded in 

breast cancer cell line (Aali and Motalleb, 2015). Increased BAX expression in 

the smoker group was observed by Shaik et al., 2019. The ratio of BAX and Bcl-

2 was increased in nicotine-induced human renal proximal tubular epithelial 

cells (Kim et al., 2016). 

2.1.8.6. Oestrogen and progesterone  

Two steroidal hormones estrogen and progesterone play a vital role in 

regulating mammalian reproductive system. One primary action of these 

hormones is to regulate the development and function of the uterus. The 

transcription of specific uterine genes is regulated by these hormones (DeMayo 

et al., 2002).  Nicotine smoking inhibits the activity of aromatase enzyme that 

catalyses the transformation of androgens to estrogens. Consequently, nicotine 

reduces circulating estrogen levels and leads to early onset of menopause in 

women (d'Adesky et al., 2018). Nicotine alters the function of the endocrine 

system and affects the release of female hormones which are very important 

agents for the protection of women's health (Maiti et al., 2015). Deficiency of 
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estrogens results in irregular periods, infertility, bone weakness, hot flashes, 

depression, and urinary tract infections (Jandikova et al., 2017). Similarly, a 

deficiency of progesterone affects the menstrual cycle, pregnancy, and 

embryogenesis of humans and other species (Jandikova et al., 2017). Nicotine 

reduces circulating estrogen levels in female rats (d’Adesky et al., 2018). 

Smoking may reduce or neutralize completely the efficacy of orally 

administered estrogens (Mueck and Seeger, 2005). Cigarette smoking reduced 

the efficacy of both endogenous and exogenous estrogen (Ruan and Mueck, 

2015). Nicotine-induced declined estradiol and progesterone in the serum of 

Wistar rats has been documented by Adeyemi et al., 2018; Ahmadi et al., 2013; 

Khalid et al., 2017. The urge of smoking is inversely related to the ratio of 

estrogen and progesterone (Pang et al., 2018). 

2.1.9. Nicotine intake 

Tobacco products are used in various ways smoking, chewing, and sniffing.  

2.1.9.1. Direct smoking 

Different nicotine products are used directly by people as direct sources. 

Cigar: Cigars are prepared by rolling bundles of dried and fermented tobacco 

leaves. Cigar contains three parts filler, binder leaf, and wrapper leaf. Daily 

cigar smoking is responsible for various diseases like cancer, and 

cardiovascular diseases (Chang et al., 2015).  

Blunts: Blunts are stubby cigars, wide that have had the tobacco removed and 

replaced with marijuana. It can also fill up with rolls of tobacco leaf. 

Adolescents and young adults attractive to blunt because it is inexpensive, 

available in the market, has an attractive flavour and its wrapper is easily 

opened (Kong et al., 2018). Its use is not risk-free. Even though all of the filler 

tobacco is removed from the blunt but its users are still exposed to nicotine by 

the cigar wrappers. This wrapper contains 1.2 mg to 6.0 mg of nicotine (Peters 

et al., 2016). 

Cigarettes: Cigarette is a narrow cylindrical body made up of thin papers 

containing burnable tobacco remains rolled within it. Most cigarettes contain 
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reconstituted tobacco products like recycled tobacco stems, stalks, scraps, 

collected dust, and floor sweepings and mixed glue, chemicals, and fillers, the 

product is then sprayed with nicotine extracted from tobacco scraps (Rabinoff 

et al., 2007). Cigarette smoke leads to various diseases like cancer, pulmonary 

disease, cardiovascular disease, and various health problem that affect every 

organ of the body (Mishra et al., 2015). 

Bidi: Bidis are small, thin, hand-rolled tobacco products. It is mostly available 

in India and Southeast Asia. Bidis are relatively cheaper than cigarettes. A 

higher level of bidi smoking is found among the lower socio-economic status 

group. Bidis are also a cause of tobacco-related diseases and deaths in India. 

The previous report shows that bidis contain nicotine and cancer-causing 

chemicals higher than cigarettes.  It is responsible for lung and oral cancer, 

respiratory disease, and tuberculosis (Mbulo et al., 2020). 

Kretek: In Indonesia kretek is originated. It is called an unfiltered cigarette. 

Kretek is made by blending tobacco; cloves and other flavours. The 90% 

smoker of Indonesia prefers kretek for smoking (Braun et al., 2022). Kretek 

has many brands like Dji Sam Soe, Bentoel, Minak Djinggo, Djarum, Gudang 

Garam, and Wismilak. (Dji Sam). Djarum cigarette contain 7.4 mg nicotine. It 

has fewer bad effects on our health than conventional cigarettes due to the 

presence of eugenol in clove. It gives taste satisfaction, and an aromatic odour 

(Nuryunarsih et al., 2021). 

Chewing tobacco: Chewing tobacco is one type of smokeless tobacco. It is 

placed between the cheek and lower limb. It is crushed manually by teeth and 

releases the flavour and nicotine. It is carcinogenic and responsible for oral 

cancer (Warnakulasuriya and Straif, 2018). 

Snuff: Snuff is a smokeless tobacco made from grounded tobacco leaves. It is 

inhaled or snuffed into the nasal cavity and delivers nicotine. Long-term use of 

nasal snuff causing progress of chronic rhinitis results in the block and stuffy 

noses. Previous studies reported that moist snuff causes cancer (Narake and 

Gupta, 2014). 
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Snus: The origin of snus is Sweden and other Scandinavian countries and it is 

one type of smokeless tobacco product. Snus is not like moist snuff or chewing 

tobacco because it is not made from fire-cured tobacco leaves, it is made from 

steam-cured tobacco leaves. It develops a lower rate of cancer and other 

tobacco-related disease than cigarettes (Clarke et al., 2019). 

Water pipe: It is also called a hookah. It passes tobacco smoke through the 

water before inhalation by the smoker. Compared to cigarette smoker’s hookah 

smokers are exposed same toxic compounds but at higher levels. So, hookah 

smokers are affected by various negative health impacts like cancer, 

cardiovascular disease, infections, and lungs disease more than conventional 

cigarette smokers (Qasim et al., 2019). 

2.1.9.2. Passive smoking 

Passive smoking is the intake of smoke through breathing by a person other 

than the direct smoker. When someone smokes tobacco, the smoke is releases 

to the surrounding and is inhaled by other people present in the same 

environment. It is also called second-hand smoke. Previous studies reported 

that both active and passive smoking equally induces some types of diseases 

like breast cancer, allergic rhinitis, allergic dermatitis, and food allergy. Passive 

smoking is responsible for developing various health problems especially 

diseases among children (Cao et al., 2015). Hirayama, 1981 reported that lung 

cancer is seen among non-smoking wives of smoking husbands. 

2.1.10. Epidemiology of Tobacco smoking 

Historically, tobacco was used as part of traditional ceremonies but its use was 

limited.  The use of commercial cigarettes increased dramatically in the early 

twentieth century due to large-scale manufacturing and promotion by media 

and advertising (CDC, 2014). The Global Burden of Disease Project (GBDP) 

estimated that about 1.14 billion people smoked globally in 2019 (GBD 2019, 

2021). A declining trend in smoking was noticed between 1990 and 2019. 

Thereafter it increases among the adult population. Smoking-associated death 
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occurs approximately one in every 0.8–1.1 million cigarettes smoked / per 

year (Jha, 2020), reflecting the estimated worldwide consumption is about 7.4 

trillion cigarettes. Around 7 million smoking-associated deaths were estimated 

in 2019 (GBD 2019, 2021). In most populations, the prevalence of smoking was 

found to be much higher among lower-income groups with lower levels of 

education (Palipudi et al., 2012) and also among people with mental health 

disorders along with other co-addictions (Goodwin et al., 2011; Weinberger et 

al., 2018). Male smokers were more frequent than that of female (Figures: 2.10 

– 2.12). The regional prevalence of smoking varies significantly throughout the 

globe and is also in different ethnic groups. Rates of smoking were found to be 

higher in some regions of Asia, including China and India, but lower in North 

America and Australia. The prevalence of mental health disorders and other 

co-addictions are higher among smokers than non-smokers (Goodwinet al., 

2011; Weinberger et al., 2018; Hassan and Le Foll, 2021). 

Almost 90% of smokers start smoking during their adolescence, between 15 

and 25 years of age (Akel et al., 2022). Prevalence of smoking declined among 

youths between 1990 and 2019 (Warner, 2019).  

Severe effect of smoking was noticed among smokers who initiates smoking in 

early adolescence and persists throughout their life (CDC, 2014; Jha and Peto, 

2014). About 320 million smoking-related deaths occur in the younger age 

group (within 30 years) those, who did not quit smoking (Jha et al., 2013). The 

actual number of smoking-related deaths might be greater than the estimated 

numbers (Jha, 2020; Jha and Peto, 2014; Banks et al., 2015; Pirie et al., 2013).  

A model-based study has estimated 7.7 million smoking-related deaths globally 

in 2020, of which 80% were in men among which 87% were current smokers 

(GBD 2019, 2021).  Cancer, heart attack, emphysema, and stroke are the major 

causes of tobacco deaths (CDC, 2014; Jha and Peto, 2014). Tuberculosis and 

other lung disease are common associate diseases among smokers (Jha, 2020). 
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Figure 2.10:  World-wide distribution of male smokers: (a). Current male 

smokers above15 years of age- expressed in millions (b). Previous male 

smokers 45–59 years of age / country (in millions). (c) . Percentage of former 

male smokers 45–59 years of age / country stopped smoking. The data 

presented are for male smokers during 2015–2019 from different countries 

surveyed directly.       (Source: GBD 2019, 2021) 
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Figure 2.11: World-wide distribution of female smokers: (a). Current female 

smokers above15 years of age- expressed in millions. (b). Previous female 

smokers 45–59 years of age / country (in millions). (c) . Percentage of former 

female smokers 45–59 years of age / country stopped smoking. The data 

presented are for female smokers during 2015–2019 from different countries 

surveyed directly.         (Source: GBD 2019, 2021)  
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Figure 2.12: World-wide distribution of male and female smokers (combined): 

(a). Current male and female smokers above15 years of age- expressed in 

millions. (b). Previous male and female smokers 45–59 years of age / country 

(in millions). (c) . Percentage of former male and female smokers 45–59 years 

of age / country stopped smoking. The data presented are for male and female 

smokers during 2015–2019 from different countries surveyed directly.  

(Source: GBD 2019, 2021)  
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2.1.11. Indian scenario of smoking 

India has a long history of smoking, since 2000 BC as mentioned in the 

"Atharvaveda". Fumigation (dhupa) and fire offerings (homa) were prescribed 

in the Ayurveda for medical purposes since 3,000 years back. Tobacco was 

introduced to India in the 17th century and it later merged with existing 

practices of smoking (mostly cannabis). The World Health Organization has 

published a report in 2011 that "Nearly 80% of the more than one billion 

smokers worldwide live in low- and middle-income countries including India, 

where the burden of tobacco-related illness and death is the heaviest" (WHO, 

2011). According to the Indian Heart Association (IHA), India accounts for 60% 

of the world's heart disease burden. They have identified a reduction in 

smoking as a significant target of cardiovascular health prevention efforts. 

Smoking is the predominant habit among males in India constituting more 

than 50% of tobacco users (Gupta et al., 2017). 

2.1.12. Effect of nicotine on the female population 

In recent years the prevalence of cigarette smoking somewhat increased 

among the female population Worldwide. The various attractive advertisement 

given by the tobacco companies influences the smoking percentage among 

women in high and low-income countries. Among adolescents, the percentage 

of cigarette smoking among men was 4.5 and women were 4, in the case of 

adults 18.5 % of women, and 24.5 % of men. In older age the percentage of 

smoking is higher in the female population (9.3 %) than in males (8.9 %) (Allen 

et al., 2019). Due to lower immunity power, women were more susceptible 

than men to smoking-related mortality and morbidity. The risk of some 

specific cancer by smoking has a stronger effect on women than men. Previous 

studies reported that women smokers had a greater risk of colorectal cancer 

than men smokers (Gram et al., 2020). The risk of breast cancer shows greater 

among smoker women who have a family history of breast cancer and started 

smoking in adolescent and pre-menarcheal age than their non-smoker peers 

(Jones et al., 2017). Smoker women have a 25% increased risk of 
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cardiovascular diseases than their male counterparts (Gallucci et al., 2020). 

Smoker women who suffered from PCOD have increased levels of fasting blood 

sugar and free testosterone level that was the risk factors for coronary heart 

disease (Pau et al., 2013).  Previous studies reported that nicotine influence 

abdominal obesity among women. Nicotine enhanced the testosterone level 

and reduced the estradiol level. Smoker women have a higher waist-hip ratio 

than their non-smoker peers. Thus, smoking reduced sexual attractiveness 

among women (Pölkki and Rantala, 2009). Nicotine is known as a reproductive 

toxicant and smoking women suffer from various reproductive disorders like 

infertility, subfecundity, and menstrual disorder (Oboni et al., 2016). A higher 

rate of asthma was observed among smoker women in irrespective of body 

weight but a higher rate of asthma level showed among normal weight and 

underweight smoker men (Chen and Mai, 2011). Women who smoke have 

overactive bladder symptoms and incontinence than male smokers (Kawahara 

et al., 2020).  During smoking cessation, women gain more weight than men. 

Perkins et al. (2013) reported that abstinence and negative mood enhanced the 

craving to smoke with a higher degree in females than their male counterparts.      

2.2. Curcumin 

Turmeric is an important spice that is used both in the medicinal and culinary 

fields. It belongs to the ginger family of rhizomatous herbaceous perennial 

plants that are called Curcuma longa. It is mostly cultivated in tropical and 

subtropical regions of the world, primarily grown in Asian countries like India, 

China, Indonesia, Japan, and Bangladesh. The active ingredient presents in 

turmeric which makes a magical spice that is curcumin. It is also known as 

“wonder drug of life” (Verma et al., 2018). There is a historical background 

about the importance of Curcuma species, since 5,000 years back as mentioned 

in Ayurveda and 2,000 years back in Atharveda. Long back, curcumin was 

popularly known as a “substance that gives the yellow colour”. During the 

middle of the 19th century, curcumin was considered a biologically active 

molecule having antibacterial activity and used effectively against different 
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species of Staphylococcus, Salmonella, and Mycobacterium (Kocaadam and 

Sanlier, 2017). 

2.2.1. Chemistry of curcumin 

Curcumin was first isolated by Vogel and Pelletier in 1815, but not in its pure 

form.  In 1913 Lamp and Milobedeska confirmed its synthesis and chemical 

structure. Its chemical name is 1, 7-bis (4-hydroxy-3-methoxyphenyl)-1,6- 

heptadien-3,5-dione. It is a lipophilic polyphenol and also known as 

diferuloylmethane. The molecular weight of curcumin is 368.379 and the 

chemical formula is C21H20O6. Its melting and boiling point is 1830C and 

591.40C respectively. The structure of the curcumin contains three chemical 

entities, two aromatic systems of o-methoxy phenolic groups, attached with a 

seven-carbon connector consisting of an α, β-unsaturated β-diketone moiety 

(Figure 2.13). This chemical structure of curcumin is responsible for its 

insolubility in water at a neutral and acidic pH but makes it soluble in ethanol, 

alkali, ketone, methanol, acetic acid, chloroform, dimethyl sulfoxide (DMSO), 

and acetone (Sohn et al., 2021). 

 

Figure 2.13: Chemical structure of curcumin (A) (1). b-diketone or keto-enol, 

(2) phenolic, (3) alkene linker, demethoxycurcumin (B), bisdemeth-

oxycurcumin (C) and cyclocurcumin (D). (Source: Karthikeyan et al., 2020) 
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2.2.2. Biological properties of Curcumin 

Curcumin is a pleiotropic molecule and it has various biological properties. 

First In 1937, curcumin was first used as a drug against human diseases (Fadus 

et al., 2016).  Directly and indirectly, curcumin is able to bind and hamper 

various proteins, metals, growth factors, transcription factors, receptors, 

enzymes, and other important biomolecules. Over the last 60 years, around 

3000 studies indicated that curcumin has antioxidant, anti-inflammatory, 

antineoplastic, anti-diabetic, hepato-protective, nephroprotective, 

neuroprotective, immunomodulatory, anti-HIV, anti-cancer properties (Menon 

and Sudheer, 2007; Wilken et al., 2011; Den et al., 2019; Hashish and Elgaml, 

2016; Prasad and Taygi, 2015). The absorption rate of curcumin is poor in the 

gastrointestinal tract. The biological activities of curcumin are summarised in 

Figure 2.14. 

 

Figure 2.14: Schematic representation of biological activities of curcumin  

(Source: Sharifi-Rad et al., 2020) 
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2.2.2.1. Hepato-protective effect of curcumin 

There are several reasons responsible for liver diseases like non-alcoholic fatty 

liver disease, alcoholic fatty liver disease, and liver diseases by virus (Hepatitis 

B virus, Hepatitis C virus) (Haga et al., 2015). In chronic liver disease, reactive 

oxygen species (ROS) are increased and oxidant, antioxidant imbalance occurs 

that contributes to oxidative stress. It hampers liver fibrogenic response and 

leads to ischemia, necrosis, and apoptosis. It is responsible for altered gene 

expression and progressed liver damage (Cichoż-Lach and Michalak, 2014). 

Previous studies reported that curcumin prevents methotrexate-induced 

oxidative stress related to liver disease. It lowers the alanine aminotransferase 

(ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) 

enzymes level and increases glutathione S-transferase (GST), glutathione 

reductase (GR), glutathione peroxidase (GPx), SOD and CAT level and treat 

liver toxicity (Moghadam et al., 2015). Another study reported that sodium 

fluoride-induced oxidative stress that induces hepatic toxicity is treated by 

curcumin (Al-Harbi et al., 2014). Curcumin also prevents malathion-induced 

oxidative stress, curcumin helps the decrement of MDA and nitric oxide levels 

and increment of GSH levels (Alp et al., 2012). Cadmium-induced liver 

oxidative damage is also corrected by curcumin (Mohajeri et al., 2017). Carbon 

tetrachloride (CCl4)-induced liver injury is ameliorated by curcumin. Curcumin 

exerts its action by inhibiting the TGF-β1/Smad signalling pathway and CTGF 

expression (Zhao et al., 2014).  Nicotine-induced liver damages were found to 

be corrected by Curcumin by lowering aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), alkaline phosphatase (ALP), and serum nitric 

oxide levels (Salahshoor et al., 2015). Curcumin repaired hepatic damages due 

to other factors were also reported by Al-Rubaei et al., 2014; Farzaei et al., 

2018; Jarhahzadeh et al., 2021. 

2.2.2.2. Nephroprotective activities of curcumin 

Curcumin is a polyphenol used to treat renal diseases.  In developed and 

underdeveloped countries chronic kidney disease is a serious health problem. 
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The inflammation, oxidative stress, and apoptosis are the pathophysiological 

basis of this disease. This does not occur only in humans but is also seen in 

other animals. Plasma levels of certain inflammatory cytokines, nitrosative 

markers, and oxidative stress are increased in chronic kidney disease patients. 

The plasma urea and creatinine level are increased in this condition (Rapa et 

al., 2019). Curcumin has nephroprotective activities, it protects kidneys from 

toxic factors.  In copper sulphate exposed condition kidney did not function 

properly due to declined urea and creatinine excretion.  Curcumin showed its 

nephroprotective activities and normalizes plasma levels of urea and 

creatinine (Hashish and Elgaml, 2016). High blood pressure, elevated levels of 

urinary albumin, and various inflammatory cytokines like IL-1β, IL-6, and TNF-

α were reported in adenine-induced conditions. Curcumin, a natural product 

helps to minimize their levels (Ali et al., 2017). Curcumin also shows its reno-

protective effect against cisplatin-induced nephrotoxicity (Ugur et al., 2015). 

Curcumin shows its therapeutic effect against nicotine renal toxicity by 

lowering serum urea and creatinine level in albino rats (Azab et al., 2021).      

2.2.2.3. Anti-lipidemic effects of Curcumin  

Hyperlipidaemia with increased cholesterol, free fatty acids, and triglycerides 

was significantly reduced; especially triglycerides, which returned to their 

normal levels by curcumin supplementation (Zingg et al., 2013; Jalali et al., 

2020; Baziar and Parohan, 2020). Curcumin significantly reduced the low-

density lipoprotein cholesterol (LDL-C) and triglyceride (Den Hartogh et al., 

2020; Pivari et al., 2019). Curcumin showed beneficial effects in cardiovascular 

diseases by normalizing LDL-C, VLDL-C, IDL-C, total cholesterol, and HDL-C 

(Rafiee et al., 2021). Nicotine-induced hyperlipidaemia was corrected by this 

natural ingredient in Wistar rats (Kalpana et al., 2005). 

2.2.2.4. Antioxidant activities of curcumin  

Curcumin showed both antioxidant and anti-inflammatory activities in various 

conditions (Lin et al., 2007; Marchiani et al., 2014). Curcumin showed 

improvement in systemic markers for oxidative stress (Sahebkar et al., 2015). 
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Experiments proved that it can increase the activities of antioxidants like 

superoxide dismutase (SOD) (Banach, et al., 2014; Menon and Sudheer, 2007; 

Panahi et al., 2016). A significant effect of supplementation of curcuminoids on 

all associated parameters with oxidative stress including plasma activities of 

SOD and catalase, serum concentrations of glutathione peroxidase (GSH), and 

lipid peroxides (Sahebkar et al., 2015). It affects free radicals by different 

mechanisms. It scavenges free radicals like ROS and RNS (Menon and Sudheer, 

2007) and activates different enzymes GSH, catalase, and SOD for the 

neutralization of free radicals (Lin et al., 2007; Marchiani et al., 2014). Besides 

this curcumin can inhibit enzymes responsible for ROS generation like 

lipoxygenase/cyclooxygenase and xanthine hydrogenase/oxidase (Lin et al., 

2007). Lipophilic nature makes curcumin an efficient scavenger of peroxyl 

radicals and thus acts as a chain-breaking antioxidant (Priyadarsini et al., 

2003). 

2.2.2.5. Anti-inflammatory activities of curcumin  

Several experimental studies documented that curcumin is a potential agent 

for treating various inflammatory diseases (Aggarwal and Sung, 2009; 

Cianciulli et al., 2016; Edwards et al., 2017; Dai et al., 2018). It was evident that 

curcumin showed anti-inflammatory effects in various ways. Curcumin inhibits 

pro-inflammatory transcription factors like NF-kB and AP-1.  It decreases the 

production of proinflammatory cytokines e.g., TNF-alpha, IL-2, IL-6, CRP, etc. It 

also suppresses the enzymes like 5-lipoxygenase and COX-2 and -5 and 

hampered the mitogen-activated protein kinases pathways (Aggarwal and 

Sung, 2009; Panahi et al., 2014a; Panahi et al., 2014b; He et al., 2015; Machova 

et al., 2015).  

2.2.2.6. Antigenotoxicity properties of curcumin 

Various physical and chemical agents are responsible for chromosomal 

damage and such damage is repaired by supplementing curcumin (Acar et al., 

2022). Curcumin prevents DNA breakage due to changes in its nitrogenous 

bases by oxidative stress, thus maintaining genomic stability (Sahebkar et al., 
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2015). Mendonça et al. (2015) reported that curcumin ameliorated cisplatin-

induced chromosomal and DNA damage and is determined by comet assay and 

micronucleus assay. Previous studies reported that curcumin shows beneficial 

effects against copper-induced genotoxicity in BalbC mice (Corona-Rivera et al., 

2007). Radiation-induced increased percentage of micronuclei formation was 

also reduced by curcumin supplementation (Jagetia, 2015). Curcumin also 

exerts its antigenotoxic effect by reducing the micronuclei induction by 

chromium trioxide (Prasad et al., 2017).  Banerjee et al. (2010) reported that 

curcumin helps to reduce nicotine-induced DNA damage to blood cells. 

2.2.2.7. Anticancer activities of curcumin  

The positive effects of curcumin have been demonstrated against several 

diseases including cancer (Devassy et al., 2015). Curcumin may restrict the 

development of cancer in many phases.  It suppresses the transformation, 

development, and invasion of tumours, angiogenesis, and metastasis. Curcumin 

is supposed to suppress the growth of tumour cells through various pathways 

like cell proliferation pathway (cyclin D1, c-myc), cell survival pathway (Bcl-2, 

Bcl-xL, cFLIP, XIAP, and cIAP1), caspase activation pathway (caspase 8, 3, and 

9), tumour suppressor pathway (p53, p21), death receptor pathway (DR4, 

DR5), and many other cells signal pathways (Ravindran et al., 2009). Evidence 

showed that curcumin is effective against various types of cancers including 

multiple myeloma, lung, pancreas, colon, prostates, and breast cancers (Anand 

et al., 2008; Devassy et al., 2015). The effectiveness of radiotherapy is also 

found to be increased by curcumin and thus shortens the duration of treatment 

(Akpolat et al., 2010). Previous studies reported that curcumin helps to 

modulate the antiapoptotic protein Bcl-2 and proapoptotic protein Bax ratio in 

testicular cells of diabetic rats and inhibits apoptosis (Zhao et al., 2017). Liang 

et al. (2018) reported that the alteration of EMT in lung tissue of mice due to 

tobacco smoke is also ameliorated by curcumin through downregulating of the 

MAPK pathway. 
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2.2.2.8. Effect of curcumin on the reproductive system 

Curcumin is a phytochemical has various essential properties like antioxidant, 

anti-inflammatory, and apoptotic properties, it is useful for maintaining a 

healthy reproductive system. Previous studies reported that cadmium-induced 

toxicities in mice cause a decrement in testosterone and progesterone level in 

mice leads the reproductive disorder. Curcumin helps to increase this essential 

hormonal level and showed its beneficial effect (Abu-Taweel, 2016).  Sadoughi. 

(2016) reported that curcumin helps in increasing estrogen and progesterone 

level among alloxan-induced diabetic rats and maintain a healthy reproductive 

system. Shah and Shrivastava (2021) reported that letrozole-induced 

polycystic ovarian syndrome which is a combination of endocrine metabolic 

abnormalities and various types of inflammation is treated by curcumin. 

2.2.3. Drawbacks of curcumin 

2.2.3.1. Toxicity of curcumin 

In spite of its several beneficial effects, curcumin has some toxicity which is 

dose-dependent.  Higher doses of curcumin alter enzyme activities and may 

lead to adverse effects (Nelson et al., 2017). Recent studies reported that high 

doses of curcumin influence DNA damage and inactivate P53 by reacting with 

thiol groups of cysteine residue (Jantawong et al., 2021). In some cases, it 

exerts its cytotoxic effect against some cancer cell lines (Martínez-Castillo et al., 

2018).  Intake of curcumin up to 8 gm per day for three months by healthy 

human subjects showed no toxicity (Sharifi-Rad et al., 2020).  But the same 

dose is responsible for abdominal pain among pancreatic cancer patients. It 

might be due to the curcumin-induced inhibition of prostaglandin synthesis 

and inhibition of COX (Hassanzadeh et al., 2020).  

2.2.3.2. Limitations of curcumin 

The pharmacokinetics of any compound depends on its rate of gastrointestinal 

absorption, metabolism, and bioavailability. Several studies reported that 

curcumin is poorly absorbed in oral administration (Jäger et al., Owery, 2014; 
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Lopresti, 2018; Dei and Ghidoni, 2019).  Curcumin is mostly water-insoluble 

and low bioavailable compound (Priyadarsini, 2014; Jamwal, 2018; Tabanelli 

et al., 2021). The bioavailability of curcumin is very low in different tissues and 

blood following its supplementation. Very low curcumin concentration in 

human plasma (0.051μg/mL) was detected following   2 g /kg curcumin 

treatment (Dei and Ghidoni, 2019). Similarly, 0.22 μg/mL plasma 

concentration of curcumin was estimated following the administration of 1 g 

curcumin/kg in mice (Hassanzadeh et al., 2020). The concentration of 

curcumin in liver and kidney tissues was found to be very negligible or 

undetectable. Due to its poor stability curcumin is metabolized and excreted 

rapidly. Curcumin is degraded within 30 min in an alkaline medium (pH > 7) 

and produces ferulic acid, vanillin, feruloyl methane, and Trans-6-(40-hydroxy-

30-methoxyphenyl)-2 (Zheng and McClements, 2020). The metabolism of 

curcumin rapidly occurs within the liver. Curcumin is transferred into the form 

of its water-soluble metabolites and excreted through urine. The majority of 

curcumin is excreted along with faces (≤90%) (Sharifi-Rad et al., 2020). 

Several approaches have been introduced for greater bioavailability, high 

plasma concentration, and to increase the cellular permeability and delayed 

metabolism of curcumin (Ishida et al., 2002; Selvam et al., 2005; Sun et al., 

2006; Ohori et al., 2006). 

2.3. Nanocurcumin and its overview 

Synthesis of nano curcumin overcomes the problems associated with its 

delivery, bioavailability, high rate of metabolism and fast expulsion. Various 

techniques are adapted for the preparation of nanocurcumin.   

2.3.1. Different curcumin nano formulations & their therapeutic role 

During last two decades many curcumin nano formulations (Table 2.1) have 

been prepared to overcome problems associated with its delivery and 

medicinal activities. The role of different curcumin nano formulations is listed 

in Table 2.1.   

Page | 40  



Chapter – 2: Literature Review 

 

Table 2.1: Role of nanocurcumin against different diseases  

(Source: Karthikeyan et al., 2020) 

Sl. 
No 

Curcumin 
nano-

formulation 
Description 

Models 
used 

Major outcomes References 

1 Liposomes Liposomes are a 
spherical vesicle 
consisted of single or 
multiple phospholipid 
bilayers surrounding 
aqueous units that very 
closely resemble the cell 
membrane structure. It 
solubilizes curcumin in 
the phospholipidic 
bilayer and allows 
curcumin to be 
distributed in aqueous 
medium and increases 
the effect of curcumin. 

Malaria, 
melanoma, 
Renal ischemia, 
colorectal 
cancer, and 
lung cancer 

Increased the 
antimalarial and 
antimelanoma 
effects, greater 
encapsulation 
efficiency, excellent 
bioactivity, and 
anticancer activity 

Basnet et al., 2012; 
Rogers et al., 2012;  
Tefas et al., 2017; 
Sesarman et al., 
2018;  
Chen et al., 2019; 
 Huang et al., 2019;  
Reddy et al., 2019;  
Vetha et al., 2019 

2 Polymers Polymers are another 
widely used effective 
drug delivery system for 
curcumin. It can able to 
improve the oral 
bioavailability and 
solubility of curcumin. 

Wound healing 
and colorectal 
cancer 

Exhibited strong 
wound healing and 
long blood 
circulation, 
suppression of 
tumor growth, 
higher growth 
inhibition in 
cancer cells than 
free curcumin, and 
increased the 
cellular uptake and 
better anticancer 
activity 

Li et al., 2012;  
Anitha et al.,2014; 
Chaurasia et al., 
2016; 
Xie et al., 2017 
Nasery et al., 2020 

3 Gold 
nanoparticles 

Gold nanoparticles have 
own unique physical and 
chemical properties and 
various surface 
functionalities. It offers 
versatalite platform in 
drug delivery (curcumin) 

Prostate and 
colorectal 
cancer cells 

Improved 
antioxidant activity, 
extended blood 
circulation, better 
solubility and 
stability, enhanced 
biocompatibility, 
and considerable 
anticancer activity 

Singh et al., 2013b; 
Rejinoldet al., 2015; 
Nambiar et al.,2018; 
Elbialy et al., 2019 

4 Magnetic 
nanoparticles 

Magnetic nanoparticles 
used for multiple 
purposes including drug 
delivery (curcumin), 
hyperthermia, and quality 
imaging 

Cancer and 
inflammatory 
cells 

Improved cellular 
uptake, potent 
targeting capability 
of curcumin, 
magnetic resonance 
imaging, effective 
protection against 
inflammatory agent, 
controlled 
curcumin delivery, 
excellent bio-
compatibility, & 
anticancer activity 

Yallapu et al., 
2012b; 
Bhandari et al., 
2016;  
Saikia et al., 2017; 
Aeineh et al., 2018; 
Ayubi et al., 2019 

5 Solid lipid SLNs possess a lipid core Allergy, colitis Extended Yadav et al., 2009; 
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nanoparticles 
(SLNs) 

matrix that can solubilize 
drug (curcumin) and the 
lipid core is steadied 
through emulsifiers. 
Normally SLN is spherical 
in shape. 

and cerebral 
ischemia, and 
breast cancer 
lines 

circulation of blood, 
increased anti-
inflammatory 
effects, targeted and 
enhanced drug 
release in brain, 
and better 
anticancer activity 

Kakkar et al., 2011; 
Wang et al., 2012; 
Kakkar et al., 2013; 
Bhatt et al., 2018; 
Wang et al., 2018; 
Fathy Abd-Ellatef et 
al., 2020 

6 Conjugates The complex formed from 
the joining together of 
two or more molecules, 
especially by covalent 
bond is referred as 
conjugates. Curcumin 
conjugation with small 
molecules and 
hydrophilic polymers 
increase its solubility and 
oral bioavailability 

Fibroblast cells, 
breast cancer, 
and amyloid 
fragments 

Increased the 
solubility, stability 
and bioavailability, 
strong anti-cancer 
activity, higher 
stability and 
bioavailability, and 
anti-amyloid effects 

Manju & 
Sreenivasan, 
2011;  
Singh et al., 2013a; 
Brahmkhatri et al., 
2018 

7 Cyclodextrins Cyclodextrins are the 
bucket shaped 
oligosaccharides and 
well-known solubilizing 
and stabilizing agent. It 
can solubilize the 
curcumin in a lipophilic 
cavity, and the outer 
hydrophilic surface 
assists in greater 
dispersion of the 
formulation. 

Bowel disease, 
lung, 
pancreatic, 
breast, 
colorectal 
cancer, and 
prostate cancer 
cells 

Developed 
bioavailability and 
increased solubility, 
improved 
antiproliferation, 
anticancer and anti-
inflammatory 
effects, increased 
the solubility, and 
formulated as eye 
drops. 

Yallapu et al., 2010; 
Yadav et al., 2012; 
Dandawate et al., 
2012;  
Abruzzo et al., 
2016; Ntoutoume et 
al., 2016;  
Maria et al., 2017;  
Guo, 2019 

8 Solid 
dispersions 

Solid dispersions are 
referred as one or more 
active component in an 
appropriate matrix. It can 
improve the 
bioavailability of poor 
water-soluble drugs like 
curcumin. 

Breast tumor, 
rat paw edema, 
and wound 
healing 

Prolonged survival, 
anti-tumor and 
anti-metastasis 
activity and 
prolonged survival, 
enhanced stability, 
bioavailability and 
anti-inflammatory, 
anti-bacterial and 
improvement of 
vaginal wound 
healing 

Liu et al., 2013; 
Teixeira et al., 2016; 
Silva et al., 2019; 
Zhang et al., 2019 

9 Micelles Micelles (20–100 nm) are 
normally colloidal 
dispersions made from 
amphiphilic molecule. It 
assists better 
solubilization and 
targeted delivery to 
curcumin. 

Lung tumor 
and colorectal 
cancer 

Bioavailability and 
solubility improved, 
prolonged life, 
targeted drug 
delivery, great 
chemical stability, 
and better 
antitumor and 
anticancer effects 

Adhikary et al., 
2010; 
Podaralla et al., 
2012; 
Raveendran et al., 
2013; 
Yang et al., 2015; 
Chang et al., 2016; 
Javadi et al., 2018; 
Chen S. et al., 2020 

10 Nanospheres Nanospheres are known 
as solid matrix particles 
where in the main 
component (drug) is 
mixed, but microcapsule 
contains internal core 

E. coli, 
Staphylococcus 
aureus, Vibrio 
vulnificus, and 
Candida 
albicans. 

Exhibited strong 
antimicrobial and 
anti-cancer effects, 
effective target 
delivery and anti-
amyloid effect 

Arunraj et al., 2014; 
Liang et al., 2017;  
Huo et al., 2019; 
Masoule et al., 
2019; 
Kim et al., 2020 
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and outer polymeric shell. Breast cancer 
cells, melanoma 
cells, and 
Alzheimer’s 

11 Nanogels A nanogel is a 
nanoparticle composed 
of a hydrogel synthesized 
by either physical or 
chemical cross-linking of 
polymers under 
controlled conditions. 
Cross linked structure of 
nanogels offer a strong 
base for drug storage 
and release. It is a 
possible technique to 
prepare and release 
active types of drugs like 
curcumin to cells for 
remaining activity, 
improving stability, and 
prevent drug 
immunogenicity 

Pancreatic 
cancer, 
colorectal 
cancer and skin 
cancer cells 

Targeted and 
controlled drug 
release, prolong 
circulation, 
enhanced bio 
availability, and 
better anticancer 
activity 

Mangalathillam et 
al., 2012; 
Wei et al., 2013; 
Madhusudana Rao 
et al., 2015;  
Amanlou et al., 
2019; 
Wang et al., 2019; 
Priya et al., 2020 

12 Nanodisks Nanodisks are disk-
shaped bilayers, 
apolipoprotein-stabilized 
and self-assembled. They 
boost the solubility 
and targeted release of 
curcumin 

Mantle cell 
lymphoma 

Improved biological 
activity and 
apoptosis to mantle 
cell lymphoma and 
anticancer activity 

Ghosh et al., 2011; 
Singh et al., 2011; 
Subramani et al., 
2017 

 

2.3.2. Methods of nanocurcumin preparation 

Nanotechnology helps to the formulation of the nanoparticle of curcumin and 

enhances its solubility, bioavailability, stability, and pharmacological activity. 

Various approaches are adapted to the preparation of the nanocurcumin. 

These are (Rajalakshmi and Dhivya, 2018). 

 Ultrasonication 

 Ionic gelation method  

 Antisolvent precipitation method 

 Fessi method 

 Thin film hydration method 

 Solid dispersion method 

 Emulsion polymerization method 

 Coacervation techniques 

 Nanoprecipitation method 
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 Single emulsion method 

 Solvent evaporation method 

 Spray drying method  

 Single emulsion method 

 Microemulsion 

2.3.3. Role of physicochemical properties of curcumin nanoparticles 

influencing its therapeutic efficacy 

2.3.3.1. Particle size and its distribution  

Particle size plays an important role in determining the biodistribution of the 

drug within specific organs, biodistribution throughout the body, attachment, 

rolling, phagocytosis, firm adhesion of nanoparticles, and accumulation.  The 

appropriate particle size enhances the rate of absorption, permeation, bio-

distribution, and circulation time as well as the bioavailability increases in the 

manifold. The excretion of a larger particle from the body is greater than a 

smaller particle. The rate of aggregation under the physiological condition of 

the larger particle is higher than the smaller particle (Hoshyar et al., 2016). 

Manikandan et al. (2022) reported that the reduction of the particle size of the 

curcumin up to the nano range (1-100nm) makes it more water soluble and an 

efficient anti-oxidant component than native curcumin. Ubeyitogullari and 

Ciftci (2019) revealed that the reduced particle size of curcumin is responsible 

for low crystallinity and maximum bio-accessibility which makes it a better 

therapeutic agent. Setthacheewakul et al. (2010) reported that the prepared 

nanocurcumin exhibits 10-40 folds higher absorption rate than the same oral 

dose of free curcumin administered to the Wister strain. 

2.3.3.2. Surface properties of nanoparticles 

Surface area, surface charge, and surface hydrophilicity are the important 

characteristic features of surface properties. Reduced particle size increases 

the surface area to volume ratio. The huge surface area to volume ratio of 

nanoparticles enhanced reactivity between the particle and its near 
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environment thus helping to increase the biodistribution in the body tissues 

and organs (Gatoo et al., 2014). The surface charge represents the electric 

potential of the nanoparticles and it is correlated with the nanoparticle’s 

chemical composition. Due to the presence of zeta potential, no aggregation is 

found in water-soluble nanocurcumin and it forms a stable suspension (Shao et 

al., 2015). Previous studies reported that a curcumin nanoparticle that is 

positively charged exerts superior antimicrobial activity against Listeria 

monocytogenes than free curcumin (No et al., 2017). 

2.3.3.3. Shape of particle 

The shape of the particle is another important factor that plays an important 

role in various biological processes. The shape of the nanoparticle affects cell 

uptake, rate of drug delivery, and site of the drug delivery from the systems. 

Appropriate interaction is achieved by proper shape of the nanoparticle 

(Ankamwar, 2012). The spherical shape of the nanocurcumin whose average 

diameter is 28 nm helps to enhance the cellular uptake and showed a better 

cytotoxic effect against human laryngeal cancer cells than native curcumin. 

(Hanna and Saad, 2020). Rahimi et al. (2016) reported that the spherical shape 

of the prepared nanocurcumin is more stable and soluble and displayed more 

anticancer efficiency than free curcumin. 

2.3.4. Therapeutic application of Nanocurcumin 

2.3.4.1. Hepatoprotective effect of nanocurcumin 

The efficacy and the bioavailability of the nanocurcumin are greater than 

native curcumin. This better efficacy has broad applications in therapeutics. 

For example, nanocurcumin exhibits greater bioavailability and anti-oxidant 

efficacy in the mouse brain compared to curcumin. Nanocurcumin reduces the 

oxidative stress indicators and also reduces the rising level of AST, and ALP. 

Nanocurcumin shows a better hepatoprotective effect against acrylamide-

induced stress than native curcumin (Atia et al., 2022). Mohammed et al., 2020 

reported that due to the better stability, bioavailability, and absorption, 
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nanocurcumin used for the treatment of diethyl nitrosamine-induced hepatic 

carcinoma by increasing serum albumin, glutathione peroxidase (GPx), 

glutathione (GSH), superoxide dismutase (SOD), catalase (CAT) level and 

decreasing malondialdehyde (MDA) level. Nanocurcumin helps to reduce the 

diethyl nitrosamine-induced hepatocarcinogenic effect of nitrosamines by 

decreasing the heterocyclic aromatic amine toxicity. Kheiripour et al. (2021) 

reported that nanocurcumin shows a better effect than native curcumin 

against paraquat-induced hepatotoxicity by modulating oxidative stress and 

expression of genes in the Nrf2 signalling pathway. The regular arrangement of 

the hepatic cell and central vein is distorted by paraquat and nanocurcumin 

exposure helps to rearrangement of the hepatic cell and central vein.  

2.3.4.2. Nephroprotective effect of nanocurcumin 

The concentration of the nanocurcumin was found to be higher than native 

curcumin in the kidney tissues. The greater bioavailability of the 

nanocurcumin showed better renoprotective activity than native curcumin. 

Nanocurcumin exerts its nephroprotective effect against cisplatin-induced 

nephrotoxicity by decreasing the serum creatinine, and blood urea nitrogen 

levels and increasing serum albumin levels. Cisplatin changes the 

histopathological features of kidney tissues and was normalized by the use of 

nanocurcumin (Sandhiutami et al., 2019). The better dissolution and 

deliverable capacity of nanocurcumin show a better renoprotective effect than 

curcumin against streptozotocin-induced diabetes by reducing the serum urea 

and creatinine level (Jie et al., 2021). Nanocurcumin improves kidney function 

by suppressing the expression of MMP-9 and minimizing fibrosis area in 

interstitial and tubular atrophy of rat kidneys with unilateral ureter 

obstruction (Karthikeyan et al., 2020). El-Desoky et al. (2022) reported that 

tartrazine induced elevated levels of serum creatinine, urea, and uric acid and 

changes in the histopathology of the kidney tissues were ameliorated by 

nanocurcumin.  
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2.3.4.3. Antilipidemic effect of nanocurcumin  

Nanocurcumin maintains better cardiometabolic health than native curcumin 

by regulating glycaemic index, lipid profiles, inflammation, and systolic blood 

pressure (Ashtary-Larky et al., 2021). Previous experiments showed that 

doxorubicin hydrochloride-induced apoptosis and ROS production in rat 

embryonic cardiomyocytes decreased by both curcumin and curcumin nano 

formulation. Due to the better pharmacokinetic properties of curcumin nano 

formulation showed better cardioprotective activity than unformulated 

curcumin (Salehi et al., 2020). Dastani et al. (2022) reported that systematic 

inflammation and disordered lipid metabolism lead to the progression of 

coronary diseases in diabetic patients. Nanocurcumin supplementation 

reduces highly sensitive C reactive protein, and lipoprotein levels and reduced 

the chances of atherosclerosis progression in diabetic patients. Ray et al., 2016 

reported that ultra-low doses of nanocurcumin can exert regression of cardiac 

hypertrophy in rat model. Rachmawati et al. (2016) showed that 

nanocurcumin has better antihypertensive and antihypercholesterolemic 

activity than native curcumin by inhibiting 3-hydroxy-3-methylglutaryl-CoA 

reductase (HMGR) and Angiotensin Converting Enzyme (ACE).  

 2.3.4.4. Antigenotoxic effect of Nanocurcumin 

According to the literature, the antigenotoxic activities of nanocurcumin is 

more effective than free curcumin because of better solubility and 

bioavailability. Better efficacy of nanocurcumin in tartazine-induced 

genotoxicity measured by comet assay was recorded in rats (El-Desoky et al., 

2020). Al-Bishri (2017) showed a protective effect of nanocurcumin in 

hyperthyroidism by downregulating the oxidative stress, inflammation and 

DNA damage in rat. Curcumin nano formulation has a better outcome than 

native curcumin against cyclophosphamide-induced testicular genotoxicity 

(Poojary et al., 2021). Yadav et al. (2016) reported that arsenic and fluoride co-

exposure induced DNA damage repaired by nanocurcumin. Chromosomal 
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damage due to Iodine-131 in peripheral lymphocytes was also repaired by 

nanocurcumin (Farhadi et al., 2018).  

2.3.4.5. Anti-inflammatory activities of nanocurcumin 

The better pharmacokinetic properties of nanocurcumin made it as a superior 

anti-inflammatory agent than native curcumin. Lower doses (15-fold) of 

nanocurcumin are equally effective as native curcumin in decreasing the 

production of inflammatory cytokines (IFNγ and TNFα) and chemokines 

(CXCL9 and CXCL10), chemokines receptor (CXCR3), inflammatory markers 

(Granzyme B) in cerebral malaria (Dende et al., 2017). Valizadeh et al. (2020) 

documented anti-inflammatory activities of nanocurcumin in covid-19 patients 

by decreasing the secretion of inflammatory cytokines like IL-1β and IL-6 

mRNA expression. The better absorption property of nanocurcumin made it an 

effective therapeutic agent than free curcumin by modulating cytokine profile 

that enhances tumour cell growth and migration. Nanocurcumin reduces the 

cytokine secretion in activated T cells like TNF-α, IL-8, IL-6, IL-10, and IL-1β 

(Milano et al., 2013). Nanocurcumin showed a good effect in the treatment of 

central nervous disease by decreasing the expression of pro-inflammatory 

cytokines and increasing the expression of anti-inflammatory cytokines 

(Yavarpour-Bali et al., 2019). 
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3. MATERIALS AND METHODS 

3.1. Preparation of Nanocurcumin and its characterization 

3.1.1. Reagents  

Curcumin: Curcumin was purchased from Sigma Chemicals Company, St. Louis 

3.1.2. Procedure 

For synthesis of nanocurcumin, 0.018 M curcumin solution was prepared by 

dissolving curcumin in dichloromethane (DCM). The solution was added to 

warm (500C) Milli-Q ultrapure water with a flow rate of 0.2 mL/min for 10 min 

under ultrasonic-pulse sonication subjected to constant stirring (Hielscher 

Ultrasonic Processor UP100H, Germany). The solution containing 

nanocurcumin turned yellow and separated by centrifugation. It was then 

sterilized by autoclaving, freeze-dried at - 800C followed by lyophilization 

(Eyela-FDU- 2000, Japan). A dry orange coloured powder of nanocurcumin was 

obtained.  

The surface plasmon resonance of the laboratory synthesized nanocurcumin 

was analysed optically using UV-Vis spectrophotometer (UV-3101PC, 

Shimadzu, Japan). The nanocurcumin was morphologically characterised and 

size was measured by Field Emission Scanning Electron Microscopy (FE-SEM, 

FEI INSPECT F50, The Netherlands). The prepared nanocurcumin was 

characterized by Fourier Transform Infrared Spectroscopy (FTIR) (Perkin-

Elmer FTIR-1600, USA) by mixing dried powder of nanoparticles with KBr. 

Spectra were taken of 4 cm-1. Existence of different functional groups was 

detected by FTIR. The crystalline nature of the prepared nanocurcumin was 

detected by XRD (Bruker AXS, Inc., Model D8, WI). The crystalline phase was 

detected by running the sample through 40 kV voltage and 40 mA current with 

0.028 min-1 scanning rate within a range of 2Ɵ (5 to 40°). 
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3.2. Animals and Treatments 

Female albino rats of Wistar strain (Rattus norvegicus), 30 in number, 60 - 75 

days old, weighing 140-150 g were procured from the Animal Housing Facility 

and maintained with normal protein diet according to the guidelines of the 

Institutional Animal Ethics Committee of the Jadavpur University, Kolkata, 

India (Ref. No.: AEC/PHARM/1502/14/2015, Dated: 112 30/07/2015)24. The 

animals were maintained with normal protein diet containing 18% casein, 

70% carbohydrate, 7% fat, 4% salt mixture, and 1% vitamin mixture (Hawk, 

Oser, & Summerson, 1954). Animals were divided into 6 groups, each 

containing 5 animals as described below –  

i. Control group: These rats were fed with normal diet only. 

ii. Nicotine group: The animals of this group were treated with nicotine 

(injected subcutaneously) with a dose of 2.5 mg/kg body weight for three 

weeks and maintained under normal protein diet.   

iii. Nicotine and curcumin group: The animals of this group were treated 

with nicotine (injected subcutaneously) with a dose of 2.5 mg/kg body weight 

followed by supplementation of curcumin (80 mg/kg body weight) orally for 

three weeks and maintained under normal protein diet.   

iv. Nicotine and nanocurcumin group: The animals of this group were 

treated with nicotine (injected subcutaneously) with a dose of 2.5 mg/kg body 

weight followed by supplementation of nanocurcumin (4 mg/kg body weight) 

orally for three weeks and maintained under normal protein diet.   

v. Curcumin supplemented group (CS): These rats were fed with normal 

protein diet followed by supplementation of effective dose of curcumin (80 mg 

mg/kg body weight) orally for 21 days 

vi. Nanocurcumin group: The animals of this group were supplemented with 

nanocurcumin (4 mg/kg body weight) orally for three weeks along with 

normal protein diet.   
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3.2.1. Administration of nicotine 

A solution of nicotine hydrogen tartrate salt (2.5 g nicotine salt dissolved in 

one mL normal saline) was prepared as stock solution. It was diluted with 

normal saline to obtain a final concentration 2.5 µg/µL. Required volume of 

nicotine solution as per body weights of the animals was taken in a syringe and 

was injected subcutaneously daily for 21 days to the respective animals. 

3.2.2. Administration of curcumin and nanocurcumin  

Both, curcumin and nanocurcumin were dispersed separately in sterile 

distilled water and administered orally with gavages following three hours of 

nicotine administration in respective groups of animals. The doses of nicotine 

(2.5 mg/kg bodyweights/day), curcumin (80 mg/kg bodyweights/day) and 

nanocurcumin (4 mg/kg bodyweights/day) were administered for 21 

consecutive days to the respective groups of animals as designed. Animals 

were kept in starvation for 12 h after 21 days of treatment and sacrificed on 

the next day following mild anaesthesia. Blood samples were collected 

immediately from the heart and stored in plain vial without any anticoagulant.  

Sera were separated and stored at - 20 0C for future analysis. Vital organs like 

liver, kidney, and pancreas were dissected out and stored in vacuum 

desiccators at - 20 0C to prevent auto-oxidation. 

3.3. Biochemical Assays 

3.3.1. Acid Phosphatase (ACP) Assay 

The serum Acid Phosphatase level was determined by the process explained by 

Bessey et al., 1946 using commercially available kit (Arkray Healthcare Pvt. 

Ltd, India). 

3.3.1.1. Reagents 

 Acid buffer-substrate solution 

 NaOH (0.1N) 
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3.3.1.2. Procedure 

Two dry sterile glass tubes were taken and marked as “sample” and “control”, 

respectively. Acid buffer- substrate solution (1ml) was taken in each test tube 

and incubated for 37°C; 5 mins). The tubes were again incubated (37°C; 30 

mins) after serum (0.2ml) was added in “sample”. Sodium Hydroxide (0.1N; 

4ml) was added to each tube; serum (0.2ml) was added to “control” and mixed 

well. The O.D. measured was the difference of “Sample” with corresponding 

“Control”, against 405 nm in Spectrophotometer. 

3.3.2. 

Serum Alkaline Phosphatase level was estimated using commercially available 

kit (Arkray Healthcare PVT. Ltd., India) following the method described by 

Kind and King, 1954. 

3.3.2.1. Reagents 

 Buffered substrate (pH 10) 

 Chromogen reagent 

 Phenol standard (10 mg %) 

 Distilled Water 

3.3.2.2. Procedure 

Four dry sterile glass tubes were taken and marked as “Sample”, “Control”, 

“Blank”, and “Standard,” respectively. Distilled water (1.5ml) and 0.5 ml 

buffered water (pH 10) were taken in each tube, mixed thoroughly and 

incubated at 37°C for 3 mins Serum (0.05 ml) was taken in the “sample,” and 

0.05ml of Phenol standard (10 mg %; 0.05 ml) was taken in the “standard” 

tube and incubated at 37°C for 15 mins. Chromogen reagent (1ml) was added 

in each test tube.  Serum (0.05ml) was taken in “Control”. O.D. was measured 

against distilled water at 510 nm in the Spectrophotometer. 

 

 

Alkaline Phosphatase (ALP) Assay 
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3.3.3.  Aspartate aminotransferase (AST) or SGOT Assay 

The level of AST was estimated as mentioned by Reitman and Frankel’s (1957) 

using commercially available kit (Arkray Healthcare Pvt. Ltd., India). 

3.3.3.1. Reagents 

 Alanine α Keto Glutarate substrate (pH-7.4) 

 DNPH (2,4- dinitrophenylhydrazine) colour reagent 

 NaOH solution (4N) 

 6mM working pyruvate standard (150IU/L) 

 Deionized water 

3.3.3.2. Procedure 

Four dry, sterile glass tubes were taken and marked as Test, Control, Standard 

and Blank, respectively. 0.25 ml buffered alanine α keto glutarate substrate 

(pH 7.4) was taken in each test tube. Then 0.05 ml serum sample was added in 

the “test”; 0.05 ml pyruvate standard (6mM;) was taken in the “standard” tube, 

and incubated at 37°C; for one hour. Colour reagent 2,4-DNPH (0.25ml) was 

added in each tube. Then 0.05 ml deionized water was added in “blank”; and 

0.05ml serum in “control” tube and incubated for 20 mins at 15°C to 30°C. 

Finally, 2.5ml NaOH (4N) solution was added in each test tube. O.D. was taken 

using a filter of 505 nm against “Blank”. 

3.3.4. Alanine aminotransferase (ALT) or SGPT Assay 

The level of ALT was estimated as mentioned by Reitman and Frankel’s (1957) 

using commercially available kit (Arkray Healthcare Pvt. Ltd., India). 

3.3.4.1. Reagents 

 Alanine α Keto Glutarate substrate (pH-7.4) 

 DNPH (2,4- dinitrophenylhydrazine) colour reagent  

 8mM working pyruvate standard (IU/L) 

 Deionized water 
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3.3.4.2. Procedure 

Four dry, sterile glass tubes were taken and marked as Test, Control, Standard 

and Blank, respectively. 0.25 ml buffered alanine α keto glutarate substrate 

(pH 7.4) was taken in each test tube. Then 0.05 ml serum sample was added in 

the “test”; 0.05 ml pyruvate standard (8mM;) was taken in the “standard” tube, 

and incubated at 37°C; for 30mins. Colour reagent 2,4-DNPH (0.25ml) was 

added in each tube. Then 0.05 ml deionized water was added in “blank”; and 

0.05ml serum in “control” tube and incubated for 20 mins at 15°C to 30°C. 

Finally, 2.5ml NaOH (4N) solution was added in each test tube. O.D. was 

measured against distilled water at 505 nm. 

3.3.5. Creatinine Assay 

The estimation of creatinine in serum was done by the Alkaline Pictrate 

Method described by Moss et al., 1975 using commercially available kit (Arkray 

Healthcare Pvt. Ltd., India). 

3.3.5.1. Reagents 

 Picric Acid 

 0.75 (N) NaOH solution 

 Stock Creatinine Standard (150 mg%) 

3.3.5.2. Procedure 

Serum sample (0.5ml) was taken in a glass tube, 0.05 ml distilled water and 

3ml picric acid added with it and placed in a boiling water bath for 1min for 

deionization. Then the tube was cooled immediately and filtered using 

Whatman filter paper. Filtrate was used for the assay. Four dry, sterile glass 

tubes were taken and marked as Test, Control, Standard and Blank, 

respectively. Two ml of filtrate was taken in the “test” tube, 0.5 ml creatinine 

(150 mg%) in the “standard” tube, and 0.5ml double- distilled water in “Blank” 

tube. In “Blank” and “Standard”, 1.5ml of picric acid was added. Finally, 0.5ml 
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of NaOH (0.75 N) was added in each tube mixed well and incubated at15°C to 

30°C for 20 mins. O.D. was measured against double distilled water at 520 nm. 

3.3.6. Urea Assay 

The estimation of urea in serum was done by the Diacetylmonoxide (DAM) 

method described by Friedman and Young, 2000 using commercially available 

kit (Arkray Healthcare Pvt. Ltd., India). 

3.3.6.1. Reagents 

 Urea reagent 

 Diacetylmonoxime (DAM) 

 Working urea standard (30 mg%) 

3.3.6.2. Procedure 

Four dry, sterile glass tubes were taken and marked as Test, Control, Standard 

and Blank, respectively. Urea reagent (2.5 ml) was taken in each test tube. 

Serum sample (0.01ml) in the “Test”; 0.01 ml of urea standard (30mg %;) was 

in the “standard” tube was taken and mixed well. DAM was added in each tube 

and placed in boiling water bath for 10mins. After that tubes were cooled 

immediately under running tap water. O.D. was measured against “Blank” at 

525 nm. 

3.3.7. Estimation of Blood Urea Nitrogen (BUN) 

The estimation of BUN in serum was done by calculation as described by 

Wallker et al., 1990 using commercially available kit (Arkray Healthcare Pvt. 

Ltd., India). 

Calculation BUN= A x 0.467 

Here, A= Urea (mg/dl) calculated as above. 

3.3.8. Total Cholesterol Assay 

Total cholesterol was estimated as described by Allain et al.,1974 using 

commercially available kit (Arkray Healthcare Pvt. Ltd., India).  
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3.3.8.1. Reagents 

 Cholesterol mono reagent 

 Cholesterol Standard 

3.3.8.2. Procedure 

Three dry, sterile glass tubes were taken and marked as Test, Standard and 

Blank, respectively.  One ml of cholesterol mono reagent was taken in each 

tube. Then 10 μl of cholesterol standard added in “Standard” and 10 μl of 

serum in the “Test”.  Tubes were incubated at37°C for 5 mins. was taken using 

a filter of 505 nm against “Blank”. 

3.3.9. High-Density Lipoprotein (HDL- Cholesterol) Assay 

Total cholesterol was estimated as described by Grundy, 1993 using 

commercially available kit (Arkray Healthcare Pvt. Ltd., India).  

3.3.9.1. Reagent 

 Cholesterol mono reagent 

 Precipitating Reagent 

 HDL- Cholesterol Standard 

3.3.9.2. Procedure 

In a dry test tube 200 μl serum and 200 μl precipitating reagent was taken and 

incubated for 10 mins at 15°C to 30°C then centrifuged at2000 x g for 15 mins 

for separation of HDL-Cholesterol (HDL-C).  The supernatant was used for 

estimation of HDL. Three dry glass tubes were taken and marked as “Sample,” 

“Blank,” and “Standard,” respectively.  One ml of cholesterol mono reagent was 

taken in each tube.  HDL- Cholesterol Standard (100 μl) was added in 

“Standard”; 100 μl sample in “Sample,” mixed well and incubated at 37°C for 10 

mins. The O.D. was taken using a filter of 505 nm against “Blank”. 
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3.3.10. Triglycerides Assay 

Serum triglyceride was estimated following the method described by Werner 

et al., 1981 using commercially available kit (Arkray Healthcare Pvt. Ltd., 

India).  

3.3.10.1. Reagents 

 Triglyceride mono reagent 

 Triglyceride Standard solution 

3.3.10.2. Procedure 

Three dry glass tubes were taken and marked as “Sample,” “Blank,” and 

“Standard,” respectively. One ml of triglyceride mono reagent was taken in 

each tube.  10 μl of triglyceride standard solution was taken in “Standard” and 

10 μl serum in “Sample”, all tubes were incubated at 37°C for 10 mins. O.D. was 

taken using a filter of 505 nm against “Blank”. 

3.3.11. Estimation of Very Low-Density Lipoprotein (VLDL) 

Cholesterol 

VLDLC was calculated by the formula described by Suchanda, 2008. 

VLDLC = Triglycerides (mg/dl)/ 5 

3.3.12. Estimation of Low-Density Lipoprotein (LDL) 

LDL cholesterol was calculated by the using the formula described by Oliveira 

et al., 2013 

LDL cholesterol= Total cholesterol (mg/dl) – Triglycerides (mg/dl)/5 – HDL-C 

(mg/dl). 

3.3.13. Estimation of Lipid Peroxidation 

The level of lipid peroxidation was estimated by thiobarbituric acid test 

procedure as described by Chatterjee and Agarwal, 1988. 
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3.3.13.1. Reagents 

 Phosphate buffer  

 20% trichloroacetic acid solution  

 Thiobarbituric acid (TBA) 

3.3.13.2. Tissue preparation 

0.5 gm of liver tissue was homogenized in 5 ml phosphate buffer (0.1M; pH 7.5) 

and centrifuged at7000 x g for 20 mins. The assay was done using the clear 

supernatant. 

3.3.13.3. Procedure 

Two ml of homogenate, 1 ml TCA and 2 ml TBA were taken in a Stoppard tube 

mixed thoroughly and heated for 10 mins in boiling water bath. Then cooled 

immediately and centrifuged at 5000 x g for 10 mins.) The OD was taken at 530 

nm against blank.   

Calculation 

Lipid peroxidation level was calculated by the malondialdehyde (MDA) level 

produced by degradation of hydro-peroxide. Extinction coefficient of MDA is 

1.56 x 105 / M/ cm (Sinnhuber et al., 1958). The results were expressed as 

nano mole MDA/mg of protein. 

3.3.14. Estimation of Catalase (CAT) 

Estimation of catalase was done by the enzyme-catalysed decomposition of 

H2O2 as described by Cohen et al., 1970. 

3.3.14.1. Reagents 

 Phosphate buffer (0.01 M; pH 7.0) 

 H2O2 (6 mM) 

 H2SO4 (6 N) 

 KMnO4 (0.01 N) 
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3.3.14.2. Tissue preparation 

0.5 gm of liver tissue was homogenized in 5 ml phosphate buffer (0.01M; pH 

7.5) and centrifuged at 7000 x g for 20 mins. The assay was done using the 

clear supernatant. 

3.3.14.3. Procedure 

Three dry glass tubes were taken and marked as Sample, Blank, and Standard. 

Cold sample, buffer and distilled water; 0.5 ml were taken in three different 

tubes respectively. The enzymatic reaction was started by thorough mixing in 

5 ml cold H2O2 for 3 mins. Then reaction was stopped by adding 1 ml H2SO4 

(6N). O.D. was measured at 480 nm immediately following addition of 7 ml 

KMnO4 (0.01N) 

Calculation 

The catalase activity was expressed by the rate of decomposition of H2O2 using 

the formula: K=log (S0/S3) X 2.3/T 

K = (Log S0/S3) x 2.3/ T 

K = first-order reaction rate constant 

T = time interval for which reaction was carried out (3mins) 

S0 = substrate concentration at zero time 

S3 = substrate concentration after 3mins 

Catalase activity is expressed in nmol H2O2 decomposed / min/mg protein 

3.3.15. Estimation of Superoxide Dismutase (SOD) 

Estimation of SOD activity was done by the enzymatic   reduction of nitro 

tetrazolium to pharmazone by superoxides as described by Beauchamp and 

Fridovich, 1971. 

3.3.15.1. Reagents 

 mM Phosphate buffer (pH 7.8) 

 Methionine (650 mM) 
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 Riboflavin (900 UM) 

 Nitro-blue tetrazolium (NBT) (7.5 mM) 

 EDTA (200mM) 

3.3.15.2. Tissue preparation 

Liver tissue (5gm) was homogenized in 5 ml phosphate buffer (0.01M; pH 7.8) 

and centrifuged at 7000 x g for 20 mins. The assay was done using the clear 

supernatant. 

3.3.15.3. Procedure 

50 μl tissue homogenate, 1.7 ml phosphate buffer, 150 μl EDTA, 600 μl 

methionine, and 300 μl NBT taken in a glass tube. A tube devoid of the tissue 

homogenate was used as “Control”. Riboflavin (200 μl) was added in each tube 

and kept under tube light. O.D. was measured at 560 nm at various time 

intervals. 

Calculations: 

Z = (X – Y)/ X *100 

Z= SOD activity in nmol O2 decomposed / min / 100 mg protein 

X= Optical Density at zero mins 

Y= Optical Density at 2 mins. 

3.3.16. Estimation of Glutathione Peroxide (GPx) 

GPx activity was measured on the basis of oxidation of the selenol by H2O2 

(Levander et al., 1983). 

3.3.16.1. Reagents 

 50 mM Phosphate buffer (pH 7.0) 

 50 mM EDTA  

 200 mM Glutathione (GSH) 

 NADPH 
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Reaction mixture: Phosphate buffer 11.808 ml was added with EDTA, 20 μl 

glutathione reductase, 64.8 μl GSH, and 1.2 mg NADPH. Then 108 ml of 

Phosphate buffer was added and pH adjusted to 7.0. 

3.3.16.2. Tissue preparation 

Liver tissue (5gm) was homogenized in 5 ml phosphate buffer (50mM; pH 7.8) 

and centrifuged at 7000 x g for 20 mins. The assay was done using the clear 

supernatant. 

3.3.16.3. Procedure 

Three ml of reaction mixture was taken in a glass tube then 50 μl of 

homogenate mixed with it and O.D. was measured at 340 nm. After that, 10 μl 

of H2O2 was added. OD was measured following 0, 30, and 60 secs of H2O2 

addition. Another tube containing reaction mixture (3 ml), 50 μl phosphate 

buffer, and 10 μl H2O2 were mixed, and O.D. was taken at 340 nm and used as 

‘Blank’. 

3.3.16.4. Calculation 

Units/ml enzyme = sample optical density x 2 x total volume of assay x dilution 

factor (6.22) x volume of sample used. 

GPx activity = Units/ml enzyme amount of protein value were expressed as n 

mole/ min/ mg protein. 

3.3.17. Calculation of Superoxide and peroxide handling capacities 

(SPHC)  

Superoxide and peroxide handling capacities (SPHC) were calculated as 

described by Nayak et al., 2014. 

GSH-independent SPHC= CAT/SOD 

GSH-dependent SPHC = GPx/SOD 
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3.3.18. Total protein estimation from tissues 

The total protein content of various tissues like; liver, kidney and ovary were 

estimated by Lowry method (Lowry et al., 1951). 

3.3.18.1. Reagents 

 Phosphate buffer (pH 7.0) 

 Na2CO3 (2%) in 0.1 N NaOH 

 NaK Tartrate (1%) in H2O 

 CuSO4. 5 H2O (0.5%) in distilled H2O  

 Reagent I: A -48 ml + B – 1ml + C-1ml   

 Reagent II- Folin-Phenol [2 N]: water [1:1] 

 BSA Standard - 1 mg/ ml 

3.3.18.2. Tissue preparation 

0.5 gm tissue (liver, kidney, ovary) was homogenized in phosphate buffer (5 

ml; 50mM; pH 7.0) and centrifuged (7000 x g; 20 mins.). The clear supernatant 

was utilized for the assay. 

3.3.18.3. Procedure 

A standard graph was drawn using known concentrations of BSA. The amount 

of protein in the test sample was determined from the standard graph drawn. 

The amount of protein in samples was measured from the standard graph 

according to the respective OD values.  

3.3.19. Protein Oxidation Assay 

3.3.19.1. Reagents 

 Phosphate buffer (pH 7.4) 

 Tri-chloro acetic Acid 

 DNPH (10mM) 

 HCl (2N) 

 Ethanol 
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 Guanidine hydrochloride (6 M) 

3.3.19.2. Procedure 

Protein oxidation was estimated following the method of Levine et al., (1994) 

by measuring the carbonyl content of serum.  Serum was diluted with 

phosphate buffered saline with the ratio of 1: 40, and centrifuged for 10 mins 

at 12,000 rpm. The serum protein was precipitated by centrifugation for 5 

mins following addition of   cold trichloroacetic acid (TCA, 20% final 

concentration).  Solution 10 mM DNPH in 2 N HCl was mixed with precipitated 

protein and kept in the dark for 1 h with regular vortexing in 15 mins interval. 

The protein solution then centrifuged at 12000 rpm for 5 min following mixing 

with cold TCA (final concentration 10%). The supernatants were discarded and 

protein pellets were washed with 10% TCA by centrifugation. One ml of 

ethanol/ethyl acetate (in the ratio of 1:1, v/v) was added to eliminate any free 

DNPH. Samples were suspended in 6 M guanidine hydrochloride and incubated 

at 37 °C for 15 min with thorough mixing. OD was estimated against 366 nm.   

3.3.20. Estimation of Haemoglobin 

Haemoglobin% was estimated by the Sahli’s Haemoglobinometer (Chatterjee, 

1994). 

3.3.20.1. Reagents and accessories 

 Haemoglobinometer 

 HCl (0.1N) 

3.3.20.2. Procedure 

The Haemoglobinometer consists of two tubes, 20 mm3 of haemolysed with 

same volume of 0.1N HCl and saturated C.O. gas; the colour of this tube was 

taken as the standard. An equal volume of HCl (0.1N) was mixed with a blood 

sample in another tube, and colour development was observed. The colour 

intensity of the sample adjusted with that of standard by adding HCl (0.1N).  
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3.3.21. DNA extraction from blood  

The DNA was extracted from blood sample and content was estimated by 

slightly modified method of the National Institute of Health protocol, 2004, as 

described by Banerjee et al., 2012. 

3.3.21.1. Reagents 

 RBC lysis buffer 

 Nuclei lysis buffer 

 SDS (Sodium Dodecyl Sulphate) (10%) 

 Proteinase K 

 NaCl solution (6 M) 

 Ethanol 

 Tris-EDTA (T.E.) buffer (pH 8) 

3.3.21.2. Procedure 

DNA was extract by salting-out procedure. RBC lysis buffer (200μl) was added 

with 200μl EDTA blood and allowed for 20 minutes at room temperature. The 

tube was centrifuged at 1000 x g for 10 mins at 4°C.  The pellet was separated 

by discarding the supernatant. Nuclei lysis buffer, proteinase K and SDS was 

added and the pellet was missed thoroughly and incubated at 65°C for 2-3 hrs. 

Ice-chilled ethanol (100%) was added and the contents were mixed by 

inverting the tube 10-20 times.  The tube was centrifuged at 10K for 10 mins 

for DNA precipitation. The DNA was spooned with a wide-mouthed l tip and 

transferred to a micro-centrifuge tube containing 70% ethanol.  The tube was 

centrifuged at 13K for 10 mins at 4°C. The supernatant was discarded 

precipitated DNA was dissolved in T.E. buffer (pH-8). The concentration of 

DNA and its purity were measured at A230, A260, and A280 using the Elico 

spectrophotometer. 

Calculation 

Concentration of DNA (μg/ml) = (OD at A260 – OD at A320) X dilution factor X 

50 μg/ml. 
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Total DNA isolated (μg) = Concentration of DNA X Final sample volume (ml). 

Purity of DNA = A260/A280 

3.3.22. DNA Extraction from Tissue Cells 

The DNA was extracted from the tissue cell and content was estimated by 

slightly modified method as described by Gupta, 1984.  

3.3.22.1. Reagents 

 Homogenizing buffer (1% SDS, 50 mM EDTA) 

 Tris HCl (1 mM; pH 7.4) 

 Proteinase K (100 μg/μL)  

 Phenol (Distilled) 

 Sevag (chloroform: isoamyl alcohol; 24:1) 

 Ethanol 

 NaCl (5 M) 

 Tris-HCl (50 mM; pH 4) 

 RNAse (100 μg/ml) 

 Tris-EDTA 

3.3.22.2. Procedure 

Liver tissue (50 mg) and homogenizing buffer were taken in a tube and 

homogenized with tissue rafter (REMI-RQ127A), proteinase K (100 μg/μL) was 

then added and incubated at 45ºC for 45 mins). After incubation 0.5 ml 1 mM 

Tris HCl (pH- 7.4) was added and centrifuged at 4000 x g for 10 mins at 4ºC). 

Supernatant was discarded   sequentially with 1 volume of phenol, 1:1 mixture 

of phenol/Sevag and, Sevag was mixed and allowed for 5 mins, 3 mins and 3 

mins respectively. At the separation phase was done by centrifugation at 

14000 x g for 25 mins. at 4ºC). NaCl (5 M) 0.1 volume and 1 ml ethanol (100%) 

was added and kept at -20ºC for one hour. Finally, the DNA was precipitated by 

centrifugation at14000 x g; for 15 mins. The precipitated DNA was rinsed twice 

with 70% ethanol and dissolved in T.E. buffer (0.5 ml). RNAse (100 μg/ml) in 

Tris-HCl was added and incubated at 38ºC for 30 mins for removal of RNA. 
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DNA was dissolved in T.E. buffer (0.2 ml). The concentration, amount and 

purity were measured spectrophotometrically at A230, A260, and A280 (Elico 

Spectrophotometer). 

Calculation: 

Concentration of DNA (μg/ml) = (OD atA260 – OD at A320) X dilution factor X 

50 μg/ml. 

Total DNA isolated (μg) = Concentration of DNA X Final sample volume (ml). 

Purity of DNA = A260/A280 

3.3.23. Comet Assay: Estimation of DNA damage 

The DNA damage was estimated by comet assay as described by Singh et al., 

1988 and Kido et al., 2006 with minor modifications.  

3.3.23.1. Principle 

Comet Assay for measuring DNA damage in eukaryotic cells was first described 

by Ostling and Johanson in 1984. The assay is based on single cell gel 

electrophoresis (SCGE) technique to determine the nature of breakage in single 

and/or double-strand in DNA. This method immobilizes the cells on a double-

layered gel slide of low and high melting agarose. The immobilised cells are 

then lysed with alkaline solution and allowed for electrophoresis to detect the 

type of comet shape following electrophoresis. The damaged and fragmented 

DNA will lose its organized and compact structure and will move out towards 

the anode due to its overall negative charges. On the other hand, the 

undamaged DNA will not leave their tightly associated nuclear association. 

This migration of damaged and breakage DNA will form a unique pattern 

resembling to that of a comet following ethidium bromide staining.  

3.3.23.2. Reagents 

 High melting agarose (Melting point 40 – 42°C) (2%;) 

 Low melting agarose (0.5%) 

 Lysis buffer (Tris- EDTA) pH 10 
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 Alkaline Electrophoresis Buffer (300 mM NaOH in 1 mM EDTA) pH 13 

 Neutralizing buffer (0.4 M Tris-HCl) pH 7.5 

 Homogenizing Buffer (0.075M NaCl; 0.024M EDTA) 

 Ethidium bromide (20 μg/ml) 

From Blood: 

3.3.23.3. Procedure  

Kido et al., 2006 procedure was slightly modified for the comet assay.  

High melting agarose (200 μL; Genei, India) was layered on a pre-cooled 

frosted glass slide, covered with a cover slip and allowed for casting. Low 

melting agarose (Genei, India) was melted and 80 μL of it was taken in a micro-

centrifuge tube, 20 μL whole blood was mixed with it.  The cover slip from the 

previously-prepared slide was removed thus creating a groove and the low 

melting agarose blood mixture layered gently in the groove. It was covered 

with a cover slip and allowed to cast for 15 min.). The cover slip was removed 

cautiously and incubated at 40C for 2 hrs. in freshly prepared cold lysis 

solution. The slides were placed in alkaline electrophoresis solution at 40C, on 

a horizontal gel electrophoresis apparatus and placed in a dark place for15 

mins. Electrophoresis was started (1 v/cm; 250 mA) in the dark for15 mins. 

Following electrophoresis, the slides were washed in neutralizing buffer. The 

slides were examined and photographed with Leica fluorescent microscope 

Model 300 FX at 40 x magnification following Ethidium bromide staining. 

3.3.23.4. Measurement of comet parameter 

The measurement of the comet head diameter, tail length, and percentage of 

DNA damage was accomplished by the process explained by Uhl et al., 2000. 50 

cells per animal were screened and examined under a fluorescent microscope 

Model 300 FX at 40 x magnification. Quantification of DNA damage for each cell 

was determined by Image J software as: 

Total amount of DNA in the comet = (Total comet Area) × (Mean DNA 

intensity) 
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Total DNA in the comet head = (Total Head area) × (Mean DNA intensity) 

% Of DNA damage = (Total DNA in comet) – (Total DNA in comet head) × 100 

                                                              (Total DNA in Comet) 

§ Tail length (lT): Distance between the end of the comet head and the end of 

the DNA migration 

§ Head Area (A.H.): The area covered by comet head. 

§ Comet Area (A.C.): The area covered by the total comet. 

§ Mean Head intensity (I.H.): The mean intensity of the pixels located in the 

head area. 

§ Head DNA (DNAH): The sum of the intensities located in the head area 

                              DNAH = AH x IH 

§ Tail Area (AT): The area covered by the comet tail. 

                                   AT = AC - AH 

§ Tail DNA, DNAT: The difference between total comet DNA and head DNA. 

                             DNAT = DNAC - DNAH 

§ Percent Tail DNA (% DNAT): The percentage DNA in the tail. 

                         % DNAT = 100 DNAT / (DNAT+ DNAH) 

§ Tail Moment (M.T.): The product of tail length and fraction of DNA in the tail. 

                                   MT = lT x % DNAT 

3.3.24. Enzyme-Linked Immunosorbent Assay (ELISA) 

The ELISA is based on solid-phase enzyme immunoassay (EIA) to estimate the 

lowest range of ligand/antigen (ng/mL to pg/mL) in a liquid sample. It is an 

important diagnostic tool in medicine for quality-control and detection of 

specific protein in solutions (Savige et al., 1998). The ligand is measured by a 

ligand-specific antibody. Antigen (Ag) is coated on a solid surface (polystyrene 

microtiter plate), either non-specifically or specifically (“sandwich” ELISA). 

The targeted antibody (Ab) is immobilized with the antigen and forms a 

complex of antigen-antibody. Antibody may be detected by any secondary 

antibody is bio-conjugated by an enzyme. The aggregation of both the 

antibodies (primary and secondary) responsible for changing the colour of the 

product which indicates the presence of Ag: Ab complex. It is a diagnostic 
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method for detection of either antigen of antibody both qualitative and 

quantitatively. 

 In my study, the quantification of Insulin, Cytokines (IL-4, IL-6, TNF-α, and 

IFN-γ), Apoptotic Markers (BAX and Bcl-2), and hormones (Estradiol and 

Progesterone) were done by commercially available ELISA kit Genetix 

Puregene (India). Sandwich ELISA method was used for quantification of 

above-mentioned parameters. The Specific monoclonal antibody pre-coated 

microplates were used.  Respective standard, control and sample were taken in 

the wells of microtitration plate specific for any particular parameter. The 

unbound materials were washed out, and an enzyme-linked polyclonal 

antibody specific to the parameter was put in the wells. Unbound antibodies, if 

any, were washed out and specific substrate solution was added.  Stop solution 

was added to stop the reaction. Different intensity of colour depending upon 

products was measured. Quantification of studied parameters was done by 

calculating the ODs of samples and standard and control from the standard 

curves. 

3.3.25. Molecular Docking 

The mode of interaction of DNA, Cyt-C, haemoglobin, α-LA and serum proteins 

with nicotine and nano-curcumin was done by UCSF CHIMERA 1.13.1 

molecular modeller system using GEMDOCK program for computing ligand 

conformation and orientation in respect to active site of receptor. Protein Data 

Bank (PDB ID: 1TUP) for tumour suppressor P53 complex with DNA, PDB ID: 

1IRD for haemoglobin, PDB ID: 1A4V for α-LA protein and PDB ID: 5EXQ for 

Cyt-c protein was used as receptor.  For docking, PubChem CID: 89594 for 

nicotine and PubChem CID:969516 for nanocurcumin was taken as ligand 

molecule. Human serum protein showed 73% homology with that of Rattus 

norvegicus and was used for molecular docking study.  The chemical structure 

of nanocurcumin and curcumin was same Bhawana et al., 2011 so the 

PubChem ID of curcumin was considered for further studies.  
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3.3.25.1. Interaction Studies of Nicotine vs. Haemoglobin and 

Nanocurcumin  

A solution of nicotine hydrogen tartrate (10 mM) in haemoglobin (3 mg/ml 

normal saline) was prepared.  One ml of haemoglobin solution was placed in a 

quartz cuvette and absorbance spectrum was noted (300 nm – 500 nm) against 

normal saline as blank by an UV-Visible spectrophotometer. Different 

concentrations of nicotine solution (50 to 500 μM) were added to the 

haemoglobin solution and mixed well and the spectrum of each mixture was 

taken. The nicotine - Hb interaction was varied in different concentration of 

nicotine and it was increased till the complete suppression of Hb absorbance 

peak.  Then, freshly prepared nanocurcumin was added gradually to nicotine + 

Hb solution till the final concentration of nanocurcumin reached to 10 to 50 μM 

in the solution.  The absorbance was recorded at different concentration of 

nanocurcumin at 300 nm – 500 nm against normal saline as blank.  

3.3.25.2. Interaction Studies of Nicotine vs. DNA and Nanocurcumin  

One ml of DNA solution (30 μg/mL) in TE buffer was taken in a quartz cuvette 

and absorbance spectrum was noted (240 nm – 320 nm) against TE buffer as 

blank. Nicotine solution with different concentrations was added with DNA 

solution till the final concentration of nicotine from 50 to 250 μM, mixed well 

and the spectrum at different concentration of nicotine was taken.  The 

nicotine concentration increased gradually till the suppression of DNA 

absorbance peak sufficiently.  Freshly prepared nanocurcumin was added 

gradually to nicotine - DNA solution till the final concentration of 

nanocurcumin was reached 10 to 50 μM in the solution. Absorbance spectrum 

was recorded at 240 nm – 320 nm against TE buffer as blank at different 

concentration of nanocurcumin. 
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3.3.25.3. Interaction Studies of Nicotine vs. Protein and 

Nanocurcumin 

From our previous studies it was observed that 500 μM nicotine concentration 

can suppress the absorbance peaks of different cellular proteins completely 

(50 μg/ml saline) (Zeng et al., 2016). So, the recording of nicotine (500 μM) 

absorbance spectrum was initiated from 230 nm to 300 nm.  Freshly prepared 

nanocurcumin was gradually added with nicotine solution till the final 

concentration of nanocurcumin reached from 10 μM to 100 μM, incubated at 

room temperature for 15 minutes and the absorbance spectrum in different 

concentration of nanocurcumin was recorded.   

To study nicotine-treated α–LA protein vs. nanocurcumin interaction, 

absorbance spectrum of α–LA protein (50 μg / ml water) was recorded (230 

nm to 500 nm). Nicotine (500 μM) was then added to the α–LA protein and 

absorbance spectrum was recorded (230 nm to 500 nm). Various 

concentrations of nanocurcumin were added gradually to the nicotine-treated 

protein solution till the final concentration of nanocurcumin in the solution 

reached from 10 μM to 100 μM and absorbance spectra were recorded.  Similar 

experiments were   performed by using nicotine-treated Cyt-c protein vs. 

nanocurcumin.  

3.3.26. Histo-pathological study of the different tissues 

The histological studies of liver, kidney of treated and untreated rats was done 

following proper fixation and staining.  

3.3.26.1. Material / Accessory Required 

 Compound microscope  

 Glass Slides  

 Cover Slip  

 Absolute alcohol  

 Haematoxylin 

 Eosin 
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 Bouin’s fluid (for fixation) 

a. Fixation: Soft tissues of vital organs like liver, kidney was cut into pieces 

put in a considerable amount of Bouin’s fluid for 24 hrs. Tissues were washed 

with 70 % and 80% alcohol for several times to remove the fixative fluid and 

kept in 70% alcohol. 

b. Embedding: The tissue specimens were dehydrated gradually by 

increasing concentrations (50%, 70%, 80%, and 95%) of alcohol. After that the 

tissues were kept in a mixture of absolute ethanol and chloroform for 4 hrs and 

then to chloroform for additional 4 hours. After that, the specimens were 

shifted to a saturated solution of paraffin and chloroform. The temperature of 

the solution was maintained by placing in a paraffin bath at 560C -580C. The 

specimens were kept in melted paraffin for 3 hrs. The specimen was then 

transferred into an embedding frame comprises of two glass plates and two L-

shaped metal bodies by a spatula. The paraffin was cooled quickly by dropping 

the frame in cold water. The glass plate and metal frames were removed from 

the solid paraffin. 

c. Cutting and Handling of Sections: Sectioning of the tissues was done by 

a rotary microtome.  The specimen block was mounted over a special metal 

disc by heating. By up and down movement of the block against the knife 

several sections of tissue were made and remained stick to one another, 

forming the ribbon. The ribbons were placed on glass slides sequentially. A 

mixture of egg white and glycerine was used adhesive. Before staining, paraffin 

was removed by immersing in xylol for 5mins.  

d. Staining (Haematoxylin and Eosin staining): Two different stains 

were used: Haematoxylin, a basic dye staining of nucleus and eosin an acidic 

dye for staining of cytoplasm. First, the slides with fixed sections were passed 

through different grades (95%, 80%, 70%, and 50%) of alcohols then to Water. 

After proper hydration, slides were kept in haematoxylin solution for 5mins or 

till the sections were turn to deep blue by examining under the microscope.  

Excess stain was removed by placing the slides in water for 15-30 mins.  After 

that, the sections were passed through different concentrations (50%, 70%, 
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80%, and 95%) of alcohol for 1 min each and finally in 95% alcohol for 5 

minutes. The sections were then put in alcoholic solution of eosin for 1-5 mins. 

Excess eosin was washed with 95% alcohol, until no stains were left. After this, 

the stains were put in a mix of equal parts of absolute alcohol and xylol for 5 

mins.  

e. Clearing and Mounting: Clearing agents make the sections transparent 

and prominent so that, histological features can be studied clearly.   Xylol is a 

good clearing agent for haematoxylin and eosin staining. Stained slides were 

put in fresh xylol for 5 minutes. 

Once the clearing agent was drained, A drop of Canada balsam / DPX was put 

immediately over the tissue sections following drying of clearing agent and a 

cover glass was placed gently over it and allowed to dry.  

3.4. Statistical analysis   

The experiments were done twice and all the data of different sets of 

experiments were entered in excel sheets.  were averaged over N = 12 animals, 

and given mean + S.D. Significance levels were determined by using ANOVA, 

where * implied significant (p< .01) and ** implied highly significant (p < .001) 

of the data when compared with the data of nicotine treatment. Similarly, # 

implied significant (p<.01) and ## implied highly significant (p<.001) of the 

data when compared with the data of nicotine + curcumin treatments. 

3.5. Instruments and Apparatus used for Research 

 Centrifuge 

In my study Plastocraft ROTA 3R centrifuge was used for experiment. This 

machine used for separate the fluid from the particles of different size and 

densities. It is mainly used in my study to isolate protein, DNA, plasma, serum 

from animals’ peripheral blood. This centrifuge machine maintains the 

sedimentation principle and throughout the process maintains the required 

temperature. 
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Spectrophotometer 

In current study UV-3101PC (Shimadzu, Japan) UV-VIS single-beam 

spectrophotometer was used. Several quantitative estimations of biochemical 

assays and DNA and various interaction study was done by this UV-Visible 

spectrophotometer. 

LS 50B, Fluorescence spectroscopy was used my study which analyses 

fluorescence from a sample. 

Fourier transform infrared spectroscopy (Perkin Elmer –FTIR-1600, USA) was 

used in my study for determining the functional group present in the 

nanocurcumin. 

Probe sonicator 

In nanotechnology probe sonicator mainly used to break the particle size and 

made it nano form. In my study for preparing nanocurcumin Hielscher 

Ultrasonic Processor- UP100H (Germany) was used. 

Liophiliser 

It is mainly used to extend the shelf life of the product by removing water from 

the frozen materials. For obtaining the orange powder of the nanocurcumin 

EYELA-FDU-2000 (Japan) liophiliser was used. 

Field Emission Scanning Electron Microscope (FESEM) 

FE-SEM, FEI INSPECT F50, (FEI Europe BY, The Netherlands) was used for 

determining the particle size of the nanocurcumin.  

XRD (X-ray diffractometer) 

 XRD used for determining the crystallographic state of the material.  Burker 

AXS, Inc., Model D8, WI was used for determining the crystallinity of 

nanocurcumin. 

Fluorescent microscope 

In current experiment, the fluorescent microscope was used in the comet assay 

to estimate the percentage of DNA damage within the whole blood cells. In this 

study Leica Model 300 FX fluorescent microscope was used in this experiment. 
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4. RESULTS 

4.1. Characterization of Nanocurcumin 

Nanocurcumin was prepared from curcumin by ultra-sonication method. The 

prepared nano-curcumin appears as yellow coloured powder. The average 

particle size was measured as 65 ± 5 nm (Figure 4.1.A) by FESEM study.  The 

powder is soluble in water and the solution is reddish yellow in colour with an 

absorption peak at 350 nm as measured by UV-visible spectrophotometer 

(Figure 4.1.B). The peaks appeared in The FTIR spectrum were exactly similar 

with that of curcumin where, peaks at 1,626 cm-1 indicate C=C stretching, at 

1,507 cm-1 and 1,263 cm-1 indicate C=O stretching, at 1,153 cm-1 and 1,115 cm-1 

corresponds to C – H stretching. The absorption peaks at 1025 cm-1 were due 

to C-N stretching (Figure 4.1.C). The crystalline nature of prepared 

nanocurcumin was confirmed by X-ray diffraction (Figure 4.1.D).    

 

 Figure 4.1: (A). Physical appearance and average particle size (65 ± 5 nm) as 

measured by FESEM.  (B). Absorption peak showed at 350 nm by UV-visible 

spectrophotometer (C). Crystalline properties of prepared nanocurcumin as 

evidenced by XRD (D).   FTIR spectrum of synthesized nanocurcumin 
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4.2. Ameliorative Effects of nanocurcumin on nicotine induced 

toxicities in female rat  

Nicotine is known to be harmful for our health. Long continuous intake of 

nicotine shows toxic effects in biochemical, cellular, histo-pathological, 

immunological and molecular levels. Curcumin shows its potentiality to 

overcome the toxic effects of nicotine. But its poor pharmacokinetic properties, 

limits its therapeutic application. In the present study the potentiality of 

nanocurcumin has been assessed against nicotine toxicity and compared with 

to that of curcumin.    

4.2.1. Effects of nanocurcumin on nicotine induced changes of 

hepatic enzymes 

The activities of all four hepatic enzymes like ACP, ALP, ALT and AST levels 

were increased significantly (36.4%, 97.9%, 68.0% and 41.4% respectively) 

among the nicotine treated rats in compared to control group. Both curcumin 

and nanocurcumin showed significant protective effects against nicotine 

induced hepatic toxicity in terms of increased levels of those enzymes. But 

nanocurcumin was found to be more effective in this aspect than that of 

curcumin. The results of hepatic enzymes level are given in Table 4.1.  

4.2.2. Effects of nanocurcumin on nicotine induced changes on renal 

function parameters 

A significant increase in serum urea and creatinine (40.9% and 41.2% 

respectively) levels were noticed among nicotine exposed animals compared to 

normal animals (Table 4.2). The administration of curcumin and nano-

curcumin along with nicotine showed beneficial effects by declining the levels 

of urea and creatinine. Nanocurcumin was more effective in terms of reducing 

serum urea and creatinine (5.8% and 14.3% respectively) than native 

curcumin (26.5% and 31.1%) among nicotine treated rats. The results of 

serum urea and creatinine levels are mentioned in Table 4.2.   
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Table 4.1: Levels of four hepatic enzymes in different study and control groups 

of female rats under normal dietary condition 

 

The experimental setup was repeated twice and all data were averaged over n = 12 

animals and given mean ± S.D. Significance levels were determined by using ANOVA, 

where * implied significant (p < 0.01) and ** implied more significant (p < 0.001) of 

the data when compared with the control. Similarly, # implied significant (p < 0.01) 

and ## implied more significant (p < 0.001) of the data when compared with nicotine 

treatment.   

 
Table 4.2: Levels of serum urea and creatinine in different study and control 

groups of female rats under normal dietary condition 

 

The experimental setup was repeated twice and all data were averaged over n = 12 

animals and given mean ± S.D. Significance levels were determined by using ANOVA, 

where * implied significant (p < 0.01) and ** implied more significant (p < 0.001) of 

the data when compared with the control. Similarly, # implied significant (p < 0.01) 

and ## implied more significant (p < 0.001) of the data when compared with nicotine 

treatment.  

 

Parameter 
Groups 

Control Nicotine 
Nicotine 

+ Curcumin 
Nicotine + 

Nanocurcumin 
Nano-

curcumin 
ACP (m mol/ 

h/100 ml) 
1.43 ± 
0.10 

1.95 ± 
0.15** (36.4↑)  

1.56 ± 
0.17** (9.1↑)  

1.47 ± 0.12** 

(2.8↑) 
1.30 ± 0.11* 

(9.1↓) 

ALP  (m mol/ 
h/100 ml)  

4.87 ± 
0.60 

9.64 ± 
1.82** (97.9↑)  

7.40 ± 0.98* 

(51.9↑)  
5.55 ± 0.73** 

(14.0↑)   
4.30 ± 0.13* 

(11.7↓)  
AST 

 (IU/L)  
14.88 ± 

2.10 
25.13 ± 

5.05** (68.9↑)  
20.95 ± 

2.49* (40.8↑)  
16.97 ± 2.50** 

(14.0↑)  
10.35 ± 

0.90** (30.4↓) 
ALT 

 (IU/L)  
34.58 ± 

7.24 
48.89 ± 

7.79** (41.4↑) 
42.29 ± 

6.94* (22.3↑) 
37.10 ± 2.47** 

(7.3↑) 
36.40 ± 

4.84* (7.3↑) 

Parameter 
Groups 

Control Nicotine 
Nicotine + 
Curcumin 

Nicotine + 
Nanocurcumin 

Nano-
curcumin 

Urea  
(mg/100 

ml)  

37.16 ± 
2.63 

52.36 ± 3.60** 

(40.9↑)  
47.00 ± 

2.78* 

(26.5↑)  

35.00 ± 2.30** 

(5.8↓)  
32.80 ± 1.19** 

(11.7↓) 

Creatinine 
(mg/100 

ml)    

1.19 ± 0.11 1.68 ± 0.14** 

(41.2↑)  
1.56 ± 0.50* 

(31.1↑)  
1.36 ± 0.13* 

(14.3↑)  
0.70 ± 0.15** 

(41.2↓) 
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4.2.3. Effects of nanocurcumin on nicotine induced changes in Lipid 

profile  

A significant increase in triglyceride, cholesterol, VLDL-C and LDL-C (45.8%, 

32.9%, 45.5% and 75.4% respectively) and decreased level of HDLC 

concentration (18.4%) in the serum of the nicotine treated rats were recorded 

in respect to control arm (Table 4.3).  However, curcumin and nanocurcumin 

showed potential ameliorative effects by decreasing the concentrations of 

triglyceride, cholesterol, VLDL-C and LDL-C in the serum of the rats. Increased 

level of HDL-C was recorded in both curcumin and nanocurcumin arms 

compared to nicotine treated arm. The better role of nanocurcumin than 

unformulated curcumin in maintaining the level of lipid profile due to nicotine 

toxicity was observed.  
 

Table 4.3. Levels of lipid profile in different study and control groups of female 

rats under normal dietary condition 

 

The experimental setup was repeated twice and all data were averaged over n = 12 

animals, and given mean ± S.D. Significance levels were determined using ANOVA, 

where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 

presented in the parenthesis showed average (%) increase (↑) or decrease (↓) in 

respect to the control. 

 

 

 

Parameter 
Groups 

Control Nicotine 
Nicotine 

+Curcumin 
Nicotine 

+Nanocurcumin 
Nano-

curcumin 
Triglyceride 

(mg/dl)   
118.6 ± 

10.2 
172.8 ± 9.4** 

(45.8↑)  
150.9 ± 8.6* 

(27.3↑)  
135.0 ± 5.8* 

(13.9↑)  
99.4 ± 4.8** 

(16.2↓) 
Cholesterol 

(mg/dl)    
104.7 ± 

10.7 
139.1 ± 11.6** 

(32.9↑)  
104.4 ± 
7.1** (0.3↓)  

102.9 ± 2.5** 

(1.7↓)  
103.4 ± 9.1* 

(1.2↓) 
HDL  

(mg/dl)   
40.1 ± 1.0 32.7 ± 1.5** 

(18.4↓)  
37.18 ± 
1.6** (7.3↓)  

38.5 ± 1.6** 

(4.0 ↓)  
47.6 ± 3.6** 

(18.7↑) 
VLDL  

(mg/dl)  
24.0 ± 1.3 34.8 ± 1.4** 

(45.5↑)  
30.7 ± 1.8* 

(28.3↑)  
27.6 ± 1.8* 

(15.3↑)  
19.9 ± 1.2** 

(17.0↓) 
LDL  

(mg/dl)  
41.3 ± 2.5 72.4 ± 4.8** 

(75.4↑)   
57.9 ± 3.2* 

(40.2↓)   
47.8 ± 2.5* 

(15.7↓)  
36.0 ± 5.8** 

(12.8↓) 
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4.2.4. Effects of nanocurcumin on nicotine induced changes on MDA 

The level of MDA is a parameter to determine the rate of lipid peroxidation by 

different free radicals in plasma and liver. Nicotine induced peroxidation of 

lipids by free radicals resulting in increased level of MDA in plasma and liver 

cells (42.0% and 69.2% respectively). Both curcumin and nanocurcumin 

showed ability to reduce MDA levels in respect to nicotine treated animals. For 

reducing MDA level among nicotine treated animals nanocurcumin was more 

effective than curcumin (Table 4.4).   
 

Table 4.4: Levels of MDA in different study and control groups of female rats 

under normal dietary condition 

 
Parameter 

Groups 

Control Nicotine 
Nicotine 

+Curcumin 
Nicotine 

+Nanocurcumin 
Nano-

curcumin 

Plasma 
(n mol/ 

ml)  

5.64 ± 
0.61 

8.01 ± 
1.31**(42.0↑)  

6.90 ± 
0.79* (22.3↑)  

6.51 ± 0.52* 

(15.4↑)  
5.06 ± 0.50 

(10.3↓) 

Liver  
(n mol/mg 

protein)   

14.72 ± 
0.36 

24.90 ± 
2.17**(69.2↑)  

20.36 ± 
2.96*(38.3↑)  

16.83 ± 2.21** 

(14.3↑) 
14.26 ± 0.60* 

(3.12↓) 

 
 

The experimental setup was repeated twice and all data were averaged over n = 12 

animals, and given mean ± S.D. Significance levels were determined using ANOVA, 

where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 

presented in the parenthesis showed average (%) increase (↑) or decrease (↓) in 

respect to the control. 

4.2.5. Effects of nanocurcumin on nicotine induced changes on 

antioxidant enzymes  

Antioxidants are the enzymes responsible for neutralising the free radicals and 

thus reduce the oxidative stress. In my present study, it was observed that the 

level of SOD, CAT, GSH and GPx was declined significantly in nicotine treated 

group comparing to control group (57.0%, 32.3%, 39.8% and 17.0% 

respectively). Increasing level of antioxidants by curcumin and nanocurcumin 

were noticed among nicotine treated animals. This ability was found to be 

higher in nanocurcumin group than curcumin group (Table 4.5).    
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Table 4.5. Levels of antioxidant enzymes in different study and control groups 

of female rats under normal dietary condition 

 

The experimental setup was repeated twice and all data were averaged over n = 12 
animals, and given mean ± S.D. Significance levels were determined using ANOVA, 
where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 
presented in the parenthesis showed average (%) increase (↑) or decrease (↓) in 
respect to the control. 

4.2.6. Effects of nanocurcumin on nicotine induced changes on 

haemoglobin  

The concentration of haemoglobin decreased (26%) in nicotine injected group 

whereas, native curcumin and nanocurcumin both showed the ability in 

increasing the haemoglobin concentration in the nicotine treated group (Table 

4.6). 

Table 4.6: Levels of haemoglobin content in different study and control groups 

of female rats under normal dietary condition 

 

The experimental setup was repeated twice and all data were averaged over n = 12 
animals, and given mean ± S.D. Significance levels were determined using ANOVA, 
where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 
presented in the parenthesis showed average (%) increase (↑) or decrease (↓) in 
respect to the control. 

Parameter 
Groups 

Control Nicotine Nicotine + 
Curcumin 

Nicotine + 
Nanocurcumin 

Nano-
curcumin 

SOD (n mol/O2 
decomposed/       
min/100 mg 

protein)  

9.98 ± 
0.40 

4.29 ± 
0.30** 

(57.0↓) 

6.72 ± 
0.14* 

(32.7↓)  

7.61 ± 0.59** 

(23.7↓)  
10.46 ± 

1.08* 

(4.8↑) 

CAT (n mol/H2O2 
decomposed/       
min/100 mg 

protein)   

38.7 ± 
7.6 

26.2 ± 2.1** 

(32.3↓)  
29.6 ± 

1.8* (23.5↓)  
31.9 ± 1.3* 

(17.60↓) 
40.4 ± 1.9* 

(4.4↑)  

GSH (µg/mg 
protein) 

34.6 ± 
1.0 

20.8 ± 0.6** 

(39.8↓)   
28.9 ± 

0.5*(16.5↓)  
30.2 ± 0.3** 

(12.7↓)  
35.1 ± 0.6* 

(1.4↑) 
GPx (n mol/ 

min/mg protein) 
147.8 ± 

2.7 
126.4 ± 

2.8** (17.0↓)  
133.6 ± 
2.3*(9.6↓)  

136.0 ± 1.8** 

(8.0↓)  
149.0 ± 
1.2*(1.0↑) 

Parameter 
Groups 

Control Nicotine 
Nicotine 

+Curcumin 
Nicotine + 

Nanocurcumin 
Curcumin 

Nano-
curcumin 

Hb%                                  13.3±0.3                              9.8±0.6 
(26.0↓)            

  12.2±1.3  
   (8.1↓)**                  

 12.4±0.2 
   (6.6↓)**#          

 12.9±0.2 
(3.0↓)              

13.2±0.2  
(1.0↓) 
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4.2.7. Effects of nanocurcumin on nicotine induced changes in total 

protein in different tissues 

The total protein contents of different tissues like- liver, kidney and ovary were 

decreased significantly in   nicotine treated animals (25.5%, 21.5% and 24.3% 

respectively) (Table 4.7). The protein contents of those tissues were increased 

more significantly by the administration of animals nanocurcumin (p < 0.001) 

than curcumin (p < 0.01).  

Table 4.7. Contents of total protein in different tissues of different study and 

control groups of female rats under normal dietary condition 

 

The experimental setup was repeated twice and all data were averaged over n = 12 

animals, and given mean ± S.D. Significance levels were determined using ANOVA, 

where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 

presented in the parenthesis showed average (%) increase (↑) or decrease (↓) in 

respect to the control. 

 
4.2.8. 

About four times more carbonyl contents were detected in the serum proteins 

of nicotine induced rats. In contrast, both curcumin or nanocurcumin 

supplementation showed a reduction of carbonyl content in the serum protein 

of nicotine-treated animals. The effect of nanocurcumin against protein 

oxidation is more pronounced than that of curcumin (Table 4.8). 

 
 
 
 

Parameter 
Groups 

Control Nicotine Nicotine+ 
Curcumin 

Nicotine + 
Nanocurcumin 

Curcumin Nano-
curcumin 

Liver  
(mg/g)                                                                          

23.9 ± 
0.10 

17.8 ± 
1.0(25.5↓)**   

19.8 ± 1.8 
(17.2↓)*        

21.2 ± 1.6 
(11.5↓)**#       

24.1 ± 0.1 
 ( 1.0↑)      

25.3 ± 0.1 
 (5.8↑) 

Kidney 
 (mg/g)  

20.6 ± 
3.2 

16.2 ± 
2.0(21.5↓)** 

17.9 ± 0.3 
(13.2↓)* 

19.1 ± 1.6 
(7.3↓)**## 

22.1 ± 0.5 
(7.2↑)  

22.7 ± 0.5 
(10.2↑) 

Ovary 
 (mg/g)   

20.9 ± 
1.1 

15.8 ± 
1.6(24.3↓)** 

17.8 ± 1.9 
    (15.0↓) *         

18.7 ± 1.8 
(10.7↓)*# 

21.1 ± 1.4 
(1.0↑)  

22.1 ± 1.4 
  (5.7↑) 

Effects of nanocurcumin on nicotine induced changes in 

protein carbonyl content in serum 
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Table 4.8: contents of total protein carbonyl in serum of different study and 

control groups of female rats under normal dietary condition 

Parameter 

Groups 

Control Nicotine 
Nicotine + 
Curcumin 

Nicotine+ 
Nano-

curcumin 
Curcumin 

Nano-
curcumin 

Serum (n mole 
carbonyl/ 

   mg ) protein                            

0.81± 
0.08    

3.12± 
0.11(285↑)*

*                                    

1.96±0.18   
(141↑)*                         

1.43±0.7 
(76.5↑)**#          

0.83± 
0.06 (2.46↑)               

 0.65±0.08  
(1.97↓) 

 

The experimental setup was repeated twice and all data were averaged over n = 12 

animals, and given mean ± S.D. Significance levels were determined using ANOVA, 

where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 

presented in the parenthesis showed average (%) increase (↑) or decrease (↓) in 

respect to the control. 

 
4.2.9. Effects of nanocurcumin on nicotine induced changes in total 

DNA content and percentage of DNA damage 

The whole blood DNA contents was drastically reduced (39.8%) by nicotine as 

observed in nicotine treated rats (Table 4.9). Nanocurcumin was more 

effective in increasing the whole blood DNA content among nicotine treated 

group (p<0.001) than native curcumin (p < 0.01). Nicotine treatment was 

responsible for a massive DNA damage (39.97%) of the whole blood cells 

where as it was only 2.76% in control group. (Table 4.9). This DNA damage due 

to nicotine was significantly reduced by curcumin (>20%) and more 

significantly by nanocurcumin (>30%).  

Supplementation of curcumin or nanocurcumin alone did not produce any 

negative effect on DNA content of blood cells rather they showed healthy 

condition of blood cells (Figure 4.2). 
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Table 4.9: Contents of total DNA and percentage of DNA damage in different 

study and control groups of female rats under normal dietary condition 

Parameter 

Groups 

Control Nicotine 
Nicotine 

+Curcumin 

Nicotine 
+Nano-

curcumin 
Curcumin 

Nano-
curcumin 

Blood  
(µg/300µL)                                    

113.95 
± 2.70 

   68.56 ± 
1.52(39.8↓) **           

90.77 ± 
5.02(20.3↓) **# 

107.85 ±  
4.42 (5.4↓)*## 

114.72 ± 
3.33(1.0↑) 

116.67 ± 
2.51(2.4↑) 

% DNA 
Damaged 

2.76 ± 
0.30 

39.97 ± 
0.81 

16.99 ± 
1.60** 

9.20 ± 
0.22**## 

2.32± 0.54 2.11± 0.48 

Tail 
moment 

(Arbitrary 
unit) 

70.5 ± 
1.6 

691.3 ± 
10.60 

   

245.5 ± 
9.30* 

162.00 ± 
3.30**##  

21.02 ± 3.4 20.6 ± 4.90 

 
The experimental setup was repeated twice and all data were averaged over n = 12 

animals, and given mean ± S.D. Significance levels were determined using ANOVA, 

where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 

within the parenthesis represent the average percentage of increase (↑) or decrease 

(↓) relative to the control. 

 

 

 

 

 

 

 

 

              

 
 
 
 
 

 

Figure 4.2: Photographs of Comet assay of whole blood of different groups: C= 

Control, NT=Nicotine, NTCS= Nicotine plus Curcumin and NTNCS= Nicotine 

plus Nanocurcumin 
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4.2.10. Molecular Docking study  

4.2.10.1. Nicotine Vs. Haemoglobin 

Molecular docking study of nicotine vs. haemoglobin showed the formation of 

complex structures of nicotine-haemoglobin molecule (Figure 4.3A). The best 

binding energy between nicotine vs. haemoglobin was observed to be around 

(-) 70.98 kcal among 10 ligand conformations.  

4.2.10.2. Nanocurcumin Vs. Haemoglobin  

Molecular docking study between nanocurcumin (here curcumin) vs. 

haemoglobin are given in Figure 4.4A.  Out of 10 ligand conformations the best 

binding energy between curcumin vs. haemoglobin was recorded as (-) 97.41 

kcal. 

4.2.10.3. Nicotine Vs. DNA  

The Slico docking experiment between p53 suppressor DNA and nicotine 

showed the formation of nicotine - DNA complex molecule (Figure 4.5A). The 

best binding energy between nicotine-DNA interaction was detected as (-) 

69.48 kcal.  

4.2.10.4. Nanocurcumin Vs. DNA  

Molecular docking study between nanocurcumin (here curcumin) and DNA 

showed the formation of nanocurcumin – DNA complex molecule (Figure 

4.6A).   The binding energy between curcumin vs. DNA was about (-) 86.35 

kcal. 

4.2.10.5. Nicotine Vs. Nanocurcumin 

In-silico docking of nicotine vs. nanocurcumin (here curcumin) showed the 

formation of complex molecule between them with a binding energy of (-) 

51.29 kcal (Figure 4.7C). 
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4.2.10.6. Nicotine Vs. α-LA Protein 

 In-silico docking studies of nicotine vs. α-LA protein demonstrate clearly the 

formation of complex structures between nicotine and α-LA protein (Figure. 

4.8A). The best binding free energy between the nicotine and α-LA protein was 

-57.3 Kcal. 

4.2.10.7. Nanocurcumin Vs. α-LA Protein  

Figure 4.8B showed that the complex structure between the nanocurcumin and 

α-LA protein and best binding free energy was around - 73.9 kcal. 

4.2.10.8. Nicotine Vs. Cyt-c protein  

In molecular docking studies of nicotine vs. Cyt-c protein clearly depicted the 

formation of complex structure between nicotine and Cyt-c protein (Figure 

4.8C). The binding free energy between them was - 65.6 kcal. 

4.2.10.9. Nanocurcumin Vs. Cyt-C protein 

Molecular docking experiment on nanocurcumin vs. Cyt-c protein revealed the 

complex structure formation between nanocurcumin vs. Cyt-C is more 

favourable (free energy -74.4 kcal) than nicotine vs. Cytc complex formation. 

(Figure 4.8D). 

4.2.11. UV-Vis study 

4.2.11.1. Nicotine Vs. Haemoglobin  

Figure 4.3B showed that nicotine interacted with the haemoglobin and was 

responsible for the suppression of the characteristic’s absorbance peak of 

haemoglobin molecule at 400 nm. Figure 4.3C showed that binding constant 

between nicotine and haemoglobin molecule was K = 6.5 × 103 M-1. 

4.2.11.2. Nanocurcumin Vs. Haemoglobin 

UV-Visible spectrophotometer studies of nanocurcumin and haemoglobin 

showed that there was no change of the characteristic peak of the haemoglobin 
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molecule (Figure 4.4B). The binding constant between the haemoglobin and 

nanocurcumin was higher ((binding constant, K = 10.4 × 104 M -1) than the 

nicotine vs. Haemoglobin (Figure 4.4C). Figure 4.4D gives the information 

about the protective effect of nanocurcumin against nicotine toxicity by 

reappeared the characteristic peak of the haemoglobin molecule. 

4.2.11.3. Nicotine Vs. DNA 

 UV-Visible spectral studies of nicotine vs. DNA (Figure 4.5B) showed that 

nicotine interacted with DNA which resulted suppression of the characteristic’s 

absorbance peak of DNA at 260 nm. This interaction produced multiple 

absorbance peak of the DNA spectrum. The binding constant between nicotine 

and DNA was K = 10 × 103 M -1. (Figure 4.5C) 

4.2.11.4. Nanocurcumin Vs. DNA 

Figure 4.6B showed that nanocurcumin bound with DNA but there was no 

major change of the characteristic maxima of DNA The binding constant 

between nanocurcumin and DNA was K = 7.8 × 103 M -1 (Figure 4.6C). 

Nanocurcumin nullified the destructive effect of nicotine by the reappeared of 

the characteristic spectrum of the DNA (Figure 4.6D). 

4.2.11.5. Nicotine Vs. Nanocurcumin 

The UV visible spectral studies showed that the characteristic peak of the 

nicotine (λ max = 260 nm) was suppressed by the addition of the different 

concentration of the nanocurcumin solution (10-50µM) to the nicotine solution 

(500µM) (Figure 4.7A). The binding affinity between nanocurcumin and 

nicotine was K = 3.5 × 103 M-1(Figure 4.7B). 

4.2.11.6. Nicotine –Nanocurcumin- α-LA protein 

Figure 4.9A indicates that nicotine causes (500µM) reduction of the 

characteristic absorption peak of α-LA (λ max = 280 nm). Addition of different 

concentration of nanocurcumin (10-100 µM) reverses its characteristic 

spectrum. 
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4.2.11.7. Nicotine -Nanocurcumin- Cyt-c protein 

UV-Visible spectral studies between nicotine and Cyt-c indicate that nicotine 

bound with this protein and reduced its characteristic absorption peak (λ max 

= 410 nm). Nanocurcumin showed its positive effect against nicotine toxicity 

by re-appearing the characteristic peak of the Cyt-c protein (Figure 4.9B). 

4.2.12. Fluorescence spectrum study 

4.2.12.1. Nicotine –Nanocurcumin- α-LA protein 

Figure 4.10A showed that the intrinsic fluorescence emission spectrum of α-LA 

with emission maxima at λ max = 345 after excitation at 255 nm. Nicotine 

causes the blue shift of maxima (λ max = 330 nm) of α-LA protein. Addition of 

different concentration of nanocurcumin (10-100 µM) in the same solution 

results the increment of the fluorescence intensity of the protein. 

4.2.12.2. Nicotine –Nanocurcumin- Cyt-c protein 

The Fluorescence spectrum study between the nicotine and Cyt-c protein 

showed that the blue shift of the maxima of the protein. Gradual addition of the 

nanocurcumin causes increases the wavelength maxima of the treated protein 

(Figure 4.10B). 

 

Figure 4.3: Interaction studies between nicotine vs. haemoglobin (Hb). A). 

Interaction between nicotine vs. Hb as evident by molecular docking. B). 

Interaction between nicotine vs. Hb as evident by UV-Vis spectra. C). Binding -

Isotherm Plot between nicotine vs. Hb. 
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Figure 4.4:  Interaction between nanocurcumin vs. haemoglobin (Hb). A). 

Interaction between nanocurcumin vs. Hb as evident by molecular docking. B). 

Interaction between nanocurcumin vs. Hb as evident by UV-Vis spectra. C). 

Binding -Isotherm Plot between nanocurcumin vs. Hb. D).  Interaction between 

nanocurcumin vs. nicotine + Hb as evident by UV-Vis spectra  

 

Figure 4.5: Interaction studies between nicotine vs. DNA.  A). Interaction between 

nicotine vs. DNA as evident by molecular docking. B). Interaction between nicotine vs. 

DNA as evident by UV-Vis spectra. C). Nicotine vs. DNA binding -Isothermal plot  
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Figure 4.6: Interaction between nanocurcumin vs. DNA. A). Interaction 

between nanocurcumin vs. DNA as evident by molecular docking. B). 

Interaction between nanocurcumin vs. DNA as evident by UV-Vis spectra. C). 

Binding -Isotherm Plot between nanocurcumin vs. DNA. D). Interaction 

between nanocurcumin vs. nicotine + DNA as evident by UV-Vis spectra.  

 

 Figure 4.7: Interaction between nicotine vs. Nanocurcumin. A). Interaction 

between nicotine vs. Nanocurcumin as evident by UV-Vis spectra of. B). 

Binding -Isotherm Plot between nicotine vs. Nanocurcumin. C). Interaction 

between nicotine vs. Nanocurcumin as evident by molecular docking 
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Figure 4.8: Molecular docking study between nicotine/nanocurcumin vs. α-

LA/Cyt-c protein. A) Docking interaction between nicotine vs. α-LA; B) Docking 

interaction between nanocurcumin vs. α-LA; C) Docking interaction between 

nicotine vs. Cyt-c, and D) Docking interaction between nanocurcumin vs. Cyt-c 

protein. 

 
Figure 4.9:  A) Shows UV- Visible interaction of nanocurcumin vs. nicotine 

(500 μM) mediated pure protein of α–LA (50 μg / ml water). B) shows UV- 

Visible interaction of nanocurcumin vs. nicotine (500 μM) mediated pure 

protein of Cyt-c (50 μg / ml water). 
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Figure 4.10:  A) shows Fluorescence study of nanocurcumin vs. nicotine (500 

μM) mediated pure protein of α–LA (50 μg / ml water). B) shows Fluorescence 

study of nanocurcumin vs. nicotine (500 μM) mediated pure protein of Cyt-c 

(50 μg / ml water). 
 

4.2.13. Effects of nanocurcumin on nicotine induced changes in 

cytokine molecules  

Cytokines plays an important role in modulating patho-physiological 

expression of different clinical features regulated by host immune system. 

Following the treatment of nicotine, the levels of IL-4, IL-6, TNF-α and IFN-γ in 

the serum were increased significantly group (54.5%, 121.8%, 133.4% and 

47.8% respectively) compared to control group (Table 4.10).  A significant 

decline in levels of all four cytokines were observed in nicotine induced rats 

treated with either curcumin or nanocurcumin. This reduction was highly 

significant (p < 0.001) for nanocurcumin than that of curcumin (p < 0.01).  
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Table 4.10: Levels of cytokines in different study and control groups of female 

rats under normal dietary condition 

  

Parameter 

Groups 

Control Nicotine Nicotine + 
Curcumin 

Nicotine 
+ Nano-

curcumin 
Curcumin Nano-

curcumin 

IL-4  
(pg/mL)                                    

33.6 ± 

1.1 

  51.9 ± 3.5 

(54.5↑) **           

41.7 ± 2.1 

(24.1↑) *   

36.5 ± 1.0 

(8.6↑)**##  

32.1 ± 1.2 

(4.5↓) 

32.8 ± 1.2 

(2.4↓) 

IL-6  
(pg/mL)      

136.8 ± 

5.9 

303.5 ± 3.5 

(121.8↑) **  

201.0 ± 1.7 

(46.9↑) *  

154.1 ± 7.1 

(12.6↑) **##   

146.4 ± 

17.1 (7.0↑)   

144.4 ± 

17.1 (5.6↑)   

TNF-α  
(pg/mL) 

172.8 ± 

6.0 

403.4 ± 6.5 

(133.4↑) **  

217.4 ± 3.4 

(25.6↑) *  

188.5 ± 4.2 

(9.1↑) ** ## 

150.6 ± 5.6 

(12.8↓)  

156.4 ± 5.6 

(9.5↓)  

IFN-γ  
(pg/mL) 

92.0 ± 

6.4 

136.0 ± 

6.0(47.8↑) **  

110.2 ± 6.4 

(19.8↑) **  

97.0 ± 7.7 

(5.2↑) *##  

89.7 ± 10.3 

(3.0↓) 

90.3 ± 10.3 

(1.8↓) 

 
The experimental setup was repeated twice and all data were averaged over n = 12 

animals, and given mean ± S.D. Significance levels were determined using ANOVA, 

where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 

presented in the parenthesis showed average (%) increase (↑) or decrease (↓) in 

respect to the control. 

 
4.2.14. Effects of nanocurcumin on nicotine induced changes in 

Apoptosis regulator proteins 

A significantly declined level (71.8%) of apoptosis regulator protein, BCL-2 

was recorded among nicotine treated animals than the animals of control arm 

whereas the opposite event was noticed with increased level of BAX (64.7%). 

Nicotine induced lower level of Bcl-2 was increased effectively (p < 0.01) by 

curcumin and more significantly (p < 0.001) by nanocurcumin (Table-4.11). 

The increased level of Bax due to nicotine   decreased significantly (p < 0.01) 

by the treatment of both curcumin and nanocurcumin.  
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Table 4.11: Levels of apoptosis regulator proteins in different study and 

control groups of female rats under normal dietary condition 

 

The experimental setup was repeated twice and all data were averaged over n = 12 

animals, and given mean ± S.D. Significance levels were determined using ANOVA, 

where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 

presented in the parenthesis showed average (%) increase (↑) or decrease (↓) in 

respect to the control. 

4.2.15. Effects of nanocurcumin on nicotine induced changes in 

steroidogenic female hormones   

Nicotine significantly reduced the levels of steroidogenic female hormones; 

estradiol (23.9%) and progesterone (27.6%).  Nicotine induced lower level of 

these hormones were restored efficiently by curcumin and more effectively 

with nanocurcumin supplementation (Table 4.12). 

Table 4.12: Levels of steroidogenic female hormones   in different study and 

control groups of female rats under normal dietary condition 
 

Parameter 

Groups 

Control Nicotine Nicotine+ 
Curcumin 

Nicotine+ 
Nano-

curcumin 
Curcumin Nano-curcumin 

Estradiol 
(pg/mL)                                    

81.1 ± 
3.3 

61.7 ± 2.4 
(23.9↓) ** 

69.4 ± 
2.4 (14.4↓) * 

77.8 ± 4.7 
(4.1↓)*## 

85.0 ± 1.7 
(1.0↑) 

87.2 ± 1.7 

(7.5↑) 
Progester

one 
(ng/mL)      

12.41 ± 
0.05 

8.98 ± 0.02 
(27.6↓) ** 

9.53 ± 
0.09(23.2↓)* 

11.2 ± 0.22 
(9.7↓) *## 

12.87 ± 
0.80 (5.7↑) 

13.68 ± 0.80 

(10.2↑) 

The experimental setup was repeated twice and all data were averaged over n = 12 

animals, and given mean ± S.D. Significance levels were determined using ANOVA, 

where, * implies P < 0.01 and ** implies P < 0.001 compared to control. The data 

presented in the parenthesis showed average (%) increase (↑) or decrease (↓) in 

respect to the control. 

 
Parameter 

Groups  

Control Nicotine Nicotine 
+Curcumin 

Nicotine 
+Nanocurcumin 

Curcu
min 

Nano-
curcumin 

BCL-2  
(ng/mL)                                    

1.99 ± 
0.01 

 0.56 ± 0.05 
(71.8↓) **           

0.93 ± 
0.11  

(53.3↓) **   

1.42 ± 0.04 
(28.6↓)**##  

2.08± 
0.20 
(4.5↑) 

2.14± 
0.20 (7.5↑) 

BAX 
(ng/mL) 

       

1.02 ± 
0.06 

1.68 ± 0.21 
(64.7↑) **  

1.44 ± 
0.02  

(39.3↑) *  

1.40 ± 0.02 
(37.3↑) **##   

0.98 
(3.9↓)   

0.94 ± 
0.20 (1.1↓)   
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4.2.16. Histological study 

The histological study of the liver tissue of control group animals is shown in 

Figure 4.11A. The distorted cell arrangement and the central vein (marked by 

arrow head) of the nicotine exposed liver are shown in Figure 4.11B. Curcumin 

and nanocurcumin supplemented liver photographs are presented in Figure 

4.11C and Figure 4.11D respectively. The histological studies of the kidney 

tissues of control rats, nicotine exposure distorted kidney tissue, curcumin and 

nanocurcumin supplemented kidney tissues are presented in Figures. 4.12A – 

4.12D, respectively.                  

 

Figure 4.11: Photographs showing the histopathological changes of liver: A). 

Control group, B). Nicotine treated group, C). Nicotine plus curcumin treated 

group and D). Nicotine plus nanocurcumin treated group 
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Figure 4.12: Photographs showing the histopathological changes of kidney: A). 

Control group, B). Nicotine treated group, C). Nicotine plus curcumin treated 

group and D). Nicotine plus nanocurcumin treated group 
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5. DISCUSSION 

The ameliorative effect of curcumin against nicotine-induced toxicity is well 

established in human and animal models in several studies. The 

pharmacokinetic properties like poor bioavailability, poor absorption, rapid 

metabolism, chemical instability, and rapid systemic elimination of curcumin 

are the major barriers for its clinical efficacy in human subjects (Lopresti, 

2018). Scientists are trying to overcome these problems by changing its 

pharmacokinetic properties through translating curcumin to its nano form 

(Danafar, 2017; Danafar et al., 2017; Nosrati et al., 2018). The advantages of 

nanoparticles of curcumin enhanced the bioavailability in body fluid and 

tissues with long half-life and improved drug loaded capacity in tissues (Shaikh 

et al., 2009; Yadav et al., 2012). The present work was undertaken to study the 

ameliorative effect of nanocurcumin against nicotine induced toxicity in female 

rats under normal protein diet condition.  

Unlike curcumin, nanocurcumin is freely soluble in water without any 

surfactants (Arunraj et al., 2014). The solubility testing of synthesized 

nanocurcumin in water showed a dense reddish coloured solution.  The UV-

visible spectral study of synthesized nanocurcumin showed the characteristic 

peak of nanocurcumin seen at 350 nm as evident by (Alam et al., 2012; Ghosh 

et al., 2011). FTIR spectrum of nanocurcumin showed peaks at 1,626 cm-1 

indicating C=C stretching, at 1,507 cm-1 and 1,263 cm-1 indicating C=O 

stretching, at 1,153 cm-1 and 1,115 cm-1 corresponds to C – H stretching. The 

absorption peak at 1025 cm-1 was due to C-N stretching. Similar observations 

were also reported by (Pandit et al., 2015; Yadav et al., 2009; Yen et al., 2010; 

Sav et al., 2012). The crystalline state of the nanocurcumin was confirmed by 

the XRD pattern and such results were also obtained by many researchers 

earlier (Sav et al. 2012; Abd-El-Rahman and Al-Jameel, 2014). The particle size 

of the prepared nanocurcumin was in the range of 65±5 nm as analysed by FE-

SEM. So, the chemical properties of curcumin remained unaltered in its nano 

form. Nicotine is known to be a toxic agent and creating several harmful effects 
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in human beings. Curcumin showed advantageous effects against nicotine 

toxicity (Bandyopadhyay et al., 2008; Banerjee et al., 2012; Chattopadhyay et 

al., 2015) but such effects of nanocurcumin has not been studied earlier.   

Autopsy samples of smokers showed the highest affinity for nicotine is liver, 

kidney, spleen and lungs (Benowitz, 2009). Nicotine biotransformation takes 

place predominantly in liver, and responsible for devastating effects. During 

smoking, nicotine is readily absorbed through the lungs and metabolized in the 

liver. Nicotine causes damage of the hepatic cell membrane and enhancing the 

release of hepatocytic cytosomal enzymes and results in their increasing level 

in serum (Salahshoor et al., 2015). Nicotine induces the oxidative stress 

resulting in increasing the serum ACP and ALP levels. Oxidative stress causes 

tissue injury which is directly associated with the generation of reactive 

oxygen species (ROS) (Sreekala and Indira, 2009). The antioxidant activity of 

curcumin maintains the structural integrity of the cell membrane of hepatic 

cells and also reduces the level of hepatic enzymes like ACP, ALP, AST and ALT 

in serum (Al-Rubaei et al., 2014; Luber et al., 2019; Farzaei et al., 2018). In the 

present study, it is observed that, such activities of nanocurcumin with a 

dosage of 4 mg/kg body weight are superior to that of native curcumin (Table 

4.1).   

The pathogenesis of kidney disease is provoked by nicotine. Nicotine mediated 

albumin discharge and proteinuria enhanced by nicotine and lead to kidney 

malfunction (Salahshoor et al., 2019). The filtration capacity of kidney is 

hampered by nicotine induced oxidative stress. Nicotine was responsible for 

glomerulas damage and results in the increment of urea and creatinine level in 

serum (Chaturvedi et al., 2015).  

In the present study, increased level of urea and creatinine in serum of nicotine 

treated animals are recorded like previous studies. (Halimi et al., 2000; Jalili et 

al., 2016; Begum et al., 2018).  It is evident that progressive kidney failure may 

be related with a gradual decline of renal and non-renal excretion of nicotine, 

which may increase the rate of nephrotoxicity (Addo et al., 2008). The effects of 
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heavy metals present in tobacco such as Cadmium, Mercury and Lead might be 

other reasons for tobacco-induced damages in kidney (Usunobun et al., 2012). 

Several studies proved that curcumin acts as an anti-inflammatory agent and 

reduces the possibility of renal damage (Ghosh et al., 2014; Ali et al., 2018; 

Ghelani et al., 2019). 

In my study the mean difference of urea and creatinine are significantly 

elevated (P < 0.001) in nicotine exposed group in compared to controls. 

Supplementation of nanocurcumin shows a better therapeutic effect for 

protection of the kidney (Table 4.2). 

Cholesterol is an important bio-molecule and plays a crucial role in 

maintaining the integrity of membrane structure as well as synthesis of the 

steroid hormones and bile acids. Nicotine stimulates the synthesis of 

catecholamine which enhanced the lipo-lysis of adipose tissues thus increasing 

the level of serum cholesterol and triglycerides (Balakrishnan and Menon, 

2007). In the present study, it was observed that nicotine significantly 

increases the triglyceride, cholesterol, LDL-C, VLDL-C in serum and decreased 

the level of HDL-C. Similar observations were also reported by various 

researchers (Balakrishnan and Menon, 2007; Chattopadhyay and 

Chattopadhyay, 2008; Rao and Subash, 2013; Singh, 2016). Nishiyama et al. 

(2005) reported that proliferator-activated receptor gamma (PPAR-γ) was 

activated by curcumin by which LDL-C receptor gene expression was 

suppressed resulting in decreased LDL-C concentration in plasma. Curcumin 

may reduce the triglyceride level by interacting with multiple targets like 

peroxisome proliferator-activated receptor alpha (PPAR-α), PPAR-γ, 

cholesteryl ester transfer protein (CETP), and lipoprotein lipase (Kang and 

Chen, 2009). The metabolism of lipoproteins is influenced by curcumin (Asai 

and Miyazawa, 2001). In my study, it was observed that curcumin reduces 

triglyceride, cholesterol, LDL-C, VLDL- C level in serum and increased HDL-C 

level in serum which are in agreement with the earlier studies (Qin et al., 2017; 

Yang et al., 2014). Declined level of cholesterol in curcumin treated group 

might be due to the enhanced expression of CYP7A1 gene (Kim and Kim, 2010). 
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Nanocurcumin showed better hypocholesterolaemia effect than curcumin due 

to its better pharmacokinetic properties. It might be due to either by increased 

in total cholesterol absorption (Hasimun et al., 2011) or by degradation and 

quick elimination of total cholesterol (Arafa, 2005).  

Various in vitro and in vivo studies proved that nicotine could induce oxidative 

stress and hamper peroxidant/antioxidant balance in blood cells, plasma, 

serum and tissues (Chattopadhyay and Chattopadhyay, 2008; Chattopadhyay 

et al., 2010). It was also reported that nicotine could reduce the level of 

antioxidant enzymes (SOD, Catalase, GSH, GPX (Aspera-Werz et al., 2018; 

Agarwal et al., 2019; Raddam et al., 2017). Free radicals are generated by the 

oxidative stress that attack the lipid membranes and is responsible for the 

formation of Malonialdehyde (MDA) resulting in peroxidative tissue damage 

(Mohammadghasemi et al., 2021; Khademi et al., 2019). Previous studies 

showed that curcumin decreased the level of MDA by declining the production 

of free radicals (Alizadeh and Kheirouri, 2019; Lin et al., 2019). However, 

nanocurcumin showed better amelioration than native curcumin that may be 

due to its higher bioavailability and more uptakes into the cells. Nanocurcumin 

showed better defence mechanism due to increased level of antioxidant 

enzymes, leading to scavenging or neutralizing the free radicals generated by 

the nicotine stress.   

Previous studies showed that nicotine significantly reduced the concentration 

of haemoglobin in blood in normal condition. Thomas and Lumb (2012) 

reported that, the binding of oxygen with haemoglobin was affected by carbon 

monoxide from tobacco smoking, Carbon monoxide have a greater binding 

affinity (>300 times) with haemoglobin than that of oxygen. Nicotine induced 

reduction of the RBC count have also been reported by Banerjee et al. (2010) 

which is may be due to peroxidative damage of RBC membrane resulting 

decrease in total haemoglobin content of blood. In the present study a 

significantly lower level of Hb% was recorded among nicotine treated group.  

From the table 4.6 it is evident that nanocurcumin shows better ameliorative 

effect on nicotine induced Hb content than that of unformulated curcumin.   
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Nicotine causes proteolysis and inhibits protein synthesis resulting in loss of 

muscular mass. Nicotine influences the expression genes responsible for 

destroying muscle protein content. Nicotine is also responsible for multiple 

organ dysfunctions like liver, kidney and ovary (Petersen et al., 2007). Present 

findings showed that nicotine decreases 20 to 25% tissue protein either by 

decreasing the protein biosynthesis or by increasing the rate of protein 

catabolism (Table 4.7). Reduction of muscle protein results the structural and 

functional abnormality of the cells. Curcumin regulates the function of different 

targets, like apoptotic proteins, cell cycle regulators, growth factors, receptors, 

protein kinases, and transcription factors (Zhou et al., 2011) that protects our 

body. Thus, nicotine induced stress in different tissue was blocked by curcumin 

and nanocurcumin. 

 Nicotine induction increased oxidative stress that enhances the protein 

oxidation. It is responsible for the increase of carbonyl content in different 

tissues resulting dysfunction of immune system, biological enzymes and 

hormones (Phaniendra et al., 2015). The hydroxyl radical scavenging 

potentials of curcumin decreased the carbonyl content in different tissue by 

inhibiting protein oxidation (Alisi et al., 2020). Nanocurcumin, being a more 

bio-available molecule, showed a better self-protective ability against protein 

oxidation than that of curcumin (Table 4.8). 

Under normal condition the whole DNA content of 300 μL of blood was 109.38 

μg; similar results were also recorded previously by Banerjee et al. (2010). The 

DNA content decreased significantly among the nicotine treated group. The 

reduction of total DNA contents may be due to nicotine induced oxidative 

stress. The decreased level of total DNA content of the blood cells was more 

effectively (p < 0.001) corrected by nanocurcumin. That was demonstrated by 

similar amount of total DNA among nanocurcumin supplemented nicotine 

induced group to that of control group of animals. The ameliorative effect of 

nanocurcumin was found to be more prominent than that of native curcumin 

(Table 4.9).  
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The average DNA damage in control group was 2.76%. But in nicotine treated 

group the average DNA damage was found to be significantly higher (40%; p< 

0.001) than control group. The DNA damage may be due to nicotine induced 

chromosomal aberration, exchange of sister chromatids and single-strand DNA 

breakage (Sanner and Grimsru, 2015). Banerjee et al. (2010) reported that 

nicotine induced oxidative stress increased DNA damage in blood and liver 

tissues of female albino rats. They stated that curcumin efficiently interacted 

with both nicotine and as well DNA and reduced the nicotine induced oxidative 

stress resulting in less DNA damage. The present study showed that 

nanocurcumin decline the percentage of DNA damage more effectively than 

that of curcumin against nicotine-induced toxicity. 

The molecular docking of nicotine-haemoglobin indicated that, nicotine 

showed hydrophobic interaction with the amino acid residues like TYR 42, ASN 

97, PHE 98 and LEU 101 of haemoglobin thus forming a strong nicotine 

haemoglobin complex structure. Similarly, nanocurcumin also binds by 

hydrogen bonds with haemoglobin’s active sites at the amino acid residues His 

58, SER 102, SER 133. Hydrophobic interactions were also noted with the 

following amino acid residues of haemoglobin LYS 61, VAL 62, LEU 83, HIS 87, 

PHE 98 thus forming a nanocurcumin –haemoglobin complex structure.  From 

the molecular docking experiment, it was observed that, the binding free 

energy between nicotine vs. haemoglobin was higher (-70.98) than that of 

nanocurcumin vs. haemoglobin (-97.41). It indicates that nanocurcumin can 

bind with haemoglobin more tightly than nicotine.  

The UV spectra study shows that nanocurcumin helps in maintaining high 

haemoglobin content of erythrocytes under nicotine induced stress condition. 

It might be due to higher binding affinity of nanocurcumin to haemoglobin (K = 

10.4 × 104 M-1) than nicotine (K = 6.5 × 103 M-1). Nanocurcumin readily binds 

with haemoglobin that inhibits the binding of nicotine with haemoglobin. 

Nanocurcumin also having a binding affinity (K = 3.5 × 103 M-1) with nicotine 

that reduces the availability of free nicotine molecules for interaction with the 

RBC. It justifies the observed higher concentration of haemoglobin 
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concentration among the nicotine treated animals supplemented with 

nanocurcumin. The present study showed that nanocurcumin was more 

effective for maintaining higher concentration haemoglobin with better 

protective efficacy than curcumin (Banerjee et al., 2010). 

Nicotine has an affinity to DNA resulting in formation of nicotine-DNA complex. 

Nicotine forms hydrogen bond with 241 SER residue of p53 tumour 

suppressor protein complex with DNA.  The stability of nicotine-DNA complex 

is more strengthen by hydrophobic interactions with amino acid residues like 

SER 240, ARG 248, ARG 249, ARG 273, VAL 274 etc. of p53 protein associated 

with DNA. The nanocurcumin-DNA docking showed that, nanocurcumin is 

nicely accommodated by the active sites of p53 protein associated with DNA 

through hydrogen bond at the residue GLN 165, ASN 247. Nanocurcumin also 

formed several hydrophobic interactions with ARG 248, CYS 176, HIS 179 

amino acid residues   of p53 protein associated with DNA molecule. A binding 

free energy of - 69.48 kcal between nicotine-DNA was recorded which was 

higher than that of nanocurcumin vs. DNA (- 86.35 kcal). This observation 

explains that nanocurcumin can bind with the p53 protein associated DNA 

molecule more tightly than nicotine. So, the superior stability of 

nanocurcumin-DNA complex than that of nicotine-DNA complex was observed. 

Nicotine-nanocurcumin docking showed that, nanocurcumin compete with 

nicotine while binding with DNA resulting in reducing nicotine induced geno-

toxicity in female rats.  

A similar binding affinity of nanocurcumin to DNA (K = 7.8 × 103 M-1) as well 

as with nicotine (K = 10.0 × 103 M-1) was recorded. So nanocurcumin can bind 

with DNA and prevents nicotine induced DNA damage. The findings of the 

present study agree with the results of the molecular docking experiment.  

From the UV spectra study it was observed that nicotine had a strong affinity to 

both haemoglobin as well as DNA. For this interaction, the characteristic peak 

of Hb/DNA is suppressed. Nanocurcumin can strongly bind with Hb and DNA. 

The availability of free nicotine molecules is reduced for interaction with 
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Hb/DNA in the presence of nanocurcumin.  Thus, nanocurcumin compete with 

nicotine and results in regaining of structural integrity of Hb/DNA. Such 

interactions support the results of molecular docking and clarify the 

ameliorative effect of nanocurcumin in Hb/DNA against nicotine induced rats. 

The molecular interactions amongst nicotine, nanocurcumin and cellular 

proteins like α-LA and Cyt-c protein were well documented by docking 

experiments. The results showed that nanocurcumin combined with α-LA 

protein (free energy - 73.9 kcal) to form nanocurcumin - α-LA protein complex. 

The binding free energy between nicotine and α-LA protein was found to be 

lower (- 57.3 kcal) than that of nanocurcumin - α-LA protein complex. It 

favours the formation of nanocurcumin - α-LA protein complex than nicotine - 

α-LA protein complex.  

Due to differences in free binding energy, formation of nanocurcumin-Cyt-c 

protein (free energy - 74.4 kcal) complex is more favourable than that of 

nicotine-Cyt-c protein (free energy - 65.6 kcal) complex. This explains that 

nanocurcumin may resist the nicotine for interaction with the protein 

molecules thus providing an additional protection against nicotine. This 

binding ability of nanocurcumin (curcumin) is very strong and makes it as an 

effective immuno-modulator against nicotine toxicity. The observations of 

molecular dockings have been supported by the wet-lab interaction studies 

among nicotine, nanocurcumin and cellular proteins. Nicotine showed an 

affinity to bind with two important mammalian proteins (α-LA and Cyt-c) 

(Gergalova et al., 2012). Nanocurcumin showed strong binding ability with 

nicotine. So, the availability of free nicotine for interaction with both the 

proteins is low in presence of nanocurcumin. Nanocurcumin thus reduces the 

nicotine induced damage of α-LA and Cyt-c.   

Due to interaction with nicotine the maximum emission wavelength of α-LA 

protein was shifted from 345 nm towards 330 nm (blue shift). It reflects an 

increase of absorption energy by the binding of nicotine with the protein and 

leading to changes in conformational structure of protein. With gradual 
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addition of nanocurcumin to the nicotine bound protein solution, the intensity 

as well as the emission maximum wavelength is significantly overlapping the 

emission maxima of the native protein. Nanocurcumin thus, steadily assists the 

protein to restore its native state by lowering the energy due to the H-bonding 

or π-π conjugation. A similar   phenomenon is observed in case of Cyt-c 

emission spectra. The bioavailability of nanocurcumin is greater than that of 

curcumin due to its higher aqueous solubility. The higher binding ability to 

nicotine as well as to cellular proteins, it protects the cells from nicotinic 

effects.  

IL-6 plays an essential role in the cytokine network. In the initial stage of 

inflammation, it is secreted from the local lesion and then goes to the liver by 

the blood stream. It helps in increasing the secretion of serum amyloid A (SAA), 

α1-antichymotrypsin, haptoglobin, fibrinogen and C-reactive protein (CRP) 

and fibrinogen. Long retention of serum amyloid A (SAA) with higher 

concentration leads to several chronic inflammatory diseases (Castell et al., 

1989) High concentration of IL-6 also reduces the iron and zinc level in serum 

(Tanaka et al., 2014). Elevated expression of IL-6 is also involved with fatigue 

scores (Wang et al., 2012). 

Tumour necrosis factor alpha (TNF-α) is also known as a proinflammatory 

cytokine.  Any alteration (inappropriate or excessive) in TNF-α signalling is 

involved in pathological complications such as autoimmune diseases and 

inflammatory disease (Jang et al., 2021). TNF-α is also found to be associated 

with fatigue condition (Tian et al., 2014). IL-4 is the central cytokine 

responsible for allergic inflammation (Steinke and Borish, 2001). Interferon 

gamma (IFNγ) is another pro-inflammatory cytokine responsible for various 

inflammatory diseases like enhance the chronic lungs disease (Zhu et al., 

2019). Previous findings reported that higher level of pro inflammatory 

cytokines (IL-6, TNF-α) observed in schizophrenia (SZ) and bipolar-I disorder 

(BD) patient specially who were suffered from childhood trauma (Quidé et al., 

2019).  
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In the present study it was observed that the levels of pro-inflammatory 

cytokines were elevated among nicotine induced animals. Similar observation 

was reported previously (Maiti et al., 2015), where nicotine toxicity elevated 

the secretion of pro-inflammatory cytokines and is responsible for excessive 

production of ROS.  Several studies reported that curcumin, a natural 

therapeutic agent showed its anti-inflammatory effects by down regulating 

many pro-inflammatory cytokines and chemokines in a number of cell types 

and pathologic conditions (Yadav et al., 2015; Gorabi et al., 2021). In my study 

it was noticed that nanocurcumin showed more beneficial effect in reducing 

pro inflammatory cytokines level than that of curcumin. 

Bcl-2 plays a vital role by influencing the action of cellular existence and 

hampering the function of pro-apoptotic proteins. Any damage in Bcl-2 gene is 

involved with different types of cancers and also a probable cause of 

schizophrenia and autoimmune diseases (Jalili et al., 2017). Hardwick et al. 

(2013) demonstrated that the damaged Bcl-2 gene prevented the function of 

anticancer drugs. They also reported that a hetero-dimmer of apoptosis 

regulator protein Bax with Bcl-2 functioned as an apoptotic activator. In the 

present study, a decrease in anti-apoptotic protein Bcl-2 and increase in pro-

apoptotic protein Bax shows were observed in nicotine stressed rats. So, 

nanocurcumin showed better immunomodulatory effect against apoptosis than 

native curcumin.   

The present study also shows that, nicotine is responsible for a significant 

reduction of 17 β-estradiol and progesterone levels among female rats with 

normal protein diet supplementation.  This is in agreement with findings of 

(Sinha et al., 2012). The decline of 17 β-estradiol levels among nicotine treated 

group may be due to the anti-estrogenic effect of nicotine. Nicotine is also 

responsible for declining the levels of progesterone by increasing PGF2α and 

VEGF-mRNA expressions. Curcumin showed its ability to inhibit the action of 

nicotine on metabolism of estrogens for its high ability of binding with 

estradiol.  But nanocurcumin was found to be   more effective on increasing 
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17β-estradiol and progesterone levels among nicotine induced animals that 

might due to its higher bioavailability and binding affinity to nicotine.  

The study of histopathology of the liver tissue was done following eosin 

haematoxylin staining using compound microscope (40X). A regular 

arrangement of hepatic cell with normal shape of hepatocytes and central vein 

were observed in liver tissue of the control group animals. The arrangement of 

hepatic cells was distorted and the central vein and sinusoids space were 

dilated among nicotine exposed animals under normal diet condition. The 

normal shape of hepatic cells, diameter of central vein regains their regular 

arrangement among following curcumin supplementation. Nanocurcumin 

showed more prominent effects than native curcumin for regaining the normal 

arrangement of the hepatocytes and the central vein. 

The histological studies of the kidney tissues were also revealed the normal 

arrangement of glomerulus (marked by arrow head), bowman space and 

proximal /distal tubules of kidney tissue of control rats. Nicotine exposure 

distorted this arrangement significantly as seen in Figure 4.12B. Curcumin 

supplementation recovered the normal arrangement glomerulus, bowman 

space and proximal/distal tubules of kidney tissue to some extent (Figure 

4.12C).  Supplementation of nanocurcumin restored the normal arrangement 

glomerulus, bowman space and proximal/distal tubules of kidney tissue 

effectively (Figure 4.12D).  
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6. SUMMARY OF THE THESIS 

 The nanocurcumin synthesized by ultrasonication method in the 

laboratory was characterised physically.  The plasmon resonance (SPR) 

band pattern analysed by UV-Vis spectrophotometer, confirms the 

characteristic absorbance peak of 350 nm, which is exactly similar to 

that of nanocurcumin. The morphological characterization of 

nanocurcumin by Field Emission Scanning Electron Microscopy showed 

the average particle size of 65+5 nm which was within the range of 

nanoparticles (below 100nm). Fourier transform infrared spectroscopy 

(FTIR) confirmed the functional groups of laboratories synthesized 

nanocurcumin, were exactly identical to that of curcumin. Crystalline 

nature of nanocurcumin powder was determined by X-ray 

diffractometer. Reddish yellow aqueous solution proved its water 

solubility.  

 Different set of animal experiments confirmed its ameliorative effects 

against nicotine toxicity at biochemical, cellular and molecular levels.  

 Nicotine mediated toxicities were well established in control group 

animals as evidenced by altered hepatic enzymes, Lipid profiles, SODs, 

free radicals, apoptotic proteins, LFT, RFT, levels of different cytokines 

and catastrophic changes in molecular levels.  

 Nanocurcumin showed better ameliorative effects against nicotine 

mediated toxicities as compared with native curcumin with significantly 

lower dosages. Adverse histo-pathological changes at cellular level in 

vital organs like liver and kidney due to nicotine toxicity were prevented 

by nanocurcumin more effectively than curcumin. 

 The findings of animal experiments about ameliorative effects of 

nanocurcumin against nicotine induced toxicity were also supported by 

dry lab molecular docking studies showing its high affinity to 
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haemoglobin, DNA, various types of proteins. That may reduce the rate 

of interaction between nicotine and important bio-molecules.  

 Better protective efficacy of nanocurcumin than native curcumin might 

be due to its increased effective surface area, water solubility, high rate 

of intestinal absorption, cellular distribution and long half-life. 

 No adverse side effects were recorded among nanocurcumin treated 

group indicating its safe usages. 

 Similar studies with large number of animals as well as in different cell 

lines are highly suggested for strengthening the present findings about 

ameliorative effects of nanoparticles of curcumin against nicotine 

mediated toxicities.  

 Human trial with nanocurcumin against nicotine toxicity among 

smokers may be undertaken following proper guidelines and permission 

of Drug controlling authority of India and approval of any registered 

Human Ethics committee.    
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