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ABSTRACT

Topic: Nicotine, the core addictive component presents in a substantial quantity in tobacco. Addiction of nicotine in female populations
especially who belong to lower socio-economic status causes many adverse effects, like inducing oxidative stress, genotoxicity and
disrupting immune response in the body. The investigation was designed to determine first time the improved efficacy of nanocurcumin
against aggravated nicotine-induced toxicity on female system.

Experiments: Experiments were conducted on female albino rats maintained under protein malnourished condition where animals
were subcutaneously injected with effective dose of nicotine (2.5 mg kg-1 body weight day-1) and orally supplemented with effective dose
of nanocurcumin (4 mg kg-1 body weight day-1) for 21 days. The animals were then sacrificed and various biochemical and histological
experiments were performed on serum and different tissues.

Significant Findings: Disruption of liver and kidney functions, alteration of phosphatase enzymes activities, triglycerides and
total cholesterol in serum and aggravated lipid peroxidation in serum and liver tissues were observed in nicotine-induced and protein
malnourished condition. Nicotine also decreased the antioxidant enzymes activities and disrupted severely the structural integrity of liver,
kidney and ovary tissues in such condition. Supplementation of nanocurcumin restored the normalcy of various biochemical functions and
maintained the structural integrity of liver, kidney and ovarian tissues.

Conclusions: Nanocurcumin exhibited more effective (P < 0.001) amelioration than curcumin against the deleterious nicotine-
induced toxicities and therefore, it can be used as a potential therapeutic blocker for protecting the health of malnourished female

population against nicotine.
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INTRODUCTION

Increasing use of different forms of tobacco productsisan alarming
danger for human health worldwide. Along with the common
tobacco forms like cigarettes and pipes consumed worldwide, the
Indian populations are also habituated with smoking of Chutta and
Beedi, (locally used handmade smoking elements) and chewing of
tobacco leaves [1]. Consumption of different forms of tobacco is also
increasing among the women and this has now become the biggest
problems in India [2]. The route of administration for nicotine is
through a variety of ways including smoking, insufflations, chewing,
transdermal and vaporization etc. In addition, depending on the
route of administration, the exposure time and dosage, the amount of
nicotine enters in the body may vary.

Nicotine is well known to have serious systemic side effects in
addition to being highly addictive [3]. It is the most acute acting
pharmacological agent and major component of tobacco and plays
a significant impact in the development of cardiovascular disorder
[4], Chronic Obstructive Pulmonary Disease (COPD) and lung
cancer [5] and many other non- communicable diseases [6]. It also
aggravates Th1/Th2 cytokine imbalance, alters transcription factor,
lipid peroxidation in the liver and other tissues and effects on the
activities of antioxidant enzymes in rats [7,8]. Nicotine disrupts
antioxidant mechanism by enhancing the production of Reactive
Oxygen Species (ROS) and thereby decreases antioxidant level that
causes peroxidative tissue damage [8-10]. The chemicals present in
tobacco smoke alter the endocrine function, perhaps at the level of
the ovary which in turn affects the release of female hormones. This
endocrine disruption likely contributes to the reported associations
of smoking with adverse reproductive outcomes, including menstrual
dysfunction, infertility and early menopause [11].

Nutritional factors play an important role in the metabolism and
pharmaco-toxicological activities of various drugs and xenobiotic
[12]. The major nutritional disorders which are widely prevalent
in all developing countries are due to Protein Energy Malnutrition
(PEM) which affects all age groups and more so of poorer segments
of the population. However, the repercussions are the strongest in
children and women [12]. Low dietary protein possesses a constraint
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on the biosynthetic activity, disposition and toxicity. Report says
that the protein content present in the nicotine induced hepatic
cell decides either cell-survival pathway or cytotoxic pathway [13].
Though it is already established that nicotine causes various damage
in our body in normal dietary condition but the toxic effects of
nicotine particularly in protein restricted dietary situation are still
cause of concern.

Curcumin is a natural diphenolic compound derived from
turmeric Curcuma longa, and possesses many therapeutic properties
like antihepatoxic, antioxidant, anti-inflammatory, antidiabetic,
antitumour, hepato-protective, and anti-HIV activities [14,15]. It
has proven to be a modulator of intracellular signaling pathways
that control cellular inflammation, invasion and apoptosis [13].
Curcumin significantly ameliorates the nicotine-induced toxicity and
regulates the imbalance between cell survival and death induced by
nicotine [13,14]. Nanocurcumin is a nanoparticles form of curcumin
in which the particles of curcumin are more soluble and deliverable
in the body [16]. These particles have been shown to be more
targeted to the tissue of interest that leads to better drug delivery
and faster treatment without any wastage or side effects [17,18]. Our
previous results revealed that nanocurcumin under normal dietary
condition effectively ameliorated the nicotine-induced toxicities at
much lower concentration due to its higher aqueous solubility and
more bioavailability [19]. Curcumin in itself is an extremely effective
and non-toxic compound for which it is preferred for therapy. But
nanoparticles that are used to coat or carry curcumin molecules to
the body might be toxic. Thus, recent research is now focusing not
only on the formation of a better nanocurcumin medication but also
on increasing the safety levels of nanoparticles and reducing the side
effects of the drug to a minimum against the aggravated nicotine-
induced toxicities under protein malnourished condition.

MATERIAL AND METHODS
Chemicals

Dichloromethane used as a solvent for the preparation of
nanoparticles of curcumin was purchased from Merk, India.
Nicotine hydrogen tartrate and curcumin were purchased from the
Sigma Chemical Company, USA. All other required chemicals were
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purchased from Spectrochem Pvt. Ltd. India. All the chemicals and
reagents used were of analytical grade.

Animals and diet

Adult female albino rats of Wistar strain (weighing approximately
120-150 g) were taken from Animal Housing Facility of Jadavpur
University, Kolkata, India. Prior to use, all animals were acclimatized
under standard conditions of temperature and humidity with 12
h light/dark cycles. They were maintained in accordance with the
guidelines of the rule of Instructional Animal Ethics Committee
of Jadavpur University, Kolkata, India (Reference No. AEC/
PHARM/1502/14/2015, Dated: 30th July, 2015). The animals were
housed in polypropylene cages in an air-conditioned room. Animals
were allowed to protein-restricted diet (5% casein, 83% carbohydrate,
7% fat, 4% salt mixture and 1% vitamin mixture) according to Hawk et
al. [20] throughout the experiment and water adlibitum. Twenty four
female albino rats were equally divided into four groups of six rats in
each and treated as below for 21 days.

e Group-I: Served as Control group in which animals were
received no treatment.

*  Group-II: Nicotine treated group in which animals were
injected with the effective dose of nicotine.

e Group-III: Nicotine and curcumin treated group in which
animals were injected with the effective dose of nicotine and
received effective dose of curcumin orally.

e Group-IV: Nicotine and nanocurcumin treated group in
which animals were injected with the effective dose of nicotine
and received effective dose of nanocurcumin orally.

Preparation of nanocurcumin

The preparation and characterization of nanocurcumin was done
by modifying the method of Basniwal et al. [16] as already reported
[19]. The as prepared nanocurcumin was used in this study.

Mode of treatment

The animals were maintained on their respective dietary regimen
well before (1 week) the treatment start to till the completion of the
treatment. The mode of treatment and effective doses of nicotine (2.5
mg kg-1 body weight day-1), curcumin (80 mg kg-1 body weight day-
1) and nanocurcumin (4 mg kg-1 body weight day-1) were similar to
the study of Chattopadhyay et al. [19]. The animals in control group
received subcutaneous injection of 0.5 ml physiological saline only at
the same time.

Collection of samples

After the last dose of injection received, animals were kept
fasting overnight and sacrificed on the following morning after mild
anesthesia. Blood was collected from the heart in sterilized with or
without anticoagulant (heparin) containing tubes and serum was
separated out after centrifugation and stored at -20° C prior to further
analysis. Liver, kidney and ovary were dissected, cleaned properly and
stored for further investigations. The tissues were kept under ice-cold
conditions throughout the experiment.

Biochemical assays

Serum and tissues (liver, kidney and ovary) protein contents
were determined by the method of Lowry et al. [21]. The Alkaline
Phosphatase (ALP), Alanine-Transaminase (ALT), and Aspartase-
Transaminase (AST) activities in the serum were measured by using
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the standard kit supplied by ARKRAY Healthcare Pvt. Ltd., Surat,
India. The other liver function enzyme, Acid Phosphatase (ACP)
in the serum was assayed according to the method illustrated by
Bergmeyer and Bernt [22] by using para nitrophenyl-phosphate as
the substrate. The lipid components such as TC: Total Cholesterol;
HDL-C: High Density Lipoprotein-Cholesterol and triglyceride in
serum were estimated by using standard kits supplied by Ranbaxy
Diagnostic Ltd., Mumbai, India. VLDL-C and LDL-C: Low
Density Lipoprotein-Cholesterol were calculated from the values of
triglyceride, TC and HDL-C by using the Friedwald and Fredicksons
formula [23]. Lipid Peroxidation (LPO) was measured in plasma
and liver by the determination of Thiobarbituric Acid-Reactive
Substances (TBARS) according to the standard protocol. The amount
of MDA was calculated by taking the extinction coefficient of MDA
as 1.56 x 105 M cm™. Antioxidant enzyme activities in liver such as
Superoxide Dismutase (SOD) and Catalase (CAT) were determined
from rats of all the groups [24]. The Glutathione-Reductase (GSH)
and glutathione-peroxidase enzymes activities of the liver tissue were
determined by the methods described by Griffith [25]. All the entire
biochemical assays were repeated twice and data were averaged (n =
12).

Histological study

Cleaned tissues of liver and kidney were fixed by using Bouin’s
fluid. After fixation, the tissues were washed several times by different
graded alcohol to remove excess fluid and then embedded in paraffin.
Using of rotary microtome the embedded tissues were sliced. The
paraffin sections were then attached on the slide and washed by
xylol before staining. The tissue sections were then stained by using
haematoxylin and eosin staining. Histological study of liver, kidney
and ovary tissues were accomplished by using Leica DFC450C
microscope at 20X by using CFP filter.

Statistical analysis

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 nicotine treatment. Similarly, * implied significant
(p <0.01) and * implied more significant (p < 0.001) of the data when
compared with the nicotine plus curcumin treatments.

RESULTS

The as prepared nanocurcumin is shown in figure 1. The most
sensitive and widely used liver enzymes i.e., AST and ALT activities
in the serum were significantly increased due to nicotine treatment
in protein malnourished condition (Table 1). The levels of activities
of those two enzymes were decreased significantly (P < 0.01) in
curcumin supplementation and more significantly (P < 0.001) in
nanocurcumin supplementation as seen in table 1. Similar results
were observed for ACP and ALP liver function enzymes activities
(Table 1). Urea and creatinine levels in the serum of nicotine exposed
animals were significantly elevated compared to the control group
animals (Table 2). The supplementation of nanocurcumin showed
much more ameliorative effects than curcumin by decreasing the
levels of urea and creatinine respectively in the serum. Nicotine
caused significant alterations of cholesterol, triglyceride, LDL-C, and
VLDL-C concentrations and decreased HDL-C concentration in the
serum under protein malnourished condition (Table 3). However,
administration of nanocurcumin to the nicotine-induced animals
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showed more significant ameliorative effects by normalizing almost
the concentrations of those parameters in the serum of the rats.
The results of lipid peroxidation both in the serum and liver tissue
of rats as shown in table 4 similarly suggested that supplementation
of nanocurcumin was more effective than curcumin in protein
malnourished rats. The degenerative effects of the antioxidant
enzymes (SOD, CAT, GSH and GPx) due to nicotinic stress and
ameliorative effects caused by curcumin and nanocurcumin are

shown in table 5. Nanocurcumin was found to be comparatively
more active against nicotine-induced effect on antioxidant enzymes
particularly in protein malnourished condition. Estimation of protein
content in different tissues is given in table 6.

The histological study of the liver tissue of control group animals
is shown in figure 2A. The distorted central vein (marked by arrow
head) and irregular cell arrangement of the nicotine exposed liver are

shown in figure 2B. The photographs of curcumin and nanocurcumin
supplemented ratliver are shown in figure 2C and 2D respectively. The
histological studies of kidney tissues of the control, nicotine treated,
curcumin and nanocurcumin supplemented groups are presented in
figure 3A to 3D respectively. Here destruction of Bowmann’s capsule
and cell walls are seen in nicotine treated condition (Figure 3B) which
almost restored in nanocurcumin supplementation as seen in figure
3D. The toxic effect on ovary by nicotine (Figure 4A and 4B) and
the corresponding protective effects of curcumin (Figure 4C) and
nanocurcumin (Figure 4D) similarly shown in figure 4.

DISCUSSION

Though several studies in animal models has demonstrated
the effective amelioration of curcumin against nicotine-induced
toxicities, the undesirable pharmacokinetic properties restricts the

clinical efficacy of curcumin in human subjects [26]. Nanocurcumin
is aqueous soluble and more bio-available than curcumin [27].

Figure 1: SEM picture of curcumin nanoparticles. Scientists are thus trying to use nanocurcumin against various

Table 1: Effect of nanocurcumin on hepatic enzymes in protein malnourished condition.

Enzymes Control Nicotine Nicotine + Curcumin Nicotine + Nanocurcumin
ACP (m mol/h/100 ml) 1.36 £0.10 1.94 +0.11(42.61) 1.52 £0.127(11.81) 1.42 £ 0.10" #(4.41)
ALP (m mol/h/100 ml) 9.30 £ 0.60 19.20 + 0.30(106.57) 12.95 £ 0.30°(39.21) 10.42 + 0.237#(12.01)

AST (IUL) 9.80 + 1.60 17.50 £ 4.00(78.61) 11.32+£0.70" (15.57) 10.35 £ 0.90" #(5.611)

ALT (lU/L) 37.40 + 2.60 71.35 + 1.61(90.771) 42.91 + 3.49" (14.71) 39.99 + 2.86"#(6.91)

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 data of nicotine treatment. Similarly,
# implied significant (P < 0.01) and ## implied more significant (P < 0.001) of the data when compared with the data of nicotine + curcumin treatments. The data
within the parenthesis represent the average percentage of increase (1) or decrease () relative to the control.

Table 2: Effect of nanocurcumin on renal function parameters in protein malnourished condition.

Parameter Control Nicotine Nicotine + Curcumin Nicotine + Nanocurcumin
Urea (mg/100 ml) 38.30+2.15 56.80 + 2.60(48.31) 47.00 + 2.78°(22.71) 39.23 £ 2.06"#*(2.4])
Creatinine (mg/100 ml) 1.35+0.12 1.85 £ 0.21(37.01) 1.56 £ 0.50°(15.61) 1.30 £ 0.10"# (3.7])

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 data of nicotine treatment. Similarly,
# implied significant (P < 0.01) and ## implied more significant (P < 0.001) of the data when compared with the data of nicotine + curcumin treatments. The data
within the parenthesis represent the average percentage of increase (1) or decrease () relative to the control.

Table 3: Effect of nanocurcumin on Lipid profile in protein malnourished condition.

Parameters Control Nicotine Nicotine + Curcumin Nicotine + Nanocurcumin
Triglyceride(mg/dl) 105.6 £ 8.4 185.8 £ 9.1 (75.91) 109.5 £ 8.6" (3.71) 106.4 £ 2.5"# (0.81)
Cholesterol (mg/dl) 107.3+7.9 138.7 £9.0 (29.31) 115.0 £ 5.6” (7.21) 109.3 £ 2.4"# (1.91)

HDL-C (mg/dl) 39.5+7.0 29.8+4.0 (24.6]) 31.7+1.0°(19.7})) 33.5+1.5%(15.2 |)
VLDL-C (mg/dl) 21.1+1.6 36.8+ 0.7 (74.41) 30.7 + 1.8 (45.51) 21.5+0.4"* (1.031)
LDL-C (mg/dl) 46.1+2.1 81.8+4.1(75.91) 64.79 + 1.2°(40.51) 435+ 1.5"(5.6])

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 data of nicotine treatment. Similarly,
# implied significant (P < 0.01) and ## implied more significant (P < 0.001) of the data when compared with the data of nicotine + curcumin treatments. The data
within the parenthesis represent the average percentage of increase (1) or decrease () relative to the control.
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Table 4: Effect of nanocurcumin on lipid peroxidation in protein malnourished condition.

MDA level Control Nicotine Nicotine + Curcumin Nicotine + Nanocurcumin
Serum (n mol/ml) 5.61+0.6 7.98 £1.3(42.21) 6.30 £ 0.57(12.31) 6.32+1.17 (12.71)
Liver (n mol/mg protein) 14.98 + 0.4 22.92 + 0.5(53.01) 16.01 £ 2.967(6.91) 15.50 + 0.9 (3.51)

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 data of nicotine treatment. Similarly,

# implied significant (P < 0.01) and ## implied more significant (P < 0.001) of the data when compared with the data of nicotine + curcumin treatments. The data
within the parenthesis represent the average percentage of increase (1) or decrease () relative to the control.

Table 5: Effect of nanocurcumin on antioxidant enzymes in protein malnourished condition.

Enzymes Control
SOD(n mol/O, decomposed/ min/100 mg protein) 9.02+0.2
CAT\ (n mol/H,0, decomposed/ min/mg protein) 40.21+1.0
GSH (ug/mg protein) 18.75+1.76
GPx (n mol/min/mg protein) 150.52 +2.5

4.09 +0.1(54.7))
29.22 +1.0(27.3))
12.02+1.13
135.11 + 2.9(10.2})

Nicotine + Nanocurcumin
7.15+0.5"%(20.7])
35.50 + 1.0"%(11.7])
16.00 + 1.417*
149.50 + 2.5"%(0.6)

Nicotine + Curcumin
6.72+0.14'(25.5])
32.9+0.5(18.2))

14.00 £ 1.41°

Nicotine

144.34 £2.2/(4.1])

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 data of nicotine treatment. Similarly,
# implied significant (P < 0.01) and ## implied more significant (P < 0.001) of the data when compared with the data of nicotine + curcumin treatments. The data
within the parenthesis represent the average percentage of increase (1) or decrease (|) relative to the control.

Table 6: Protein content of the tissues in nicotine stress and nanocurcumin supplemented condition of rats under protein malnourished condition.

Protein content(mg/g wet tissue) Control Nicotine
Liver 15.00 £ 0.70 7.12+1.59

Kidney 156.5+2.12 75+1.41
Ovary 18.75+1.76 12.02 £ 1.13

Nicotine + Curcumin Nicotine + Nanocurcumin

12.85+0.91° 13.77+£0.70™*
11.50 + 2.53" 14.00 + 1.4™#
14.00 + 1.41° 16.00 £1.41"#

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 data of nicotine treatment. Similarly,
# implied significant (P < 0.01) and ## implied more significant (P < 0.001) of the data when compared with the data of nicotine + curcumin treatments. The data
within the parenthesis represent the average percentage of increase (1) or decrease (|) relative to the control.

Figure 2: Histological section of Liver (20X)
A: Control Liver

B: Nicotine treated Liver

C: Nicotine and curcumin treated Liver

D: Nicotine and Nanocurcumin treated Liver

diseases to achieve its clinical benefits [17,18]. We have recently
reported the effectiveness of orally supplemented nanocurcumin
against the nicotine-induced toxicities in rats under normal protein-
diet condition [19]. This study furnishes the useful application of
nanocurcumin against the aggravated toxic effects that are induced
by nicotine in rats under protein malnourished status.
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The oxidative stress generated by nicotine increases the activities
of ACP and ALP in the serum. The increased oxidative stress causes
tissue injury which is related to the ROS generation [27]. In protein
malnourished condition, the levels of ACP and ALP were elevated
drastically showing more aggravated effect of nicotine on the tissues
(Table 1). The supplementation of nanocurcumin showed more
significant (P < 0.001) effect on the antioxidant status of protein
malnourished female rats due to which the ACP and ALP activities
were normalized. Nicotine also damages the cell membranes of liver
tissues causing liver injury. The activities of AST and ALT are thus
increased due to loss of functional integrity of liver cells [28]. It is
already reported that curcumin can normalize the levels of the liver
enzymes to some extent in normal protein condition [19,29]. The
situation became more serious in protein malnourished condition
because aggravated liver injury was observed in such condition.
Our results suggest that nanocurcumin is better than curcumin to
nullify the nicotinic toxicity in liver (Table 1). The smaller dimension
of nanocurcumin is more bio-available than curcumin which may
explain these findings.

Urea and creatinine levels were significantly elevated in the serum
of nicotine exposed protein malnourished group compared to the
control group (Table 2) which could be related to the progressive
kidney failure as described by Addo et al. [30]. Usunobun et al. [31]
have reported that some heavy metals in tobacco (e.g., Cadmium,
Mercury, Lead etc.) may play some role in tobacco-induced renal
damage. This finding suggests that nanocurcumin supplementation
is a better restorative phenomenon compared to curcumin for the
healing of kidney damage.
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The increment of triglyceride (75.9%), VLDL-C (74.4%), VLDL-C
(75.9%) and cholesterol (29.3%) levels and decrement of HDL-C
(24.6%) level in the serum of rats under nicotine treatment clearly
revealed that nicotine affected the lipid profile severely in protein
malnourished condition (Table 3). This result is in agreement with
the finding of Chattopadhyay et al. [10]. Balakrishnan and Menon
[28] have shown that nicotine-stimulated catecholamine synthesis
lipolysis adipose tissue which increased the serum cholesterol level.
The absorption of total cholesterol and increase CYP7Al gene
expression (which is a rate limiting enzyme in the biosynthesis of
bile acid from cholesterol) by curcumin helps to reduce the total
cholesterol level in the serum [32]. The multiple inductions of fatty
acid catabolism may lower the triglyceride level by curcumin.
The increased lipid peroxidation in the plasma and liver tissues
due to nicotinic stress in protein malnourished condition (Table
4) corroborates with the earlier findings [10,19]. The significant
amelioration of lipid peroxidation by nanocurcumin was observed in
this study. It may be inferred that due more bioavailability and higher
intake of nanocurcumin into the cells, the above-mention beneficial
effects of curcumin become more prominent for nanocurcumin in
protein malnourished condition.

Figure 3: Histological section of Kidney (20X)
A: Control Kidney

B: Nicotine treated Kidney

C: Nicotine and curcumin treated Kidney

D: Nicotine and Nanocurcumin treated Kidney

Figure 4: Histological section of Ovary (20X)
A: Control Ovary

B: Nicotine treated Ovary

C: Nicotine and curcumin treated Ovary

D: Nicotine and Nanocurcumin treated Ovary
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Nicotine interrupts the mitochondrial respiratory chain and
causes increased generations various free radical ions (e.g., super oxide
ions, hydrogen peroxide ions etc.) and enhances lipid peroxidation on
human circulating lymphocytes [33]. The primary role of antioxidant
enzymes is to take part in defense mechanism for protecting the
cells and cellular organelles from oxidative damage. It was noted
that the activities of two main antioxidant enzymes (SOD and CAT)
decreased significantly in the nicotine-treated rats compared to the
control group (Table 5). Dispose of the free radicals, production of
hydrogen peroxide or inactivation of the enzyme proteins by ROS
generation and depletion of the enzyme substrates and/or down
regulation of transcription and translation processes due to nicotine
toxicity are the possible causes for the decreased activities of those
scavenging enzymes [34]. Similarly, depletion of GSH and GPx levels
not only weakens cell defense system but also enhances the oxidative
stress that damages various tissues and organs [27]. The significant
ameliorative effect of nanocurcumin proved its scavenging free
radicals activity and maintained the cell membrane interiority and
functions through inhibiting membrane lipid peroxidation. Nicotine
also causes reduction in the protein concentration of liver, kidney and
ovarian tissues due to its toxic effect. The increased concentration
of the protein in different tissues suggests that nanocurcumin can
protect the tissues in a better way against nicotine-induced damage
as seen from table 6.

Significant histological changes were observed in hepatocytes
of protein malnourished female rats under nicotine exposure. The
regular hepatic cells arrangement and normal central vein (marked
by arrow head) of the liver tissue of control group rats were noted in
figure 2A. Nicotine abuse affected the liver tissues for which distorted
cell arrangement and the enlarged central vein filled with sinusoidal
fluid was observed in figure 2B under protein malnourished
condition. This was in agreement with the observation of Bateman
[35] who suggested that the histological changes might be preferred
as standard for the assessment of liver cell damage. Nicotine stress
caused damage of liver cells by enhancing the levels of liver enzymes
(AST and ALT) into the blood which indicated the liver disease.
Curcumin and nanocurcumin appeared to reduce the levels of those
liver enzymes and thus prevented liver damages by maintaining the
structural integrity of the liver cell membrane as seen from figures
2C and 2D respectively. Histological studies of kidney tissues (Figure
3A to 3D) of the protein malnourished animals were similarly
revealed the effect of nicotine and corresponding amelioration of
curcumin and nanocurcumin. Nicotine exposure distorted the
normal arrangement of the glomerulus (marked by arrow head), the
bowman space and the proximal/distal tubules of kidney tissue which
were more significantly (P < 0.001) restored by supplementation of
nanocurcumin (Figure 3D) in comparison to curcumin (Figure 3C).
In the ovary of female rats maintained with protein malnourished diet,
the regression of graafian follicles with disrupted cellular structures
forming vacuoles were seen due to nicotine treatment (Figure 4B).
This was probably due to the synergistic effect of nicotine toxicity
and protein malnourished stress which decreased the production of
ovarian hormones in such condition as reported by Sinha et al. [8].
Curcumin (Figure 4C) and nanocurcumin (Figure 4D) both restored
the graafian follicular structures but the effect of nanocurcumin was
more prominent in restoration of the normalcy of ovarian structure
than curcumin.

CONCLUSION

The living organisms depend essentially on proteins, which
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directly or indirectly regulate the biochemical processes. Protein
malnutrition induces marked changes in the functioning form,
leading to several biochemical defects, structural disruption and
altered physiological functions. Thus the detrimental effects of
nicotine are more pronounced in protein deficient condition.
The undesirable complications of inorganic nanomaterial can be
overcome by using the protein-based nanomaterial or herbal-
nanomaterial as they exhibit less cytotoxicity [36,37]. Our study
demands that nanocurcumin more effectively ameliorates nicotine-
induced toxicities in protein malnourished condition by normalizing
the hepato-enzymes activities, kidney function parameters, lipid
profiles, anti-oxidant status and also maintaining the structural
integrity of different tissues under nicotine stress condition. The safer
and more effective nanocurcumin may be used as better therapeutic
agent to protect the health of female population who are suffering
both from protein malnutrition and nicotine-induced complications.
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