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ABSTRACT

Background: Aggravated nicotine-induced DNA damage and immunomodulatory disruption are more prominent in female populations
under proteinrestricted conditions. Females seem to be more susceptible to nicotine-induced complications due to their low innate
immunity. Though the anti-inflammatory and anti-genotoxic properties of curcumin are able to overcome effectively nicotine-induced
complications, still its therapeutic use is hindered due to its poor aqueous solubility and low bioavailability. Nano-curcumin appears to
be a better therapeutic agent because of its increased aqueous solubility and higher bioavailability than curcumin. Methods: This study
investigated the effects of nicotine (2.5 mg/kg body weight injected subcutaneously for three consecutive weeks) on genotoxicity and
immunomodaulatory disruption in female rats maintained under a protein-restricted diet (5% casein). It also measured the ameliorative
efficacy of nanocurcumin (4 mg/kg body weight supplemented orally after one hour of nicotine exposure) against nicotine. Results:
It is observed that nicotine decreases hemoglobin and DNA contents and causes severe DNA damage in blood cells under protein-
restricted conditions. It disrupts the immune system and affects the endocrine functions of the female rats maintained under protein-a
restricted diet. Nano-curcumin ameliorates the nicotine-mediated genotoxic effects significantly, maintains the female sex hormonal level
effectively, and restores the normalcy of immune responses in protein-restricted diet rats more efficiently than curcumin. Conclusion:
Nano-curcumin looks like a potential blocker of nicotine due to its enhanced bioavailability and acts as a prospective therapeutic herbal

agent to protect the health of the protein-malnourished female population.
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INTRODUCTION

he tobacco epidemic is one of the biggest public health

threats the world has ever faced. It kills more than 8
million people a year, including around 1.2 million deaths
from exposure to second-hand smoke' N'-Nitrosonornicotine,
a tobacco-specific nitrosamine, is one of the strong
carcinogens and is accused of the addictive potential of
smoking. It is mediated by neuronal nicotinic acetylcholine
receptors in the central nervous system.? Nicotine promotes
endothelial cell migration, proliferation, and nitric oxide
(NO) production in-vitro, mimicking the effect of other
angiogenic growth factors.> # It also stimulates growth
factors, fibroblast proliferation, collagen release, and
expression of myofibroblast markers.” Cigarette smoke
causes airway epithelial cell damage® and global epigenetic
changes, including DNA methylation and chromatin
remodeling, which negatively impact genes involved in
physiologic lung repair and regeneration.”® Smoking yields
chemicals with carcinogenic potential, and the metabolism
of nicotine produces reactive intermediates capable of
binding to proteins and DNA, which increases the risk of
hepatocellular carcinoma.’ The genotoxic effect of nicotine
and its reactive metabolites induce chemical modifications
of DNA (DNA adducts) and play a key role in chemically
induced carcinogenesis. DNA adducts can lead to mutations
during cell division and may ultimately disrupt the regular
functioning of the systems regulating normal cell growth.
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Recently, nicotine has been shown to increase the frequency
of micronuclei in human gingival fibroblasts,'® and DNA
strand breaks in human spermatozoa."

At the cellular level, the induction of autoimmunity is a
manifestation of an imbalance between pathogenic effectors
versus protective regulatory responses.' Nicotine-induced
production of pro-inflammatory cytokines (IL-1B; IFN-y
from Th1 cells and IL-4 and IL-5 from Th2 cells) trigger the
signaling pathway, which plays an essential role in the
cellular survival, death, and various pathological states.’>'®
IFN-y has antitumor, antiviral, and immunomodulatory
activities. It coordinates both innate and adaptive immune
responses.'” ILl-4, a cytokine produced by activated Th2
lymphocytes, mast cells, and basophiles, is involved in many
immunologic processes, such as Th2 differentiation, class
switching, and B cell proliferation.'® Cigarette smoke exerts
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Cytotoxic and both pro-inflammatory and anti-inflammatory
effects on nasal epithelial cells, leading to increased reactive
oxygen species (ROS) production, Toll-like receptor (TLR) 4
expression, and lipopolysaccharide (LPS).'*2° Changes in the
redox status within the cell initiate the activation of redox-
sensitive transcription factors, such as nuclear factor-«B
(NF-k) and activator protein-1 (AP-1). NF-k3 plays a significant
role in gene expression of pro-inflammatory mediators (IL-6
and TNF-a), linked to cigarette smoke exposure and altered
cytokine production.? 22 The imbalance between oxidants
and antioxidants resulting from exposure to tobacco smoke
leads to oxidative stress and increases mucosal inflammation
and inflammatory cytokines (IL-6 and TNF-a) expression.
The primary role of TNF-alies in the regulation of immune
cells. It is an 11-enigmatic cytokine controlling signaling
pathways towards cell proliferation and death. Complex-I
and complex-Il are the two complexes formed by TNF-a
binding with TNF-R.22 Complex-Il induces the pro-apoptotic
protein BAX that releases Cytochrome-C and reactive oxygen
species (ROS) from the mitochondria. Cytochrome-C causes
apoptosis, where ROS induces necrosis of the cell.?* BCL-2 is
localized to the outer membrane of mitochondria, where it
plays an important role in promoting cellular survival and
inhibiting the actions of pro-apoptotic proteins.?

Nicotine also alters the endocrine function, perhaps at the
level of the ovary, which in turn affects the release of female
hormones. Smoking is an established modifiable risk factor
for a number of serious complications in pregnancy and
maternal-fetal health. These complications include preterm
delivery, intrauterine growth restriction, placental abruption,
and prenatal mortality, etc. The endocrine disruption likely
contributes to the reported associations of smoking with
adverse reproductive outcomes, including menstrual
dysfunction, infertility, and earlier menopause.?

Protein Energy Malnutrition (PEM) continues to be a
major public health problem in developing countries and
affects mostly all age groups like infants, young children,
pregnant and lactating mothers and poorer segments of
the population. Low dietary protein imposes a constraint
on biosynthetic activity, disposition, and toxicity.?” Though
it is already proven that in normal dietary conditions,
nicotine causes various damage to our body, the toxic
effects of nicotine, particularly in protein-restricted dietary
situations, are still a cause for concern. The therapeutic use
of curcumin, a natural yellow polyphenolic pigmentisolated
from the rhizomes of the plant Curcuma longa L. (turmeric),
in diet can inhibit the antigen-mediated activation of mast
cells, IgE production, and airway inflammation. It shows a
wide spectrum of biological and pharmacological effects,
such as anti-inflammatory, antioxidant, antimicrobial, anti-
hepatotoxic, hypolipidemic, and anticancer properties.
Curcumin also has immunomodulatory and anti-allergic
activities. Poor aqueous solubility, low bioavailability, poor
absorption, and rapid excretion from our body are the basic
drawbacks of curcumin against its use in clinical practice.
Curcumin, in the form of nanoparticles, is more active

than curcumin because of its more aqueous solubility and
increased bioavailability. Nano-particles of curcumin are
therefore proposed as nano-drugs for oral supplementation
to increase their bio-availability against nicotine-induced
toxicities under protein-restricted conditions.

MATERIALS AND METHODS

Nicotine hydrogen tartrate and curcumin were purchased
from Sigma Aldrich Chemicals Company, St. Louis, USA. The
preparation and characterization of nano-curcumin was
done in our laboratory, which had already been discussed
elaborately elsewhere.?® Spectrochem Pvt. Ltd. India and
Merck India supplied all others analytical grade chemicals.
PUREGENE-made ELISA Kits were supplied by Genetix Biotech
Asia Pvt. Ltd. and were used for the detection of cytokines,
apoptotic proteins, and steroidogenic hormones.

Protein Restricted Diet and Animals

Female albino rats of Wistar strain (Rattus norvegicus) having
130-150 gm body weight were procured from the Animal
housing facility of Jadavpur University and maintained one
week by feeding with the standard pellet diet (Hindustan
Liver Ltd., India) and water ad libitum. The animals were fed
a protein-restricted diet during the nicotine exposure period,
which was three consecutive weeks. The protein-restricted
diet contains carbohydrates (83%), protein(5%), fat (7%),
salt mixture (4%), and vitamin mixture (1%).2° The rats were
maintained with a natural lighting schedule, i.e., 12 hours light
and 12 hours dark cycles, by following strictly the guidelines
of the Institutional Animal Ethics committee of the Jadavpur
University, Kolkata, India (Ref. No.: AEC/PHARM/1502/14/2015,
Dated: 30/07/2015). There were 30 rats were taken and divided
equally into five groups of six rats each.

Group —-C: Animals in this group received no nicotine
exposures and served as a control group.

Group-NT: Animals in this group were exposed to nicotine.
Nicotine tartrate solution was subcutaneously injected at an
effective dose of 2.5 mg nicotine/ kg body weight.
Group—NTCS: Animals in this group received an effective
dose of nicotine followed by a supplemented effective dose
of curcumin (80 mg/kg body weight), which was given orally
after one hour of nicotine injection.

Group -NTNCS: Animals in this group received an effective
dose of nicotine followed by a supplemented effective dose
of nano-curcumin (4 mg/kg body weight), which was given
orally after one hour of nicotine injection.

Group -NCS: Animals in this group received an effective dose
of nano-curcumin (4 mg/kg body weight) only, which was
given orally after one hour of nicotine injection.

After the completion of exposure for three consecutive
weeks, all animals were kept fasting overnight and sacrificed
the next day by decapitation.

Sample Collection

After decapitation, blood samples were collected from the heart
immediately, divided into two parts, and stored with or without
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an anticoagulant (Heparin). The serum was separated from the
blood, kept in anticoagulant containers by centrifugation, and
stored at - 20 °C for further analysis. The liver, kidney, and ovary
were dissected out and stored in vacuum desiccators at -20°C
to prevent auto-oxidation for future studies.

Hemoglobin Estimation

Percentages of hemoglobin estimation were done using the
method described elsewhere.3°

DNA Content Estimation

DNA contents from blood and tissues (liver, kidney, and ovary)
were determined by following the protocol as described by
Bandyopadhyay et al.3' After the extraction of DNA, it was
dissolved in TE buffer (pH 8) and its concentration and purity
were measured by using a spectrophotometer at the range
of 230, 260 and 280 nm.

Comet Assay

The whole procedure of comet assay was followed by a
slightly modified technique as described by Bandyopadhyay
etal3' The photomicrograph of each slide was taken in Leica
Fluorescent Microscope at the 40x magnification, Model 300
FX. Measurements of the total comet tail length and mean
DNA density, etc. were done by using the Perceptive Comet
Assay IV software version 4.3. The parentage of DNA damage
and tail moment were done accordingly. A total of 50 cells
were screened per animal, and the data were averaged.
Quantification of DNA damage for each call was as follows:

Total DNA in comet = (Total comet area) x (mean DNA
intensity)

Total DNA in comet head= (Total head area) x (mean DNA
intensity)

% DNA damage = (Total DNA in comet) - (Total DNA in comet
head) x100

Tail moment = (Tail length) x (Mean DNA intensity in tail)

Cytokines and Apoptotic Molecules by ELISA

Various cytokines such as IL-6, IL4, TNF-a, and IFN-y and
apoptosis regulatory proteins (BCL-2 and BAX), which were
induced by nicotine and nano-curcumin, were measured
from the serum of protein-restricted rats. This process was
conducted with the help of Quantikine Immunoassay Kits
(Genetix Biotech Asia Pvt.Ltd.) as per the manufacturer’s
protocols. The quantitative sandwich enzyme immunoassay
technique did this assay. The intensity of the color measure
was proportional to the amount of rats IL-4 and IL-6 and
bound in the initial step. After the completion of this assay,

the plates were read for optical density at 450 nm and then
compared with the standard curve.

Female Hormones by Radioimmunoassay

Un-conjugated forms of female hormones, viz., estradiol
and progesterone hormones, were estimated with the help
of an ELISA kit supplied by Genetix Biotech Asia Pvt. Ltd. as
per the manufacturer’s protocol. The concentration of the
hormones in the serum of control and experimental rats was
determined by interpolating the measured OD values at 450
nm from the standard curves.

Statistical Analysis

Each experiment was repeated twice, and data were averaged
(N =12) and tabulated as a mean * standard deviation (SD).
The statistical analysis of the data obtained from control,
nicotine, nicotine+nano-curcumin, and only nano-curcumin
supplemented animals was performed by one-way analysis
of variance (ANOVA). The significant levels of the observed
data were determined at p <0.05.

RESULTS

Nicotine exposure caused a significant (p < 0.001) decrement
in total hemoglobin content (25%) in the RBC of the animals
under protein-restricted diet conditions. It was observed
that both curcumin and nano-curcumin increased the
hemoglobin concentration in RBC effectively (Table 1).
Nicotine hampered DNA synthesis in the tissues of the rats’
blood, liver, kidney, and ovary under a protein-restricted
diet, as seen in Table 2. DNA contents in those tissues were
reduced to more than 20%, which was significant (p < 0.001).
The ameliorative action of nano-curcumin against nicotine
in DNA synthesis was found to be significant (p < 0.001) than
that of curcumin (Table 2).

Comet assay (Figure 1 and Table 3) showed that nicotine
caused aggravated DNA damage (almost 50%) to the blood
cells of female rats in protein-restriction conditions. Both
curcumin and nano-curcumin resisted the deleterious action
of nicotine against DNA damage. Table 3 shows that nano-
curcumin possesses better ameliorative efficacy (p < 0.001)
than curcumin in the case of repairing DNA damage.

The concentration levels of all the observed cytokine
molecules (IL-4, IL-6, TNF-a, and IFN-y) were increased due
to the action of nicotine in female rats maintained under
protein-restriction conditions (Figure 2). Results suggested
thatIL-4 increased 1.4 folds in nicotine-exposed and protein-
restricted animals compared to control protein-restricted

Table 1: Hemoglobin levels of animals in different groups

Groups
Parameter (@] (NT) (NTCS) (NTNCS) (NCS)
Haemoglobin (g/ 123+0.34 9.16+0.29™ 11.66 +0.18™ 12.3+0.18" 134+05
dL" (n=12) (25.521) (5.481) (0.0) (8.941)

Data are Mean + SD. * and indicate significant differences with C and NT groups, respectively.

Values in parenthesis indicate the percentage of increase (1) or decrease (1) relative to the control.
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Table 2: Total DNA content in different tissues of animals in different groups

Groups
Parameter (@] (NT) (NTCS) (NTNCS) (NCS)
Blood (ug/300 L) 110.67 £ 5.31 77.67 £6.75 87.36 £9.39 104.82 £ 4.08 113.94+£3.86
(29.811)" (21.06 1) (528 1) (2951

Liver 17.0+2.13 13.29+1.60 14.89 £ 0.51 16.16 £ 3.91 17.06 £ 1.41

(ug/mg) (21.820)" (124107 4941 0351

Kidney 17.66 £ 0.42 13.49+1.54 15.63 £0.23 16.41 £2.36 17.74 £0.75

(ug/mg) (23611)" (11.49 L) (7.07 )" (045 1)

Ovary 19.72 £ 0.67 13.84+£0.36 15.29£0.24 18.44 £ 0.05 19.39 £ 0.04

(ug/mg) (29.811)" (2246 1) (6.491)™ (1.67 1)
Data are Mean + SD. * and *indicate significant differences with C and NT groups, respectively.
Values in parenthesis indicate the percentage of increase (T) or decrease (1) relative to the control.
Table 3: DNA damage percentage and tail moment in whole blood of

different groups 200 *
= 1 =
Groups E il * B N

Parameter (@] (NT) (NTCS)  (NTNCS) (NCS) g Bl nTcs

% DNA 1336+ 4800+ 2689+ 1606+ 1312+ 3 | *x 5 ke

damaged 05 42 2177 05% 014 s J # x

Tail moment 8093+ 63695 2108+ 16427 1944% g o0 i

arbitrary unit  2.50 +504 642  +844" 835 5 R - . ST
Data are Mean + SD. * and # indicate significant differences with Cand NT E 100} ‘ I
groups, respectively. o o . Lo

1IN ollys
0 -
IL-6 IL-4 TNF - « IEN -y

Figure 1: Photomicrographs of the comet assay of blood cell DNA
of animals under protein-restricted conditions. (1A) represents the
comet picture of blood cell DNA in protein-restricted diet-fed rats. (1B)
represents the comet picture of blood cell DNA in the nicotine-exposed
group. (1C) represents the comet picture of blood cell DNA in the
nicotine + curcumin-exposed group. (1D) represents the comet picture
of blood cell DNA in the nicotine+nano-curcumin-exposed group. (1E)

represents the comet picture of blood cell DNA in the nano-curcumin-
supplemented group.

animals. Similarly, IL-6, TNF-a, and IFN-y were increased
by 1.8, 2.1, and 1.3 folds, respectively, in nicotine-exposed
and protein-restricted animals than in control protein-
restricted animals. Curcumin supplementation reduced
the concentration levels of all these cytokines, and the
concentration levels of IL-4, IL.-6, TNF-qa, and IFN-y became
1.1, 1.6, 1.8, and 1.1 folds, respectively, in nicotine-exposed
and protein-restricted animals. Supplementation of nano-

Figure 2: Cytokine profile determined by ELISA. Columns are Mean
+ SD. * and # indicate significant differences with C and NT groups,
respectively

Apoptosis regulator proteins (ng / ml)

BAX

BCL -2

Figure 3: Apoptosis regulator protein determination by ELISA
Columns are Mean + SD* and # indicate significant differences
between the C and NT groups, respectively

curcumin to nicotine-exposed and protein-restricted animals
reduced those cytokine levels very significantly (p < 0.001),
due to which the concentration levels of IL-4, IL-6, TNF-aq,
and IFN-y b became 1.0, 1.3, 1.2 and 1.1 folds, respectively.
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Table 4: Levels of steroidogenic hormone released in serum of rats under protein restricted dietary condition determined by ELISA

Steroidogenic hormone control Nicotine Nicotine + curcumin Nicotine + Nanocurcumin Nanocurcumin
Estradiol (pg/mL) 79.62 £5.25 63.69 £ 13.57 71.11£10.1 78.88 £5.09 84.06 =£5.01
Progesterone (ng/mL) 11.59+0.23 8.95+0.04 9.49 +0.121 10.7£0.19 13.28 £0.20

The concentration of anti-apoptotic molecule (BCL-2)
was drastically reduced (2.8-fold) by nicotine exposure in
female rats under protein-restricted conditions (Figure 3).
The concentration level of BCL-2 became 1.2 folds (p < 0.01)
by curcumin and 1.0 folds (p < 0.001) by nano-curcumin
supplementation in the nicotine-exposed and protein-
restricted diet-fed female rats (Figure 3).

Nicotine also caused a decrement of female sex hormones
(estradiol by 1.3 folds and progesterone by 1.3 folds) in
the female rats maintained under a protein-restricted diet
compared to their respective controls (Table 4). Nano-
curcumin almost nullified the action of nicotine and restored
the normal concentration levels of estradiol and progesterone
more significantly (p < 0.001) than curcumin in the nicotine-
exposed and protein-restricted diet-fed female rats.

Discussion

Different forms of tobacco consumption are widely spread
over socio-economically handicapped populations in
developing countries, particularly in India, and therefore,
this study is worthy of investigation. The study shows that
nicotine causes a significant reduction (p < 0.001) of total
hemoglobin concentration in the blood cells of female rats
when maintained under protein-restricted diet conditions.
This is in agreement with our previous study,3® where it is
shown that nicotine induces a low RBC count and affects the
binding efficacy of hemoglobin with oxygen. Hemoglobin
concentration is therefore becoming low in nicotine exposure.
Numerous studies have demonstrated that low hemoglobin
(Hb) is a strong prognostic indicator of poor disease control.
The observed increased concentration of hemoglobin by
curcumin or nano-curcumin is due to their protective efficacy
against nicotine, as explained by Banerjee et al.3° The more
bio-available nano-curcumin shows enhanced ameliorative
efficacy than curcumin against the nicotine-induced effect.
Nicotine causes suppression of cellular proliferation and
increases DNA breakdown, resulting in increased cell death
(Mohammed et al., 2004). The present finding supports
the earlier studies®' as nicotine causes a very significant
(p < 0.001) reduction of DNA content in various tissues
(blood, liver, kidney, and ovary) of the female rats under
protein-restricted conditions (Table 2). Chattopadhyay
and Chattopadhyay®? have shown that nicotine enhances
lipid peroxidation in female rats under a protein-restricted
diet, which results in increased oxidative DNA damage and,
therefore, the total DNA content in various tissues becomes
less compared to their respective controls in such conditions
(Table 2). Though curcumin and nano-curcumin both are
able to minimize the toxic effect of nicotine against the DNA
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content of the tissues, nano-curcumin shows better efficacy
against nicotine due to its more bioavailability, resulting in
less decrement of total DNA content in various tissues of
nicotine-exposed animals. It is reported that nano-curcumin
possesses higher binding efficacy with DNA than nicotine.*?
Therefore, the nano-curcumin vs. DNA complex is more
stable than the nicotine vs. DNA complex. Nano-curcumin
thus protects DNA from nicotine, resulting in increased DNA
concentration in various tissues.

The comet assay results, as shown in Figure 1, clearly indicate
that nicotine can break DNA strands, which is why the comet-
like appearance is seen in the picture. The comet assay is a well-
established genotoxicity test for in-vitro testing of chemicals
against biological macromolecules.3* The retrenched head
diameter, extended tail length, decreased head diameter vs.
tail length ratio, and amplified percentage of DNA damage are
seen to be significantly higher in nicotine-exposed protein-
restricted animals. In the comet assay, it is observed that the
percentage of DNA damage in the protein-restricted control
group is 13.36.%. Some amount of DNA damage (< 10%) always
occurs in normal conditions due to various physiological
stresses. Protein restriction causes additional stress, due to
which a slightly higher percentage of DNA damage is observed
in our study. Figure 1 for comet assay clearly indicates that
nicotine plays a significant role in genotoxicity to the blood
cells of female rats in protein-restricted conditions. This
may be due to the increased production of free radicals
and reactive oxygen species (ROS) that attack all types of
macromolecules, including DNA, as reported in an earlier
study.*® Curcumin significantly reduces DNA damage due
to its anti-mutagenic, tumor-inhibiting, and anti-oxidant
properties. Nano-curcumin supplementation (p < 0.001)
significantly prevents nicotine-induced DNA damage in the
protein-restricted group. It suggests that more bio-available
nano-curcumin has better efficacy in combating nicotine and
restoring DNA damage than in nicotine-stressed conditions.
ELISA test was performed to determine the concentration
of cytokines (IL-6, IL-4, TNF-q, IFN-y) in serums of rats
exposed to nicotine, curcumin, and nano-curcumin under
protein-restricted dietary conditions. The results of this
study demonstrated that cytokine levels were influenced by
nicotine. At the physiological level, IL-6 plays an important
role in the cytokine network. However, excessive production
of IL-6 in response to exposure to lipopolysaccharide has an
inflammatory effect, resulting in injury.3¢ IL-4 in extravascular
tissues promotes alternative activation of macrophages into
M2 cells and inhibits the classical activation of macrophages
into M1 cells. It stimulates the activation of B-cells and the
proliferation of T-cells, and it differentiates B-cells into

29



Nanocurcumin mediated amelioration against nicotine toxicity

plasma cells.3” TNF- g, along with IL-1beta, up-regulates the
expression of VCAM-1 on hepatic sinusoidal endothelium
in-vivo, which promotes cancer cell adhesion and liver
metastasis. IFN-y possesses immune regulatory property
that alters the transcription of~30 genes producing a variety
of physiological and cellular responses.®® Activated T cells
release macrophage-activating factor IFN-y which activates
macrophages to secrete many inflammatory proteins such
as IFN-y inducible protein (IP-10), IFN inducible T cell a -
chemoattachment (I-TAC), and monokine induced by IFN-y
to orchestrate the inflammatory process. ELISA results for
the cytokines of serum demonstrate that the cytokines are
elevated rapidly after nicotine exposure in normal protein
dietary conditions, and curcumin prevents that elevation,
whereas nano-curcumin supplementation helps more
effectively than curcumin to regain the normal level of
cytokines as released under normal dietary conditions.
Apoptosis plays an important role in regulating a variety of
diseases. In the case of schizophrenia, a neurodegenerative
disease, an abnormal ratio of pro- and anti-apoptotic factors
is observed.?® BCL-2 is localized to the outer membrane of
mitochondria, where it plays an important role in promoting
cellular survival and inhibiting the actions of pro-apoptotic
proteins. The pro-apoptotic proteins in the BCL-2 family,
including BAX and BCL-2, normally act on the mitochondrial
membrane to promote permeabilization and release of
cytochrome C and ROS, which are important signals in the
apoptosis cascade. These pro-apoptotic proteins are, in
turn, activated by BH3-only proteins and are inhibited by
the function of BCL-2 and its relative BCL-XI.** ELISA test
shows that nicotine exposure decreases the concentration
level of anti-apoptotic BCL-2 molecules and increases the
concentration of pro-apoptotic BAX molecules. The more
bio-available nano-curcumin supplementation regains the
normal concentration levels of both apoptotic molecules
more significantly than that of curcumin released under
protein-restricted dietary conditions.

Cigarette smoking has major effects on the reproductive
potential of humans. Being pro-androgenic, smoking is also
anti-estrogenic, which means it has a negative effect on
estrogen levels in women.*' Nicotine significantly reduces 17
B-estradiol and progesterone levels in female rats maintained
on a protein-restricted diet. Nicotine has an anti-estrogenic
effect of which affects the hepatic estrogen metabolism,*
thereby reducing 17 3-estradiol levels in the serum of those
female rats. It also induces a decrease in progesterone levels
by increasing PGF-2a, an important factor for autolysis, and
also by increasing VEGF mRNA expression. Both curcuminand
nano-curcumin combat the anti-estrogenic effect of nicotine,
and increased 17B-estradiol level and progesterone levels
are noted when supplemented in rats maintained under
a protein-restricted diet. This increment occurs because
of curcumin, which inhibits microvascular endothelial cell
angiogenesis through the inhibition of COX-2 expression.*
Nano-curcumin shows a more significant ameliorative

effect than curcumin, increasing the 17 B-estradiol and
progesterone levels near normal levels in the serum of rats
maintained under protein-restricted conditions.
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