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Summary: Smoking is associated with dysregulation of the antioxidant system and addiction. This study sought to ascertain
the effect of Nigella sativa (NS) oil on the antioxidant system, nicotine/tobacco addiction as well as the expressions of 042
nicotinic (NAChR) and dopamine type-2 (DRD2) receptors in selected brain regions of the rat. Thirty (30) male Sprague-
Dawley rats were divided into 6 groups (n=5/group) comprising of vehicle-treated control, NS oil only, Smoke only, Smoke
+ NS oil, Nicotine only and Nicotine + NS oil. Animals were passively exposed to cigarette smoke or nicotine vapour for 12
weeks (whole body exposure, 60min/session/day), however, NS oil treatment commenced from 9th-12th week of the
experimental duration. Conditioned place preference test was carried out at the start and end of the experiment. Cotinine and
antioxidants levels were assessed in the plasma. Quantitative RT-PCT was used to assess gene expressions of nicotine
subtypes and dopamine receptor in the brain homogenates. Nicotine vapour and cigarette smoke-induced increase in cotinine
level were significantly reduced by NS treatment. Cigarette smoke or nicotine vapour exposure significantly (p<0.05)
decreased the level of antioxidant enzymes while increasing malondialdehyde level in the brain homogenates of the rats.
Administration of NS oil significantly (p<0.05) reversed the reduced antioxidant level. Cigarette-smoke also significantly
increased 04-nAChR expression in the frontal cortex and olfactory bulb of exposed rats compared to control. Nicotine vapour
significantly increased DRD2 expression only in the olfactory cortex. NS oil administration reduced both the cigarette-
smoke-induced increase in a4-nAChR and nicotine vapour-induced increase in DRD2 gene expression only in the olfactory
cortex. Findings from this study suggest that NS oil improves brain antioxidant status while ameliorating nicotine vapour
and cigarette smoke addiction through down-regulation of a4-nAChR and DRD2 gene expressions in discrete brain regions
of Sprague-Dawley rats.
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INTRODUCTION are up-regulated during chronic exposure to nicotine and
cigarette smoke (Brees et al. 1997; Perry et al. 1999).

Another gene that plays a very prominent role in
Tobacco addiction is the leading cause of preventable death  addiction is the dopamine type 2 receptors (DRD2). These
worldwide (CDCP 2012). According to the World Health  are G-protein coupled receptors (GPCRSs) linked to the G-
Organization (WHO 2013), smoking causes about 6 million  alpha-inhibitory (Goi) arm of the receptor to bring about
deaths yearly. Based on previous studies, the main  thejr effects on the reward pathways and addiction (Seamans
psychoactive component responsible for the positive  and Yang 2004; Bronson and Konradi 2010). DRD2
reinforcing effects of tobacco use is nicotine (Hoffman and receptors also act by inhibiting adenylate cyclase and
Evan 2013). Several studies have proven beyond any  jactivating beta arrestins and protein phosphatase 2A (PP2A)
reasonable doubt that 042 nicotinic receptors (Kamens et which inhibit protein kinase B (Akt), leading to the
al. 2013; Esterlis et al. 2016; M8|r0y-Greif et al. 2016) are dephosphory]ation and activation of g|ycogen Synthase
the main receptors responsible for addiction due to cigarette kinase 3 beta (GSK3p), a kinase involved in Wnt signaling
smoke (Zoli et al. 1998; Pons et al. 2008) as these receptors  (Cross et al. 1995; Beaulieu et al. 2009). Previous study had
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earlier linked nicotine exposure to increase dopamine
release in mesolimbic terminal fields to cause dependence
(DiChiara 2000).

While there are several animal models of addiction, the
two commonly used models are the conditioned place
preference (CPP) and self-administration (SA) tests (Torres
et al. 2008; Shram and Le 2010). Conditioned place
preference, has been used to study rewarding properties of
addictive substances in rodents (Le Foll and Goldberg 2005;
Liu and Le Foll 2008; O’Dell and Khroyan 2009). Many
smokers are on quit smoking therapies, but the success rates
of these regimens remain disappointingly low. In an attempt
to quit smoking, some smokers have resulted to the use of
Electronic Nicotine Delivery Systems (ENDS) also called e-
cigarettes (Singh et al. 2016). The primary aim of using the
e-cigarettes is to aid quitting process in smokers (Bold et al.
2017; Chaffee et al. 2018; Leventhal et al. 2015; Weaver et
al. 2015) but may also even escalate addiction to nicotine
(Fong et al. 2019; Mathur and Dempsey 2018). There is
thus, an urgent need for an intervention that would aid
voluntary quitting in these individuals.

Nigella sativa L. (Ranunculaceae) oil also known as
black seed or black cumin oil has been reported to possess
immuno-stimulatory, anti-inflammatory, hypoglycemic,
antihypertensive, anti-asthmatic, antimicrobial, anti-
parasitic, antioxidant and anticancer properties (Randhawa
and Alghamdi 2002; Ali and Blunden 2003; Salem 2005).
Interestingly, black seed oil had been reported to be an
effective non-opiate treatment for opioid dependence (Sangi
et al. 2008). Abdel-Zaher et al. (2011) also, reported the
inhibition of tramadol tolerance and dependence in rats
following the use of Nigella sativa seed oil. Phytochemical
analysis revealed the main active constituent of Nigella
sativa seed oil to be thymoquinone which had been reported
to be safe when used orally (Mansour 2001; Al-Ali et al.
2008). This study provides an insight into the mechanism(s)
by which oral administration of Nigella sativa oil could
modulate the mRNA expressions of nicotinic acetylcholine
receptor (NAChR) and dopamine type 2 (DRD2) receptors
in nicotine and cigarette smoke-induced addiction. The
study demonstrates the potential use of black seed oil as an
effective adjunct therapy to aid quitting and increase the
chance of cessation in smokers.

MATERIALS AND METHODS

Experimental animals: Thirty (30) male Sprague-Dawley
rats (80-100g, 4-5 weeks old) were obtained from the animal
facility of the Faculty of Basic Medical Sciences, College of
Medicine of the University of Lagos. Rats were fed normal
rat chow ad libitum. They were housed five per cage under
a 12-hour dark-12-hour light cycle in room temperature (30
* 2°C) and humidity (55 * 5%) controlled animal room.
Before the commencement of the study, the rats were
acclimatized in the new room for a week. Ethical approval
was obtained from the College of Medicine of the
University of Lagos Animal Care and Use Research Ethics
Committee (CMUL-ACUREC) with registration number:
CMUL/HREC/08/19/568. All animal experiments complied
with, and were carried out following the National Institutes
of Health guide for the care and use of Laboratory animals
(NIH 1996).

Study design: The chart below illustrates the selection
process carried out in the choice of rats used for the study.
Using computer generated numbers, Sprague-Dawley rats
were randomly assigned into 6 groups consisting of:
Vehicle control (Ctrl; 10 ml/kg): rats received only water
ad-libitum without any cigarette smoke or nicotine vapour
exposure.

Positive control (NS): NS oil (10ml/kg,
administered for 4 weeks (9th to 12th week)
Cigarette-Smoke-exposure (SMK): passive whole-body
exposure to cigarette smoke for 12 weeks, 60
min/session/day.

Nicotine vapour-exposure (NCV):
exposure to nicotine vapour for
min/session/day.

Nicotine vapour—exposure + NS (NCV+NS) passive whole-
body exposure to nicotine vapour for 12 weeks, 60
min/session/day, then NS oil was administered for 4 weeks
(9th to 12th week).

Cigarette-Smoke-exposure + NS (SMK+NS): passive
whole-body exposure to cigarette smoke for 12 weeks, 60
min/session/day, then NS oil was administered for 4 weeks
(9th to 12th week).

p.0.) was

passive whole-body
12 weeks, 60
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Figure 1:

Chart showing rat selection process.
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Rats in groups I11 and IV were exposed to smoke from 3
sticks (Rothmans®) cigarette (Omotoso et al. 2012) daily
over a period of 60 minutes for 12 weeks. The Rothmans®
cigarette contained 0.738 g of tobacco and 1 mg of
nicotine36 and was used because of its wide acceptability
and use among Nigerian smokers.

Rats in groups Il, 1V and VI were administered with
Nigella sativa (NS) oil (10 ml/kg, p.0) once daily (Kanter et
al. 2005) during the last 4 weeks (9th to 12th week) of the
experimental period.

Experimental procedures

Exposure Chamber: The conditioning chamber consisted
of two Plexiglas chambers (I=40cm x b=25c¢cm x w=30cm)
each with a door (10cm x 10cm) in dimensions. The two
chambers are connected by a central connecting chamber
(10cm x 40cm x 10cm) which also has a (10cm x 10cm)
door through which the animals were introduced into either
side of the chamber. The first side was designated to be the
non-preferred side and consisted of white-colored walls
with a rough, black floor. On the wall of the first side is an
extractor, with power rating of 1200 rpm to prevent excess
accumulation of the vapour in the chamber. Also present in
the chamber is a Multigas MSA detector (ALTAIR5X)
containing a gas analyzer sensor which is used to ensure
carbon monoxide level in the chamber is kept between
acceptable 150 to 250 ppm during the exposures. The
Multigas MSA detector also helped ensure the other gases
like sulphur IV oxide and methane were maintained at zero
while oxygen was maintained at 20.8%. The other side of
the chamber was the dark side designed and designated as
the preferred side. The side has a smooth floor and a small
vent through which the side is aerated. For smoke exposure,
the system consists of a pump (air pump) that has a direct
connection to a syringe-system that blows air across the
already lit cigarette. The air flow moves backward such that
only filtered smoke gets into the chamber which directly
mimics the kind of smoke inhaled by smokers in a passive
whole-body exposure system.

For the nicotine vapour exposure, nicotine vapour was
generated by bubbling air generated by an aerator (air pump)
operating at a flow rate of 30 liters per minute through an
Airistech vaporizer containing a solution of vaporized
nicotine concentrations (80 mg/ml (FEELLIFE Vanilla
Orange)) for 12 weeks (60 min/session/day) into the
chamber. Nicotine vapour was produced by heating the
nicotine solution to a temperature of 200°C (392°F) by the
vaporizer. While there were other concentrations, it was
observed that smokers preferred the 80 mg/ml concentration
and that informed the choice of the concentration to mimic
the likely effects observed in most smokers. Pure cotton
wool was used to soak about 2mls of the pure nicotine and
inserted into the vaporizer during each session that lasted for
an hour per day for the two concerned groups of rats.
Nicotine concentrations were selected putting the following
factors into consideration: (1) the nicotine concentration (0-
30 mg/mL) usually found in commercial e-cigarette liquids
(Goniewicz et al. 2013), (2) companies’ recommendation of
e-cigarette liquids up to 60-100 mg/ml nicotine level; and
(3) reported rapid metabolism of nicotine in rats compared
to humans smokers (Matta et al. 2007). Identical chambers
with controlled untreated air were used as the Control group.

These chambers were either used for nicotine vapour
exposure with the door closed during exposure or with the
doors free to open during conditioned place preference
assessment.

Conditioned Place Preference test: Conditioned Place
Preference test was carried out at the start and end of the
experiment using the methods of Okhuarobo et al. (2019)
with little modifications. The preferred (dark side) and non-
preferred side (light side) were first determined by the time
spent in each side of the chamber by the rats and recorded
as initial values. Rats that showed preference for the light
side were removed from the experiment and replaced. The
rats that showed preference for the dark side were divided
into the different test groups accordingly. Smoke or nicotine
vapour exposure was separately used to condition the rats to
the initially non-preferred side (light side) and the reversal
potential of NS oil tested accordingly. After the smoke or
nicotine exposure that lasted for 12 weeks and the eventual
application of the NS oil for 4 weeks (9th to 12th week) in
the appropriate groups, the rats were placed at the central
connecting chamber for free access to either of the main
sides of the chamber. The rats were then left for 30 minutes,
and the time spent on each sides of the chamber at the end
of the 30 minutes was recorded.

Determination of Plasma Cotinine Concentration:
Collection of blood samples for cotinine measurement in all
groups of rats was performed on the last day of exposure.
Plasma (150uL) was separated by centrifugation at 3000
rpm for 15 min and then stored at —80 °C until time for
analysis. The concentration of cotinine (nicotine metabolite)
was determined with Cotinine Direct ELISA (MBS580061),
MyBioSource Inc., San Diego, CA 92195) according to the
manufacturer’s instructions.

Oxidative Stress Studies: The levels of reduced
glutathione (GSH), catalase (CAT), superoxide dismutase
(SOD), glutathione-S-transferase (GST) and
malondialdehyde (MDA) were assessed in the brain
homogenates of the rats using previously described standard
methods (Morakinyo et al., 2011). Absorbance was
recorded using Shimadzu recording spectrophotometer (UV
160) in all measurements. The reduced glutathione (GSH)
content of the homogenates was determined using the
method described by VanDooran et al. (1978). The GSH
determination method is based on the reaction of Ellman’s
reagent 5,5 dithiobis (2-nitrobenzoic acid) DNTB) with the
thiol group of GSH at pH 8.0 to produce 5-thiol-2-
nitrobenzoate which is yellow at 412nm. The activity of the
SOD enzyme was determined according to the method
described by Sun and Zigman (1978). The reaction was
carried out in 0.05M sodium carbonate buffer pH 10.3 and
was initiated by the addition of epinephrine in 0.005N HCI.
Catalase (CAT) activity was determined by measuring the
exponential disappearance of H202 at 240nm and expressed
in units/mg of protein as described by Aebi (1984).
Absorbance was recorded using Shimadzu recording
spectrophotometer (UV 160) in all measurement. For the
malondialdehyde (MDA), it was estimated with the method
of Uchiyama and Mihara (1978) which is based on its
interaction with thiobarbituric acid (TBA) to form a pink
complex with absorption maximum at 535nm. Absorbance
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was recorded using Shimadzu recording spectrophotometer
(UV 160) in all measurements.

Quantitative Reverse-Transcription Polymerase Chain
Reaction (RT-PCR): At the end of the experiment, rats
were sacrificed by cervical dislocation. The brains were
quickly removed from the skull, immediately snhap frozen in
liquid nitrogen (-178°C) and stored at -80°C.

RNA extraction: Total RNA was extracted from the brain
tissue with RNA extraction kit (ZYMO Quick-RNATM
MiniPrep, (Cat. No: R1054, Lot No: ZRC203837))
following the manufacturer’s instructions. Total RNA was
quantified by measuring the absorbance at 260 nm (U-1100
spectrophotometer, Yokohama, Japan). All RNA samples
were treated with amplification grade DNase 1 according to
the manufacturer’s instructions (ZYMO Quick-RNATM,
CA) to eliminate residual DNA.

Reverse-transcription- gPCR (RT-gPCR):
Complementary DNA (cDNA) synthesis and qPCR was
performed in a single tube using gene-specific primers and
total RNA by Protoscript First Strand cDNA Synthesis Kit
(NEW ENGLAND BioLabs Il E6300S/L) and LunaR
Universal Quantitative PCR Master Mix (M3003) following
the manufacturer’s instruction. For the conversion of total
RNA to cDNA, a 50-pl single-tube reaction mixture was
prepared from a master mix containing 25pl of 2x reaction
mix, 0.5 pg of template RNA. Then, 10 uM of each gene-
specific primer pair was added to the tubes. Primer
sequences were selected from the unique cytoplasmic
domain region of each nicotinic acetylcholine or dopamine
receptor as indicated below:

For 04:

Forward: 5'-GTCAAAGACAACTGCCGGAGACTT-3'
300 bp, 57°C (Anneal temp.)

Reverse:5' TGATGAGCATTGGAGCCCCACTGC-3'

For p2:

Forward: 5'-ACGGTGTTCCTGCTGCTCATC-3'
507 bp, 57°C (Anneal temp.)

Reverse: 5'-CACACTCTGGTCATCATCCTC-3'

Forward: 5'-GCAGTCGAGCTTTCAGAGCC-3'
507 bp, 57°C (Anneal temp.)
Reverse: 5'-TCTGCGGCTCATCGTCTTAAG-3"

For GAPDH:

Forward: 5'-ATGACAATGAATATGGCTACAG-3'
507 bp, 57°C (Anneal temp.)

Reverse: 5'-CTCTTGCTCTCAGTATCCTT-3'

Glyceraldehyde-3-phosphate dehydrogenase (G3PDH) was
used as an internal control to verify the quality of each RNA
sample and its subsequent gRT-PCR analysis. The qRT-
PCR cycling profiles using a Thermal Cycler (GeneAmp
PCR System 9600; BIORAD CFX ConnectTM Real-Time
System, USA) was as follows: 1 cycle at 50°C for 30 min, 1
cycle at 94°C for 2 min, 35 cycles at 94°C for 1 min (46-
57°C), 72°C for 1 min, and a final cycle at 72°C for 7 min.

Statistical analyses: Intergroup comparisons were carried
out using ANOVA to determine the level of significance.
Values quantified from the expressions were represented as
Mean + SEM and Tukey post-hoc test was carried out with
the significance level set at p< 0.05. STATA statistical
software (version 13) was used for the analyses.

RESULTS

Impact of NS on rat conditioned place preference (CPP)
for cigarette smoke or nicotine vapour: Figure 2 shows
the time spent in the cigarette smoke or nicotine vapour-
paired side of the chamber at the end of the experiment. The
time spent in the drug-conditioned side was not statistically
different (p>0.05) between the cigarette smoke-exposed
group (SMK) and the control (Ctrl). Also, NS oil
administration did not significantly change (p>0.05) the
time spent in the drug-conditioned chamber between the
SMK+NS group and SMK group. However, rats exposed to
nicotine vapour stayed longer (p<0.001) in the nicotine
vapour-paired side compared to the control group. The
period of stay was equally longer in the NCV group when
compared with the SMK group (p<0.01). Black seed oil
administration caused a significant reduction (p<0.05) in the
period of stay in the NCV+NS group compared to the NCV

group.

For DRD2:

=]

(]

j

= 30 7

% T -

s 7 - Figure 2:

S @ Effect of treatments on conditioned place

> 2 201 d preference tests. Values are expressed as

E = T mean + SEM (n=5 for each group).

o — ***p<0.001 versus vehicle control,

= 2 o Mp<0.01 versus SMK group, Pp<0.05

= g — — versus NCV group. Control= Control

% < = = group, NS= No exposure + black seed oil,

= SMK= Cigarette smoke exposed group,

© o] T T T T T SMK+NS= Cigarette smoke exposed +

E < N oF < <t N black seed oil, NCV = Nicotine vapour

= & 2 Nig ~ Ko _ -
9 B <& exposed group, NCV+NS= Nicotine

vapour exposed + black seed oil.
Groups

Black seed oil use in cigarette smoke-induced addiction



Niger. J. Physiol. Sci. 38 (2023): Adejare et al

161

Figure 3:

Cotinine level across the group at the end of the experiment.
Values are expressed as Mean £ SEM (n=5 for each group).
*"p<0.001 versus Control group, *p<0.01 versus
corresponding SMK and NCV groups. Control= Control
group, NS= No exposure + black seed oil, SMK= Cigarette
smoke exposed group, SMK+NS= Cigarette smoke exposed
+ black seed oil, NCV = Nicotine vapour exposed group,
NCV+NS= Nicotine vapour exposed + black seed oil.

Figure 4:

Brain GSH level across the groups. Values are expressed as Mean +
SEM (n=5 for each group). *vs Control (*p<0.05), p=vs SMK
(p<0.0001), B=vs NCV (p<0.01). Control= Control group, NS= No
exposure + black seed oil, SMK= Cigarette smoke exposed group,
SMK+NS= Cigarette smoke exposed + black seed oil, NCV =
Nicotine vapour exposed group, NCV+NS= Nicotine vapour exposed
+ black seed oil.

Figure 5:

Brain SOD level across the groups. Bars represent Mean + SEM
(n=5 for each group). *VS Ctrl (*p<0.05, ***p<0.001), p=vs SMK
(p<0.001), p=vs NCV (p<0.01). Control= Control group, NS= No
exposure + black seed oil, SMK= Cigarette smoke exposed group,
SMK+NS= Cigarette smoke exposed + black seed oil, NCV =
Nicotine vapour exposed group, NCV+NS= Nicotine vapour
exposed + black seed oil.

= *k
=
5 T
= 201 s
[«5]
= T )
P 154 L
2 T T
g 104
S T T
© 5
e
&
o 0 T T T T T T
N ~\
({\,\o L 6§L— \thé’o & Qﬁg
N N 9
S <
Groups
100 A
u
80
= T
E 3
o 60 - -
e
= I
= 401 =+
%)
© 20 -
o - T T T T T T
N 23 + =3 2 o
o > <~ B ~
oo(\ @ @"r = C;A
=) <~
S 87 x
2 T
ES T -I-
=
£
— 49 *
E * Kk S
E a 7/
£ ——
E - — /
a — /
o
(2200} T T T T T
R\ N %QJ‘— xég e(ﬁ xég
00‘\ @\l_ CJA
=) >

Effect of treatments on cotinine level: Figure 3 illustrates
the plasma cotinine level at the end of the experiment. Both
cigarette smoke and nicotine vapour exposure caused a
statistically significant increase (p<0.01) in the level of
cotinine in the SMK and NCV groups when compared with
the control group. Black seed oil administration in both the
cigarette smoke and nicotine vapour-exposed groups caused
a statistically significant (p<0.01) reduction in cotinine level
in the SMK+NS and NCV+NS groups compared to the
SMK and NCV groups respectively.

Effect of smoke exposure, nicotine vapour exposure and
oil administration on GSH level: In the brain tissue, GSH
level was significantly lower (p<0.05) in the SMK group
(35.12+3.58 umol/ml) compared to the Control (47.23+6.73
pmol/ml). GSH level was however significantly higher
(p<0.0001) in SMK+NS group (72.55+£7.02 pmol/ml)
compared to the SMK group. While there was no significant
difference in the GSH level between the NCV group
(38.94+4.81 pmol/ml) and Control, the level was

significantly higher (p<0.01) in the NCV+NS group
(56.34£3.64 pumol/ml) compared to the NCV group (Figure
4).

Effect of smoke exposure, nicotine vapour exposure and
oil administration on SOD level: In the brain as well, SOD
level was significantly lower (p<0.001) in the SMK group
(2.81+0.26 pmol/ml/mg pro) compared to the Control
(5.164£0.26 pmol/ml/mg pro). SOD level was however
significantly higher (p<0.0001) in SMK+NS group
(5.3940.63 pmol/ml/mg pro) compared to the SMK group.
The SOD level was also significantly lower (p<0.05) in the
NCV group (3.29£0.29 pumol/ml/mg pro) when compared
with the Control. However, the SOD level was significantly
higher (p<0.01) in the NCV+NS group (5.50+0.32
pmol/ml/mg pro) compared to the NCV group (Figure 5).

Effect of smoke exposure, nicotine vapour exposure and
oil administration on Catalase level: Catalase level was
significantly lower (p<0.001) in the SMK group

Black seed oil use in cigarette smoke-induced addiction
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(12.71+3.09 pmol/ml/mg pro) compared to the Control
(31.45+1.79 pmol/m pmol/ml/mg pro). Catalase level was
however significantly higher (p<0.001) in SMK+NS group
(29.10+4.41 pmol/ml/mg pro) compared to the SMK group.
The Catalase level was also significantly lower (p<0.001) in
the NCV group (15.47+2.29 pmol/ml/mg pro) when
compared with the Control. However, there was no
significant difference (p>0.05) in the Catalase level between
the NCV+NS group (19.02+1.51 pmol/ml/mg pro)
compared to the NCV group (Figure 6).

Effect of smoke exposure, nicotine vapour exposure and
oil administration on GST level: GST level was
significantly lower (p<0.05) in the SMK group (0.68+0.13
pmol/ml/mg pro) compared to the Control (1.52+0.04
pmol/ml/mg pro). GST level was however significantly
higher (p<0.001) in SMK+NS group (3.46+0.40
pumol/mi/mg pro) compared to the SMK group. The GST
level was also significantly lower (p<0.05) in the NCV
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group (0.79£0.06 pmol/ml/mg pro) when compared with the
Control. However, the GST level was significantly higher
(p<0.001) in the NCV+NS group (2.56+0.39 pmol/ml/mg
pro) compared to the NCV group (Figure 7).

Effect of smoke exposure, nicotine vapour exposure and
oil administration on MDA level: In the brain as well,
MDA level was significantly higher (p<0.05) in the SMK
group (5.70£1.03 pmol/ml) compared to the Control
(2.30+£0.28 pmol/ml). MDA level was however
significantly lower (p<0.05) in SMK+NS group (3.86+0.24
pmol/ml) compared to the SMK group. The MDA level was
also significantly higher (p<0.001) in the NCV group
(6.27£1.35 pumol/ml) when compared with the Control.
However, the MDA level was significantly lower (p<0.001)
in the NCV+NS group (3.23+£0.46 pumol/ml) compared to
the NCV group (Figure 8).

Figure 6:

Brain CAT level across the groups. Bars represent Mean = SEM (n=>5 for
each group). *vs Control (***p<0.001), p=vs SMK (p<0.001). Control=
Control group, NS= No exposure + black seed oil, SMK= Cigarette
smoke exposed group, SMK+NS= Cigarette smoke exposed + black seed
0il, NCV = Nicotine vapour exposed group, NCV+NS= Nicotine vapour
exposed + black seed oil.

Figure 7:

Brain GST level across the groups. VValues are expressed as Mean + SEM
(n=5 for each group). *vs Control (*p<0.05), p=vs SMK (p<0.001), p=vs
NCV (p<0.001). Control= Control group, NS= No exposure + black seed
oil, SMK= Cigarette smoke exposed group, SMK+NS= Cigarette smoke
exposed + black seed oil, NCV = Nicotine vapour exposed group,
NCV+NS= Nicotine vapour exposed + black seed oil.

Figure 8:

Brain MDA level across the groups. Bars represent Mean + SEM
(n=5 for each group). *vs Control (***p<0.001), p=vs SMK
(p<0.001), p=vs NCV (p<0.001). Control= Control group, NS=
No exposure + black seed oil, SMK= Cigarette smoke exposed
group, SMK+NS= Cigarette smoke exposed + black seed oil,
NCV = Nicotine vapour exposed group, NCV+NS= Nicotine
vapour exposed + black seed oil
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Figure 9:

Alpha-4 nicotinic gene expression in the frontal cortex. Values are
expressed as Mean + SEM (n=5). *p<0.05 versus Control group.
Statistical level of significance analysis by one way ANOVA
followed by Tukey post hoc multiple comparison test. Control=
Control group, NS= No exposure + black seed oil, SMK= Cigarette

smoke exposed group, SMK+NS= Cigarette smoke exposed +
black seed oil, NCV = Nicotine vapour exposed group, NCV+NS=
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Alpha 4 subunit nicotinic gene expression in the frontal
cortex: As illustrated in Figure 9, cigarette smoke exposure
significantly (p<0.05) increased the expression of o4
subunit of nicotinic acetylcholine receptor in the SMK
group when compared with the control group. There was no
statistically significant (p>0.05) difference in the expression
of the subunit in the SMK+NS group when compared with
the SMK group. In essence, black seed oil administration
failed to alter the expression of this subunit in rats exposed
to cigarette smoke. In a similar manner, nicotine vapour
caused no significant change (p>0.05) in the NCV group
when compared with the control. Oil administration in the
NCV+NS group did not significantly alter the level of the
subunit expression when compared with the NCV group.

Alpha 4 subunit nicotinic gene expression in the
olfactory cortex: Cigarette smoke exposure caused the
expression of a4 subunit of nicotinic acetylcholine receptor
to be significantly higher (p<0.05) in SMK group when
compared with the control group. Its worthy of note that the
expression of the subunit was significantly lower in the
SMK+NS group compared to the SMK group indicating
significant suppression effect on the expression of the

Nicotine vapour exposed + black seed oil

Figure 10:

a4 nicotinic gene expression in the olfactory cortex. Values are
expressed as Mean + SEM (n=>5 for each group). "p<0.05 versus Control
group; “p<0.05 versus SMK group. Statistical level of significance
analysis by one way ANOVA followed by Tukey post hoc multiple
comparison test. Control= Control group, NS= No exposure + black seed
oil, SMK= Cigarette smoke exposed group, SMK+NS= Cigarette smoke
exposed + black seed oil, NCV = Nicotine vapour exposed group,
NCV+NS= Nicotine vapour exposed + black seed oil

Figure 11:

B2 nicotinic gene expression in the frontal cortex. VValues are expressed as
Mean + SEM (n=5). Statistical level of significance analysis by one way
ANOVA followed by Tukey post hoc multiple comparison test. Control=
Control group, NS= No exposure + black seed oil, SMK= Cigarette smoke
exposed group, SMK+NS= Cigarette smoke exposed + black seed oil,
NCV = Nicotine vapour exposed group, NCV+NS= Nicotine vapour
exposed + black seed oil

subunit in the olfactory cortex. Exposure to nicotine vapour
in the NCV group caused no statistically significant
difference (p>0.05) in the level of expression of the subunit
in the NCV group when compared to the control group.
Black seed oil administration also failed to cause a
statistically significant change in the level of expression of
the subunit in the NCV+NS group compared to the NCV
group (Figure 10).

B2 subunit nicotinic gene expression in the frontal
cortex: Cigarette smoke exposure caused no statistically
significant change (p>0.05) in the gene expression of 2
subunit of nicotinic acetylcholine receptor in the SMK
group compared to the control (Figure 11). Black seed oil
administration did not significantly change the expression
of the subunit (SMKNS versus SMK, p>0.05). Nicotine
vapour exposure caused no statistically significant (p>0.05)
change in the expression level of the subunit in the NCV
group compared to the control group. Black seed oil
administration also did not cause a significant change in the
expression of the subunit in the NCV+NS group when
compared with the NCV group.
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B2 subunit nicotinic gene expression in the olfactory
cortex: Cigarette smoke exposure significantly increased
(p<0.05) the expression of B2 subunit in the SMK group
compared to the control group. There was no statistically
significant (p>0.05) difference in the expression of the
subunit in the SMK+NS group compared to the SMK group
even though, there appears to be a slight reduction in the
gene expression of the subunit following oil administration.
In essence, black seed oil administration failed to alter the
expression of this subunit in rats exposed to cigarette smoke.
Nicotine vapour exposure caused no significant (p>0.05)
change in the subunit expression in the NCV group
compared to the control group. Black seed oil administration
caused no significant change (p>0.05) in the subunit
expression in the NCV+NS group compared to the NCV
only group.

-+t

Relative beta 2 nicotinic
gene expression (2"-(ddCT))
P N
L 1

Figure 12:

Beta 2 nicotinic gene expression in the olfactory cortex. Values are
expressed as Mean + SEM (n=>5 for each group). “p<0.05 versus Ctrl group.
Statistical level of significance analysis by one way ANOVA followed by
Tukey post hoc multiple comparison test. Control= Control group, NS= No
exposure + black seed oil, SMK= Cigarette smoke exposed group,
SMK+NS= Cigarette smoke exposed + black seed oil, NCV = Nicotine
vapour exposed group, NCV+NS= Nicotine vapour exposed + black seed
oil
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Figure 13:

Dopamine receptor type 2 gene expression in the frontal cortex. Values are
expressed as Mean + SEM (n=5 for each group). *p<0.05 versus Control
group. Statistical level of significance analysis by one way ANOVA
followed by Tukey post hoc multiple comparison test. Control= Control
group, NS= No exposure + black seed oil, SMK= Cigarette smoke exposed
group, SMK+NS= Cigarette smoke exposed + black seed oil, NCV =
Nicotine vapour exposed group, NCV+NS= Nicotine vapour exposed +
black seed oil.

Dopamine receptor type 2 (DRD2) gene expression in the
frontal cortex: Cigarette smoke exposure caused the DRD2
gene expression to be higher (p<0.05) in the SMK group
compared to the control group. Black seed oil administration
did not cause a significant change (p>0.05) in the level of

expression of the subunit. Nicotine vapour exposure caused
significant increase in DRD2 gene expression (p<0.05) in
the NCV group compared to the control group. In contrast,
black seed oil failed to attenuate DRD2 gene expression in
the NCV+NS group when compared with the NCV group
(Figure 13).
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Figure 14:

Dopamine receptor type 2 gene expression in the olfactory cortex. Values
are expressed as Mean + SEM (n=5). *p<0.01 versus control group;
Hp<0.01 versus NCV-control group. Statistical level of significance
analysis by one way ANOVA followed by Tukey post hoc multiple
comparison test. Control= Control group, NS= No exposure + black seed
oil, SMK= Cigarette smoke exposed group, SMK+NS= Cigarette smoke
exposed + black seed oil, NCV = Nicotine vapour exposed group,
NCV+NS= Nicotine vapour exposed + black seed oil.

Dopamine receptor type 2 (DRD2) gene expression in the
olfactory cortex: Cigarette smoke exposure failed to cause
a significant (p>0.05) change in the expression of the DRD2
gene in the SMK group compared to the control group.
Black seed oil caused no significant change in the gene
expression in the SMK+NS group compared to the SMK
group. Exposure to nicotine vapour caused a marked
statistically significant (p<0.01) increase in DRD2 gene
expression in the NCV group compared to the control group.
Black seed oil administration also caused a statistically
significant reduction (p<0.01) in the level of DRD2 gene
expression in the NCV+NS group when compared with the
NCV group (Figure 14).

DISCUSSION

Our results did not only demonstrate the cigarette smoke and
for nicotine vapour induced-damage to the brain antioxidant
systems and the gene expressions of the 04B2 nicotinic
acetylcholine receptors and dopamine receptor type 2
(DRD2), it further showed the possible ameliorative effects
of Black seed oil on the deranged brain antioxidant system
and addictive genes expression. In this study, cigarette
smoke exposure resulted in a general marked reduction in
the brain antioxidant system of the animals as assessed from
the brain homogenates. Our results further corroborate some
earlier findings (Benowitz, 2014; Nielsen et al., 2000;
Maritz, 2009). According to Nielsen et al. (2000), the degree
of lipid peroxidation in the brain of the rats was observed to
be high as well. In another study, Maritz (2009) reported
marked reduction in the antioxidant capacity of other tissues
exposed to cigarette smoke. Benowitz (2014) opined that
these observations may be due to the presence of
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carcinogens and heavy metals widely known to always
lower the concentrations and activity of antioxidant
micronutrients or the activation of vagocytic cells that
generate potent oxidant species that worsen the degree of
lipid peroxidation (Valavanidis et al., 2009).

In a similar manner, the brain antioxidant system was
suppressed following exposure to nicotine vapour. The
damaging effects appeared to be less intense however
compared to that of exposure to cigarette smoke. This points
to the fact that vaping can never be a better alternative to
smoking based on its damaging effects on the antioxidant
system. In support of these observations, Lerner et al. (2015)
reported the ability of nicotine vapours to cause release of
vapours that potentiate the oxidant system while
suppressing the antioxidant system. Sussan et al. (2015)
made similar observations. Beyond causing oxidative stress
(Rubenstein et al., 2015; Ji et al., 2016), these vapours could
therefore be responsible for the reduced brain antioxidant
levels observed in this study. Consistent with these
postulations, nicotine vapour and cigarette smoke had been
reported to significantly increase cellular reactive oxygen
species and decrease total cellular antioxidant capacity in
other studies (Ganapathy et al., 2017; Biodi-Zoccai et al.,
2019).

The fact that the success rates of the available quit-
smoking therapies are disappointingly low makes it
imperative to look for alternative drugs with smoking-
quitting properties. However, the mechanisms underlying
the therapeutic properties of such agents need to be
unraveled. This study sought to provide the molecular basis
for the possible therapeutic use of black seed oil as a
smoking cessation regimen or as an adjunct therapy to aid
the quitting process via modulation of 04B2 nicotinic
acetylcholine receptors and dopamine receptor type 2
(DRD2) beyond its potent antioxidant effects. Our results
showed that black seed oil administration could modulate
the expressions of the selected genes and lower the levels of
the major metabolite of cigarette smoke- cotinine. Moreso,
young-adult rats were used in this study as they appeared to
be more sensitive to the reinforcing effects of nicotine or
cigarette smoke-induced addiction (Kota et al., 2007;
Brielmaier et al., 2008).

To first ascertain addiction, we conducted a conditioned
place preference (CPP) test which is one of the commonly
used methods to assess the rewarding and cue-craving
effects of drugs (Prokhorov, 1996; Tzschentke, 1998). The
method had been shown to involve Pavlovian learning (Liu
and Le Foll, 2008; Le Foll and Goldberg, 2005). What
informed the choice of this method was the fact that the test
is comparatively easy to perform unlike the self-
administration test that requires a lot of technicalities among
which is training the animals before the commencement of
the study (Le Foll and Goldberg, 2005). In this study, all the
rats initially preferred the dark side of the testing apparatus.
This observation agrees with earlier studies (Biala and
Budzynska, 2006; Brielmaier et al., 2008; Le Foll and
Goldberg, 2009). After exposure to either cigarette smoke
or nicotine vapour, their preference shifted to the light side
which hitherto was non-preferred side in the nicotine groups
to indicate their attachment to the drug-paired side
(Picciotto, 2003) while there was a weakened preference to
this drug-paired side in the cigarette smoke-exposed groups.
An assessment of the period of stay for thirty minutes

(Picciotto, 2003) in the drug-paired side at the start and end
of the experiment also indicated the strong attachment of the
groups exposed to nicotine vapour while there appeared to
be aversion in the groups exposed to cigarette smoke. Earlier
studies had shown the ability of nicotine to induce
conditioned place preference (Fudala and Teoh, 1985;
Horan and Smith, 1997; Le Foll and Goldberg, 2005). Our
conditioned place preference result is in line with these
earlier results. The “biased” place preference procedure
used, whereby the drug of interest is paired with the initially
non-preferred side made it easy to achieve the observed
place preference (Le Foll and Goldberg, 2005). The
observed place aversion after the long period of exposure in
the cigarette smoke-exposed group may be due to many
reasons among which is the presence of numerous other
compounds apart from nicotine whose potential aversive or
addictive actions have not been thoroughly investigated
(Carter et al., 2009).

In the assessments, black seed oil administration
significantly reduced the period of stay in the drug-paired
side. To buttress this finding, both the cigarette smoke and
nicotine vapour exposed groups had higher cotinine levels
while black seed oil administration caused a significant
reduction in the level of this bye-product of nicotine
metabolism. In essence, it’s either the oil reduced nicotine
metabolism, reduced nicotine reuptake or enhanced the
reuptake of cotinine into other tissues or probably caused
degradation of cotinine into other metabolites that we could
not assay for. Another possibility is the fact that the
reduction in the cotinine level could be due to the reduced
exposure to the source of nicotine which would
consequently reduce the amount of nicotine available for
metabolism and definitely its metabolite — cotinine. Sangi et
al. (2008) had earlier reported the potential of black seed oil
to ameliorate dependence caused by opioids. The ability of
the oil to improve tramadol-induced tolerance and
dependence had equally been established (Abdel-Zaher et
al., 2011). Our observations for the ameliorative effects of
the oil are thus in agreement with these earlier findings. It is
worthy of note that the level of cotinine which happens to
be the main bye-product of nicotine metabolism was found
to be reduced in the test groups exposed to cigarette smoke
or nicotine vapour. The cotinine level reported in this study
could be extrapolated to that of human smokers. To the best
of our knowledge, this report is among the first to indicate
the direct effect of the black seed oil administration on this
end-product of nicotine metabolism. Considering the other
therapeutic benefits of black seed oil, our results indicate the
potential use of the oil to improve the cessation rate. This
explains the need to account for the molecular basis of such
therapeutic potential on selected genes known to be
associated with addiction.

The 042 receptors are a group of nicotinic acetylcholine
receptors mainly responsible for nicotine addiction (Zoli et
al., 1998; Gotti et al., 2006). They are found in large
numbers in regions of the brain concerned with addiction
and their subunits have been shown to play prominent roles
in the modulation of addiction (Pons et al., 2008; Picciotto
et al.,, 2008). These subunits are usually up-regulated
whenever there is exposure to nicotine from cigarette smoke
(Breese et a., 1997; Perry et al., 1999). Our results on these
subunits indicated a significant increase in the gene
expression of 04 subunit in the frontal and olfactory cortices
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of smoke-exposed rats. Cigarette smoke exposure also
increased the B2 subunit gene expression in the olfactory
cortex without significantly changing the expression in the
frontal cortex of the brain. Black seed oil administration
only significantly reduced the a4 subunit expression in the
olfactory cortex with minimal modulatory effects in the
other regions. There were wide variations in the expressions
of both the a4 and B2 subunits expression in the brain areas
following exposure to nicotine vapour. Therefore, the likely
modulatory effects of black seed oil administration on the
expression of these subunits in these areas were minimal. In
line with our results, previous studies had reported increased
gene expressions of the a4p2 receptors following exposure
to either cigarette smoke or nicotine vapour (Marks et al.,
1983; Schwartz and Kellar, 1983; Flores et al., 1992; Marks
et al., 2011). This was the same observation made in human
tobacco users and cultured cells expressing the genes after
transfection with nicotine (Lomazzo et al., 2011; Zambrano
et al., 2012). The observed slight but not statistically
significant reduction in the expression of the 2 subunit in
the smoke-exposed group following black seed oil
administration is an indicator of the potential therapeutic
effect of reducing addiction caused by cigarette smoke as
earlier reports indicated that deletion of some of the subunits
of the nicotinic receptors are associated with reduced
responsiveness to nicotine (Tapper et al., 2007) and nicotine
self-administration in mice (Pons et al., 2008; Picciotto et
al., 2008). In this study, the whole oil was used, and the
period of oil administration was quite short. There is every
possibility that this beneficial effect of the oil could be
enhanced if the active component of the oil, which is
thymoquinone was used and the period of administration
prolonged. However, this study remains an eye-opener to
the potential of the oil to cause reduction in the expression
of the genes responsible for addiction and the potential use
in smoking cessation and aiding the quitting process in
smokers.

Another gene of interest is the dopamine receptor type 2
(DRD2). This is a G-protein coupled receptor (GPCR) with
G-alpha inhibitory properties (Seamans and Yang, 2004).
The dopamine system has been implicated in addiction and
reward pathways (Kauer and Malenka, 2007). The
established mechanism of action of DRD2 partly involves
inhibition of adenylate cyclase (Enjalbert and Bockaert,
1983) and activation of beta arrestins and protein
phosphatase 2A (PP2A) which inhibit protein kinase B
(Akt), leading to the activation of glycogen synthase kinase
3 beta (GSK3p) involved in Wnt signaling (Beaulieu et al.,
2009). Cigarette smoke and nicotine vapour exposure
increased the mRNA expression of the DRD2 receptor in the
frontal and olfactory cortices respectively. Again, black
seed oil administration significantly reduced the expression
of the gene in the olfactory cortex. In line with our
observations, earlier reports had indicated attenuation of
nicotine self-administration following disruption of
dopamine in the ventral tegmental area of the brain
(Corrigall and Coen, 1991; Huston-Lyons et al., 1993; Koob
and LeMoal, 2008). Dopamine antagonists had earlier been
reported to block nicotine-induced conditioned place
preference (Acquas et al., 1989; Vizi et al., 2004). The
marked reduction in DRD2 gene expression in group
administered with black seed oil indicates the potential use
of the oil in aiding the quitting process in smokers.

However, further studies would be needed to ascertain this
effect. The less attraction of the rats administered with the
NS oil could further explain the observed marked reduction
in the mRNA expression of the DRD2 receptor.

It is necessary to add that the source of nicotine vapour
used in this study is the Electronic Nicotine Delivery
Systems (ENDS) which is also known as e-cigarettes. These
e-cigarettes were ordinarily intended to aid smoking
cessation but the results from this study signal the possibility
of the vapour worsening addiction instead of ameliorating
it. Other studies had reported e-cigarettes not to be effective
in smoking cessation (Leventhal et al., 2015; Weaver et al.,
2015; Bold et al., 2017; Chaffee et al., 2018) while others
even claim it facilitates smoking and dependence (Jensen et
al., 2015; Sifat et al., 2018; Kulik et al., 2018; El-Hellani et
al., 2019).

In conclusion, both smoke exposure from conventional
cigarette and nicotine vapour from e-cigarettes have the
potential to induce addiction through mechanisms that may
involve up-regulation of the gene expressions of the a4f2
subunits of nicotinic acetylcholine receptor and dopamine
receptor type 2 (DRDZ2) in the frontal and olfactory cortices.
However, nicotine vapour appears to be more addictive than
cigarette smoke. Black seed oil has the therapeutic potential
to reduce the expression of these above-mentioned genes
especially in the olfactory cortex of the brain. Black seed oil
administration is a potential novel regimen that could be
further investigated in the search for agents that could be
used for smoking cessation. The study demonstrates the
potential use of black seed oil as an effective adjunct therapy
to aid quitting and increase the chance of cessation in
smokers while boosting the antioxidant system. There
would be a need to further investigate these potential
ameliorative effects of Black seed oil on the antioxidant
system and addiction in humans.

Acknowledgement

This work was supported by the College of Medicine of the
University of Lagos BRAINS’ mentored research grant (Year 5).
The authors acknowledge the mentorship support from Prof. F. T.
Ogunsola, Prof. A. S. Akanmu and Prof. N. U. Okubadejo.

REFERENCES

Abdel-Zaher, A. O., Abdel-Rahman, M. S., Elwasei, F. M. (2011)
Protective effect of Nigella sativa oil against tramadol-induced
tolerance and dependence in mice: role of nitric oxide and
oxidative stress. Neurotoxicology 32: 725-733.

Acquas, E., Carboni, E., Leone, P., DiChiara, G. (1989).
SCH23390 blocks drug-conditioned place-preference and place-
aversion: anhedonia (lack of reward) or apathy (lack of
motivation) after dopamine-receptor blockade?
Psychopharmacology(Berl.); 99: 151-155.

Aebi H. (1984). Catalase in vitro. Methods in enzymology, 105,
121-126. https://doi.org/10.1016/s0076-6879(84)05016-3.

Al-Ali, A., Alkhawajah, A. A., Randhawa, M. A., Shaikh, N. A.
(2008). Oral and intraperitoneal LD50 of thymoquinone, an
active principle of Nigella sativa, in mice and rats. J. Ayub. Med.
Coll. Abbottabad; 20: 25-27.

Ali, B. H., Blunden, G. (2003). Pharmacological and toxicological
properties of Nigella sativa. Phytother. Res.; 17: 299-305.

Black seed oil use in cigarette smoke-induced addiction



Niger. J. Physiol. Sci. 38 (2023): Adejare et al 167

Beaulieu, J. M., Gainetdinov, R. R., Caron, M. G. (2009).
Akt/GSK3 signaling in the action of psychotropic drugs. Annu.
Rev. Pharmacol. Toxicol.; 49:327-347.

Beaulieu, J. M., Gainetdinov, R. R., Caron, M. G. (2009).
Akt/GSK3 signaling in the action of psychotropic drugs. Annu.
Rev. Pharmacol. Toxicol.; 49:327-347.

Benowitz, N. L. (2014). “Emerging nicotine delivery products:
implications for public health,” Annals of the American
Thoracic Society; 11(2): 231-235.

Biala, G., Budzynska, B. (2006). Reinstatement of nicotine-
conditioned place preference by drug priming: effects of
calcium channel antagonists. Eur. J. Pharmacol.; 537:85-93.

Biondi-Zoccai, G.; Sciarretta, S.; Bullen, C.; Nocella, C.; Violi, F.;
Loffredo, L.; Pignatelli, P.; Perri, L.; Peruzzi, M.; Marullo,
A.G.M.; De Falco, E.; Chimenti, I.; Cammisotto, V.; Valenti,
V.; Coluzzi, F.; Cavarretta, E.; Carrizzo, A.; Prati, F.; Carnevale,
R.; Frati, G., “Acute effects of heat-not-burn, electronic vaping,
and traditional tobacco combustion cigarettes: the Sapienza
University of Rome-Vascular Assessment of Proatherosclerotic
Effects of Smoking (SUR — VAPES ) 2 Randomized Trial,”
Journal of the American Heart Association 8(6): 010455,
March 16, 2019.

Bold, K. W., Kong, G., Camenga, D. R. (2017). Trajectories of E-
Cigarette and Conventional Cigarette Use Among Youth.
Pediatrics. 141(1).

Breese, C. R., Adams, C., Logel, J., Drebing, C., Rollins, Y.,
Barnhart, M., Sullivan, B., Demasters, B. K., Freedman, R.,
Leonard, S. (1997). Comparison of the regional expression of
nicotinic acetylcholine receptor alpha7 mRNA and [125I]-
alpha-bungarotoxin binding in human postmortem brain. J.
Comp. Neurol.; 387:385-398.

Brielmaier, J. M., McDonald, C. G., Smith, R. F. (2008). Nicotine
place preference in a biased conditioned place preference
design. Pharmacol. Biochem. Behav. 89:94-100.

Bronson, S. E., Konradi, C. (2010). Second Messenger Cascades.
Handbook of basal ganglia structure and function. Vol. 20.
Elsevier; Amsterdam: 447-460.

Carter, L. P., Stitzer, M. L., Henningfield, J. E., O’Connor, R. J.,
Cummings, K. M., Hatsukami, D. K. (2009). Abuse liability
assessment of tobacco products including potential reduced
exposure products. Cancer Epidemiol. Biomarkers Prev;
18:3241-3262.

Centers for Disease Control and Prevention (CDCP), Office on
Smoking and Health, U.S Department of Health and Human
Services (2012). Preventing Tobacco Use Among Young
People: A Report of the Surgeon General. Atlanta, GA.

Chaffee, B. W., Watkins, S. L., Glantz, S. A. (2018). Electronic
Cigarette Use and Progression From Experimentation to
Established Smoking. Pediatrics. 141(4).

Corrigall, W. A., Coen, K. M. (1991). Opiate antagonists reduce
cocaine but not nicotine self-administration.
Psychopharmacology(Berl.); 104: 167-170.

Cross, D. A., Alessi, D. R., Cohen, P., Andjelkovich, M.,
Hemmings, B. A. (1995). Inhibition of glycogen synthase
kinase-3 by insulin mediated by protein kinase B. Nature;
378:785-789.

DiChiara, G. (2000). Role of dopamine in the behavioural actions
of nicotine related to addiction. Eur. J. Pharmacol.; 393, 295—
314.

El-Hellani, A., Al-Moussawi, S., El-Hage, R., Talih, S, Salman, R.,
Shihadeh, A. (2019). Carbon monoxide and small hydrocarbon
emissions from sub-ohm electronic cigarettes. Chem. Res.
Toxicol.; 32:312-7.

Enjalbert, A., Bockaert J. (1983). Pharmacological
characterization of the D2 dopamine receptor negatively
coupled with adenylate cyclase in rat anterior pituitary. Mol.
Pharmacol.; 23:576-584.

Esterlis, 1., Hillmer, A. T., Bois, F., Pittman, B., McGovern, E.,
O’Malley, S. S. (2016). CHRNA4 and ANKK1 polymorphisms

influence smoking-induced nicotinic acetylcholine receptor
upregulation. Nicotine Tob. Res.; 18: 1845-1852.

Flores, C. M., Rogers, S. W., Pabreza, L. A., Wolfe, B. B., Kellar,
K. J. (1992). A subtype of nicotinic cholinergic receptor in rat
brain is composed of alpha 4 and beta 2 subunits and is up-
regulated by chronic nicotine treatment. Mol. Pharmacol.; 41:
31-37.

Fong, G. T., Elton-Marshall, T., Driezen, P., Kaufman, A. R.,
Cummings, K. M., Choi, K. (2019). U.S. adult perceptions of
the harmfulness of tobacco products: descriptive findings from
the 2013-14 baseline wave 1 of the path study. Addict Behav.;
91 :180-7.

Fudala, P. J., Teoh, K. W. (1985). Pharmacologic characterization
of nicotine-induced conditioned place preference. Pharmacol.
Biochem. Behav. 22 (2), 237-241.

Ganapathy, V.; Manyanga, J.; Brame, L.; McGuire, D,
Sadhasivam, B.; Floyd, E.; Rubenstein, D.A.; Ramachandran, I.;
Wagener, T.; Queimado, L., “Electronic cigarette aerosols
suppress cellular antioxidant defenses and induce significant
oxidative DNA damage,” PLOS One 12(5): e0177780, May 18,
2017.

Goniewicz, M. L, Kuma, T., Gawron, M., Knysak, J., Kosmider,
L. (2013) Nicotine levels in electronic cigarettes. Nicotine Tob.
Res.; 15: 158-66.

Gotti, C., Zoli, M., Clementi, F. (2006). Brain nicotinic
acetylcholine receptors: native subtypes and their relevance.
Trends Pharmacol. Sci.; 27, 482-491.

Hoffman, A. C., Evans, S. E. (2013). Abuse potential of non-
nicotine tobacco smoke components: acetaldehyde, nornicotine,
cotinine, and anabasine. Nicotine Tob. Res.; 15, 622-632.

Horan, B., Smith, M. (1997). Nicotine produces conditioned place
preference in Lewis, but not Fischer 344 rats. Synapse 26 (1),
93-94.

Huston-Lyons, D., Sarkar, M., Kornetsky, C. (1993). Nicotine and
brain-stimulation  reward: interactions with  morphine.
amphetamine and pimozide. Pharmacol. Biochem. Behav.; 46,
453-457.

Jensen, R. P., Luo, W., Pankow, J. F., Strongin, R. M., Peyton, D.
H. (2015). Hidden formaldehyde in e-cigarette aerosols. N. Engl.
J. Med.; 372:392-4.

Ji EH, Sun B, Zhao T, Shu S, Chang CH, Messadi D, et al.
Characterization of Electronic Cigarette. Aerosol and Its
Induction of Oxidative Stress Response in Oral Keratinocytes.
PLoS One. 2016; 11(5): e0154447. PubMed Central PMCID:
PMCPMC4880184.
https://doi.org/10.1371/journal.pone.0154447.
27223106.

Kanter, M., Demir, H., Karakaya, C., Ozbek, H. (2005). Gastro-
protective activity of Nigella sativa L oil and its constituent,
thymoquinone against acute alcohol-induced gastric mucosal
injury in rats. World J. Gastroenterol.; 11:6662—6666.

Kauer, J. A., Malenka, R. C.(2007). Synaptic plasticity and
addiction. Nat. Rev. Neurosci.; 8:844-858.

Koob, G. F., LeMoal, M. (2008). Addiction and the brain anti-
reward system. Annu. Rev. Psychol.; 59, 29-53.

Kota, D., Martin, B. R., Robinson, S. E. and Damaj, M. . (2007).
Nicotine dependence and reward differ between adolescent and
adult male mice. J. Pharmacol. Exp. Ther.; 322, 399-407.

Kulik, M. C., Lisha, N. E., Glantz, S. A. (2018). E-cigarettes
Associated with Depressed Smoking Cessation: A Cross-
sectional Study of 28 European Union Countries. Am. J. Prev.
Med.; 54(4): 603-609.

Le Foll, B., Goldberg, S. R. (2005). Nicotine induces conditioned
place preferences over a large range of doses in rats.
Psychopharmacology (Berl) 178:481-492.

Le Foll, B., Goldberg, S. R. (2009). Effects of nicotine in
experimental animals and humans: an update on addictive
properties. Handb. Exp. Pharmacol.; 192:335-367.

Lerner, C.A.; Sundar, I.K.; Watson, R.M.; Elder, A.; Jones, R.;
Done, D.; Kurtzman, R.; Ossip, D.J.; Robinson, R.; Mcintosh,

PMID:

Black seed oil use in cigarette smoke-induced addiction



168 Niger. J. Physiol. Sci. 38 (2023): Adejare et al

S.; Rahman, 1., “Environmental health hazards of e-cigarettes
and their components: oxidants and copper in e-cigarette
aerosols,” 198: 100-107, March 2015.

Leventhal, A. M., Strong, D. R., Kirkpatrick, M. G. (2015).
Association of Electronic Cigarette Use With Initiation of
Combustible Tobacco Product Smoking in Early Adolescence.
JAMA 314(7): 700-707.

Liu, Y., Le Foll, B. (2008). Conditioned place preference induced
by licit drugs: establishment, extinction, and reinstatement.
Scientific World Journal 8, 1228-1245.

Lomazzo, E., Hussmann, G. P., Wolfe, B. B., Yasuda, R. P., Perry,
D. C., Kellar, K. J. (2011). Effects of chronic nicotine on
heteromeric neuronal nicotinic receptors in rat primary cultured
neurons. J. Neurochem.; 119: 153-164.

Mansour, M. A., Ginwai, O. T., El-Hadiya, T., EIKhatib, A. S., Al-
Shabanah, O. A. (2001). Effects of volatile oil constituents of
Nigella sativa on carbon tetrachloride-hepatotoxicity in mice:
evidence for antioxidant effects of thymoquinone. Res.
Commun. Mol. Pathol. Pharmacol.; 110: 239-251.

Maritz, G. S. (2009). Are nicotine replacement therapy, varenicline
or bupropion options for pregnant mothers to quit smoking?
Effects on the respiratory system of the offspring. Ther. Adv.
Respir. Dis.; 3(4):193-210.
https://doi.org/10.1177/1753465809343712 PMID: 19706643.

Marks, M. J., Burch, J. B., Collins, A. C. (1983). Effects of chronic
nicotine infusion on tolerance development and nicotinic
receptors. J. Pharmacol. Exp. Ther. 226:817-825.

Marks, M. J., McClure-Begley, T. D., Whiteaker, P., Salminen, O.,
Brown, R. W., Cooper, J. (2011). Increased nicotinic
acetylcholine receptor protein underlies chronic nicotine-
induced up-regulation of nicotinic agonist binding sites in
mouse brain. J. Pharmacol. Exp. Ther.; 337: 187-200.

Mathur, A., Dempsey, O. J. (2018). Electronic cigarettes: a brief
update. J R Coll. Physicians. Edinb.; 48:346-51.

Matta, S. G., Balfour, D. J., Benowitz, N. L., Boyd, R. T,
Buccafusco, J. J., Caggiula, A. R.(2007). Guidelines on nicotine
dose selection for in vivo research. Psychopharmacology(Berl.)
190, 269-319.

Melroy-Greif, W. E., Stitzel, J. A., Ehringer, M. A. (2016).
Nicotinic acetylcholine receptors: upregulation, age-related
effects and associations with drug use. Genes Brain Behav.; 15:
89-107.

Mihara, M., & Uchiyama, M. (1978). Determination of
malonaldehyde precursor in tissues by thiobarbituric acid test.
Analytical biochemistry, 86(1), 271-278.
https://doi.org/10.1016/0003-2697(78)90342-1

Morakinyo, A. O., Iranloye, B. O., Daramola, A. O., Adegoke, O.
A. (2011). Antifertility effect of calcium channel blockers on
male rats: association with oxidative stress. Advances in Medical
Sciences; 56: 1-8.

Nielsen, F., Mikkelsen, B. B., Nielsen, J. B., Andersen, H. R.,
Grandjean, P. (2000) Plasma malondialdehyde as biomarker for
oxidative stress: reference interval and effects of life-style
factors. Clinical Chemistry;43(7):1209-1214.

NIH Publications No. 8023, revised 1996.

O’Dell, L.E., Khroyan, T.V. (2009). Rodent models of nicotine
reward: what do they tell us about tobacco abuse in humans?
Pharmacol. Biochem. Behav. 91 (4), 481-488.

Okhuarobo, A., Igbe, 1., Yahaya, A. and Sule, Z. (2019). Effect of
caffeine on alcohol consumption and alcohol-induced
conditioned place preference in rodents. J. Basic Clin. Physiol.
Pharmacol.; 30(1): 19-28.

Omotoso, G.O., Olagunju, A.A., Enaibe, B. U., Oyabambi, A. O.,
Balogun, O. R., Olawuyi, S. (2012). Alteration in Semen
Characteristics and Testicular Histology of male Wistar Rats
following exposure to Cigarette Smoke. West African Journal of
Assisted Reproduction.
https://www.researchgate.net/publication/256437770.

Perry, D. C., Davila-Garcia, M. I., Stockmeier, C. A., Kellar, K. J.
(1999). Increased nicotinic receptors in brains from smokers:

membrane binding and autoradiography studies. J. Pharmacol.
Exp. Ther.; 289:1545-1552

Picciotto, M. R. (2003). Nicotine as a modulator of behavior:
beyond the inverted U. Trends Pharmacol. Sci. 24 (9), 493-499.

Picciotto, M. R., Addy, N. A., Mineur, Y.S., Brunzell, D. H.
(2008). It is not “either / or”: activation and desensitization of
nicotinic acetylcholinereceptors both contribute to behaviors
related to nicotine addiction and mood. Prog. Neurobiol.; 84,
329-342.

Pons, S., Fattore, L., Cossu, G., Tolu, S., Porcu, E., Mcintosh, J.
M. (2008). Crucial role of a4 and a6 nicotinic acetylcholine
receptor subunits from ventral tegmental area in systemic
nicotine self-administration. J. Neurosci. 28, 12318-12327.

Prokhorov, A. V., Pallonen, U. E., Fava, J. L., Ding, L. and Niaura,
R. (1996). Measuring nicotine dependence among high-risk
adolescent smokers. Addict. Behav.; 21, 117-127.

Randhawa, M. A. Alghamdi, M. S. (2002). A review of the
pharmaco-therapeutic effects of Nigella sativa. Pak. J. Med.
Res.; 41: 77-83.

Rubenstein, D.A.; Hom, S.; Ghebrehiwet, B.; Yin, W., “Tobacco
and e-cigarette products initiate Kupffer Cell inflammatory
responses,”Molecular Immunology [Epub ahead of print], June
11, 2015.

Salem, M. L. (2005). Immunomodulatory and therapeutic
properties of the Nigella sativa L. seed. Int. Immunopharmacol.;
5: 1749-1770.

Sangi, S., Ahmed, S. P., Channa, M. A., Ashfag, M., Mastoi, S. M.
(2008). A new and novel treatment of opioid dependence:
Nigella sativa 500 mg. J. Ayub Med. Coll. Abbottabad; 20: 118-
124.

Schwartz, R. D., Kellar, K. J. (1983). Nicotinic cholinergic
receptor binding sites in the brain: regulation in vivo. Science;
220: 214-216.

Seamans, J. K. Yang, C. R. (2004). The principal features and
mechanisms of dopamine modulation in the prefrontal cortex,
Prog. Neurobiol.; 74: 1-58.

Shram, M. J. and Le, A. D. (2010). Adolescent male Wistar rats
are more responsive than adult rats to the conditioned rewarding
effects of intravenously administered nicotine in the place
conditioning procedure. Behav. Brain Res.; 206, 240-244.

Sifat, A. E., Vaidya, B., Kaisar, M. A,, Cucullo, L., Abbruscato, T.
J. (2018). Nicotine and electronic cigarette (E-Cig) exposure
decreases brain glucose utilization in ischemic stroke. J.
Neurochem.; 147:204-21.

Singh, T., Arrazola, R. A., Corey, C. G. (2016). Tobacco use
among middle and high school students—United States, 2011
2015. MMWR Morb. Mortal Wkly Rep. 65(14): 361-367.

Sun, M., & Zigman, S. (1978). An improved spectrophotometric
assay for superoxide dismutase based on epinephrine
autoxidation.  Analytical  biochemistry, 90(1), 81-89.
https://doi.org/10.1016/0003-2697(78)90010-6

Sussan, T.E.; Gajghate, S.; Thimmulappa, R.K.; Ma, J.; Kim, J.H.;
Sudini, K.; Consolini, N.; Cormier, S.A.; Lomnicki, S.; Hasan,
F.; Pekosz, A.; Biswal, S., “Exposure to electronic cigarettes
impairs pulmonary anti-bacterial and anti-viral defenses in a
mouse model,” PLOS ONE, February 4, 2015.

Tapper, A. R., McKinney, S. L., Marks, M. J., Lester, H. A. (2007).
Nicotine responses in hypersensitive and knockout alpha 4 mice
account for tolerance to both hypothermia and locomotor
suppression in wildtype mice. Physiol. Genomics; 31: 422-428.

Torres, O. V., Tejeda, H. A., Natividad, L. A. and O'Dell, L. E.
(2008). Enhanced vulnerability to the rewarding effects of
nicotine during the adolescent period of development.
Pharmacol. Biochem. Behav.90, 658-663.

Tzschentke, T. M. (1998). Measuring reward with the conditioned
place preference paradigm: a comprehensive review of drug
effects, recent progress and new issues. Prog. Neurobiol.; 56,
613-672.

Valavanidis A, Vlachogianni T, Fiotakis K. Tobacco smoke:
involvement of reactive oxygen species and stable free radicals

Black seed oil use in cigarette smoke-induced addiction



Niger. J. Physiol. Sci. 38 (2023): Adejare et al 169

in mechanisms of oxidative damage, carcinogenesis and
synergistic effects with other repairable particles. Int J Environ
Res Public Health. 2009; 6 (2):445-
462.d0i:10.3390/ijerph6020445.

van Dooran, R., Leijdekkers, C. M., & Henderson, P. T. (1978).
Synergistic effects of phorone on the hepatotoxicity of
bromobenzene and paracetamol in mice. Toxicology, 11(3),
225-233. https://doi.org/10.1016/s0300-483x(78)91389-6.

Vizi, E.S., Palkovits, M., Lendvai, B., Baranyi, M., Kovacs, K.J.
Zelles, T. (2004). DistiNCV temperature-dependent dopamine-
releasing effect of drugs of abuse in the olfactory bulb,
Neurochem. Int.; 45: 63-71.

Weaver, S. R., Huang, J., Pechacek, T. F., Heath, J. W., Ashley, D.
L., Eriksen, M. P. (2015). Are electronic nicotine delivery

systems helping cigarette smokers quit? Evidence from a
prospective cohort study of U.S. adult smokers, 2015-2016.
PLOS ONE 13(7):20198047.

World Health Organization (2013). Report on the global tobacco
epidemic. WHO Press, World Health Organization, Geneva,
Switzerland.

Zambrano, C. A., Salamander, R.M., Collins, A. C., Grady, S. R.,
Marks, M. J. (2012). Regulation of the distribution and
fuNCVion of [(125)I] epibatidine binding sites by chronic
nicotine in mouse embryonic neuronal cultures. J. Pharmacol.
Exp. Ther.; 342: 245-254.

Zoli, M., Lena, C., Picciotto, M. R., Changeux, J. P. (1998).
Identification of four classes of brain nicotinic receptors using
beta2 mutant mice. J. Neurosci. 18:4461-4472.

Black seed oil use in cigarette smoke-induced addiction



