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ABSTRACT
Introduction: Nicotine is the most important alkaloid compound in tobacco and is a major risk
factor in the development of functional disorders of several organ systems. Some plants produce
Curcuma longa (curcumin), which has antioxidant and neuro-protective properties. Methods: This
study was designed to evaluate the therapeutic effects of curcumin against nicotine injury on the
hippocampusCA1 regionof rats. In this study, 48male ratswere randomly assigned to eight groups:
Normal control (saline) group, Nicotine control group (0.5 mg/kg); Curcumin groups (10, 30, and
60mg/kg) and Nicotine + Curcumin groups (10, 30, and 60mg/kg). Treatments were administered
intra-peritoneally daily for 28 days. Golgi staining technique investigated the number of dendritic
spines. Cresyl violet staining method was used to determine the number of neurons in the hip-
pocampal region CA1. Griess technique was assessed to determine serum nitrite oxide levels. Also,
the ferric reducing/antioxidant power (FRAP) method was applied to determine the total antioxi-
dant capacity. Results: Nicotine administration significantly increased the nitrite oxide level and
decreased total antioxidant capacity. The number of neuronal dendritic spines, as well as neurons
per se, also decreased, compared to the control group (p < 0.01). In all the members of the Cur-
cumin and Nicotine + Curcumin groups, the number of neurons, neuronal dendritic spines and
total antioxidant capacity increased significantly compared to the nicotine control group, while
nitrite oxide level decreased significantly compared to the nicotine control group (p < 0.01). Con-
clusions: It seems that Curcumin administration improved hippocampal CA1 region injury in rats
caused by Nicotine.
Key words: CA1, Curcuma longa, Nicotine

INTRODUCTION
Tobacco consumption has declined dramatically in
industrialized countries over the past three decades
due to raising awareness of the risks to health and
effective control policies, while it has increased in
developing countries over the same period1. Each
cigarette has an average of 10-14 mg of nicotine2.
Nicotine spreads rapidly into brain tissue through
pulmonary circulation and within 10-20 seconds,
attaches itself to the nicotinic acetylcholine recep-
tors (nAChRs) 3. Nicotine in a cigarette is an al-
kaloid that passes through the blood-brain barrier
and stimulates the mesolimbic dopamine system4.
Nicotine can regulate brain neurotransmitters, in-
cluding catecholamine, serotonin, glutamate, and
Gamma-Aminobutyric Acid (GABA).This substance
also reduces the activity of superoxide dismutase, glu-
tathione peroxidase, and glutathione reductase in the
hippocampus5. However, nicotine can induce ox-
idative stress in some organs, including the brain3.
Pathologic changes associated with neuronal apop-
tosis have been reported due to the use of nico-

tine6. Cigarette smoking can cause hypoxia, cere-
bral ischemia, hemorrhage, atrophy, ataxia, cerebral
infarction, and subarachnoid hemorrhage7. Also,
nicotine can induce increased oxidative stress and
neuronal apoptosis, destroy Deoxyribonucleic acid
(DNA), produce reactive oxygen species (ROS), and
increase the production of lipid peroxidation8. Nico-
tine seems to activate the areas of the brain that play an
essential role in drug addiction and learning process9.
Among the brain areas where nicotine has the great-
est effect, is the mesocorticolimbic region (that con-
tains nucleus accumbens), ventral tegmental area, the
hippocampus, and the amygdala. In this region, the
amygdala and hippocampus have structures that play
an important role in the formation of long-termmem-
ory, and their function is associatedwith a stimulation
reward system10. Hippocampus is a part of the limbic
system and seems to be essential for the formation of
various types of learning and memory 11. Cornu Am-
monis 1 (CA1) area, which belongs to the hippocam-
pus, plays an essential role in converting short-term
memory to long-term memory12. In recent years,
an increase is seen in the use of herbal medicines
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for reducing the side effects of drug use 13. For cen-
turies, India and China have been using turmeric as
an anti-inflammatory agent in the treatment of colic
pain, toothache, chest pain, jaundice, anorexia, and
menstrual problems14. The rhizome extract contains
mainly curcumin and, to a lesser extent, desmethoxy-
curcumin, and bisdemethoxycurcumin 11. Curcumin
has antioxidant and anti-inflammatory properties 15.
The results of a study by Jayaprakasha et al. showed
that in Alzheimer’s experimental model, curcumin
could improve memory via intravenous injection of
streptozotocin 16. Curcumin can increase neuroge-
nesis and improve cognitive processes in elderly fe-
male rats17. The results of the study by Mashayekhi
et al. on various antioxidants showed that curcumin
is much more potent in breaking down free radicals
than vitamin E. In addition, it can protect the brain
against lipid peroxidation and break down nitrite ox-
ide (NO)-induced radicals18. Curcumin seems to
prevent the effects of nicotine in the brain via the
reduction of the oxidative stress mechanism. Con-
sidering effects of nicotine toxicity on the brain and
the therapeutic properties of curcumin, the present
study investigates the effects of curcumin on nicotine-
induced toxicity in the hippocampus CA1 region of
male rats and evaluates the antioxidant effect of cur-
cumin on CA1 damage.

MATERIALS - METHODS
Animals
A total of 48 male Wistar rats) weighing 220-250 g
(were purchased from the Pasteur Institute and trans-
ferred to the animal house in medical school. Dur-
ing the study, the animals were kept under standard
conditions for 12-h light/12-h dark and 22 ± 2 ◦C,
on a straw bed in special cages. Water and food were
available to the animals ad libitum. Standard food
was including plate and treated municipal water was
used to feed the animals. All investigations were ap-
proved by the Ethics Committee of Kermanshah Uni-
versity of Medical Sciences and conformed to the eth-
ical and human principles of research (ethics certifi-
cate No.1396.562)15.

Study groups and treatment of animals
Curcumin powder (Sigma, USA) with a chemical for-
mula of 4-(OH)-3-(CH3O)was dissolved in 0.9%nor-
mal saline solution to obtain relevant doses. Themix-
ture of the solute and solvent was heated up to 70-
80◦C.The heterogeneous mixture was filtered to get a
homogenous solution of curcumin in normal saline.
A vial of nicotine (Sigma, USA) with a dose of 0.5 mg

per kg of body weight was dissolved in 0.9% normal
saline solution. Next, 48 male rats were randomly di-
vided into 8 groups, and 6 rats were placed in each
group. The first group (i.e., the normal control group)
received normal saline through intra-peritoneal injec-
tion equivalent to the number of experimental groups.
In the second group (i.e., the control group of nico-
tine), each animal received 0.5 mg/kg single dose
course of nicotine, intraperitoneally. The solvent of
nicotine was normal saline16. Group 3, 4, and 5
were treated with curcumin. In these groups, each
animal received 10, 30, and 60 mg/kg of curcumin
intra-peritoneally for 28 days at 10 a.m. Group 6,
7 and 8 were Nicotine + Curcumin administration
groups, wherein each animal received a single dose of
0.5 mg/kg Nicotine in order to induce damage. Then,
they received 10, 30, and 60mg/kg of curcumin intra-
peritoneally for 28 days at 10 am as previously de-
scribed8,12.

Transcardiac perfusion
The transcardiac method was used for fixation.
Around 24 h after the last injection of the drug, an-
imals were intra-peritoneally anesthetized with ke-
tamine 70 mg/kg and diazepam 10 mg/kg. The chest
was opened in the midline. Following the comple-
tion of thoracotomy, the apex of the left ventricle
was pierced, and a glass cannula of 1 mm diameter
was inserted and fixed on ascending aorta. The peri-
cardium and the right ventricle were cut. The left
ventricle pathway was cut, and the ascending aorta
was connected to a plastic tube via the glass cannula
and descending aorta was clamped right above the di-
aphragm. The cannula linked to the normal saline so-
lution was implanted into the aorta through an inci-
sion in the left ventricle. The descending aorta was
fastened and, after washing the brain, the solution
was removed through the incision made in the right
atrium. Formalin 5% and buffer phosphate 7% were
inoculated into the brain by the cannula, and the brain
was fixed in 15 min. After perfusion, the brains were
separated from the skull and stored in the same perfu-
sion solution for three days as previously described 11.

Tissue preparing and Golgi methods
The Golgi method was used to observe neuron den-
drites in hippocampus CA1 region. The Golgi
method was applied using potassium dichromate, fol-
lowed by silver nitrate. After brain fixation, tissue
blocks were submerged in 3% potassium dichromate
solution for 48 hours in a dark environment. The
blocks were washed in 0.75% silver nitrate solution
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Figure1: EffectofNicotine, Curcumin, andNicotine+Curcuminadministrationon thenumberofneurons in
the CA1 region. ∗Significant decrease in themean number of neurons in the Nicotine control group compared to
the normal control group (p < 0.01); Significant increase in all Curcumin groups compared to the Nicotine control
groups (p < 0.01); Significant increase in all Nicotine + Curcumin groups compared to the Nicotine and normal
control groups (p < 0.01).

and thenwere submerged in the solution for 72 hours.
Then, the tissues were washed in 1% silver nitrate
solution. After that, preparing paraffin-embedded
blocks were made, using the Automatic Tissue Pro-
cessor. The steps of this process included fixationwith
10%normal saline (for 72 hours), washing thoroughly
under running water, dehydrating by raised doses of
ethanol (50, 60, 70, 80, 90 and 100%, which included
3 min for each step and 100% ethanol step was re-
peated for three times), clearing by xylene (10 min-
utes for three times) and embedding in soft paraf-
fin (three times, 15 min each time). At this stage, 5-
µm coronal histological thin sections were cut from
paraffin-embedded blocks, undertaken by a micro-
tome instrument (Leica RM 2125, Leica Microsys-
tems Nussloch GmbH; Germany), and 5 sections per
animal were chosen. For the unification of the sec-
tion selection, the first section was the 4th, and the
last was the 24th (5 sections interval). Finally, the rou-
tine protocol for Golgi methods was implemented. At
the end of the tissue processing, stained sections were
mounted by entalan glue and assessed under Olym-
pus BX-51T-32E01 research microscope, connected
to a DP12 Camera with 3.34-million pixel resolution
and Olysia Bio software (Olympus Optical Co. LTD,
Tokyo, Japan)12.

Cresyl violet method
The Cresyl violet staining method was used to de-
termine the number of live cells in the hippocam-
pus CA1 region. Six rat heads from each group, and
five tissue samples from each mouse were selected for
staining. After creating 5 µm cuts by microtome and
performing tissue processing, the left hemispheres
were stained, using Cresyl violet staining technique.
Once the photo was prepared, the number of cells was
counted per 1 mm2 area. On the slides, stained by
means ofCresyl violet technique, the round cells with-
out peak nose were considered as live cells 19.

Morphometrically technique
On the slides, marked via Golgi staining method,
completely stained neurons with cell bodies in the
central part of the tissue sections, distant from the
surrounding stained neurons were included in the
study. The dendritic tree of pyramidal neurons was
revealed through camera lucida with magnification =
750. The dendritic exclusion order from the cell body
was used for counting dendritic sections. Addition-
ally, the Sholl procedure was applied to assess the con-
centration of dendritic divisions. In the slips, marked
via Cresyl violet method, the round cells without peak
nose were considered as live cells. The slides were im-
aged by Motic microscope, and cells were counted by
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Figure 2: Microscopic images of CA1 region in male rats in different groups (5 µm thick sections, Cresyl
violet staining,magnification:×100). Micrographof theCA1section in thenormal control groups (a), thenormal
number of neurons in the CA1 region. Micrograph of the CA1section in Nicotine control group (b), decreased
neurons cells due to the oxidative stress caused byNicotine. Micrograph of the hippocampal region CA1section in
Curcumin (60mg/kg) group (c), the normal number of neurons. Micrograph of hippocampal region CA1section in
Nicotine+Curcumin (30mg/kg) (d) andNicotine+Curcumin (60mg/kg) (e) groups (d), normal number of neurons.
Red arrows identifies pyramidal neuron cells.

Image J software 1.45 11.

Griess technique
Griess technique uses zinc sulfate powder to eliminate
the serum protein of the samples. In this study, zinc
sulfate powder (6 mg) was mixed with serum samples
(400 µ l) and vortexed for 1 min. The samples were
centrifuged at 4 ◦C for 10 min at 12,000 rpm, and
the supernatant was collected to measure nitrite ox-
ide content. Briefly, 50 µ l of sample was added to 100
µ l of Griess reagent (Sigma; USA), and the reaction
mixture was incubated for 30 min at room tempera-
ture. Sodium nitrite (0.1 M) was used for the stan-
dard curve, and increasing concentrations of sodium
nitrite (5, 10, 25, 50, 75, and 100 µM) were prepared.
The Greiss solution was added to all microplate con-
taining sodium nitrite and supernatant and was read
through an ELISA reader (stat fax100; the USA) at the
wavelength of 540 nm 20.

Ferric reducing/antioxidant power (FRAP)
method
FRAP method was used to measure the total antioxi-
dant capacity of the serum. In this technique, the abil-

ity of the plasma in retaining ferric ionswasmeasured.
This process required a great quantity of FeIII . A blue
stain was formed when the compound of FeIII -TPTZ
in acidic pH returned to FeII and absorption at the
maximum wavelength of 600 nm. The factor defining
the speed of FeII -TPTZ and the blue color was the
only vitalizing power of the sample. Total antioxidant
capacity values are strategized by means of a standard
curve with diverse concentrations of iron sulfate21.

Statistical analysis
Kolmogorov-Smirnov test was first conducted to con-
firm the data compliance of the normal distribution.
One-way analysis of variance (one-way ANOVA) was
used for statistical analysis, and Tukey post hoc test
was used to determine the difference between the
groups. SPSS 16 was used for data analysis; the re-
sults were expressed as mean± standard error, and p
<0.05 was considered statistically significant.

RESULTS
Neurons number
The number of neurons in the hippocampal region
CA1 showed a significant decrease inNicotine control
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Figure 3: Comparison of Nicotine, saline and Curcumingroups at the number of dendritic spines in hip-
pocampal regionCA1. *Significant decrease in theNicotine control group compared to the normal control group
(p<0.01). Significant increase in all Curcumin groups compared to theNicotine control group (p<0.01). Significant
increase for all Nicotine+ Curcumin groups compared to the Nicotine and normal control groups (p< 0.01).

group compared to the normal control group (8.33%)
(p < 0.01). The mean number of neurons was not sig-
nificantly different in all Curcumin groups compared
to the normal control group (p > 0.05). The mean
of pyramidal neurons increased significantly in Cur-
cumin (dose 10 mg/kg = 18.83%, dose 30 mg/kg =
19%, and dose 60 mg/kg = 19.50%), and Nicotine +
Curcumin (dose 10 mg/kg = 14%, dose 30 mg/kg =
14.66%, and dose 60 mg/kg = 14%) in all doses com-
pared to the Nicotine control group (p < 0.01). Also,
the average number of pyramidal neurons decreased
significantly in all Nicotine + Curcumin groups (dose
10 mg/kg = 14.12%, dose 30 mg/kg = 15.16%, and
dose 60 mg/kg = 14.61%) compared to the normal
control group (p < 0.01) (Figure 1 and Figure 2).

Dendritic spines
The mean number of neuronal dendritic spines in
experimental groups showed a significant decrease
between normal control group and Nicotine control
group (7.13%) (p < 0.01). The mean number of
neuronal dendritic spines was not significant in all
Curcumin groups compared to the normal control
group (p > 0.05). In the Curcumin (dose 10 mg/kg =
14.85%, dose 30 mg/kg = 14.96%, and dose 60 mg/kg
= 14.93%) and Nicotine + Curcumin groups (dose 10

mg/kg = 11.50%, dose 30 mg/kg = 11.66%, and dose
60 mg/kg = 11.83%), the mean number of neuronal
dendritic spines increased significantly in all treated
groups compared with the nicotine control group (p
< 0.01). Furthermore, mean number of neuronal den-
dritic spines decreased significantly in all Nicotine +
Curcumin groups (dose 10 mg/kg = 11.50%, dose 30
mg/kg = 11.66%, and dose 60 mg/kg = 11.83%) com-
pared to the normal control group (p < 0.01) (Figure 3
and Figure 4).

Nitrite oxide
The results of blood serum NOmeasurement showed
a significant increase in Nicotine control group com-
pared to normal control group (404.285 µm) (p <
0.01). Mean nitrite oxide in the blood serum was
not significant different in all Curcumin groups com-
pared to the normal control group (p > 0.05). Also,
the mean of nitrite oxide levels in blood serum de-
clined significantly in Curcumin (dose 10 mg/kg =
190.61 µm, dose 30 mg/kg = 193.83 µm, and dose
60 mg/kg = 190.69 µm) and Nicotine + Curcumin
groups (dose 10 mg/kg = 309.69µm µm, dose 30
mg/kg = 295.88µm µm, dose 60 mg/kg = 299.58µm
µm) in all doses compared to the Nicotine control
group (p < 0.01) (Figure 5).
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Figure 4: Microscopic images of neuronal dendritic spines in hippocampal region CA1 inmale rats in differ-
ent groups (Five-micron thick sections, Golgi staining, magnification: ×100). Micrograph of the CA1 section
in the normal control group (a), normal structure. Micrograph of the hippocampal region CA1 section in Nicotine
control group (b), decreased number of dendritic spines due to the oxidative stress caused by Nicotine. Micro-
graph of the hippocampal region CA1 section in Curcumin (60 mg/kg) group (c), normal structure; Micrograph
of CA1 section in Nicotine + Curcumin (30 mg/kg) group (d) and (60 mg/kg) (d) groups, normal structure. Blue
arrows identifies neuronal dendritic spines.

Total antioxidant capacity
The results showed that total antioxidant capacity
serum level reduced significantly in the Nicotine con-
trol group compared to the normal control group (p
< 0.01). The total antioxidant capacity level enhanced
significantly in all Curcumin (dose 10 mg/kg = 2.09
mmol/i, dose 30 mg/kg = 2.03 mmol/i, dose 60 mg/kg
= 2.04 mmol/i) and nicotine + Curcumin groups
(dose 10 mg/kg = 1.24 mmol/i, dose 30 mg/kg = 1.28
mmol/i, dose 60 mg/kg = 1.31 mmol/i) compared to
the nicotine control group (p < 0.01) (Figure 6).

DISCUSSION
Nicotine causes a number of implications and side
effects by affecting the central and peripheral ner-
vous system. Regarding dosage, mode of application,
and species, nicotine can affect an individual’s behav-
ior. Ventral hippocampal α4β2 blockade - induced
working memory deficits are reversed by chronic sys-
temic nicotine treatment, while ventral hippocam-
pal α7 blockade-induced working memory deficits

were not reversed by the same nicotine regimen6.
Temporal lobe and hippocampal organization are in-
volved in transferring short-term memory to long-
term memory 11. The present study was aimed to in-
vestigate the effects of curcumin on nicotine-induced
disorders in the hippocampus CA1 region. The re-
sults of the current study showed that the number of
neurons and dendritic thorns decreased significantly
in the nicotine control group compared to the nor-
mal control group. In nicotine + curcumin groups,
there was a significant increase in the number of den-
dritic thorns compared to the nicotine control group.
The results may indicate the control of apoptosis and
neuro-degeneration by administering different doses
of curcumin. The results of Tewari et al. were con-
sistent with those of the present study that showed
nicotine could damage the cells in the hippocampus
by increased protein accumulation in the membrane
and reduced cell size 22. Similarly, based on the re-
sults of the current study, nicotine could decrease the
number of neurons significantly in the hippocampus
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Figure 5: Effects of Curcumin, Nicotine, andNicotine + Curcumin on themeanNo levels.∗Significant increase
of No in the Nicotine control group compared to the normal control group (p < 0.01). Significant decrease in
all Curcumin groups compared to the Nicotine control group (p < 0.01). Significant decrease in all Nicotine +
Curcumin groups compared to the Nicotine control group (p < 0.01).

due to damaging the cells. It seems that nicotine in-
duces oxidative stress and, consequently, the produc-
tion of free radicals such as superoxide and hydroxyl
radicals can cause cell damage8. Generated free radi-
cals following oxidative stress induction may have the
potential to damage cellular compositions, including
proteins, lipids, and DNA20. Equally, in the current
study, nicotine could decrease the number of neu-
rons and dendritic thorns in the hippocampus due to
oxidative stress caused by administration of nicotine.
Exposure to nicotine can also increase the production
of ROS and peroxidation of lipids, and decrease the
level of GSH antioxidant enzymes6. The brain is one
of the most important organs in the body, which con-
sumes a large amount of oxygen. Lipid in the mem-
brane of nerve cells has a high content of oxidized un-
saturated fatty acids12. Therefore, it seems that nico-
tine can produce ROS via P-450 enzyme and, by pro-
ducing oxidative stress, cause the destruction of the
nucleus in neurons5. Given that dendritic thorns play
a major role in synaptic transmission, it is not sur-
prising that many brain diseases are associated with
changes in the morphology and density of dendritic
thorns12. Dendrite thorns are involved in memory as

an exon and dendrites interface 14. Nicotine can re-
duce the length of dendrites and the number of den-
dritic thorns in nucleus accumbens by affecting neu-
rotrophic factors in the striatum23. The results of the
study by Brown et al. showed that nicotine injections
with a dose of 0.7 mg/kg could reduce the length of
dendrites and the number of dendritic thorns; which
is consistent with the results of our study24. It seems
that nicotine can destroy dendritic cells. Similarly,
in the current study, due to oxidative stress, nicotine
could decrease the number of neurons and dendritic
thorns in the hippocampus horns by β2-nAChRs de-
activation in postsynaptic cells in the hippocampus
region25. Moreover, nicotine can reduce the number
of thorns by deactivating α4β2-nAChRs in the pre-
synaptic membrane and by disrupting the release of
glutamate neurotransmitters26. It seems that nico-
tine reduces the number of dendritic thorns in two
ways. One way is the regulation of glutamatergic
synapses on pyramidal neurons. This mechanism is
mainly based on the activity ofα4β2 nAChRs on pre-
synaptic glutamate terminus. Anothermechanism fo-
cuses on the activity of GABA in the internal neu-
rons or interneurons27. Curcumin is a neutralizer
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Figure 6: Comparison of total antioxidant capacity in Nicotine, and normal control and Curcumin andNico-
tine + Curcumin groups.∗Significant increase in Nicotine control group compared to the normal control group (p
< 0.01). Significant increase in all Curcumin groups compared to the Nicotine control group (p < 0.01). Significant
increase in all Nicotine + Curcumin groups compared to the Nicotine control group (p < 0.01).

of reactive oxygen species ROS, which has the po-
tential to destroy oxidative stress and prevents lipid
peroxidation6. The results of the study by Shin et
al. confirmed those of the present study that cur-
cumin could prevent cell death from kainic acid due
to oxidative stress in the hippocampus28. Curcumin
seems to inhibit lipid peroxidation of quinolinic acid
and controls the production of cyanide-induced su-
peroxide in the brain, suggesting the protective prop-
erties of curcumin. In addition, nicotine treatment in-
creased lipid peroxidation and the levels of GSH, IL-
1β , TNF-α , and Bax, while reducing Bcl-2, P-CREB,
and BDNF levels in the hippocampus29. Curcumin
has been shown to significantly improve spatial mem-
ory impairment induced by HIV-1 gp120 V3 in rats,
but the electrophysiological mechanism remains un-
known 30. The results of a study by Pan et al. are
in line with the results of the present study, which
showed that curcumin improves learning and mem-
ory in mice and can increase neuroprotective effects
in Alzheimer’s modal rats31. Curcumin can reduce
neuropathological changes in the hippocampus and

control apoptosis by increasing the density of Bcl-
2 protein32. The present study showed a significant
increase in serum NO levels in the nicotine control
group compared to the normal control group. In all
nicotine + curcumin groups, there was a significant
decrease in serum NO levels in comparison to the
nicotine control group. NO is a free radical, and that
can regulate angiogenesis, apoptosis, cell cycle, inva-
sion, and metastasis in cells. NO plays a key role in
the destruction of myelin in the central nervous sys-
tem11. Nicotine can stimulate nicotinic receptors in
the brain and increase glutamate release and NMDA
activation. The activation of NMDAmay increase the
formation of nitric oxide in the hippocampus33. The
results of a study by Keser et al. revealed that the ex-
posure to nicotine increased the activity of NO in the
frontal cortex in themouse brain. This result confirms
the results of the present study34. Also, the results
of Salahshoor et al. are consistent with those of the
present study, which shows that curcumin prescrip-
tion significantly decreased the serum level of NO in
the blood serum of mice8. The results of this study
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showed that there was a significant decrease in total
antioxidant levels in the nicotine control group com-
pared to the normal control group. In all nicotine +
curcumin groups, there was a significant decrease in
serum total antioxidant levels in comparison to the
nicotine control group. The results of the study by
Zhuo et al. showed that total antioxidant level was re-
duced significantly in smokers in proportion to non-
smokers; which is consistent with the results of a simi-
lar study35. It seems that the reduction of total antiox-
idant capacity in plasma of smokers has led to an in-
crease in the production of free radicals36. The reduc-
tion in total antioxidant capacity levels in this study
shows the effects of oxidative stress from nicotine on
the hippocampal neurons. This result is expressed as
growth in the levels of ROS, lipid peroxidation, and a
reduction in the action of antioxidant enzymes such
as total antioxidant capacity37. Curcumin, via acti-
vation of P-CREB/BDNF signaling pathway, confers
neuroprotection against nicotine-induced inflamma-
tion, apoptosis, and oxidative stress. In contrast, var-
ious doses of curcumin attenuated nicotine-induced
apoptosis, oxidative stress, and inflammation, while
elevating P-CREB and BDNF levels. Thus, curcumin,
via activation of P-CREB/BDNF signaling pathway,
confers neuroprotection against nicotine-induced in-
flammation, apoptosis, and oxidative stress38. In the
present study, improved levels of total antioxidant ca-
pacity in rats treated with curcumin highlighted the
antioxidant and anti-lipid peroxidation effects of cur-
cumin. An increase in total antioxidant levels due
to the administration of nicotine in the present work
may suggest the positive impact of curcumin onmag-
nified antioxidant effects, the inhibition of nicotine-
induced inflammation and the destruction process on
neurons in the brain. Curcumin can inhibit nitric
oxide by reducing the activity of the nuclear factor-
kappa β (NF-Kβ )39. Our study had certain limita-
tions, such as the lack of detecting antioxidant levels
in the curcumin. There was a lack of references about
the effect of plant or extract in CA1 region, and death
of some animals due to nicotine administration in this
study was an important limitation. Hence, prospec-
tive studies should be taken for the detailed associa-
tion of the molecular interaction between Curcumin
and CA1 region in rats.

CONCLUSION
The current study indicated that curcumin could re-
cover some CA1 injuries significantly, which is con-
trary to the destructive properties of nicotine in rats.
It appears that curcumin provides protection against

oxidative stress resulting from nicotine. Such an abil-
ity of curcumin might be due to its strong potential
antioxidant attributes. As a result, it leads to CA1 tis-
sue recovery and prevention of nicotine adverse ef-
fects on total antioxidant capacity, nitric oxide, num-
ber of neurons, and dendritic spines, as evidenced in
the above mentioned examination of the male rats.
However, supplementary studies are essential to de-
scribe its molecular mechanism.

ABBREVIATIONS
CA1: Cornu Ammonis 1
DNA: Deoxyribonucleic acid
FRAP: Ferric reducing/antioxidant power
GABA: Gamma-Aminobutyric Acid
nAChRs: nicotinic acetylcholine receptors
NO: Nitrite oxide
ROS: Reactive oxygen species
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