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Introduction 
Tobacco is the most important substance abuse during 

pregnancy. About 20% of pregnant women smoke during their 
pregnancy. While pregnant women smoke, the developing fetus is 
exposed to nicotine, the main psychoactive component of tobacco 
and tobacco smoke ingredients [1,2]. Various pharmacological 
doses of nicotine during gestation have been tested and nicotine 
exposure alone is expected to be less harmful to the fetus than 
cigarette smoke [3]. Nicotine effects the dopaminergic and 
cholinergic neurochemical systems and alters the physiological and 
behavioural situations in the offspring [4]. During the development 
of the brain, neurotrophins are very important factors for neuronal 
plasticity proliferation, survival, development, and plasticity of 
neurons. One of the members of the neurotrophin family is Brain-
Derived Neurotrophic Factors (BDNF). BDNF influences GABAergic 
neuronal phenotype [5]; regulates the efficacy of GABAergic 
synapses [6]. 

The other specific protein of neurons is the neuronal specific 
nuclear protein (NeuN). Monoclonal antibodies to the NeuN protein  

 
is important for neuronal differentiation. The normal and pathologic 
functions of neurons are evaluated by using this marker [7]. The 
other one of the specific protein is S100 protein. These proteins are 
called S100 because of their solubility in a 100%-saturated solution 
with ammonium sulfate at neutral pH [8]. These proteins are 
produced by astrocytes in the Central Nervous System (CNS). S100 
protein’s functions are regulation of proliferation, differentiation, 
apoptosis, Ca2+ homeostasis, energy metabolism and inflammation 
within cells [9]. In the present study, we investigated the effects 
of high and low dose nicotine administration on neurogenesis 
with immunohistochemical methods. Brain Derived Neurotrophic 
Factor (BDNF), Neuronal Specific Nuclear Protein (NeuN) and 
S-100 protein were analysed to evaluate the neurons and neuroglial 
cells in the rat hipocampus.

Materials and Methods
In this study, approved by the Animal Ethics Committee of 

Ege University School of Medicine (Bornova, Izmir, Turkey), the 
off springs of Swiss Albino rats were used. They were housed in 
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a temperature-controlled room with a 12-hour light/dark cycle 
and maintained on standard laboratory animal chow and provided 
water ad libitum. All animals used in this study were maintained 
in accordance with the guidelines for animal welfare. Firstly, 
10 female Swiss Albino rats were divided into 2 main groups; 
as a nicotine group (n=5), and a control group (n=5). They were 
conceived by adding 2 male rats to each group. While the control 
group was given normal drinking water, 0.4mg/kg BW-body weight 
nicotine was prepared freshly every day and added to the nicotine 
group’s drinking water. After birth, the off springs were left in the 
same cage with their mothers and fed through lactation. At the end 
of the sixth week as soon as the pups started to normal feeding, the 
pups in the nicotine group were divided split into 2 groups; one to 
be subjected to low, and one to high doses of nicotine (Low dose 
nicotine-LDN, 0.4mg nicotine/kg BW/day; High dose nicotine-HDN, 
6.0mg nicotine/kg BW/day). In this way, we formed 3 groups; as 
control (n=10), LDN (n=10) and HDN (n=10) groups. At the end 
of the 12th month, rats were sacrificed under general anesthesia 
(ketamine 75 mg/kg ve xylazine 10 mg/kg i.p.) and their craniums 
were dissected so that their brain samples could be taken out. 

The right brain samples containing the hippocampus were 
fixed in 10 % formaline solution and were prepared according 
to the routine paraffin tissue protocol and were embedded 
in paraffin. Five µm serial sections were taken on the poly-
lisine coated lams and were stained histochemically with 
Hematoxylin-Eosin staining. After histological evaluation, serial 
sections, including the hippocampus were stained by using the 
immunohistochemical technique. In the samples, anti-BDNF, anti-
NeuN, anti-calbindin, anti-S100 and anti-GFAP primary antibodies 
were used to determine whether nicotine exposure had any effect 
on the immunohistochemical distributions of these antibodies 
on neurons and neuroglial cells. Immunoreactivity scores were 
determined by using the semi-quantitative method. The intensity 
of immunoreactivity was evaluated as mild (+), moderate (++) or 
strong (+++) and the results were compared via using the ANOVA 
statistical test.

Results
Hippocampus samples of study groups in paraffin blocks were 

stained with H&E and the molecular, pyramidal and polymorphic 
stages of the hippocampus were investigated under Olympus 
microscope (Olympus, Center Valley, PA) (Figure 1). Micrograph 
of control, N and S group’s neurons were active and included 
euchromatic nucleus. It was observed that whether the intense 
of BDNF immunoreactivities in the control group’s neurons were 
mild/moderate (+/++), the intense of BDNF immunoreactivities 
in nicotine group’s were moderate/strong (++/+++) (Figure 
2). It was observed that whether the intense of Neuron Specific 
Neuronal Protein (NeuN) immunoreactivities in the control 
group’s neurons were mild/moderate (+/++), the intense of NeuN 
immunoreactivities in nicotine group’s were moderate (++) (Table 
1) (Figure 3). 

Figure 1: Hipocampus samples of study groups in parafin 
blockes. As the nicotine dose increased, a decrease 
in the number of neurons and shrinkage of cells and 
chromatolysis were observed. X40 (A), X100 (B), X200 (C), 
X400 (D).
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Figure 2: Micrograph of control, N and S group’s neurons 
BDNF immunreactivities. X40 (A), X100 (B), X200 (C), 
X400 (D). The number of BDNF positive stained cells in 
hippocampus and ventricle was significantly higher than 
control groups.

Figure 3: Micrograph of control, N and S group’s neurons 
BDNF immunreactivities. X40 (A), X100 (B), X200 (C), 
X400 (D). The number of positive stained cells with S100 
immunreactivities in nicotin group’s neuroglial cells was 
higher than the control group.

Table 1: Immunreactivity scores of the study groups.

GROUP 1 – control GROUP 2 - LDN GROUP 3 – HDN

Anti-BDNF +/++ ++/+++ ++/+++

Anti-NeuN +/++ ++ ++

Anti-S-100 ++/+++ +++ +++

Discussion
In this study, the effects of pre/postnatal nicotine administration 

on neurogenesis was investigated. For this purpose; BDNF, NeuN 
and S100 protein immunoreactivities were analyzed by indirect 
immunohistochemical methods. When Joseph Altman showed the 
cell proliferation in adult hippocampus and bulbus olfactories, 
the studies on neurogenesis were accelerated [10]. Neurogenesis 
refers to the birth of neurons. In other words, it means as a process 
of producing neurons from neural stem cells. Neurogenesis has 
been implicated in the most prenatal period [11]. BDNF expression 
in the brains of laboratory animals was increased by behavioural 
interventions such as exercise and training /learning [12]. In this 
study new neurons and BDNF immunoreactivities of neurons 
in the hippocampus were found to be increased via nicotine 
administration. BDNF is a member of neurotrophins and it is widely 
expressed in the hippocampus, septum, cortex, and in adrenergic 
brainstem nuclei [13]. The dependency behaviors associated with 
the effect of addictive drugs are regulated by the change in BDNF 
concentration [14]. BDNF is important in regulating cell survival 
and prognosis. The results of Kenny et al. showed that acute 
administration of nicotine decreases BDNF level whereas chronic 
nicotine increases BDNF levels in the hippocampus [15]. 

Additionally, long-term low and high dose nicotine administration 
increased the neurotrophic factors in rat hippocampus. According 
to these findings, we thought that nicotine might be effective in 
adult neurogenesis. NeuN immunoreactivities were increased in the 
nicotine group. It is suggested that this neuron-specific antigen is 
an early marker of neuronal differentiation [16]. The hippocampal 
formation was processed for immunohistochemical staining of 
NeuN. Nicotine caused to a decrease in the number of NeuN (+) 
cells dose-dependently [17]. In contrast, Nagai T et al. showed 
that nicotine increased NeuN protein immunoreactivity in the 
hippocampal neurons [18]. Dentate gyrus has important functions 
in learning, memory and adult neurogenesis. The previous studies 
showing that Dentate gyrus proliferation is unaltered by short-term 
nicotine administration and the later stages neurogenesis may not 
be affected because of the lack of neurogenic effects [19].

S-100 protein is a dimeric, acidic calcium-binding protein which 
is a major component of the cytosol, particularly in astroglial cells. S- 
100 protein has two subunits, S-100 A and S-100 B. S-100 B protein 
has regulatory functions on cell shape, growth, differentiation, 
and energy metabolism. S100 protein is a major component of 
astroglial cells. Upon injury to nerve cells within the central nervous 
system, astrocytes fill up the space to form a glial scar, repairing 
the area and replacing the CNS cells that cannot regenerate so, 
nicotine might repair the nervous system by the indirect way. S 
100 B protein levels are increased with acute cerebral damage [20]. 
Kenangil G et al. suggested that serum S-100 B measurement can 
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be used as an early marker of brain damage [21]. In our study, anti 
S 100 immunoreactivities were higher in the nicotine group than 
the control group. It has been recently shown that nicotine was 
affecting memory and learning during adolescence. Considering 
the role of the hippocampus in both memory and learning, we 
investigated whether adolescent nicotine administration elicits 
apoptotic cell death and whether this results in neuronal and/or 
glial density alterations in the hippocampus [22]. 

In Alzheimer’s disease, the hippocampus is one of the first 
regions of the brain suffering from damage; memory problems and 
disorientation which appear frequently among the first symptoms. 
Damage to the hippocampus can also result from oxygen starvation 
(hypoxia), encephalitis, or medial temporal lobe epilepsy. 

Conclusion
Nicotine, the psychoactive ingredient in tobacco, can be 

neuroprotective but the mechanism is not exactly known. Nicotine 
administration can increase the expression of neurotrophic factors 
and growth factors. These factors can contribute to nicotine’s 
neuroprotective effects [22]. Nicotine exposure can enrich the 
reduced number of neurons or intraneuronal connections which 
are decreasing with aging so it can prevent or delay dementia 
[23]. The role of nicotine in neurodegenerative disorders is still 
incompletely understood, but it is suggested that progression of 
these diseases is related to oxidative stress, resulting from either 
a decrease in antioxidant levels or an increase in reactive oxygen 
species or reactive nitrogen species. Nicotine has both antioxidant 
and prooxidant effects [24]. More clinical studies are needed in this 
situation.
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