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Introduction
 Tobacco (cigarettes) is a substance, commonly used today and ad-
versely affecting all systems in the organism due to many toxic agents 
contained. On the other hand, smoking in pregnancy is an extremely 
significant issue both in terms of maternal and infant health and in 
terms of raising healthy generations. Smoking during pregnancy is 
the most significant preventable risk factor, possibly leading to ad-
verse pregnancy outcomes. In direct proportion to the increased num-
ber of cigarettes smoked in pregnancy, complications such as threat-
ened abortion, gestational hypertension, preeclampsia, preterm birth, 
fetal growth restriction, sudden infant death syndrome, infertility, 
ablatio placentae, early membrane rupture, and congenital malforma-
tions may be observed [1-3].

 Smokers are exposed to many chemical compounds such as nico-
tine, cadmium, lead, and mercury. Cigarette smoke affects the phys-
iological, biochemical, and behavioral functions of central nervous 
system (CNS). Moreover, exposure to cigarette smoke in pregnan-
cy causes also postnatal morbidity in the form of lower reading and 
spelling scores and decreased school performance in childhood [4]. In 
fact, this has been associated even with behavioral disorders in ado-
lescence [5]. Nevertheless, there are studies, performed for its causing 
psychiatric side effects, attention deficiency, mental retardation and 
pediatric cancers in children [6,7].

 Omega-3 fatty acids are significant fatty acids. They cannot be 
produced in the body, and they are taken with food. They enter into 
cell membrane and are present in central nervous system and human 
brain at high concentrations. They have the ability to cross blood-
brain barrier. It has been known for a long time that Omega-3 fatty ac-
ids have favorable effects on the cognitive and physical development 
of the infant in intrauterine period [8-10]. It has been demonstrated 
that Omega-3 fatty acids are active in nervous system activation, and 
in development and improvement of memory and cognitive functions, 
as well as learning capacity [11]. Today it has been included in treat-
ment guidelines for many diseases mainly to help in cardiovascular 
diseases, in attention deficiency-hyperactivity syndrome, and in en-
hancing immune system [8,9].

 Vitamin D is a significant steroid hormone with a role in calcium 
hemostasis, known for a long time and with receptors in many differ-
ent tissues such as nervous system except bone metabolism. Maternal 
Vitamin D deficiency in pregnancy has been associated with increased  
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Purpose: In our study, the toxic effects of cigarette smoke exposure 
on central nervous system and the protective role of Omega 3 and 
Vitamin D against these toxic effects were investigated at biochemi-
cal and histological level.

Methods and tools: 28 adult female pregnant Wistar-Albino rats 
were separated into four groups. The first group of rats was our 
control group. The second group of rats was the group of rats, we 
have exposed to smoke of 10 cigarettes via puff device 2 hours/day 
following conception. The third group was the group, to which we 
have administered Omega 3 (0.5 mg/kg/day) with cigarette smoke, 
and the fourth group was the group, to which we have administered 
Vitamin D (42 microgram/kg/day) with cigarette smoke. At the end of 
the experiment, the sections, collected from brain tissue and medulla 
spinalis were stained by hematoxylin eosin and .........dye. The lev-
els of Malondialdehyde (MDA) and Fluorescent Oxidation Products 
(FOU) were the measured biochemical parameters.

Results: We have found the fetal weight and the number of fetuses 
significantly low only in the group, exposed to cigarette smoke. In the 
histopathological examination of the brain and spinal cord tissue, we 
observed that the histopathological changes of the fetuses, exposed 
to cigarette smoke, were significantly reduced in the group, to which 
……Omega 3 and Vitamin D was administered. We have detected 
that MDA and FOU levels increased with statistical significance in 
the group, exposed to cigarette smoke, compared to control group 

(p<0.001), and that MDA and FOU levels were lower in the group, 
exposed to cigarette smoke along with Omega 3 administration 
(p<0.001).

Conclusion: We have detected that cigarette smoke caused sig-
nificant histologic damage in central nervous system tissue of the 
fetus, and led to oxidative stress, increasing MDA and FOU levels in 
the tissue. We have found that this damage significantly regressed 
with Omega 3 and Vitamin D supplements, and that Omega 3 fatty 
acid is a significant antioxidant, and on the hand Vitamin D has no 
significant antioxidant effects.
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risk, related to anomalies in different systems, mainly preeclampsia, 
gestational diabetes, insulin resistance, low birth weight, preterm la-
bor, and fetal skeletal system [12]. It has been demonstrated in studies 
conducted that Vitamin D has anti-inflammatory and anti-microbial 
properties, and plays roles in cell proliferation and differentiation in 
neurological system, and has neuroprotective effects. Today it has 
been argued that Vitamin D is classified as a neuro-steroid, and stud-
ies on its different functions in brain have been initiated [13].

 Although many studies have been conducted in relation to Omega 
3 and Vitamin D, studies are insufficient in finding how these vita-
mins affect fetal central nervous system, exposed to cigarette smoke. 
More studies are needed to finalize these effects. In our study, we have 
conducted at biochemical level and with light microscope, the toxic 
effects of cigarette smoke exposure on central nervous system and the 
protective role of Omega 3 and Vitamin D against these toxic effects 
were investigated.

Methods and Tools

 28 adult female pregnant Wistar-Albino rats were used in the 
study. Rats weigh between 150-200 gr. Rats were kept in wire fence 
mesh cages during the experiment and 7 pregnant rats were kept in 
each cage. The dimensions of the cages were 30*60*30 cm. Rats were 
fed with feed (Feed Shop Standard Pellet Rat Feed) and tap water ad 
libitum in a setting, adjusted for 12 hours of night time and 12 hours 
of day time. Normal room temperature (22 ± 1°C) and humidity were 
retained. The pregnancies of rats were confirmed by solid, yellow 
vaginal plaque formation. The appearance of vaginal plaque was ac-
cepted as the first day of the pregnancy.

 Our first group of rats was our control group. It was ensured that 
rats got pregnant after mating. Mother rats were spontaneously ob-
served without any procedure. Following birth, baby fetuses were 
kept in the same cage with their mothers, and they were fed only with 
breast milk. We have exposed the second group of rats to smoke of 
10 cigarettes via puff device 2 hours/day following conception. Also 
we similarly exposed the neonatal fetuses to cigarette smoke 2 hours/
day. Cigarette smoke 2 hours/day + Omega 3 (0.5 mg/kg/day) were 
administered to the third group of pregnant rats following conception. 
We kept the neonatal fetuses in the same setting with the mother for 
10 days, and we ensured that they received only breast milk and they 
were exposed to cigarette smoke. Cigarette smoke 2 hours/day + Vita-
min D (42 microgram/kg/day) were administered to the fourth group 
of pregnant rats. We kept the neonatal fetuses in the same setting with 
the mother for 10 days, and we ensured that they received only breast 
milk and they were exposed to cigarette smoke. We administered Vi-
tamin D and Omega 3 intraperitoneally.

 Baby fetuses were examined macroscopically to determine wheth-
er there is any anomaly or pathology and their weights were recorded. 
On Day 10 after the birth, baby fetuses were administered ketamine 
for anesthesia and their brain and spinal cord tissue were collected by 
appropriate incision to be sent to pathology and biochemistry depart-
ments. Routine histological tissue tracking and paraffin blocks were 
applied to these tissues. Sections of 5- 6µm thickness, prepared from 
paraffin blocks, were stained with hematoxylin eosin, Caspase- 3 
and neuro-filament. Apoptosis was assessed immunohistochemically 
with Caspase-3 and degeneration and demyelination were assessed in 
nerve tissue with neuro-filament staining [7]. Brain and spinal cord 
tissue preparations were selected from each group with systematic 
random sampling method.

Histopathological Scoring
Demyelination: Absent 1 point, presence of partial demyelized areas 
2 points, extensive demyelized areas 3 points.

Degeneration: Absent 1 point, partial degeneration 2 points, exten-
sive degeneration 3 points.

Apoptosis: Absent 1 point, partial apoptosis 2 points, extensive apop-
tosis 3 points cohesion: Absent 1 point, partial cohesion 2 points, ex-
tensive cohesion 3 points.

 The levels of Malondialdehyde (MDA) and Fluorescent Oxida-
tion Products (FOU) were the biochemical parameters, measured in 
brain and spinal cord tissue to determine whether there are differences 
among the groups in terms of oxidation products. MDA levels were 
measured using the fluorometric method as described by Wasowicz. 
Fluorescent oxidation products were measured with modified Shima-
saki methods. Briefly tissue homogenates were extracted with etha-
nol-ether (3/1 v/v) and were measured by spectroflurometrically at a 
wavelength of 360/430 (excitation/emission wavelength).

Statistical Analysis
 Whether the distributions of continuous variables were normally 
or not was determined by Shapiro-Wilk test. Levene test was used 
for the evaluation of homogeneity of variances. Data were expressed 
as mean ± SD or median (interquartile range), where applicable. 
While, the mean differences among groups were analyzed by One-
Way ANOVA, otherwise, the Kruskal Wallis test was applied for the 
comparisons of not normally distributed data. When the p value from 
One-Way ANOVA or Kruskal Wallis test statistics were statistically 
significant, post-hoc Tukey HSD or Conover’s multiple comparison 
test were used to know which group differs from others. Data analysis 
was performed by using IBM SPSS Statistics version 17.0 software 
(IBM Corporation, Armonk, NY, USA). A p value less than 0.05 was 
considered as statistically significant.

Results
 In the analysis, performed in relation to the number of fetuses, 
obtained from the groups, the difference among the groups was found 
to be statistically significant. We observed that the number of fetus-
es in the group, exposed to cigarette smoke, decreased significantly 
(p<0.001). We observed that the number of fetuses in the group, to 
which Omega 3 and Vitamin D were administered, increased, and this 
number was similar to the number of fetuses in the control group. 
We found that there was a statistically significant difference among 
the groups in terms of mean body weight (p<0.001), and that fetus 
weights were significantly low only in the group, exposed to cigarette 
smoke. Fetus weights were found to be similar in the control group 
and in the group, to which Omega 3 and Vitamin D were adminis-
tered. We assessed fetuses in terms of head, body, and extremity 
anomalies, and we did not find any significant difference among 
the groups. On the other hand, in the histopathological examination 
of  the brain and spinal cord tissue, ......we observed that MDA and 
FOU levels, used as significant parameters in revealing oxidative 
damage, increased with statistical significance in the group, exposed 
to cigarette smoke, compared to the control group (p<0.001), and we 
detected that MDA and FOU levels were lower in the group, exposed 
to cigarette smoke  along with Omega 3 administration (p<0.001). On 
the other hand, MDA and FOU levels were observed to be low in the 
group, to which Vitamin D was administered, but we did not find any 
statistical significance.
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 Statistically significant difference was detected among the groups 
in terms of demyelination scores (p<0.001). The demyelination 
scores of the Cigarette (Group 2), Omega-3 (Group 3), and Vitamin 
D (Group 4) groups were higher with statistical significance com-
pared to Control group (Group 1), respectively (p<0.001, p<0.001, 
and p=0.030). The demyelination scores of Omega-3 and Vitamin D 
groups were lower with statistical significance compared to the group, 
exposed to cigarette, respectively (p<0.001 and p<0.001). No statis-
tically significant difference was observed among Omega-3 and Vita-
min D groups (p=0.137) (Table 1 & Figure 1). Statistically significant 
difference was detected among the groups in terms of degeneration 
scores (p<0.001). The degeneration scores of the Cigarette (Group 
2), Omega-3 (Group 3), and Vitamin D (Group 4) groups were higher 
with statistical significance compared to Control group (Group 1), re-
spectively (p<0.001, p<0.001, and p=0.010). The degeneration scores 
of Omega-3 and Vitamin D groups were lower with statistical sig-
nificance compared to the group, exposed to cigarette, respectively 
(p=0.024 and p<0.001). The degeneration score of Vitamin D group 
was also lower with statistical significance compared to Omega-3 
group (p=0.018) (Table 1 & Figure 2).

 Statistically significant difference was detected among the groups 
in terms of apoptosis scores (p<0.001). The apoptosis scores of Cig-
arette (Group 2) and Omega-3 (Group 3) groups were higher with 
statistical significance compared to Control group (Group 1), re-
spectively (p<0.001 and p=0.030). The apoptosis scores of Omega-3 
and Vitamin D groups were lower with statistical significance com-
pared to the group, exposed to cigarette, respectively (p<0.001 and 
p<0.001). No statistically significant difference was observed among 
Control group and Vitamin D group, and Omega-3 group and Vitamin 
D group (p=0.450 and p=0.137) (Table 1 & Figure 3).

 Statistically significant difference was detected among the groups 
in terms of cohesion scores (p<0.001). The cohesion scores of the 
Cigarette (Group 2), Omega-3 (Group 3), and Vitamin D (Group 4) 
groups were higher with statistical significance compared to Con-
trol group (Group 1), respectively (p<0.001, p=0.037, and p=0.037). 
The cohesion scores of Omega-3 and Vitamin D groups were lower 
with statistical significance compared to the group, exposed to cig-
arette, respectively (p<0.001, and p<0.001). No statistically signifi-
cant difference was observed among Omega-3 and Vitamin D groups 
(p=1.000) (Table 1 & Figure 4).

Discussion

 It is known that smoking causes changes in histological structure 
and functions of brain tissues. Abreu-Villaca, have indicated that 
smoking caused cell damage during fetal development, and prevented 
synaptic maturation and intercellular communication. Moreover, they 
have stated that nicotine demonstrated neurotoxic effect for brains at  

Group 1 Group 2 Group 3 Group 4 p-value †

Demye-
lination

<0.001

Absent 7 (100.0%)a,b,c - 2 (28.6%) 4 (57.1%)c,e

Partial - 2 (28.6%) 5 (71.4%)b,d 3 (42.9%)

Extensive - 5 (71.4%)a,d,e - -

Degener-
ation

<0.001

Absent 7 (100.0%)a,b,c - 1 (14.3%) 3 (42.9%)

Partial - 2 (28.6%) 4 (57.1%)b,d,f 4 (57.1%)c,e,f

Extensive - 5 (71.4%)a,d,e 2 (28.6%) -

Apop-
tosis

<0.001

Absent 7 (100.0%)a,b - 4 (57.1%)b,d 6 (85.7%)e

Partial - 2 (28.6%) 3 (42.9%) 1 (14.3%)

Extensive - 5 (71.4%)a,d,e - -

Cohesion <0.001

Absent 7 (100.0%)a,b,c - 4 (57.1%)b,d 4 (57.1%)c,e

Partial - 1 (14.3%) 3 (42.9%) 3 (42.9%)

Extensive - 6 (85.7%)a,d,e - -

Table 1: Frequency distributions regarding histopathological evaluation.

Note: Data were shown as number of cases and (percentage), † Krus-
kal Wallis test, a: Group 1 vs Group 2 (p<0.001), b: Group 1 vs Group 3 
(p<0.05), c: Group 1 vs Group 4 (p<0.05), d: Group 2 vs Group 3 (p<0.05), 
e: Group 2 vs Group 4 (p<0.001), f: Group 3 vs Group 4 (p=0.018).

Figure 1:

Figure 2:

Group 1 Group 2 Group 3 Group 4

Absent 100 0 28.6 57.1

Partial 0 28.6 71.4 42.9

Extensive 0 71.4 0 0

Group 1 Group 2 Group 3 Group 4

Absent 100 0 14.3 42.9

Partial 0 28.6 57.1 57.1

Extensive 0 71.4 28.6 0
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developmental age. Slotkin, have reported that nicotine administra-
tion led to neuron damage in cerebral cortex of adolescent rodents. 
In this study, we have conducted, vacuolization at molecular layer 
and neuroglial cell infiltration were observed in prefrontal cortex of 
rats, exposed to cigarette smoke. Moreover, sporadic pyknotic cells 
were detected. In conclusion, the findings, we have obtained in rela-
tion to cigarette exposure, show parallelism with the studies above. In 
these studies, previously conducted, an increase in Malondialdehyde 
(MDA) levels, which is an indicator of lipid peroxidation and a de-
crease in Superoxide Dismutase (SOD) and Glutathione Peroxidase 
(GSH-Px) values, which are antioxidant enzymes, were detected in 
lung, liver, and testis tissues of rats, exposed to cigarette smoke. It has 
been indicated that these disorders may be due to oxidative damage, 
occurring via cigarette exposure. Brain is sensitive to oxidative stress, 
since its rate of oxygen consumption is high. Additionally, it has been 
reported that the antioxidant defense system is weak in the brain, and 
that smoking leads to oxidative stress also in these tissues.

 In experimental studies, it has been detected that post-trauma in-
flammation decreased after the administration of 1,25(OH)2 D3 and 
progesterone to rats with traumatic brain damage, and it has been 
confirmed that they had neuroprotective effects. Another mechanism, 
accepted in explaining the neuroprotective effect of Vitamin D, is Vi-
tamin D’s reducing the level of Reactive Oxygen Substrates (ROS). It 
has been indicated that 1,25(OH)2D3 increased antioxidant effect in 
glia and neurons, and decreased ROS in dead cells. It is argued that 
Vitamin D cannot be regarded only as a vitamin and that it plays roles 
in many mechanisms also in the brain, and therefore, its level is close-
ly associated with the development of some neurological diseases. It 
is asserted that Vitamin D deficiency may lead to adverse effects in 
the brain at various stages of life, and may cause Parkinson’s disease, 
Alzheimer’s disease, MS, ALS, etc. It has been suggested in relation 
to Vitamin D metabolism in the brain that the neuroprotective effect 
of CY- Vitamin D, one of cytochrome P450 enzyme systems, in glial 
cells, may be demonstrated by decreased expression of L-type calci-
um channels or by increased VDR level. Therefore, vitamin D defi-
ciency can be regarded as a factor, increasing the risk of formation of 
neurological diseases. The increased VDR expression in embryologi-
cal period is suggested to increase apoptosis, and to decrease mitosis, 
and to affect cell proliferation, and may play a significant role also 
in neuron development. However, 1,25(OH)2D3 activity in the brain 
cannot be fully understood yet. It is considered that 1,25(OH)2D3 
reduces proliferation in neuroblastoma, and also the active mecha-
nism herein when cellular differentiation increases is the conversion 
of Vitamin D to its inactive metabolites, decreasing proliferation and 
ensuring a balance. It is argued that 1,25(OH)2D3 has a strong regu-
latory effect in signal transduction of Neuron Growth Factor (NGF), 
which is especially apparent in developing neurons, and therefore, 
may be important in the development and the migration of neurons in 
the brain.
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