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OZET

AMAGC: Bu calismada kegiboynuzu bitkisinin antioksidan etki-
si, nikotin kaynakli oksidatif strese ve rat hipokampusi cornu
ammonisinde (CA) piramidal hiicre sayisina etkisi arastirilmistir.

GEREC VE YONTEM: Calismada 28 adet yetiskin Wistar Albi-
no erkek rat kullanildi. Ratlar kontrol grubu, kegiboynuzu gru-
bu, nikotin grubu ve nikotin+ke¢iboynuzu grubu olmak lizere
dort gruba ayrildi. Deney grubuna nikotin, tedavi grubuna ise
nikotin ile birlikte keciboynuzu ekstresi uygulandi. Akciger, be-
yin, bobrek, kalp ve karaciger dokularinda superoksit dismutaz
(SOD), glutatyon (GSH), glutatyon disdlfit (GSSG), total oksidan
seviye (TOS), total antioksidan seviye (TAS) degerleri spektrofo-
tometrik analiz ile 6lctldl. Oksidatif stres indeksi (OSI) ve GSH/
GSSG degerleri sirastyla TOS/TAS ve GSH/GSSG oranlari seklinde
hesaplandi. CA'daki piramidal hiicre sayisi, optik fraksiyonlama
teknigi kullanilarak belirlendi.

BULGULAR: Nikotin grubunun bébrek dokusundaki TAS diize-
yinin kontrol ve kegiboynuzu gruplarina gére anlaml derecede
disik oldugu goriildi. Beyin dokusunda, nikotin grubunun TAS
dizeyi diger gruplara gore 6nemli dlclide dustiktl (p<0.001).
Nikotin grubunun OSI degeri karaciger dokusunda kontrol gru-
buna gore anlamli derecede yliksekti (p<0.001). Nikotine maruz
kalmanin CA'daki piramidal hiicre sayisinda 6nemli bir azalma-
ya neden oldugu gosterildi.

SONUC: Keciboynuzu bitkisinin oksidatif stres olusumunda TAS
diizeyini artirarak nikotine karsi antioksidan &zelliklere sahip
onemli bir fitomedikal bitki olabilecedi kanisina variimistir.

ANAHTAR KELIMELER: Keciboynuzu 6zii, Nikotin, Oksidatif
stres, Piramidal hicreler.
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ABSTRACT

OBJECTIVE: In this study the antioxidant effect of carob plant,
it's effects of nicotine-induced oxidative stress and the number
of pyramidal cells in the rat hippocampus in cornu ammonis
(CA) were investigated.

MATERIAL AND METHODS: In the study, 28 adult Wistar Al-
bino male rats were used. Rats are divided into four groups
as control group, carob group, nicotine group and nicotine +
carob group. Nicotine was applied to the experimental group,
and carob extract was applied to the treatment group as well
as nicotine. Superoxide dismutase (SOD), glutathione (GSH),
glutathione disulfide (GSSG), total oxidant capacity (TOS), total
antioxidant capacity (TAS) values were measured by spectrop-
hotometric analysis on the lung, brain, kidney, heart and liver
tissues. Oxidative stress index (OSI) and GSH / GSSG values, res-
pectively, were calculated as TOS/TAS and GSH/GSSG rates. The
number of pyramidal cells in the CA was estimated using the
optical fractionator technique.

RESULTS: It is seen that the TAS level in the kidney tissue of the
nicotine group is significantly lower than the control and carob
groups. In brain tissue, the TAS level of the nicotine group was
significantly lower than that of other groups (p<0.001). The OSI
value of the nicotine group was significantly higher in liver tis-
sue compared to the control group (p<0.001). Nicotine exposu-
re has been shown to cause a significant reduction in the num-
ber of pyramidal cells in CA.

CONCLUSIONS: It is understood that Carob plant is an impor-
tant phytomedical plant that has antioxidant properties against
nicotine by increasing TAS level in oxidative stress formation.

KEYWORDS: Carob extract, Nicotine, Oxidative stress, Pyrami-
dal cells.
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INTRODUCTION

Smoking and exposure to nicotine are preva-
lent social habits that pose a major harm. In fact,
due to the realization that they are safer than
conventional tobacco use, electronic nicotine
delivery systems (ENDS) or electronic cigarettes
(E-Cig) that have recently appeared have greatly
increased in popularity, especiallyamongyoung
populations (1). It is known that the electronic
cigarettes used also have nicotine-containing
forms (2). The point we want to draw attention
to here is the nicotine substance found in to-
bacco products consumed. Nicotine is the pri-
mary ingredient that causes addiction in tobac-
co products. Nicotine is an alkaloid compound
extracted from the leaves of the tobacco plant.
Nicotine, one of the main toxic components of
cigarette smoke, can be rapidly absorbed by
the respiratory system and reach high levels in
the blood and brain (3 - 6). Negative effects on
immunological, genetic, and reproductive sys-
tems have also been shown, in addition to their
role in the origins of cancer and cardiovascu-
lar diseases. The balance between oxidant and
antioxidant systems is held responsible for the
occurrence of these negative effects (4). By bre-
aking the mitochondrial respiratory chain and
promoting the generation of reactive oxygen
species (ROS), including hydrogen peroxide, ni-
cotine is known to cause oxidative stress (3, 7).

Oxidative stress occurs as a result of the dis-
turbance between free radicals resulting from
cellular events and antioxidants (8, 9). Free ra-
dicals here; they can be endogenous (as a re-
sult of oxygen use during aerobic metabolism)
or exogenous (with the effect of smoking, air
pollution, sun rays, X-Ray) (8,10). There are de-
fense mechanisms called antioxidants in or-
der to prevent oxidative stress caused by free
radicals, especially ROS, and related tissue da-
mage. Medicinal and aromatic plants with rich
phenolic content are also used as antioxidant
sources (9, 11). Carob is also an antioxidant
plant (12). In the world, carob mostly has a Me-
diterranean climate; Spain, Italy, Morocco, Por-
tugal, Greece, Cyprus and Turkey are grown in
countries like (13). The antioxidative properties
of carob extract, rich in phenolic substances,
have been demonstrated by different studies
(14, 15). Some of the studies focused on the
hippocampus, a part of the brain that cont-

rols crucial behavioral and cognitive processes,
such as mechanical learning and labor (16,17).
There are studies indicating that nicotine cros-
ses the blood brain barrier and prepares the
ground for functional loss in the brain (18,19).

In our study, we evaluated the antioxida-
tive effect of carob plant against nicoti-
ne-induced oxidative stress in terms of bi-
ochemical parameters and pyramidal cells.

MATERIALS AND METHODS

Study Design and Animals Groups

The study used 28 Wistar Albino rats (adult
male) weighing 180-220 g. One week prior to
the experiment, the animals had unrestricted
access to food and water to ensure their com-
fort in the lab. Animal welfare requirements
called for frequent cleaning and ventilation of
cages. Throughout the experiment, the animals
were kept in a temperature-controlled environ-
ment (20-23 °C) with a 12-hour light/dark cycle.

Experimental Groups

During the experiment, 0.9 percent saline was
injected subcutaneously (s.c.) once daily into
the control group (C) (n=6). 800mg/kg of carob
extract was administered by gavage to the ca-
rob group (CRB) (n=7). Nicotine group (N), n=7,
received 4 mg/kg of nicotine (s.c)). The nicotine
+ carob (N + CRB) group (n = 8) received 4 mg/
kg of nicotine and 800 mg/kg of carob extract.
All groups had these procedures for 35 days.

Preparation of Nicotine and Carob Extract

Nicotine hydrogen tartrate (95% nicotine: Sig-
ma, USA) was used in the study. As the sol-
vent solution, normal saline was used to ad-
just the amount of nicotine to be given to
animals. 100 g of dried carob powder was
mixed with 1000 ml distilled water. The mixtu-
re was made for 24 hours at room temperatu-
re. This mixture was passed through a What-
man No. 1 filter, and evaporated at 40°C water
and concentrated. This extract was dissolved
in saline and injected intraperitoneally (i.p.).

Taking Tissue Samples

At the conclusion of the 35-day trial period, all
animals were sacrificed using the vertebral cer-
vical dislocation technique while anesthetized



with xylazine/ketamine (75 mg/kg)-(10 mg/kg)
in accordance with the procedure suggested
by the Institutional Animal Ethics Committee.
The organ tissues (liver, kidney, heart, lung,
and brain) had the connective tissue around
them removed and kept for the experiment.

Antioxidant indices and cytokines measurements

Using modified techniques, the activities of ca-
talase (CAT), superoxide dismutase (SOD), glu-
tathione (GSH), glutathione disulfide (GSSG),
and glutathione peroxidase (GPx) were evalua-
ted in blood and tissue samples (20). To test the
levels of total oxidative status (TOS; Rel Assay
Diagnostics, Gaziantep Turkey), (21), total an-
ti-oxidative status (TAS, Rel Assay Diagnostics,
Gaziantep Turkey) (22), and thiobarbituric acid
reactive substances/malondialdehyde (TBARS/
MDA; E-BC-K025-S, Elabscince, Houston, US)
(23), colorimetric kits were used. Analyses of
each sample were performed twice. Using the
equation GSH = T-GSH - (2 x GSSG), the glutat-
hione content was determined. The formula
GSH = GSHt - 2 x GSSG was used to determi-
ne the levels of GSH. The values for GSHt, GSH,
and GSSG were converted to nmol of GSH or
GSSG per mg of protein after being normalized
to total protein content (nmol GSH/mg pro-
tein or nmol GSSG/mg protein). The formula
used to determine the oxidative stress index
(OSI) was OSI = [TOS (mol H202 equiv./l) / TAS
(mol trolox equiv./l) x 100]. Commercial ELISA
assay kits were used to evaluate the cytokines
serum levels (IL-6, TNF) (Elabscience, MD, USA).

Stereological Analysis System and Stereological
Analyses

Light Microscope Procedure

Brain hemispheres were routinely kept in 10%
formaldehyde solution for histopathological
and stereological analysis. After the tissues were
embedded in paraffin blocks, 20 um thick secti-
ons were taken in the coronal plane. After the
taken tissues were placed in slides with polyly-
sine, they were kept in incubator for one night.
The next day, it was examined under the li-
ght microscope for histopathological evalu-
ation of the tissues taken from the incubator.

Stereological Procedure

Using the optical disector technique, the num-
ber of pyramidal cells in the CA region of the
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hippocampus was calculated (17,24, 25).The se-
ctions were chosen for the calculations using a
systematic random sampling method. Cross-se-
ction sampling rate was used to determine
the number of pyramidal neurons in the cor-
nu ammonis (CA) region of the hippocampus.

For stereological analyses, we employed a ste-
reology workstation in Kayseri, Turkey. A CCD
digital camera, an image capture card, a com-
puter, a motorized specimen stage control-
led by a computer (Prior Scientific, Cambrid-
ge, UK), a microcator (Heidenhein Traunreut,
Germany), and a light microscope made up
this setup (Leica, Nubloch, Germany). To me-
asure, record, and take digital pictures of the
sections, we used a software program called
Macrobrightfield. To count the total number
of Pyramidal cells in the hippocampus CA re-
gions, the system generated microscope ima-
ges [a 100 x Leica HCX Plan Apo objective]
and presented them on a computer screen.

The hippocampus's CA region's total number of
pyramidal neurons (N) was determined using
1 1 1

the equation N=2Q .= =

N stands for total neurons, XQ for total disec-
tor neurons, ssf for sectional sampling, asf for
area sampling, and tsf for thickness sampling.
In conclusion, the Pyramidal cell was counted if
thelargestnuclearprofilewasseenwithintheun-
biased virtual counting frames spread random-
ly and methodically throughout the designated
regions. The total number of Pyramidal cells was
determined based on the counted number of
Pyramidal cells and the sample probability (26,
27). The optical dissector method was used to
determine how many pyramidal neurons were
present in the CA region of the hippocampus.

Ethical Committee

Rats were handled in accord with institutional
policies and the National Research Council's
Guide for the Care and Use of Laboratory Ani-
mals. The ethics committee approval numbe-
red 2019/31 from the Erciyes University Animal
Experiments Local Ethics Committee in 2019.

Statistical Analysis

For statistical analysis, the SPSS 22 package
program was used. The results are presen-
ted as mean = standard deviation. One-way
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ANOVA was used to compare groups. The dif-
ference between the groups was determined
using the post-hoc Tukey test. A p value of
0.05 or above was considered important sta-
tistically. Pyramidal cells in the hippocampus
CA region were compared using the Krus-
kal Wallis test. For each group, the data were
presented as mean =+ standard deviation.

RESULTS

The tables below present the results of bioc-
hemical analysis on antioxidant enzymes and
oxidative stress parameters for various groups
in rat lung, brain, kidney, heart, and liver tissues
(Table 1-5). The markers of oxidative stress in
lung tissue, TBARS, TOS, and OSI values, were
found to be significantly higher in the N group
than in the C group (p<0.001). It was seen that
TAS, which is an indicator of antioxidant capa-
city, is in the highest CRB group. In addition, it
was concluded that TAS value has close values
in C and CRB groups (p>0.05). When the enzy-
me activities were evaluated, it was found that
the group with the highest SOD and GPx acti-
vities was the N group. CAT activity was found
to be close to each other in the Cand N groups
(p>0.05) and significantly higher than other
groups (CRB and N+CRB) (p<0.001) (Table 1).

Table 1: Biochemical analysis results on oxidative stress para-
meters and antioxidant enzymes in lung tissue by groups

Parameters\Groups C CRB N N+CRB 13

TBARS 4.03£0.19¢ 3.510.26° 5.02£0.58> 4.18£0.31¢ <0.001
SOD 9.08+0.392 8.86+0.25% 13.43+0.34> 11.56£0.31¢ <0.001
CAT 52.9+3.472 46.58+2.25" 52.15%1.62 46.98+3.220 <0.001
GPx 6.55£0.16% 6.29+0.112 10.11£0.43" 8.79£0.55¢ <0.001
TAS 0.95+0.032 0.97+0.072 0.57+0.02> 0.64£0.01b <0.001
TOS 3.82+0.092 4.11+0.282 5.27+0.96> 4.17+0.132 <0.001
[N} 0.4£0.012 0.42+0.03* 0.92+0.18> 0.65£0.03¢ <0.001
GSH 5.68+0.13% 5.740.12 4.48+0.49 5.360.087 <0.001
GSSG 0.87+0.052 0.84+0.022 1.52+0.24> 1.3240.08¢ <0.001
GSH/GSSG 4.5+0.262 4.78+0.122 1.020.72% 2.05£0.25¢ <0.001
Redox potential -71.01£0.282 -71.71£0.312 -57.66+3.76" -64.1£0.82¢ <0.001

Mean values within a row not sharing a common superscript letters (a, b, ¢) were significantly different (p < 0.001). C,
control; CRB, carob; N, nicotine; N+CRB, nicotine+carob; TBARS, thiobarbituric acid reactive substance; SOD, superoxide
dismutase; CAT, catalase; GPx, peroxidase; TAS, total ive status; TOS, total oxidative status; OSI,
oxidative stress index; GSH, glutathione; GSSG, glutathione disulfide

Table 2 shows the results of biochemical analy-
sis on brain tissue. When TOS and OSI valu-
es, which are markers of oxidative stress, are
examined, it is seen that these values are sig-
nificantly higher in N group compared to ot-
her groups (p<0.001). Although the TBARS
value has the highest value in the N group, it
is seen that this value is close to each other
and the difference between them is meaning-
less (p>0.001). The group with the TAS value
at the lowest level was the N group (p<0.001).

When the TAS value of other groups is exami-
ned, it is seen that they are close to each other
(p>0.05). When SOD activities are examined, it
is understood that there is no significant diffe-
rence between the groups and the values are
close to each other (p>0.001). CAT activity was
calculated at close values (p>0.05) in Cand CRB
groups and at significantly higher value from
other groups (N and N+CRB) (p <0.001). It is
observed that GPx activity, which is in the clo-
se values (p>0.05) in the N and N+CRB groups,
is higher than the other groups (C and CRB)
(p<0.001), (Table 2).

Table 2: Biochemical analysis results on oxidative stress para-
meters and antioxidant enzymes in brain tissue by groups

Parameters\Groups c CRB N N+CRB P
TBARS 3362017 35520.31 388:0.115 3.590.32 0011
SOD 13.84£0.83 12.78£0.440 12.61£0.860 13.29+0.66% 0018
CAT 7.88+0.872 6.96:0.38 3.79:0.86> 5.710.8¢ <0.001
GPx 25341732 24.72+1.18 31451340 315741370 <0.001
TAS 1.020.05° 1.05:0.08° 0.49:0.03> 0,990,122 <0.001
TOS 7.19£0.92 7.15£0.63 11491 8.08+0.42: <0.001
osl 0.7£0.112 0.6820.12 23420.36 0.820.112 <0.001
GSH 6.68+1.59 576167 4.01:0.72> 5.78+0.46% 0.005
GSSG 0440.042 044003 0.61:0.03> 0,470,080 <0.001
GSH/GSSG 14.64£4.712 12.53+4.58 457+1.295 10.52+2.16° <0.001
Redox potential -84.56+7.312 -80.73+7.32 -66.27+4.78  -79.58+3.06° <0.001

Mean values within a row not sharing a common superscript letters (a, b, c) were significantly different (p<0.001). C,
control; CRB, carob; N, nicotine; N+CRB, nicotine+carob; TBARS, thiobarbituric acid reactive substance; SOD, superoxide
dismutase; CAT, catalase; GPx, glutathione peroxidase; TAS, total antioxidative status; TOS, total oxidative status; OSI,
oxidative stress index; GSH, glutathione; GSSG, glutathione disulfide

Biochemical analysis results in kidney tissue are
shown in Table 3. Looking at the TBARS level, it
is seen that it is the lowest value in the C group.
The group with the lowest SOD activity isthe N +
CRB group; CAT and GPx activities were found to
be significantin the Cand CRB groups according
to statistical results (p<0.001). TAS level is close
to each other in Cand CRB groups (p>005), and
it is significantly higher than N applied groups
(p<0.001). Itis seen that TOS and OSl levels are
close in the N and N+CRB groups (p>0.05) and
these values are significantly lower in the other
groups (C and CRB groups) (p<0.001) (Table 3).

Table 3: Biochemical analysis results on oxidative stress para-
meters and antioxidant enzymes in kidney tissue by groups

Parameters\ C CRB N N+CRB p
Groups

TBARS 2.91%0.26¢ 3.28£0.25% 3.62:0.25Y 3232030 <0.001
SoD 22.26:0.2 20.32:0.79" 21874158 18.62:0.87¢ <0.001
CAT 23.82:046° 2093112 33.91£5310 32.96:583° <0.001
GPx 70.26:2.53% 67.82+1.06° 87.91£9.720 80.5:1.39> <0.001
TAS 1.38+0.05 1430122 1.1£0.15 1.17+0.140 <0.001
TOS 0.57£0.06 0.57+0.032 0.69+0.11 0.79+0.68" <0.001
ost 004200 0.04204 0.0620.01> 0.06:0.010 <0.001
GSH 5.14£0.99 43110 436:0.74 45940367 0297
GSSG 1.64+0.15% 1.46£0.110 1.79+0.292 1.73£0.13 0.011
GSH/GSSG 1.15+0.782 0.9420.722 0.45+0.38 0.64£0.042 0.137
Redox potential -59.77+5.88¢ -56.41+6.26% -54.58+3.44 -56.53+1.05¢ 0281

Mean values within a row not sharing a common superscript letters (a, b, c) were significantly different (p < 0.05). C,
control; CRB, carob; N, nicotine; N+CRB, nicotine+carob; TBARS, thiobarbituric acid reactive substance; SOD, superoxide
dismutase; CAT, catalase; GPx, i e ; TAS, total ive status; TOS, total oxidative status; 0SI,
oxidative stress index; GSH, glutathione; GSSG, glutathione disulfide




The values shown in Table 4 belong to the re-
sults of biochemical analysis in the heart tissue.
It is seen that TBARS level is significantly lower
in group C compared to other groups (p<0.001).
SOD activity was calculated at the highest va-
lue in the N group. It is observed that CAT and
GPx activities are at the lowest level in the CRB
group and these values in the C group are close
tothevaluesin the CRB group (p>0.05).Itis seen
that TAS level is close in the C and CRB groups
(p>0.05) and is significantly higher than the N
and N+CRB groups (p<0.001).TAS value was sig-
nificantly highest in the CRB group (p<0.001)
and TAS values of the C and CRB groups were
calculated close to each other (p>0.05). TOS and
OSlI values were significantly higher in N group
compared to other groups (p<0.001) (Table 4).

Table 4: Biochemical analysis results on oxidative stress para-
meters and antioxidant enzymes in heart tissue by groups

Parameters\Groups C CRB N N+CRB p
TBARS 2.89+0.192 3.2120.20 3.63£0.24¢ 3.26£0.21> <0.001
SOD 15.5+0.492d 14.44£0.45b 17.13:0.84¢ 14.75£0.49¢ <0.001
CAT 12.6£0.66% 11.17£0.542 18.1£2.86" 16.21£4.72bc <0.001
GPx 31.36%0.982 30.25:0.5* 39.29+4.38> 36.07£0.71> <0.001
TAS 1.53+0.032 1.580.122 1.220.17> 1.3£0.160 <0.001
TOS 7.35£0.46% 6.97x0.72 10.69+1.02b 8.820.26¢ <0.001
osI 0.48+0.032 0.44+0.052 0.88+0.07> 0.690.1¢ <0.001
GSH 3.810.132 3.28%0.75% 2.49+0.8> 3.690.56% 0.004
GSSG 0.56+0.053¢ 0.5£0.062 0.690.05 0.590.04¢ <0.001
GSH/GSSG 4.79+0.442 4.57£1.53 1.68£1.51> 4.24+0.682 <0.001
Redox potential -66.38+0.472 -63.36+6.272 -51.66+8.32b -64.67+3.312 <0.001

Mean values within a row not sharing a common superscript letters (a, b, ¢, d) were significantly different (p < 0.001).
C, control; CRB, carob; N, nicotine; N+CRB, nicotine+carob; TBARS, thiobarbituric acid reactive substance; SOD,
superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase; TAS, total antioxidative status; TOS, total oxidative
status; OS], oxidative stress index; GSH, glutathione; GSSG, glutathione disulfide

The outcomes of the biochemical analysis of
liver tissue are shown in Table 5. These data in-
dicate that the C group has the lowest TBARS
level (p<0.001). SOD and CAT activities were
calculated at the highest value in the K group
(p<0.001). Although the group with the highest
value of GPx activity is the N + CRB group, the-
re is no significant difference when compared
with other groups (p>0.001). When the TAS le-
vels are analyzed, it is seen that they are close
to the Cand CRB groups, and to N and N + CRB
groups (p>0.05). Here, the TAS level is signifi-
cantly higher in CRB and C groups, respectively
(p<0.001). In TOS levels, the group with the hi-
ghest value is the N+CRB group, but it is obser-
ved that it has a close value with the N group
(p>0.05). The group with the highest OSI level
was the N + CRB group (p<0.001) (Table 5).
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Table 5: Biochemical analysis results on oxidative stress para-
meters and antioxidant enzymes in liver tissue by groups

Parameters\Groups C CRB N N+CRB 14
TBARS 3.07£0.132 3.65:0.21> 4.2£0.2¢ 4.05£0.29¢ <0.001
SoD 20.7740.15* 18.7:0.8> 14.780.72¢ 16.56+0.744 <0.001
CAT 25.1940.29* 22.19£1.120 11.34£0.99¢ 15.61£1.05¢ <0.001
GPx 21.06+0.65% 20.51£0.472 20.1¢1.692 22.29+0.83> 0.003
TAS 1.4610.012 1.510.112 0.510.07 0.60.06> <0.001
TOS 8.79+0.672 8.99+0.772 14.84+2.460 12.79£0.87> <0.001
0s1 0.590.052 0.590.052 2.94:0.70 2.15:0.25¢ <0.001
GSH 10.33£0.532 9.14£2.08% 7.021.04¢ 8.3+0.60 <0.001
GSSG 2.51%0.132 227%0.182 3.13:0.33 2.670.452 <0.001
GSH/GSSG 2.1120.312 2.030.892 0.29:0.6> 1.2£0.72%> <0.001

Redox potential -72.82¢1.6* -70.37£6.212 -59.735.14b -66.44+3.54ab <0.001

Mean values within a row not sharing a common superscript letters (a, b, c) were significantly different (p < 0.001). C,
control; CRB, carob; N, nicotine; N+CRB, nicotil ‘ob; TBARS, thic ituric acid reactive ; SOD, superoxide
dismutase; CAT, catalase; GPx, ione pi ; TAS, total ive status; TOS, total oxidative status; OSI,
oxidative stress index; GSH, glutathione; GSSG, glutathione disulfide

Pyramidal Cells in the Hippocampus

The average number of pyramidal cells for each
group was calculated. It was found that the
control group had an average of 620.578 pyra-
midal cells. It can be noticed that the nicotine
group has less total pyramidal cells than the
control group. Between the control group and
the other groups, there is a statistically signifi-
cant difference (Table 6).

Table 6: Number of pyramidal cells in hippocampus CA region
by groups

Experimental Groups Total Pyramidal cell count Section thickness (jum) p

Control 620578445 2 0.001
Nicotine 573623+13.24 20 0.001
Carob 612.3245.17 20 0.001
Nicotine+Carob 586.9763.28 20 0.001

ANOVA test p<0.001 was considered statistically significant. The data are expressed as the mean + standard deviation.

DISCUSSION

In our study on rats, we examined the oxi-
dative and antioxidant states and pyramidal
cell numbers in the hippocampus of nicoti-
ne-induced oxidative stress in tissues with
the optical fractionator method. We also eva-
luated the possible effects of carob plant ext-
ract against the harmful effect of nicotine.

It has been reported that nicotine contained
in cigarette smoke is held responsible for the
occurrence of many diseases. This has led to
different studies on cigarettes and thus on ni-
cotine (28, 29). Some researchers focused on
the relationship between nicotine and oxida-
tive stress. In addition, there are studies in the
literature where antioxidants are used to treat
damage caused by oxidative stress (30 - 32).
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The levels of TBARS, TOS, and OSI were found
to be significantly higher in the nicotine group
when the control group and other groups were
compared in our study's lung tissue's biochemi-
cal analysis data. TAS and GSH levels are signi-
ficantly lower. In contrast, TAS and GSH levels
were found to be significantly greater in the
carob group, while in a 2019 study, the nicoti-
ne group had higher MDA levels and lower GSH
levels in the lung tissue of rats exposed to etha-
nol, nicotine, and caffeine compounds than the
control group (33). Abdel-Rahman et. al, in their
study, investigated both the protective and the-
rapeutic effect of carob plant extract in the lung
tissue of male rats exposed to hookah smoke.
In the study results, they concluded that the
carob plant has a very effective phytomedical
effect against the damage of the hookah (34).

In brain tissue, as a result of the data we ob-
tained from the study, other groups were
compared according to the control group. Ac-
cordingly, TAS level of nicotine group was sig-
nificantly lower than other groups. In addition,
it was concluded that there was no significant
difference between the TAS levels of carob and
nicotine + carob groups and that they were
close to control. The number of pyramidal cel-
Is in brain tissue was found to be significantly
lower in the nicotine group. In the literature,
dark neurons were depicted as being scatte-
red and clustered, frequently undersized and
darkly colored, homogenized with loss of dis-
tinguishable internal cell features. Additionally,
they stated that although abnormal neurons
only compensate around 2 percent of the po-
pulation overall, they predominated in parti-
cular restricted areas (35). The average number
of pyramidal cells in previous studies varied
between 650,000 and 700,000, but in our study,
it was a little lower (26, 27). Any changes in the-
se measurement results are thought to be ca-
used by the particle distribution in the Z axis
of the tissues in the paraffin block. Any chan-
ges in these measurement results are thought
to be caused by the particle distribution in
the Z axis of the tissues in the paraffin block.

Navarro and Bover (10) is observed an incre-
ase in TBARS level in brain cells of rats expo-
sed to nicotine. Similarly, in our study, TBARS
level increased in nicotine group compared

to control group. As a result of our study, it is
seen that the level of TAS in the kidney tissue
of the nicotine group is significantly lower
than the control and carob groups. In anot-
her study, antioxidant properties were emp-
hasized on kidney and liver tissues by decrea-
sing the lipid peroxidation of carob plant (36).

The effects of the fenton reagent on the lipid
peroxidation of extracts of Silybum marianum
and Ceratonia siliqua were examined by Akka-
ya and Yilmaz (37) in their study. As a result, it
was found that plant extracts reduce lipid pe-
roxidation level and significantly protect un-
saturated fatty acids against free radicals (37).
We evaluated this effect of carob with the bi-
ochemical data we obtained from the heart
tissue. Our study's findings revealed that the
nicotine group's TOS level increased statisti-
cally significantly in comparison to the control
group. The levels of TOS in the carob and nico-
tine + carob groups were found to be conside-
rably lower than those in the nicotine group.

In a study conducted by Temiz et al. (38), they
evaluated the antioxidant role of carob and its
protective properties on liver tissue against et-
hanol-induced oxidative stress. They obtained
the result that the locust plant brought the im-
balance caused by ethanol between the MDA
and the fluctuating antioxidant system closer
to normal, especially in tissues (38). In another
study conducted in 2015, they said that carob
plants had an adverse effect on oxidative stress
formation by preventing free radical accumula-
tion in liver tissue (14). As a result of the study,
we obtained data in the same direction. The OSI
value in liver tissue was significantly greater in
the nicotine group than in the control group.
When compared to the nicotine group, this
number was considerably lower in the nicotine
+ carob group. In another study, it was found
that carob plant has an antioxidant effect on
stomach tissue (39). Qasem et al. (40), also emp-
hasized the antioxidant properties of this plant.

Rats were exposed to oxidative stress induced
on by nicotine, and the antioxidant properties
of carob extract were examined. The results
show that the carob plant has antioxidant pro-
perties against nicotine. Depending on the le-
vel of nicotine consumption, the hippocampus
exhibited a different number of pyramidal cells.



According to these findings, carob can be con-
sidered as an alternate product for smokers and
people with diseases causing oxidative stress.
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