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Uziim cekirdegi ekstresinin streptozotosin ile indiiklenen sicanlarda B-katenin gen
ekspresyonu ve hiperglisemi iizerine etkisi
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Amag: Tip 2 Diabetes Mellitus, insiilin direnci ve/veya insiilin eksikligi veya
yetersizligi durumunda yiiksek kan sekeri ile karakterize metabolik bir has-
taliktir. Wnt/-katenin sinyal yolu, tiim fizyolojik stire¢lerde rol oynar. Yolda-
ki herhangi bir kusur diyabetin gelismesine neden olur. Bu ¢alismanin amaci,
deneysel Tip 2 diyabetik siganlarda tiziim ¢ekirdegi ekstresinin (GSE) viicut
agirligl, kan sekeri ve 3-katenin geni ekspresyonu tizerindeki etkisini belir-

lemektir.

Gereg¢ ve Yontem: Sicanlar Kontrol, Diyabetik Kontrol ve Tedavi gruplari
(100, 200, 400 mg/kg GSE) olmak lizere bes gruba ayrildi. Diyabet ve tedavi
gruplarindaki ratlara ytliksek yagh diyet ve diisiik doz streptozotosin (35 mg/
kg) verildi. Deney siiresince siganlarin viicut agirhklari haftalik olarak kayde-
dildi. Suda ¢oziinen ekstraktlar dort hafta boyunca gavaj yoluyla uyguland:
ve ¢alismada tedavi sonunda hayvanlardan alinan karaciger, pankreas ve kan

ornekleri kullanildi.

Bulgular: GSE tedavisinin diyabete bagl genel kilo kaybi {lizerine etkisinin
minimal oldugu, 100 ve 400 mg/kg GSE dozlarinin kan sekerini distirdigi
gozlendi (p<0,05). B-katenin gen ekspresyonu sonuglarina gore karaciger
dokusu (p>0,05) ve pankreas dokusu (p<0,05) agisindan gruplar arasinda

istatistiksel olarak anlaml fark yoktu.

Oneri: Elde edilen bulgulara gore iiziim gekirdegi diyabetin tedavisinde umut

verici olabilir.

Anahtar kelimeler: 3-katenin, tip 2 diabetes mellitus, gen ifadesi, streptozo-

tosin, liziim ¢ekirdegi ekstresi

Abstract

Aim: Type 2 Diabetes Mellitus is a metabolic disorder characterized by
high blood sugar in case of insulin resistance and/or insulin deficiency or
insufficiency. The Wnt/B-catenin signaling pathway plays a role in in all
physiological processes. Any defect in the pathway causes diabetes to develop.
The aim of this study was to determine the effect of grape seed extract (GSE) on
body weight, blood glucose and expression of -catenin gene in experimental

Type 2 diabetic rats.

Materials and Methods: Rats were divided into five groups as Control,
Diabetic Control and Treatment groups (100, 200, 400 mg/kg GSE). The rats
in the diabetes and treatment groups were fed with high-fat diet and were
administered low dose of streptozotocin (35 mg/kg). Body weights of the
rats were recorded weekly during the experiment. The water-soluble extracts
were administered by gavage for four weeks and liver, pancreas and blood

samples taken from animals at the end of treatment were used in the study.

Results: It was observed that the effect of GSE treatment on overall weight
loss due to diabetes was minimal, and 100 and 400 mg/kg GSE doses lowered
blood sugar (p<0.05). According to the results of B-catenin gene expression,
there was no statistically significant difference between the groups in liver

tissue (p>0.05) and pancreatic tissue (p<0.05).

Conclusion: According to the findings, grape seed may be promising in the

treatment of diabetes.

Keywords: f-catenin, type 2 diabetes mellitus, gene expression,

streptozotocin, grape seed extract
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Introduction

Type 2 Diabetes Mellitus (T2DM) is a common metabolic
disease caused by impaired insulin secretion, insulin
resistance, or a combination of both. And, This disease is
characterized by dysregulation of carbohydrate, lipid and
protein metabolism (DeFronzo et al 2015). Therefore, this
metabolic disease is associated with disorders such as
cardiovascular disease, osteoporosis and impaired bone
healing, stroke, peripheral arterial disease, retinopathy,
nephropathy, possibly neuropathy (Yilmaz 2003, Dominguez
2004, Janghorbani et al 2007, Ayaz 2015, Qian et al 2015).

Due to recent changes in human behavior and lifestyle, as
well as rapid economic development and urbanization,
the incidence of diabetes has increased in many parts of
the World (Khushk et al 2010). Statistical estimates using
a model based on 1990-2017 data showed that the global
prevalence of Type 2 diabetes could rise to as high as 7079
per 100,000 by 2030 (Khan et al 2020). Controlling diabetes
is a global problem and a successful treatment has yet to be
discovered (Gupta and Sharma 2012).

Compound scalled proanthocyanidin in Grape Seed Extract
(GSE) are highly effective substances that are involved in
protecting human health. In addition to helping weight loss,
these substances also increase the effect of insulin in the
body. More important than these effects is the reduction
or prevention of arteriosclerosis, which is mostly observed
in T2DM patients. In this way, vascular and heart diseases
can be prevented by creating a strong protective effect. In
addition, it protects against rapid aging caused by the effect
of high blood sugar observed in T2DM patients, and in some
cases, it is a strong protector against the development of
many diseases such as Alzheimer’s, Parkinson’s, stroke
or cancer development with old age (Gabetta et al 2000,
Nakamura et al 2003, El-Awdan et al 2013, Pandey and Rizvi
2014, Amin 2018).

The Wnt signaling pathway is one of the main pathways
involved in the activities of many physiological and
pathophysiological diseases. This pathway functions in lipid
metabolism and glucose homeostasis (Jin 2008). Recently,
there has been a rapid increase in research on the Wnt/(3-
catenin signaling pathway because it plays a crucial role in
regulating cell growth, cell development, and differentiation
of normal stem cells (Yao et al 2011). Recent data suggest
that the Wnt signaling pathway has an important role in
regulating islet function, insulin production and secretion, as
well as pancreatic development (Fujino etal 2003, Rulifson et
al 2007, Liu and Habener 2008, Palsgaard 2012). In addition,
it has been reported in recent studies that this pathway is
involved in almost every field of liver function, from liver
development to metabolism and regeneration (Gonzalez
2006, Thompsonet al 2007, Russell and Monga 2018).
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Three Wnt signaling pathways have been identified, namely
canonical pathway, Wnt/planar cell polarity (PCP) pathway,
and Wnt/Ca2+ signaling pathway (Durak-Kozica et al 2019).
The canonical pathway is highly conserved and plays a
critical role in regulating cellular processes both during
development and in adult tissue homeostasis (Wild 2020).
This pathway is related to a protein called (-catenin and
modulates (-catenin activity by regulating its levels and
cellular localization (Elghazi et al 2012, Centelles 2019).
When this Wnt/B-signaling pathway is inactive, which
means the absence of Wnt, a component of this pathway,
the monomeric concentration of B-catenin is controlled
and phosphorylated by the (-catenin degradation complex
[APC (adenomatous polyposis coli), adenomatous polyposis
coli tumour suppressor (Axin2), Glycogen Synthase Kinase-
3B (GSK3p), and Casein Kinase 1 (CK1)]. Phosphorylated
[-catenin is recognized by the protein (-Trcp) containing
B-transducin repeats, which causes its degradation. Since
[-catenin cannot be released in the cytoplasm, it will not
enter the nucleus and thus transcription of target genes such
as TCF/LEF will not ocur (Centelles 2019, Chen et al 2021).
For example, TCF7L2 is a member of the TCF/LEF family and
is involved in insulin synthesis and secretion and pancreatic
B-cell proliferation. The expression product of this gene
acts as a transcription factor. In recent studies, it has been
reported that TCF7L2, as a risk gene for T2DM, affects 3-cell
function and is the closest susceptibility gene responsible for
the pathogenesis of T2DM (Musso et al 2010, Schafer et al
2011).

In this study, GSE prepared in different doses (100mg/kg,
200mg/kg, 400mg/kg) was administered to streptozotocin
(STZ)-induced rats, and the possible curative effects on
pancreatic 3 cell proliferation, survival and disease were
investigated. The expression levels of the (-catenin gene,
which is one of the important components of the Wnt
pathway, were determined in liver and pancreas tissue. It
was also aimed to investigate the effect of GSE treatment on
the body weight and blood glucose levels of diabetic rats.

In this study, it was aimed to investigate the effect of GSE on
body weight, blood glucose and -catenin gene expression
in pancreas and liver tissue in streptozotocin (STZ) induced
rats. For this purpose, different doses of GSE (100mg/kg,
200mg/kg, 400mg/kg) were administered to Streptozotocin
(STZ)-induced rats and its possible curative effects on
pancreatic (-cell proliferation, survival and disease were
revealed. It is anticipated that the data obtained from this
study will form the basis for the functional uses of the GSE.

Material and Methods
The study protocol was approved by Necmettin Erbakan

University Experimental Medicine Research and Application
Center, Animal Experiment Ethics Committee (2013-005).
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Preparation of grape seed extract

In this study, the seeds of the Red Globe type grape (Vitis
vinifera L.) cultivated in Denizli Cal district were used (Figure
3.1). Grape grains, which constitute the plant material of the
study, were separated from the bunch and their seeds were
removed. It was then washed and dried on blotter paper at
room temperature. The dried grape seeds were ground with
the aid of a grinder, turned into powder and extracted by
using the method of Downey et al (Downey et al 2007). The
obtained crude extract was weighed in order to calculate the
extraction efficiency. It was then lyophilized. Lyophilized
GSE was dissolved at the concentration of 100 mg/kg, 200
mg/kg and 400 mg/kg in distilled water.

Animals

Twenty five Female Wistar-Albino rats, aged 8-12 weeks
were allocated to metabolic cages individually in an
automatic ambient humidity (50 * 5%), temperature (22
+ 2°(), and light-dark (12:12) controlled room. Animals
were obtained from Konya Necmettin Erbakan University
Experimental Medicine Research and Application Center,
Turkey. Each healthy group and other experimental groups
had five rats. Commercially available rat normal pellet diet
and water were given ad libitum to all animals prior to
dietary manipulation.

Induction of diabetes

All type 2 diabetic groups had high fat diet which 58%
of the metabolic energy is provided from animal fat. The
composition of the high-fat diet formed 365 g/kg powdered
normal pellet diet, 310 g/kg lard, 250 g/kg casein, 10 g/kg
cholesterol, 60 g/kg vitamin and mineral mix, 03 g/kg dl-
methionine, 1 g/kg yeast powder, 1g /kg sodium chloride.
Nutritional substances of normal pellet diet were dry
matter 89%, crude protein 21%, metabolic energy 2850
kcal/kg, crude fiber 5%, methionine and cystein 0.75%,
calcium 1.0-2.0%, phosphor 0.5-1.0%, and sodium 0.5%
(Optima Feeds, Turkey). After 2 weeks feeding of high
fat diet, diabetes (for four groups) was induced in fasted
animals by a single intraperitoneal injection of STZ (35 mg/
kg bw) (Cat. No: S0130-5G) dissolved in citrate buffer (pH
4.5) (CAS No0:18996-35-5) (Srinivasan 2005). Chemicals
were obtained from Sigma (MO, USA). One week after STZ
injection, non-fasting blood samples were taken from
tail vein of all rats. Blood glucose were measured using
autoanalyser (Biotecnica Instruments, BT3000 Plus, Italy).
Rats with = 300 mg/dl non-fasting blood glucose level were
considered to be type 2 diabetic. The control group animals
received only citrate buffer.
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Experimental groups and treatment

Animals were randomly divided into five groups each of
which included 5 rats. Body weight changes of each animal
were noted weekly and the experiment lasted nine weeks in
total. Animal groups are planed as 2 control groups and 3
treaatment groups and diet content are as follows; Control:
healthy control rats fed on standard rat pellet diet, Diabetic
Control: Type 2 diabetic rats fed with a high-fat diet and
treated with STZ, 100 mg/kg GSE: Type 2 diabetic rats fed
with a high-fat diet, administered with STZ and treated with
100 mg/kg/day GSE, 200 mg/kg GSE: Type 2 diabetic rats
fed on a high-fat diet, administered with STZ and treated
with 200 mg/kg/day GSE, 400 mg/kg GSE: Type 2 diabetic
rats fed on a high fat diet, administered with STZ and treated
with 400 mg/kg GSE. They received the aforementioned
doses by gavage once daily for 28 days starting from the
induction of diabetes until the end of the experiment. At the
end of this period, blood was taken from their hearts and
euthanized by cervical dislocation. Non-fasting blood glucose
level was determined from the blood samples obtained using
autoanalyser (Biotecnica Instruments, BT3000 Plus, Italy).

RNA extraction and real-time quantitative polymerase chain
reaction analysis

Total RNA was isolated from liver and pancreas tissues (30
mg) withthe GFTR-100 RNA Isolation Kit (Cat.No: GF-TR-100,
Vivantis, Malaysia) as per manufacturer’s instructions. The
RNA was quantified using Nanodrop spectrophotometer
ND-2000 (Thermo Scientific). In addition, the usability of
RNAs was determined by running a 1% agarose gel and
observing specific 18S and 28S bands. 25 ng RNA per sample
was reverse transcribed using Vivantis-RTPL12 (Cat. No.
RTPL12, Selangor Darul Ehsan, Malaysia) kit to create cDNA.
The obtained cDNA was used for quantitative real-time PCR
amplification of targeted genes in an ESCO Swift Spectrum 48
Real Time Thermal Cycler. Primer sets used for expression
analysis of target genes at the mRNA level are specific for
each transcription analysis, and reference articles were
used for 3-catenin (target gene) (Shuhong 2013) and -actin
(reference gene) (Margal-Pessoa 2005). The determined
primers were synthesized in the manufacturing company
(Biomers).

Samples were amplified in a volume of 20 ul reaction mix,
with a concentration of 10 pmol/pl of forward and reverse
primers, 10 pl of Maxima SYBR Green qPCR Master Mix (2X)
(Cat.No: K0251, Thermo Scientific), 1 pl cDNA, nuclease-free
water to 20 pl. All PCR was performed using the following
parameters. After initial denaturation for 10 min at 95°C,
followed by 40 cycles of 95°C for 20 s, annealing at 60°C for
30 s, extension at 72°C for 30 s. Each sample was tested in
triplicate, and results were normalized using amplification
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of the same cDNAs with rat reference genes (3-actin using
2-AACt calculations.

Statistical analysis

Results were statistically analyzed with IBM SPSS Statistics
22.0 (IBM Corp., Armonk, New York, USA). Arithmetic
means and standard deviations (mean+SD) of all parameters
were calculated. In order to determine the homogeneity
of the data, the “Shapiro-Wilk” test was performed, and it
was determined that the data showed normal distribution.
One-way analysisof variance (ANOVA) test was used to
determine the differences between the groups, and the
Duncan test which is one of the post-hoc tests, was used
to determine in which group the difference originated. The
difference at the P<0.05 level was considered significant.
For all statistical tests, a value of p<0.05 was considered
statistically significant.

Results

The weights of the experimental animals were reported
weekly during the experiment and the mean weight changes
are summarized in Figure 1. Animals were fed a fatty diet for
three weeks. STZ was then administered to the animals, and
GSE treatment was started two weeks later. GSE was given
by gavage for 28 days.

There was not much difference in the mean weight gain of
the animals in the control group, but a significant increase
was found in the weight of the other groups until the STZ
administration. It was found that their weight decreased
significantly in the week after STZ application. However, the
weight loss of rats treated with GSE 400 mg/kg was slower
than other treatment groups (p<0.05).

Blood glucose levels of both diabetic control group and
treated diabetic groups (100 mg/kg GSE, 200 mg/kg GSE and
400 mg/kg GSE) were significantly higher than the control
group animals (Figure 2). At the end of GSE treatment, it
was found that the blood values of the animals that were
administered 100 mg/kg GSE and 400 mg/kg GSE doses
were also significantly below the blood values of the diabetic
control group animals (p<0.05).

Changes in mRNA expression levels of the 3-catenin gene in
liver and pancreatic tissues induced by type 2 diabetes and
by GSE treatment in this metabolic disorder were evaluated
(Figure 3). In pancreatic tissue, the f-catenin mRNA
expression in the STZ-induced diabetic rats was significantly
upregulated compared with the control group (p<0.05). But,
gene expression in pancreatic tissue showed no difference
between diabetic groups. Gene expression level in liver
tissue did not show statistically significant results (p>0.05)
(Figure 3).
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Discussion

TlIn this study, the effects of different doses of GSE treatment
on body weight, blood glucose level and (-catenin gene
expression were investigated in STZ-induced diabetes-
induced rats. After STZ injection, blood glucose levels of
both the diabetic control group and treatment groups were
higher than the control group animals. This has shown that
high fat diet and low dose STZ administration are sufficient
in establishing an animal model of type 2 diabetes, by
looking at the increase in blood glucose levels.

The results obtained in this study show that a significant
weight loss occurred in STZ-induced diabetic rats and that
weight loss was maintained during GSE treatment. However,
rats treated with 400 mg/kg GSE were found to have slower
weight loss than the other treatment groups. It is known
that weight loss is among the less common symptoms in
diabetes. It has even been suggested that weight loss can
be observed in addition to cardinal symptoms such as dry
mouth, polydipsia, and polyuria (Dinggag 2011). Akyol et
al (2013) reported that a patient lost excessive weight due
to type 2 diabetes in as little as one month. Weight loss
which is rare finding of diabetes is explained by the inability
to use glucose due to insulin deficiency or lack of insulin
effect, and secondary increased glycogenolysis, lipolysis
and gluconeogenesis, loss of muscle and fat tissue, and
excessive glucose excretion in the urine in hyperglycemia,
dehydration as a result of frequent urination. Therefore, in
the present study, weight loss can be explained by the rare
finding of diabetes.

GSE has attracted considerable clinical attention due to its
high content of polyphenolic compounds such as resveratrol
and has been used in many studies (Sahin et al 2007, irak et
al 2018). In addition to causing a decrease in blood glucose
level by increasing insiilin level and secretion, GSE has
been shown to have antioxidative properties, protect cells,
reduce cell damage, and control cell death (Sano et al 2007,
Irina et al 2009, Rostamian et al 2011, El-Awdan et al 2013,
Amin et al 2018, Sogiitli 2021). In addition to grape seed,
grape leaf extract, which is known to show antidiabetic and
antioxidant activity, has also been reported to reduce blood
glucose levels (Sendogdu et al 2006). EI-Awdan et al (2013)
reported that GSE lowered blood sugar in a dose-dependent
manner in their study on rats that became diabetic with STZ.
They reported that the reason for this is likely to be that GSE
lowers serum glucose levels due to both its effect on insulin
secretion and its insulin sensitizing effect. Our findings in
accordance with these studies showed that GSE effectively
lowered a dose-dependent blood sugar levels.

Many signaling pathways associated with T2DM and other
metabolic disorders have been identified. Recent studies
have shown that the components of the Wnt signaling
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pathway are associated with T2DM and other metabolic
diseases, and that this pathway plays a critical role in
maintaining normal metabolism (Chen et al 2021).

The Wnt/B-catenin signaling pathway plays an important
role in pancreatic B-cell proliferation, lipid metabolism
and glucose-induced insulin secretion (Ng et al 2019).
Researchers have confirmed that high glucose levels activate
the Wnt/f-catenin signaling pathway (Garcia-Jiménez et
al 2013). However, it is still controversial whether the
activation of this pathway occurs as a result of an injury
or as a protective response to injury (Liu et al 2015).
Phosphorylation of GSK-3f, the key enzyme of the Wnt/[3-
catenin signaling pathway, is mediated by insulin-activated
phosphatidylinositol 3 kinase. As a result, GSK-3f is inhibited
and {-catenin cannot be phosphorylated and enters the
nucleus (Chong et al 2007, Yi et al 2008). Therefore, the
importance of these proteins in high glucose levels is quite
large. In addition, it was found that the pancreatic Wnt
signaling pathway regulated (-cell proliferation and it was
confirmed that Wnt signaling pathway played a role in the
regulation of pancreatic growth and differentiation by
comparing the data with other studies (Fujino et al 2013).
Another group of researchers investigated the expression
of molecules involved in the Wnt/fB-catenin signaling
pathway by administering STZ to pancreatic cells using an
immunohistochemical method. The results show that the-
catenin gene regulates the gene expression of molecules in
this pathway, is involved in this regulation as a core gene, and
is overexpressed to increase the regeneration of damaged
pancreatic islet cells (Yang et al 2011). Supporting these
findings, this study indicates that the expression of 3-catenin
gene increased in pancreatic tissue when compared to the
control group. The liver plays a central role in the control
of energy homeostasis, as it contributes to the maintenance
of glycemia in changing nutritional conditions through
regulation of glucose and lipid metabolism (Saltiel and Kahn
20015, Riu 2014). In recent years, the role of the Wnt/B-
catenin signaling pathway (Wnt/B-signaling pathway) in
liver biology has come to the fore. In particular, studies have
been carried out to explain this signaling pathway in basic
physiological processes such as liver development, growth,
regeneration, metabolism and oxidative stress (Thompson
et al 2007, Rusell and Monga 2018). It is also thought to be
an important player during liver homeostasis and repair,
with recent studies supporting its role in proliferation of the
liver parenchyma (Wild et al 2020). This is a study showing
the expression of the 3-catenin gene, a member of the Wnt/
[-catenin signaling pathway involved in the regulation of
glucose metabolism, in the liver and pancreatic tissues of
type 2 diabetic rats. 3-catenin gene expression levels in liver
tissue were not statistically significant (p>0.05). In a study,
it was reported that 3-catenin is necessary but not sufficient
for the development of diet-induced fatty liver (Behari et
al 2014). On the other hand, Boj et al. (2012) reported that
TCF7L2, an important component of the Wnt pathway, plays
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a key role in regulating the metabolic activity of hepatocytes.
When evaluated together with these studies presented
above, the evaluation of 3-catenin gene expression in rats fed
a high-fat diet with diabetes was not significant in our study.
Because not only the (3-catenin gene expression, but also
the determination of the expression levels of genes such as
TCF7L2, which are involved in this pathway, may contribute
to the formation of more meaningful results.

In a study investigating the effect of 8 weeks of high-intensity
exercise and Black Grape Seed Extract supplementation on
Wnt and B-catenin gene expression in pancreatic tissue in
male rats with type 2 diabetes, it was found that exercise
significantly increased the mean expression of Wnt and
[-catenin genes, but exercise with the extract in the pancreas
of diabetic rats. It has been reported that there is no
significant effect on the expression of Wnt genes (Fatemeh et
al 2020). Consistent with this study, there was no difference
between (3-catenin levels in pancreatic tissue of all groups
with T2DM after GSE application.

The gene expression studies of (-catenin were mostly
performed in the embryonic development of diabetic rats,
gastroenteric tumors such as colon cancer, diabetes, diabetic
cutaneous ulcers, and regeneration of epidermal stem cells
in wound healing (Wang et al 2006, Zhong et al 2011, Zhang
etal 2018). Significant reduction of epidermal stem cells and
[-catenin protein expressions in diabetic rats proves that
T2DM causes cell damage.

Conclusion

The treatment of T2DM, which is the metabolic disease, has
had a significant impact worldwide with the improvement
of living standards. Many scientists have conducted studies
to explore the pathogenesis of this metabolic syndrome. It
is clear that the Wnt signaling pathway affects pancreatic
beta cell function by regulating insulin secretion. The Wnt/
[-catenin signaling pathway can be activated by a network
of protein interactions at high glucose levels. However,
the relationship between the pathway and T2DM is still
uncertain and many future questions need to be answered in
uncovering the complex protein interaction network. Studies
to identify proteins involved in the active Wnt/$-catenin
signaling pathway at high glucose levels untilnow have
been relatively concentrated in in vitro animal experiments.
These experimental methods have been used to regulate
gene expressions and determine mRNA expressions by
increasing or decreasing proteins involved in this pathway.
It shows that the GSE used in this study may be likely to
regulate the expression of the (-catenin gene (especially in
improving and maintaining the function of pancreatic beta
cells) through oral consumption.
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