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Abstract

Purpose: To investigate the effect of Vitis vinifera ethanol seed extract (SE) on pancreatic function
markers associated with streptozotocin-induced diabetes in rats.

Methods: Non-diabetic rats (n = 12) were divided into 2 groups (GRPs); GRP1 served as the control,
and GRP2 was administered orally with V. vinifera SE (500 mg/kg). Diabetic rats were divided into 2
GRPs; GRP3 served as the streptozotocin-induced diabetic rats, and GRP4 diabetic rats received V.
vinifera SE (500 mg/kg). Blood was collected at the end of 4 weeks, and serum glucose and lipid profile
were measured using colorimetric enzymatic kits. Serum insulin, and interleukin-1 beta (IL-16) levels
were quantified using enzyme-linked immunosorbent assay (ELISA) kits. Histopathological alterations in
pancreas were determined, while omentin-1 mRNA expression was investigated using quantitative real
time-polymerase chain reaction (QRT-PCR).

Results: V. vinifera SE protected pancreatic function in diabetic rats. V. vinifera SE significantly
increased serum insulin and HDL (p < 0.001), besides significantly decreasing serum glucose,
cholesterol, triglyceride, and LDL (p < 0.001). Pathological studies also showed that V. vinifera SE
preserved the pancreatic 3 cells’ shape, size, and cell population in the diabetic GRP. The extract
significantly decreased serum IL-18 levels in diabetic rats (p < 0.001). Besides, the data demonstrated a
significant up-regulation in omentin-1 mRNA expression in diabetic rats treated with V. vinifera SE.
Conclusion: V. vinifera SE has anti-diabetic and anti-hyperlipidemic properties in streptozotocin-
induced rat model. The underlying mechanism of action might be a decrease in the pro-inflammatory
cytokine (IL-71B) and increase in omentin mRNA. Clinical trials are required to validate these findings.
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INTRODUCTION

Globally, diabetes mellitus (DM) has emerged as
an epidemic [1]. It is associated with either
autoimmune pancreatic beta (B)-cells destruction
that leads to insufficient insulin production or the
body’s resistance to insulin action [2]. People
with diabetes are 2.5 times more likely to
experience significant organ failure or damage to
the eyes, kidneys, liver, testicles, and heart [3].
The prevalence of DM in Saudi Arabia (SA) is
increasing dramatically, ranking second in the
Middle East and seventh worldwide [4]. There
are over seven million diabetic patients and three
million prediabetics in SA, according to recent
data. As a result, DM has emerged as one of the
most challenging long-term health issues in
patients’ lives and medical costs in SA [5].

Oxidative stress and inflammation induced by
excessive hyperglycemia are associated with DM
complications [6]. Conventional hypoglycemic
drugs are effective while bearing inevitable
adverse effects. On the other hand, natural
sources of antioxidant treatment were discovered
to restore the glycemic index, prevent oxidative
stress, and reduce the risk of DM complications

[7].

Vitis vinifera (V. vinifera) (Linn. Vitaceae, family)
is mentioned in the Holy Quran eleven times [8].
V. vinifera seeds contain several phytochemicals
such as proanthocyanidins, flavonoids, catechin,
phenolic acids, procyanidins, gallate,
epicatechin, flavan-3-ols, organic acid, stilbenes,
tannins, minerals, and vitamins [8]. Seeds extract
(SE) of V. vinifera proved to have
antihyperglycemic action, where catechin hinders
intestinal glucose absorption, epicatechin aids in
pancreatic [(-cell restoration, and epicatechin
gallate increases hepatic glycogen synthesis.
Furthermore, phenolic compounds such as
oligomeric proanthocyanidins have antioxidant
properties, and anthocyanidins and procyanidins
enhance the GLUT 4 translocation via stimulating
AMPK pathways [9]. Furthermore, several
pharmacological actions have been reported for
V. vinifera SE, including antineoplastic,
antimicrobial, and antioxidant [10].

Omentin is an adipokine secreted via the visceral
adipose tissue. Numerous research supports
omentin-1 anti-inflammatory benefits,
macrophage aggregation, necrosis, and foam
cell formation, as well as controlling the body’s
response to insulin, upregulating glycogen
kinase-3 beta pathway, and diminishing
atherosclerotic lesions, thus could ameliorate
diabetes and cardiovascular dysfunction [11].

Therefore, this research investigates the
potential of V. vinifera SE modulation of
biochemical = parameters associated  with

streptozotocin-induced pancreatic dysfunction as
well as the omentin-1 mRNA expression in
adipose tissue of diabetic rats.

EXPERIMENTAL
Preparation of V. vinifera SE

Ripened V. vinifera fruits were purchased from
the local market in Jeddah, SA. The seeds were
separated from the grapes’ pulp after removing
extraneous materials, dried at room temperature,
and finely powdered. Seeds were extracted with
80 % ethanol then the filtrate was evaporated
through a rotary evaporator under vacuum. The
extract (ethanol-free semi-solid) obtained was
kept at 4 °C.

Animal grouping

Male rats (n = 24, 180 - 200 g) were used in this
study after acclimatization for one week at an
optimal condition (temperature 22 - 25 °C, and
12 h dark/light cycle). During this period, the
animals were maintained on a regular diet with
free access to water.

Ethical approval

This design was certified by the College of
Medicine Ethical Committee, KAU, Jeddah, SA
(approval no. 563-21). The ethical guidelines of
the International standard and Institutional
Animal Care and Use committee (IACUC) were
followed [12].

Induction of diabetes

Following overnight fasting, rats were divided into
two sets. The first set of rats was injected
intraperitoneal (IP) with citrate buffer (n = 12).
The second set of rats was IP administered with
streptozotocin dissolved in 0.1 M citrate buffer
(pH 4.5), at a 55mg/kg dose (n = 12). To
overcome hypoglycemia, rats were allowed to
drink a 5 % glucose solution for 24 h. A
glucometer measured fasting blood glucose
(FBG) levels after 72 h. Rats with FBG = 300
mg/dL were considered diabetic and used
subsequently in the experiment.

Study design

The first set of rats (n = 12) was divided into 2
groups (GRPs) of 6 rats each; GRP1 served as
the control, while GRP2 was administered with
an oral dose of V. vinifera SE (500 mg/kg). The
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second set of rats was also divided into 2 GRPs;
GRP3 included untreated diabetic rats, and
GRP4 included diabetic rats that received oral V.
vinifera SE (500 mg/kg) daily for 28 consecutive
days [13].

After 4 weeks, rats were fasted overnight and
euthanized after diethyl ether anesthesia. Blood
was collected and serum was separated while
removing adipose tissue. Serum and adipose
tissue were frozen at -80 °C until use.

Evaluation of glucose, lipid profile markers,
insulin, and interleukin-1 beta (IL-18)

Serum levels of insulin and IL-1B3 were quantified
using ELISA kits of Abcam, UK according to the
manufacture’s procedure. Serum glucose, lipid
profiles markers (total cholesterol, triglycerides,
low-density lipoprotein (LDL), and high-density
lipoprotein (HDL)) were measured using
colorimetric enzymatic kits (BioVision, USA) as
the manufacturer’s instructed.

Quantitative real chain
reaction (QRT-PCR)

time-polymerase

Column method (Bio Basic, Canada) was
followed for total RNA extraction from the
adipose tissues. A cDNA synthesis kit (TaKaRa
Inc., Japan) was used for RNA transcription.
Table 1 shows the primer nucleotide sequences
used. The qRT-PCR assay was carried out using
SYBR Premix Ex Taq I (TaKaRa Inc., Japan).
Pre-denaturation at 95 °C for 5 min. Next, 40
cycles at 95 °C for 10 s, 55 °C (for omentin), and
57 °C (for beta-2 microglobulin (B2M)) for 20 s.
Finally, 62 °C for 30 s followed by extension. The
process was terminated by incubation and
cooling to 4 °C.

Analysis of the melting curve was done. The
outcomes were validated using the relative
guantification approach (2CT). In comparison to
the average of B2M, the average of three runs
was computed.

Table 1: Primer nucleotide sequences used in PCR

Primer Sequence (5'-3")

B2M Forward: CTTCAGCAAGGACTGGTC
Reverse: TCTCGATCCCAGTAGACG

Omentin Forward: GCTGAAGAGAACCTGGAC

Reverse: AATAGAGACCATCTTGTGC

Statistical analysis

Data are reported as mean * standard error of
the mean (SEM). Comparisons between groups

were made using GraphPad Prism 5 software,
and p < 0.05 was considered significant.

RESULTS

Effect of V. vinifera extract on serum level of
glucose

The results showed that serum glucose level of
GRP3 (diabetes) was significantly elevated (p <
0.001) relative to GRP1 (control). On the other
hand, serum glucose level of GRP4 (diabetes +
V. vinifera SE (500 mg/kg)) was significantly
decreased (p < 0.001) relative to GRP3
(diabetes) (Figure 1).
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Figure 1: Effect of V. vinifera SE on serum level of
glucose. GRP1, control, GRP2, V. vinifera SE (500
mg/kg); GRP3, diabetes; GRP4, diabetes + V. vinifera
SE. Data are mean = SE (n = 6). *significantly
difference from GRP1, @significantly difference from
GRP3. **P < 0.001

Effect of V. vinifera SE on serum levels of
cholesterol, triglyceride, LDL, and HDL

The results showed that serum cholesterol,
triglyceride, and LDL levels of GRP3 (diabetes)
were significantly increased (p < 0.001) relative
to GRP1 (control). On the other hand, serum
cholesterol, triglyceride, and LDL levels of GRP4
(diabetes + V. vinifera SE (500 mg/kg)) were
significantly decreased (p < 0.001) relative to
GRP3 (diabetes) (Table 2). The results also
showed that serum HDL level of GRP3
(diabetes) was significantly decreased (p <
0.001) relative to GRP1 (control). On the other
hand, the serum HDL level of GRP4 (diabetes +
V. vinifera SE (500 mg/kg)) was significantly
increased (p < 0.001) relative to GRP3 (diabetes)
(Table 2).
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Table 2: Effect of V. vinifera SE on serum levels of cholesterol, triglyceride, LDL, and HDL

Group Cholesterol Triglyceride LDL (mg/dL) HDL (mg/dL)
(mg/dL) (mg/dL)

GRP1 118.5+£2.3 75.7£1.6 71.7£3.0 46.8+1.5

GRP2 125.2+6.9 74.8+2.8 84.0£7.3 41.2+1.2

GRP3 289.3+17.8%™ 160.3+12. 78 265.8+18.63*** 23.542 3arx*

GRP4 182.0+7.2°™ 90.5+3.8bx+* 142.047.80%x+ 40.0£2,9b**x

GRP1, control; GRP2, V. vinifera SE (500 mg/kg); GRP3, diabetes; GRP4, diabetes + V. vinifera SE. Data are
mean + SEM (n = 6). 2significantly different from GRP1, Psignificantly different from GRP3. ***p < 0.001

Effect of V. vinifera SE on serum level of
insulin

The results showed that serum insulin level of
GRP3 (diabetes) was significantly decreased (p
< 0.001) relative to GRP1 (control). On the other
hand, serum insulin level of GRP4 (diabetes + V.
vinifera SE (500 mg/kg)) was significantly
increased (p < 0.001) relative to GRP3 (diabetes)
(Figure 2).
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Figure 2: Effect of V. vinifera SE on serum level of
insulin. GRP1, control; GRP2, V. vinifera SE (500
mg/dl); GRP3, diabetes; GRP4, diabetes + V. vinifera
SE. Data are mean + SE (n = 6). *significantly
difference from GRP1, @significantly difference from
GRP3. **P < 0.001

Effect of V. vinifera SE on the pancreatic 8
islets histopathological alteration

Photos of GRP1 (control) show normal size islet
with normal population of islets cells. GRP2 (V.
vinifera SE, 500 mg/kg) photos show apparently
normal size islets with normal population of islets
cells. GRP3 (diabetes) photos show mild
decrease in islets size with numerous cells
looked unstained and vacuolated. GRP4
(diabetes + V. vinifera SE (500 mg/kg)) show
potential improvement with still central cells
showing lightly stained cytoplasm and few
vacuolation (Figure 3).

Figure 3: Effect of V. vinifera SE on the pancreatic
islets histopathological alteration (H & E stain, bars
200 and 100 pm). GRP1 (control) photos show normal
size islet (white arrows) with normal population of
islets cells (black arrows). GRP2 (V. vinifera SE, 500
mg/kg) photos show apparently normal size islets
(white arrows) with normal population of islets cells
(black arrows). GRP3 (diabetes) photos show mild
decrease in islets size (black arrows) with numerous
cells looked unstained and vacuolated (red arrows).
GRP4 (diabetes + V. vinifera SE (500 mg/kg)) photos
show potential improvement with still central cells
showing lightly stained cytoplasm and few vacuolation
(red star)

Effect of V. vinifera SE on serum level of IL-18

The results showed that serum IL-13 level of
GRP3 (diabetes) was significantly elevated (p <
0.001) relative to GRP1 (control). On the other
hand, serum IL-183 level of GRP4 (diabetes + V.
vinifera SE (500 mg/kg)) was significantly
decreased (p < 0.001) relative to GRP3
(diabetes) (Figure 4).

oy
a1
1

Serum IL-1B(pg/ml)
=
S

a1
1

0-

>
OQ‘

R
®Q~
Experimental groups

Figure 4: Effect of V. vinifera SE on serum level of IL-
18. GRP1, control; GRP2, V. vinifera SE (500 mg/kg);
GRP3, diabetes; GRP4, diabetes + V. vinifera SE.
Data are mean + SE (n = 6). #significantly difference
from GRP1, @significantly difference from GRP3. ***P
<0.001
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Effect of V. vinifera SE on adipose tissues
MRNA relative expression

The results showed that adipose tissues omentin
MRNA relative expression of GRP3 (diabetes)
was significantly decreased (p < 0.001) relative
to GRP1 (control). On the other hand, adipose
tissues omentin mRNA relative expression of
GRP4 (diabetes + V. vinifera SE (500 mg/kg))
was significantly increased (p < 0.001) relative to
GRP3 (diabetes) (Figure 5).
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Figure 5: Effect of V. vinifera SE on adipose tissues
MRNA relative expression. GRP1, control; GRP2, V.
vinifera SE (500 mg/kg); GRP3, diabetes; GRP4,
diabetes + V. vinifera SE. Data are mean + SEM (n =
6). *significantly difference from GRP1, @significantly
difference from GRP3. ***P < 0.001

DISCUSSION

In this study, V. vinifera ethanolic SE reserved
pancreatic function in diabetic rats. This was
confirmed by increasing serum insulin,
decreasing serum glucose, and improving lipid
profile (decreasing serum cholesterol,
triglyceride, and LDL while increasing serum
HDL). The pathological study also showed that
V. vinifera SE protected the pancreatic (-cells’
shape, size, and cell population. In agreement
with the current study results, it has previously
been observed that the aqueous SE of V. vinifera
protects against pancreatic dysfunction in adult
male rats with diabetes mellitus [14]. Treatment
with V. vinifera SE maintained nearly normal
expression levels of GLUT2, which is involved in
glucose-stimulated insulin secretion, according to
Adama et al [14]. The availability of sufficient
GLUT 2 might assist in boosting glucose inflow
into the B-cells, which is required to evoke insulin
release.

The standardized V. vinifera SE contains 92 — 95
% oligomeric proanthocyanidins. In type 2 DM,
proanthocyanidins, particularly the oligomeric
form, were found to control hyperlipidemia [15].
In addition to proanthocyanidins, V. vinifera SE is
rich in catechins, epicatechins, and epicatechin-
3-O-gallate. The antihyperglycemic actions of
epicatechin and gallic acid may be related to the
stimulatory effects of pancreatic secretion of
insulin and C peptide and accelerated transport
of blood glucose to peripheral tissue. Other
pathways for their glucose-lowering effect
include suppressing endogenous glucose
synthesis by inhibiting gluconeogenesis in the
liver and muscle [16].

The present results showed that V. vinifera
ethanolic SE significantly decreased serum IL-18
levels in diabetic rats. The ability of V. vinifera SE
to reduce inflammation in diabetic rats could
explain the pancreas [B-cells’ apparently normal
histopathological appearance [14]. The anti-
inflammatory properties of V. vinifera SE can be
linked to the extracts main chemical
components, which include benzene 3-methyl
cyclopentyl and 2,5-bis (1,1-dimethyl ethyl) [14].

In agreement with these earlier findings, the
present data demonstrated a significant down-
regulation in omentin-1 MRNA expression in the
adipose tissues of diabetic rats compared to the
control rats [17]. The current results showed for
the first time that the expression of the omentin-1
gene was increased in adipose tissues of
diabetes-induced rats administered V. vinifera
SE. According to the findings of an in vitro
investigation, omentin can improve insulin-
triggered glucose absorption by enhancing
protein kinase Akt or protein kinase B [18].
Omentin may play a probable potential role as an
insulin sensitizer [17].

CONCLUSION

V. vinifera SE exhibits anti-hyperlipidemic and
antidiabetic properties in a streptozotocin-
induced rat model. The underlying mechanism of
action may involve a reduction in the pro-
inflammatory cytokine, IL-1B, and up-regulation
of omentin mRNA. V. vinifera seed extract is a
promising anti-hyperlipidemic and antidiabetic
agent but clinical trials are necessary to verify
these findings.
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