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LABORATORY STUDY

The effects of grape seed on apoptosis-related gene expression and
oxidative stress in streptozotocin-induced diabetic rats
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Abstract

Background: Diabetic nephropathy is the most common cause of end-stage renal disease.
Emerging evidences indicate that many mechanistic pathways including apoptosis play an
important role in the pathogenesis and progression of macrovascular and microvascular
complications of diabetes mellitus. The aim of the present study is to show the effects of grape
seed extract (GSE) on oxidative stress and apoptosis in the kidney of streptozotocin-induced
diabetic rats. Materials and methods: The study included control group, diabetic group
without treatment and diabetic group treated with GSE (n=7) group. GSE was given orally
(100 mg/kg/day) for six weeks. Following parameters were evaluated; oxidative stress index,
caspase 1, IL1-alpha, caspase 2, IL1-beta, BCL2-associated agonist of cell death (BAD), X-linked
inhibitor of apoptosis (XIAP), DNA fragmentation factor, alpha subunit and beta bubunit
(DFFA, DFFB), BH3 interacting domain death agonist (BID), caspase 6, Bcl2-like 1 (BCL-XL),
caspase 8, tumor necrosis factor receptor superfamily, member 1 b (TNFRSF1B) and IAP-binding
mitochondrial protein (DIABLO). Results: Oxidative stress index levels were significantly
increased in the kidney of diabetic group without treatment compared to control group,
and decreased in diabetic+GSE group compared to diabetic group without treatment.
In the kidney of diabetic group without treatment, caspase 1, IL-1 alpha, BAD, DFFA, DFFB
and caspase-6 gene expressions were significantly higher compared to control group.
In diabetic + GSE group caspase 1, caspase 2, XIAP, DFFA, BID, BCL-XL and TNFRSF1B genes
were significantly decreased compared to control group. Conclusions: Grape seed reduces
oxidative stress and apoptosis gene expression suggesting the protective effect on diabetic
nephropathy.
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Introduction

Despite the diagnostic tools and therapeutic implications, the
prevalence of diabetes mellitus (DM) is growing and diabetic
kidney disease has become the most common cause of end-
stage renal disease (ESRD) in the world. Based on the World
Health Organization’s report, DM is a metabolic disorder of
multiple etiologies characterized by chronic hyperglycemia
and various metabolic disturbances resulting from defects in
insulin secretion, insulin action or both.' Large-scaled
researches demonstrated that hyperglycemia is one of the
major contributing factor in the pathogenesis of complications
associated with DM.? The glucose uptake from kidney is
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independent of insulin; therefore, the increased plasma
glucose levels in DM result in high intracellular glucose
levels in the kidney.> Chronic hyperglycemia is the main
indicator in the initiation and progression of diabetic
nephropathy; it not only produces reactive oxygen metabolites
but also decreases the antioxidant mechanism via non-
enzymatic glycosylation of antioxidant enzymes.* Although
DM is traditionally viewed as a non-immune disease,
emerging evidences indicate that many mechanistic pathways
including apoptosis play an important role in the pathogenesis
and progression of macrovascular and microvascular compli-
cations of this chronic metabolic disease.” One of the
programmed cell death mechanism is apoptosis that is
mainly associated with caspase system. Apoptosis is char-
acterized by chromatin condensation, cell surface blebbing,
nuclear DNA fragmentation and eventually cell shrinkage.®
In vivo and in vitro studies report that high blood glucose
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concentration causes production of superoxide OZ nitric
oxide and peroxynitrite production in kidney cells.”®
Peroxynitrite is a free radical shown to activate various
caspases including caspase 3 that plays a fundamental role in
inducing apoptosis in HL-60 leukemic cells.’

Previous studies frequently used diabetic animal models
induced with streptozotocin (STZ) for DM-associated renal
damage development. In the progression of diabetic nephro-
pathy, besides glomerular damage, tubulointerstitial fibrosis
is also considered as an important pathological process.'’
Both glomerular cells including podocytes, mesangial cells
and tubulointerstitial cells lay out apoptosis that is also
associated with the progression of diabetic nephropathy.’
Islet beta cell apoptosis occurs especially in the form of
immune-mediated (Type 1) DM.!" These models demon-
strated that long-term hyperglycemia impairs renal structure
and function.

The strong antioxidant features of grape seed are well
known.'*!> There are studies in the literature demonstrating
nephroprotective effects of grape seed in diabetic nephro-
pathy, however, the underlying mechanisms of these effects
are yet to be explained.'? Since therapeutic targets against the
apoptosis are very important to prevent the chronic compli-
cations including nephropathy, neuropathy and vasculopathy
of diabetes, we hypothesized that grape seed can prevent
the apoptosis and oxidant status. Hence, in the present
study, we aimed to investigate the nephroprotective effects of
grape seed in the experimental model of STZ-induced DM
in rats.

Materials and methods
Animal and experimental design

After the necessary ethics committee approval was obtained,

the animals for the study were provided from Experimental

Animals Laboratory of Medical School of Pamukkale

University, Denizli, Turkey. For this study, 28 adult male

Wistar rats weighing 250-300g were used. The rats were

randomly assigned to three equivalent groups (n="7).

e Group 1 (n=7): Control group

e Group 2 (n=7): Induced DM with 60mg/kg STZ,
administered 0.5 mL saline by oral gavage for 8 weeks.

e Group 3 (n=7): Induced DM with 60mg/kg STZ,
administered 100 mg/kg/day grape seed (dissolved in
0.5 mL saline) by oral gavage for 8 weeks.

Throughout the study, all the rats were kept in laboratory
conditions at room temperature (22+2°C), with 50+ 5%
humidity rate, and with a 12-h light—-dark cycle, in special
cages with dimensions of 30 x 35 x 17 cm that have plastic
bottoms and wire tops. They were fed with the same type of
baits without nutritional limitations.

Drugs

STZ and a-tocopherol (vitamin E) were obtained from Sigma
(St. Louis, MO). Grape seed extracts (GSE) were obtained
from the wastes of grape molasses production (Department of
Food Engineering, Pamukkale University, Denizli, Turkey).
Manually cleaned seeds were ground with an electric coffee
mill (MKM 6000, Type KM 13, Bosch Inc., Istanbul, Turkey).
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Table 1. Extraction properties of the freeze-dried GSEs and the
efficiency of the extraction procedure.

Property Value (%)
Total phenolic content (gallic acid equivalent) 45.1
Total flavonoid content (catechin equivalent) 27.1
Extraction efficiency 1.12

Table 2. Phenolic content (on a dry matter basis) and antioxidant
activity (FRAP method) of grape seeds obtained from the wastes of
grape molasses production.

Property Value
Total phenolic content (mg GAE/g) 54.6+6.4
Antioxidant activity (mmol Trolox Equivalent/g) 36.2+5.5

Table 3 Gallic acid, catechin and epicatechin contents of freeze-dried
extracts of grape seeds.

Substance Concentration (mg/100 g GSE)
Gallic acid 53.5+5.6
Catechin 65.9+9.5
Epicatechin 454 +8.7

Powdered grape seeds were mixed with aqueous ethanol
(70%, v/v) at a ratio of 1:10 (w/v) and the mixture was
subjected to 15 min of sonication in an ultrasonic bath. Then,
it was stirred on a mechanical shaker at room temperature for
30 min. After this step, the mixture was centrifuged at 4 °C for
20min, 8500 rpm/min. Supernatants were collected with
Pasteur pipettes and transferred into 30mL amber glass
bottles. Aqueous ethanol (70%, v/v) was added to the
remaining residue at a ratio of 1:10 (w/v) and extraction
procedure was repeated. After volume was adjusted in
volumetric flasks, pooled supernatants were stored in a
freezer at —20°C in amber glass vials before freeze drying.
Before lyophilization, ethanol in supernatants was first
evaporated by a rotary evaporator (Biichi, Rotavapor,
Germany) under vacuum at 40 °C (~10 min). Viscous extracts
were frozen at —70 °C, and then lyophilized (Thermo M230,
Germany). Freeze-dried powder was collected carefully with
a micro-spatula, and amber vials of lyophilized GSE were
stored at —24 °C until analyses. Experiments were followed
gravimetrically and the extraction efficiency was calculated
at the end of the process. Antioxidant activity was
evaluated using the Ferric Reducing Ability of Plasma
(FRAP) method. Gallic acid, catechin and epicatechin con-
tents of GSE were determined. Materials used for analyses
are given in Tables 1-3.

Induction of experimental DM with STZ in rats

In order to induce experimental DM, rats allocated for DM
groups were injected 60mg/kg STZ (Sigma, Germany)
dissolved in 0.5mL saline (0.9% NaCL) intraperitoneally
(IP). On day 3 following the STZ administration, the glucose
levels of the rats were measured using blood obtained from
their tail vein. Rats with serum glucose over 300 mg/dL were
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Table 4. Experimental groups and study flowchart.

Ren Fail, 2015; 37(2): 192-197

Day 3 (serum glucose levels

Groups Day 0 >300 mg/dL) Week 8

Control group - - -

Diabetic rats STZ 60 mg/kg + 0.5mL saline

Grape seed treated diabetic rats STZ 60 mg/kg + Grape seed extract (100 mg/kg/day, in 0.5 mL

saline, oral gavage)

considered diabetic.'>”'* The study time line and associated
applications are presented in Table 4.

All rats were weighted first and then sacrificed 8 weeks
after DM induction via decapitation under general anesthesia
provided by i.p. injection of 90 mg/kg ketamine hydrochloride
(Ketalar, Parke-Davis, Istanbul, Turkey) and 10 mg/kg of 2%
xylazine hydrochloride (Rompun, Bayer, Istanbul, Turkey)
combination. Afterwards, the rats’ kidney tissues were
removed.

Assessment of oxidant/antioxidant status

Kidney tissue samples were homogenized and the supernatant
of the homogenate obtained by centrifugation at 12,000 rpm
for 15min at +4°C was used for measurements. The tissue
protein concentration was measured using the Lowry method.
Total oxidant status (TOS) of tissue samples was determined
by an automated colorimetric method.'> Briefly, an oxidation
reaction is developed by glycerol molecules in the reaction
medium and oxidants in the sample are left to oxidize ferrous
ion-O-dianisidine complex to ferric ion. The ferric ion forms a
colored complex with xylenol orange in an acidic medium
that can be measured via spectrophotometry to estimate the
total amount of oxidant molecules in the tissue sample. The
assay is calibrated with hydrogen peroxide and the results are
expressed as hydrogen peroxide equivalent per milligram
protein (umol H,O, Eq/mg protein).

Total antioxidant status (TAS) in the tissue samples was
also determined by an automated colorimetric method.'®
Hydroxyl radical produced by the Fenton reaction reacts with
the colorless substrate O-dianisidine to produce the dianisyl
radical, which is bright yellowish-brown in color. When
plasma is added, the oxidative reactions initiated by the
hydroxyl radicals are suppressed by the antioxidant compo-
nents in the plasma so that the color change is prevented
providing an effective measurement of TAS, with precision
lower than 3%. The assay results are expressed as mmol
Trolox Eq/mg protein.

The ratio of TOS to TAS is defined as oxidative stability
index (OSI) according to the following formula:

OSI (arbitrary unit)

_ TOS (umol H,0, Eq/mg protein)
~ TAS (mmol Trolox Eq/mgram protein)

RNA isolation

Kidney tissues were divided into small pieces in TRIzol
solution on ice. Total RNA was extracted by using an RNA
isolation reagent (TRI Reagent) procedure (Sigma, St. Louis,

MO). Complementary DNA generation was induced by
EasyScript Plus cDNA Kkit.

Relative quantification of apoptosis gene expression

Real-time quantitative reverse transcription-polymerase chain
reaction (RT-PCR) analyses of all genes were performed for
96 well micro plates at StepOne Plus RT PCR instrument and
software. Beta actin housekeeping gene was the standard to
control the variability in amplification. RT-PCR was per-
formed by using EvaGreen quantitative polymerase chain
reaction (qPCR) master mix-ROX kit according to the
instructions of the manufacturer. The experiments were
repeated twice with duplicates in each group.

Blood urea levels were measured via urease method by BS
300 automated biochemical device, and creatinine via
creatinine Jaffa method by BS 300 non-automatized bio-
chemical device.

Statistical analysis

The findings were analyzed with the Delta CT method and
quantitated with Light Cycler Quantification Software. The
statistical comparisons were performed using Student’s #-test.
Parametric and non-parametric tests of cases and controls
have been evaluated with the SPSS 15.0 (Chicago, IL).

Results

Total oxidant status value was found to be high in diabetic rats
compared to control rats. In grape seed-treated diabetic rats,
the TOS values were statistically significantly lower than the
diabetic rats (p <0.05) (Figure 1). Total antioxidant status of
the GSE-administered group was also higher than both the
control group and the diabetic rats, but the difference was not
statistically significant (p >0.05) (Figure 2).

Regarding the OSI values of the groups, the values
observed in the GSE-treated group were significantly lower
than the OSI values of both the control and the diabetic
groups (p<0.01 for control group and p<0.001, for the
diabetic rat group) (Figure 3).

We found that caspase 1 (CASP1), interleukin 1 alpha
(IL1-alpha), BCL2-associated agonist of cell death (BAD),
DNA fragmentation factor, alpha subunit (DFFA), DNA
fragmentation factor, beta polypeptide (caspase-activated
DNase) (DFFB), caspase 6 (CASP6) and Diablo IAP-binding
mitochondrial protein (DIABLO) gene expression changes
were significantly increased in diabetic rats compared to
control rats. On the other hand, CASP1, caspase 2 (CASP2),
X-linked inhibitor of apoptosis (XIAP), DNA fragmentation
factor, alpha subunit (DFFA), BH3 interacting domain death
agonist (BID), tumor necrosis factor receptor superfamily,
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Figure 1. Comparison of total oxidative status (TOS) values across
groups. Group 1; control group, Group 2; diabetic rats, Group 3; grape
seed treated diabetic rats. *Group 2 versus Group 3; p <0.05.
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Figure 2. Comparison of total antioxidant status (TAS) values across
groups. Group 1; control group, Group 2; diabetic rats, Group 3; grape
seed treated diabetic rats. Group 1 versus Group 3; p: NS, Group 2 versus
Group 3; p: NS.

Bcel2-like 1 (BCL-XL) and member 1a (TNFRSF1B) gene
expression changes were significantly decreased in grape
seed-treated diabetic rats (p <0.05) (Table 5).

We also found that BAD, DFFA, DFFB, caspase 6 and
DIABLO were significantly decreased in grape seed treated
rats compared to diabetic rats (p <0.05) (Table 6).

Discussion

Renal oxidative stress is a major contributing factor in the
development of diabetic nephropathy.'”'®*** High serum
glucose levels promote the oxidative stress within the tissues
via increasing the reactive oxygen radicals (ROS) through
mitochondrial electron transfer chain.'® ROS are highly toxic
to cells, the pathogenesis of this system has been shown to
increase lipid peroxidation and nuclear factor kappa [ along
with transforming growth factor B that causes tissue fibrosis
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Figure 3. Comparison of oxidative stability index (OSI) values across
groups. Group 1; control group, Group 2; diabetic rats, Group 3; grape

seed-treated diabetic rats. *Group 1 versus Group 3; p <0.001. **Group
2 versus Group 3; p<0.001.
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Table 5. Comparison of gene expression of all groups with the control
group.

Diabetic rats Grape seed-treated

Gene name p value diabetic rats p value
CASP1 0.028* 0.021*
IL1-ALPHA 0.046* 0.055
CASP2 0.389 0.023*
IL1-BETA 0.272 0.051
BAD 0.002* 0.233
XIAP 0.147 0.003*
DFFA 0.006* <0.0001%*
DFFB 0.005* 0.917
BID 0.750 0.018%*
CASP6 0.042% 0.959
BCL-XL 0.541 0.040%*
CASPS8 0.505 0.050*
TNFRSFI1B 0.414 0.025%
DIABLO 0.045%* 0.063

Notes: *p<0.05. Caspase 1 (CASP1), interleukin 1 alpha (IL1-alpha),
caspase 2 (CASP2), interleukin 1 beta (IL1-beta), BCL2-associated
agonist of cell death (BAD), X-linked inhibitor of apoptosis (XIAP),
DNA fragmentation factor, alpha subunit (DFFA), DNA fragmentation
factor, beta polypeptide (caspase-activated DNase) (DFFB), BH3
interacting domain death agonist (BID), caspase 6 (CASP6), Bcl2-like
1 (BCL-XL), caspase 8 (CASPS8), tumor necrosis factor receptor
superfamily member 1 B (TNFRSF1B) and Diablo IAP-binding
mitochondrial protein (DIABLO).

Table 6. Comparison of gene expression of grape
seed group with the diabetic group.

Gene name p Value
BAD 0.001*
DFFA 0.001*
DFFB 0.001*
CASP6 0.003*
DIABLO 0.004*

Notes: *p<0.05. BCL2-associated agonist of cell
death (BAD), DNA fragmentation factor, alpha
subunit (DFFA), DNA fragmentation factor, beta
polypeptide (caspase-activated DNase) (DFFB),
caspase 6 (CASP6), Diablo IAP-binding mito-
chondrial protein (DIABLO).
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and extracellular matrix production.’’ Due to high kidney
blood flow, oxidant status and antioxidant enzymes play an
important role in the oxidative damage in the renal tissue.
In the present study, we demonstrated that the TOS value, an
indicator of oxidant status, was lower in the grape seed-treated
diabetic rats compared to the diabetic rats. Although the
increase in TAS was not statistically significant, grape seed-
treated diabetic rats had higher TAS values compared to the
control group and the diabetic rats. OSI value, which indicates
the oxidant status/antioxidant status ratio, was significantly
lower in the grape seed-treated diabetic rats compared to the
control group and the DM group. Ulusoy et al. have shown
that grape seed increased TAS level and decreased TOS level
in cyclosporine A-induced nephropathy.”®

In accordance with the findings of our study, Li et al.*?
reported antioxidant features of grape seed in STZ-induced
diabetic rats. Grape seed proanthocyanidin extract (GSPE)
was shown to increase glutathione levels in pancreatic tissue
of diabetic rats, resulting in decreased lipid peroxidation, and
increased insulin sensitivity by directly affecting the insulin
signaling pathways.** Bagchi et al. also demonstrated that
GSPE provides significant levels of protection against ROS
and the free radicals that induce lipid peroxidation and DNA
damage.” In another experimental study, GSPE was deter-
mined to have antioxidative and nephroprotective effect via
inhibition of AGE formation.'?

Apoptosis is defined as programmed cell death. Although
apoptosis is a natural phenomenon in all of the multi-cellular
organisms, the accelerated apoptosis of endothelial cells plays
a vital role in the development of diabetic vascular compli-
cations.”® Kumar et al. have shown that apoptotic cell death
plays a role in the occurrence of kidney damage in diabetic
nephropathy.”” Wong et al. reported that elevated blood
glucose levels affect apoptosis-controlling genes.?®

We found that CASPI1, IL1-alpha, BAD, DFFA, DFFB,
CASP6 and DIABLO gene expression changes were signifi-
cantly increased in diabetic rats compared to control rats.
Caspases are known to be critically involved in two activities:
activation of proinflammatory cytokines and the initiation and
execution of apoptosis.””*® Caspases affected in apoptosis can
be divided further into initiators (cas-2,6,8,9,10,12) and
executioners (cas—3,6,7).31 A time course at different stages
of diabetes has shown a distinct pattern of caspase activation
and deactivation in the kidney. The activation of several
initiator caspases occurred early in the course of diabetes.*?
Koenen et al. have shown that hyperglycemia increases the
expression of caspase 1 and IL-1B.** Cohen et al. have
showed that the level of caspase 6 increased in the type 2
diabetic rats as compared to the lean controls.>* Moreover,
Ulusoy et al. showed that the level of caspase 1 reduced in
diabetes mellitus.>® In line with the studies, the levels of
caspase 1 and IL-10, and IL-1f were determined to be higher
in the diabetic group.

In our study, increase in the inflammatory markers such as
caspase 1 and IL-1P and increase in the initiator caspase;
caspase 6 in the diabetic rats may show the development of
early stage of the diabetic nephropathy.

Moreover, we found significantly higher levels of Bad
(BCL2-associated agonist of cell death) in diabetic rats. The
Bcl-2-associated death promoter (BAD) protein is a pro-
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apoptotic member of the Bcl-2 gene family which is involved
in initiating apoptosis.>® In the literature, there is no data
regarding the levels of BAD in the diabetic nephropathy.

DFF-mediated nuclear destruction constitutes an evolu-
tionarily conserved mechanism that plays a pivotal role in the
execution of apoptotic cellular death.’” Smac/DIABLO is a
mitochondria protein but is released into the cytosol in
response to some apoptotic stimuli, such as UVB-irradiation,
etoposide or glucocorticoid. Mature Smac/DIABLO was
found to promote caspase activation by binding and
neutralizing the IAPs, including XIAP, CIAP-1 and CIAP-
2839 Yeo et al. also reported that Diablo was elevated in
diabetic mice.*’

In our study, CASP1, CASP2, XIAP, DFFAB, BCL-XL
and TNFRSFIB gene expression changes were significantly
decreased in grape seed treated diabetic rats. This is the first
study in the literature reporting the suppressive effect of grape
seed on the expression of apoptosis genes such as caspase 1,
caspase 2, caspase 8, DFFAB, TNFRSF1B, BID, BAD and
DIABLO playing role in the pathogenesis of diabetic
nephropathy.

In the extrinsic pathway of apoptosis; several extrinsic
ligands can activate ‘‘death receptors’” of the TNFR Family,
including apoptosis antigen-1, or TNFR1. The FAS ligand is a
member of the TNF superfamily of cytokines and along with
its receptor, it plays role in inflammatory and immune
response.*! FASL-mediated activation of FAS leads to
caspase 8 activation.*** Several caspase 8 molecules cause
auto-activation and processing of caspase 8 molecules which
are then ready to activate downstream caspases** resulting in
cleavage of BID to truncated BID, a pro-apoptotic member of
BCL 2 family. In our study, ‘‘Lower’’ levels of TNFRS 1,
caspase 8 and BID in grape seed treated diabetic group may
suggest that grape seed shows its activity on the extrinsic
pathway of apoptosis.

In conclusion, the present study demonstrated that treat-
ment with grape seed might be beneficial against oxidative
stress and apoptosis in diabetic rats. Further comprehensive
experimental and clinical studies are needed to investigate the
beneficial effects of grape seed extracts in DM.
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