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Abstract

Purpose: This study aims at investigating the oxidative
stress effect of antidiabetic drugs of Metformin (MET) and
sitagliptin (STG) in the liver tissue of diabetic rats from
streptozotocin (STZ).

Materials and Methods: Thirty-five female Wistar rats
(3-4 months old, weighing 200£25 g) were divided into
five groups (with seven rats each) and treated as follows:
control (Cont), streptozotocin alone (STZ), streptozotocin
+ metformin (STZ+MET), streptozotocin + sitagliptin
(STZ+STG), streptozotocin + metformin + sitagliptin
(STZ+MET+STG). Sitagliptin, Metformin, and combined
metformin sitagliptin treated subgroups for four weeks.
Malondialdehyde (MDA), total antioxidant status (TAS),
total oxidant status (TOS) levels, and oxidative stress index
(OSI) ratio were measured in rat liver tissue. Besides, cells
undergoing apoptotic cell death were determined using the
TUNEL technique through histopathological evaluation.
Results: MDA, TAS, and OSI of STZ+MET+STG
administered group decreased compared to STZ. TOS of
STZ+MET+STG  administered  group  decreased
compared to STZ.

Conclusion: In the experimental T2D model in rats, it
shows protective effect when sitagliptin is used with
metformin against oxidative damage in liver tissue caused
by STZ.
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INTRODUCTION

Diabetes mellitus (DM) is an important problem of
public health with growing incidence and prevalence
worldwide. This chronic disease can affect multiple

Oz

Amag: Bu calismanin  amaci, streptozotosin  (STZ)
kaynakli  diyabetik siganlarin  karaciger dokusunda
metformin ~ (MET) ve/veya sitagliptinin = (STG)
antidiyabetik ilaclarin  olast oksidatif stres etkisini
aragtirmaketir.

Gereg ve Yontem: Bu calismada eriskin disi Wistar albino
sicanlart kullandmis ve rastgele kontrol normal grubu,
kontrol diyabetik grubu ve diyabetik gruba ayrilmustir.
Antidiyabetik ila¢ grubuna sahip diyabetik sicanlar
asagidaki tedavi edilen alt gruplara ayrildi: Sitagliptin (10
mg/ kg/ gin), Metformin (200mg/ kg/ gin) ve Kombine
metformin sitagliptin ile 4 hafta boyunca tedavi edilen alt
gruplar. Sican karaciger dokusunda oksidatif stres
belirtecleri (Malondialdehid (MDA), total antioksidan
durum (T'AS), total oksidan durum (TOS) ve oksidatif stres
indeksi (OSI) seviyeleri) 6lcldi. Ek olarak, apoptotik
hiicre 6limii geciren hiicreler histopatolojik degerlendirme
ile TUNEL teknigi kullanilarak belirlendi.

Bulgular: STZ + MET + STG uygulanan grubun MDA,
TAS ve OSI'si STZ'ye gore azaldi. STZ + MET + STG
uygulanan grubun TOS'u STZ'ye gore azaldi.

Sonug: Sicanlarda deneysel T2D modelinde, sitagliptin
metformin ile bitlikte kullanildiginda karaciger dokusunda
STZ'nin neden oldugu oksidatif hasara karst koruyucu etki
gOstermektedit.

Anahtar kelimeler: Metformin, sitagliptin, oksidatif stres,
diyabetes mellitus

vital organs such as the liver, kidney, heart, brain!-4. It
has been reported that excessive fat accumulation in
the liver adversely affects insulin resistance leading to
metabolic dysfunction®. Insulin stores glucose and
inhibits glucagon secretion. It also causes a decrease
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in liver glucose production by lowering the
concentration of serum fatty acids. This situation can
result in lipid peroxidation in muscle cell membranes,
contributing to the formation of insulin resistance®.

Both exogenous and endogenous substances
generate free radicals in cells. These free radicals
formed cause oxidation of cell components and
molecules and eventually damaged the cell’. There are
antioxidant systems that include enzymatic and non-
enzymatic antioxidants, which are generally effective
in preventing the detrimental effects of free radicals®.
Oxidative stress associated with many diseases,
including neurological disorders, atherosclerosis,
diabetes, cancer, and hypertension means a change of
the balance antioxidants and oxidants favoring
oxidants®.

Metformin, a biguanide antidiabetic medication, is
used for T2D. The effect of metformin is manifested
as a decrease in hepatic glucose level and an increase
in peripheral glucose excretion, responding to
increased insulin in the liver®. Acording to several
studies metformin abates endogenous ROS
(including free radicals) mitochondrial levels!®-13.
Sitagliptin (STG) is a dipeptidyl peptidase-4 (DPP 4)
inhibitor. Type 2 diabetes can be treated with an oral
antidiabetic agent called sitagliptin. It was reported
that the DPP-4 inhibitors have effects on lipid
profile, oxidative stress, hepatosteatosis, reducing
inflamation and insulin resistance. Sitagliptin
suppresses glucagon secretion due to DDP-4
inhibition, thus stimulating the liver and decreasing
glucose production. In some studies in recent years,
STG has been reported to show antioxidative
effects!*17.  This study investigates the oxidative
stress effects of metformin and sitagliptin in the liver
in a type 2 diabetes mellitus rat model.

MATERIAL AND METHODS

Animals and treatment design

This study was conducted in Canakkale Onsekiz Mart
University ~ Experimental =~ Research ~ Center
(COMUDAM). Five study groups were formed using
35 adult female Wistar albino rats with free access to
water and food. All rats were housed in metabolic
cages on a natural daily 12 h light/dark cycle at 25-27
°C. All experiments were conducted under the Guide
for the Care and Use of Laboratory Animals .
Following overnight fasting, a single intraperitoneal
injection of STZ (40 mg/kg; Sigma-Aldrich, St.
Louis, MO, USA) induced experimental diabetes.
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Fasting blood glucose (FBG) levels were tested three
days after STZ injection, and the rats which had high
FBG (250 mg/dL) were used for the subsequent
experiments 1%.

Inclusion criteria: Weight between 170 g and 230 g,
female rats, survival after treatment. Exclusion
criteria: The weight less than 150 g or greater than
280 g, male rats, the dead rats after treatment.

There was the equal classification of diabetic rats into
the following four groups as follows (n=7):

Group 1: control (Cont);

Group 2: streptozotocin (STZ)

Group 3: streptozotocin + metformin (STZ+MET);
Group 4: streptozotocin + sitagliptin (STZ+STG);
Group 5: streptozotocin + metformin + sitagliptin
(STZ+MET+STG).

In the study groups, metformin (Metformin, Glukofen,
Ilsan-Hexal, Istanbul) (200 mg/kg/day) and
sitagliptin (Januvia, Merck Sharp & Dohme Ilaglart
Ltd. Sti., Turkey) (10 mg/kg/day) were treated via
oral gavage. The follow-up period was four weeks in
all groups. The ethical approval for the use of rats
was obtained from the Local Ethics Board for
Experimental Animals of Canakkale Onsekiz Mart
University (COMU-HADYEK/2020-04-04). This
study was performed in accordance with the “Guide
for the Care and Use of ILaboratory Animals”
published by the US National Institutes of Health!8.

Tissue preparation

Once this follow-up period ended, a mixture of
ketamine and xylazine (75 mg/kg and 10 mg/kg,
respectively) was used to anesthetize and sacrifice all
animals. Rats’ livers were rapidly dissected, and
weighed. After removing of liver tissues, 0.1 M
phosphate buffer, and EDTA, pH = 7.4 (1:10) were
used to homogenize the tissues. Centrifugation of
the prepared liver homogenate was done at 7,000 x
g for 5 min.

Measurements
Malondialdehyde (MDA)

The level of tissue MDA was determined
spectrophotometrically based upon heating the
sample under acidic conditions. Thiobarbituric acid
(TBA) is reacted with MDA, resulting in the
production of pink pigment. Briefly, the mixture was
heated in a boiling water bath at 90 °C for 15 min.
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(The absorbance was read at 532 nm after cooling.
The results wetre expressed as nmol/g wet tissue
(Relassay, Turkey).

Total oxidant status (TOS)

Kits commercially available (Relassay, Turkey) were
used to measure TOS levels. The ferrous ion-o-
dianisidine complexes containing iron are oxidized to
ferric ions by the oxidants in the sample. The glycerol
molecules in the treaction medium enhancer this
oxidation reaction. The color intensity is measured
spectrophotometrically, in which a colored complex
with xylenol orange in an acidic medium, is formed
by the ferric ions and related to the total oxidant
molecules in the sample. The results were expressed
as micromolar hydrogen peroxide equivalent per liter
(pmol H202 equivalent/L) 2.

Total antioxidant status (TAS)

Levels of TAS were measured using commercially
available kits (Relassay, Turkey). This method is
based on the decolorized of the ABTS (2,2"' - Azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid)) radical
cation by antioxidants. This situation is related to its
antioxidant capacity. The results were expressed as
mmol Trolox equivalent/L 2.

Oxidative stress index (OSI)

The oxidative stress index (OSI) means the TOS level
to the TAS level ratio. Briefly, the OSI formula is:
OSI  (arbitrary unit) TOS (umol H202
equivalent/L) / TAS (umol Trolox equivalent/L) 2>

24,

Histological procedures

Once the experiment, was ended, anesthetized rats’
liver tissues were taken and trimmed, then placed in
tissue transport cassettes and fixed in immunofix for
24 hours. Afterward, tissue samples are passed
through graded alcohol solutions and purified from
the water in the tissue. The alcohol in the tissues was
cleaned with xylene, the tissue samples were kept in
the paraffin in the oven and then blocked in the base
mode, the blocked tissue samples were cut with a
microtome at a thickness of 3-5 microns and placed
in preparation boxes. Tissue samples taken from each
subject and cut at a thickness of 5 microns were
obtained by H.E. painting was applied?.

TUNNEL assay

The Terminal Transferase dUTP Nick End Labeling
(TUNEL, S§7101, Millipore, USA) method, which
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allows staining of apoptotic cells, was used to
determine cell death. First, distilled water and then
PBS solution was used to wash the sction for 3x5
minutes following the deparaffinization process.
Then, 20-ug / ml Proteinase-K diluted 1/500 with
PBS solution was applied at room temperature for 15
minutes. After washing with PBS, it was treated with
3% H,O, for 5 minutes, and then washed 3x5
minutes again with PBS. The samples were kept at
room temperature for 5 minutes with Equilibration
buffer, and then kept for 1 hour at 37 °C in a humid
environment with TdT-enzyme. After the period,
samples treated with Stop Wash Buffer for 10
minutes and then with Antidioxygenin Peroxidase.
Conjugate for 30 minutes were washed 3x5 minutes
with PBS. It was then stained with DAB, then washed
with distilled water. Background painting was done
with Mayer's Hematoxylin.

Apoptotic index; TUNEL stained cell number and
percentages of apoptosing cells were determined by
quantitating the percentage of labeled nuclei by light

microscope, scoring not less than 1,000 adjacent cells
26

Statistical analysis

Results are presented as mean £ SD. SPSS, version
19.0. (SPSS, IBM Company) was used to analyze to
the differences between the groups for performance,
biochemical and histological parameters. The data
distribution normality was examined with the
Kolmogorov-Smirnov normality test. In comparing
the patients and controls, Mann-Whitney U and
Kruskal-Wallis tests were used for continuous
variables, and a chi-square test was used for
categorical variables. The paired comparison of the
data was performed with Duncan’s test. P values
below 0.05 were regarded as significant.

RESULTS

Results and comparisons of liver tissue MDA, TAS,
TOS, and OSI levels of the five groups were given
in Table 1. MDA levels of the STZ group elevated
compared to those of controls (p=0.001). MDA
levels of  STZ+MET, STZ+STG, and
STZ+MET+STG administered groups decreased
compared to those of STZ (p=0.001). Liver TAS
levels of the STZ administered group decreased
compared to controls (p=0.001). TAS levels of
STZ+MET administered group increased compared
to STZ (p=0.01), while TAS levels of
STZ+MET+SIT administered group recovered
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(p=0.001). TOS levels of STZ administered groups
elevated compared to those of controls (p= 0.001).
TOS levels of STZ+MET STZ+STG and
STZ+MET+STG administered group decreased
compared to STZ (p=0.001), and TOS levels of
STZ+MET+STG administered group recovered
(p=0.001).

Table 1. Spectrophotometric analysis results.
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STZ administered group had higher OSI than
controls (p=0.001). OSI of STZ+MET STZ+STG
and STZ+MET+STG administered group lower
compared to STZ (p=0.001), and OSI of
STZ+MET+STG administered group recovered
(p=0.001).

Group MDA TAS TOS OSsI
(nmol/g) (mmol Trolox (pmol H202 Equiv/L) (Arbitrary
Equiv/L) Unit)
1 Control 0.93£0.02 2.39£0.01 23.891+0.07 1.35+0.01
28TZ 1.10£0.01 A* 1.77£0.02 36.10£0.07 1.51£0.01 A*
A* A*
3 STZ+MET 0.79£0.05 B*, 1.86+0.04 29.60+2.58 1.5910.16 B¥,
Ex B*, E* B*, E* Ex
4 STZ+STG 0.85%0.11 1.80£0.08 29.75+2.90 1.65%£0.10 C*,F*
S C* C*, F*
5 STZ+MET+STG | 0.66%£0.01 D*, 2.25£0.02 26.3310.05 1.17£0.01 D*,
G* D*, G* D*, G* G*

Data are given as meantSD. * p< 0.05. Group Comparisons: A: 1 and 2, B: 1 and 3, C: 1 and 4, D: 1 and 5, E: 2 and 3, F: 2 and 4,
G: 2 and 5. Abbreviations: STZ, Streptozotocin; MET, Metformin; STG, Sitagliptin; MDA, Malondialdehyde; TAS, Total
Antioxidant Status, TOS, Total Oxidant Status; OSI, Oxidative Stress Index

Figure 1. The histopathological picture in rat groups a) Control group liver tissue (CV: Central vein), b) Liver
tissue of the second group of diabetic control (arrow: vacuolar degeneration), c) Liver tissue of the third group
of MET treatment (long arrow: sinusoidal dilatation, short arrow: vacuolar degeneration), d) Liver tissue of
the fourth group of STG treatment (long atrow: sinusoidal dilatation, short arrow: vacuolar degeneration), e)
Liver tissue of the fifth group of MET+STG combined treatment (long arrow: sinusoidal dilatation, short

arrow: vacuolar degeneration) Scale bar: 50 pm.

In the histological staining performed with routine
Hematoxylin-Eosin, no histopathological picture was

found in rats’ the liver tissue in the control group.
The trailer structure formed by hepatocytes and the
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lobular structure of the tissue were normal. In DM
group rats, the most prominent findings were diffuse
degeneration and hepatocytes’ necrosis. It was found
that increased oxidative stress due to high glucose
levels in the liver tissue of the STZ group caused
nonalcoholic fatty liver, hepatocyte vacuolization,
and sinusoidal dilatation. It was also observed that
inflammatory cell infiltration increased in portal
areas. It has been determined that there is little
mitotic activity. As a result of treatment with
metformin and sitagliptin, these findings were found
to be significantly reduced. While vacuolations were
formed in the cytoplasm of hepatocytes in the STZ +
MET and STZ + STG groups, which are among the
treatment groups, it was determined that the
histopathological picture decreased significantly in
the STZ + MET + STG group and had a histological
appearance similar to the control group (Figure 1).

While the programmed cell death mechanism mostly
occurs in embryonic tissues during the prenatal
period, disruption of oxidant-antioxidant balance and
tissue damage in adult tissue are important factors
that trigger apoptosis. In hepatocellular damage,
especially oxidative stress and inflaimmation cause
hepatocytes to drift into apoptosis by cytokines
released from Kupffer cells. Failure of functional

Oxidative stress in diabetes mellitus

processes in the tissue is one of the important
triggering  conditions for apoptosis. In the
experimental diabetes model, it has been observed
that apoptosis due to oxidative stress is triggered and
the cells undergoing apoptosis increase in the tissue.
While the apoptotic process was at the highest level
in the STZ applied group, the least apoptotic cell was
found in the liver tissues of the STZ + MET + SGT
applied groups compared to the other groups. It was
observed that there were fewer STZ + MET + SGT
cells in the liver tissues of the STZ + MET active
substance groups and more apoptotic cells than the
STZ group. Among the substances applied to the
experimental groups, it was determined that the
treatment method with the most protective
properties of hepatocytes from apoptosis due to high
glucose levels of diabetes was provided with the
combination of MET + SGT. The highest
significance between TUNEL positivity groups was
determined as *** p<0.001 between STZ and control
groups. The least significance was observed between
STZ + MET and STZ + SGT groups (*p<0.05),
while it was observed as ** p<0.01 between STZ +
MET + SGT and STZ + MET groups. As a result,
the apoptotic index value was high in the STZ group
and low in the STZ + MET + SGT group (Figure 2,
Figure 3).

Figure 2. The TUNEL assay in the liver tissue (Arrow: apoptotic cells, a: control group, b: diabetic control,
c: STZ+MET treatment, d: STZ+STG treatment, e: STZ+MET+STG treatment) Scale bar: 50 pm and 20

pm.
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Figure 3. Apoptotic index of groups in liver tissues.

DISCUSSION

The STZ diabetogenic effect is caused by the excess
production of ROS, which result in the toxicity of
pancreatic cells, affecting organs such as the kidney,
liver, and hematopoietic system?”?°. The present
study illustrated that the effect of metformin and
sitagliptin against oxidative stress in diabetic rats' liver
tissue.

Lipid peroxidation begins with the attack of free
radicals on membrane lipids. Increased levels of lipid
peroxidation may have played a role in diabetes-
related tissue damage’*3!. According the results of
this study, the lipid peroxidation index of MDA
formation was significantly increased in the liver of
animals with STZ-diabetes. These results we
obtained are consistent with previous studies??33.

Oxidative stress means the lack of balance between
the cells” antioxidant capacity and the production of
ROS. Increased oxidative stress, which contributes
significantly to the pathogenesis of diabetic
complications, results from either increased ROS
production or decreased antioxidant capacity®**>.

Regarding the effect of diabetic
pharmacotherapy in the present study, metformin
and sitagliptin might affect the oxidant and
antioxidant status. In rat liver tissue, MDA, TAS,

current

TOS, and OSI of metformin plus sitagliptin
administered group returned normal levels (table 1.).
Metformin inhibits oxidative phosphorylation,
reducing cellular ATP levels, production of ROS, and
induction of DNA repair®. Sitagliptin and other
DDP4 inhibitors prevent hyperglycemia-induced OS
with a significant antioxidant effect by reversing ROS
and endoplasmic reticulum stress®’. Literature data
have shown that sitagliptin can be applied in the form
of monotherapy, as it does not interact with other
antidiabetic drugs, it can also be used in combination
therapies®. Studies conducted to determine the
relationship between sitagliptin and oxidative stress
stated that sitagliptin does not affect serum MDA
levels from oxidative parameters but increases
oxidative stress in serum by decreasing total
antioxidant level (TAS).

Further studies should be done to determine the
effect of oxidative stress in diabetes using another
antidiabetic agent%. Several studies have shown the
effect of oxidative stress on the development of
diabetes mellitus. Free radicals are produced along
with hyperglycemia and liver dysfunction, leading to
a significant reduction in hepatic antioxidants*!.

The liver is a central metabolic organ and it has been
reported that it is exposed to reactive oxygen species
formed due to oxidative damage resulting from
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diabetes*2. For this reason, it has been suggested that
apoptosis is formed in hepatocytes and endothelial
cells®, In STZ-induced diabetes studies, necrosis of
hepatocytes, inflaimmatory cell infiltration, lipidosis*,
dilatation of sinusoids and impairment in the portal
spaces reported®. In the present study, similar
findings were observed in diabetic rats. It was found
that these shaped findings decreased significantly
with MET + STG treatment. Changes in the livers of
the groups treated with metformin and sitagliptin
alone were found to be better than the
histopathological picture associated with diabetes
complications. It was observed that a much more
effective treatment was provided in the groups
treated with metformin and sitagliptin combined
therapy. Especially liver histology has become close
to normal.

The effects of diabetes on the liver are ultrastructural
changes such as autophagic vacuoles and
hypertrophy in hepatocytes. The hepatocyte nucleus
usually has an enlarged appearance, sometimes with
intranuclear inclusions and irregular contours. In the
diabetic group, cytoplasmic changes are seen as
reduced glycogen granules and underdeveloped
granular endoplasmic reticulum*. In our study,
widespread  degeneration  was  observed in
hepatocytes of diabetic rats under light microscopy.
The perisinusoidal fibrous and collagenous material
increase was not observed in any group. A previous
study reported fibrosis in the diabetic liver 4O.
However, some authors claimed that there was no
direct relationship between the fibrosis in the diabetic
liver and diabetes, but it is caused by liver vascular
anomalies and genetic predisposition in the studied
rat strain?’. The findings on the liver in our study
showed that fibrosis did not show a severe spread,
but hepatocyte degeneration occurred with nuclear
changes. In particular, cytoplasmic vacuolization was
similar to the findings in other studies. When the
literature information was examined, it was
determined that the production of free oxygen
radicals was accelerated in STZ-induced diabetic rats
and type 1 and type 2 diabetes patients. Along with
the increase in the lipid peroxidation level caused by
increased oxidative stress, impairments in glutathione
homeostasis are also detected. These redox status
changes were observed in the erythrocytes of rats
treated with STZ and of both types of diabetes
patients. Melatonin administration is effective in
protecting glutathione homeostasis disorders that
occur with diabetes. After melatonin administration,
an increase in diabetic animals’ GSH level has been
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shown in the kidney, liver, brain, heart tissues and
plasma*®-30, It was determined that our findings were
compatible with the type 1 diabetes model created by
STZ and that biochemical parameters increased with
oxidative stress. It was also confirmed by the
TUNEL technique that tissue damage triggers
apoptosis with oxidative stress. It was observed that
apoptosis decreased at the highest level with MET +
STG treatment.

The limitation of this study, with a low dosage of
sitagliptin and metformin used herein, more caution
should be exercised in the dosage used in humans.
Such limitations should be addressed in future clinical
trials.

In conclusion, this study showed that combination
therapy with metformin and sitagliptin could
effectively protect against oxidative damage in liver
tissue of rats with STZ-induced diabetes. The
enzymatic and non-enzymatic antioxidant defense
system could be improved, and lipid peroxidation
could be prevented using this combined therapy.
These observations suggest that a preferable drug(s)
for diabetic patients are sitagliptin or metformin.
Further studies should be done for clarification of
the mechanism and potential of antidiabetic drugs.
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