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ABSTRACT

Objective: The aim of the study is to investigate the effect of
ghrelin treatment on regulation of cell survival, inflamma-
tion and oxidative stress in the rat liver of type-2 diabetes
model.

Materials and Methods: Twenty-one male Sprague-Daw-
ley rats (8-10 weeks old) were divided into three groups:
control, type-2 diabetes (T2D) and T2D+Ghrelin (25 ug/kg
with intraperitoneal (i.p) injection for two weeks). Type-2
diabetes was induced by feeding 10% fiructose solution in
drinking water for 2 weeks and followed by a single i.p injec-
tion of streptozotocin (40 mg/kg). Control animals received
tap water. The liver samples were obtained from rats at the
end of experiment. Glutathione (GSH), lipid peroxidation
(LPO) and protein carbonyl (PCO) levels were measured
in liver tissue. Matrix metalloproteinases (MMP-2 and -9),
nuclear factor kappa B (NF-xB), peroxisome proliferator-
activated receptor gamma (PPAR-y), interleukin 6 (IL-6)
and proliferating cell nuclear antigen (PCNA) expressions
were determined by immunohistochemical methods.

Results: The number of MMP-2, MMP-9, NF-kB, PPAR-y
and IL-6 immunopositive cells increased in the diabetic
rat liver as compared to control. The ghrelin treatment
significantly reduced the numbers of MMP-2, MMP-9, NF-
kB, PPAR-y and IL-6 immunopositive cells in diabetic rat
liver. However, the number of PCNA immunopositive cells
increased in diabetic rats treated with ghrelin. Therapeutic
effect of ghrelin was not shown in terms of the biochemi-
cal parameters including GSH and LPO but PCO levels
decreased in the liver.

Conclusions: According to our findings, ghrelin treatment
could prevent diabetes-induced inflammation in the liver.
However, this treatment did not adequately affect oxidative
stress in diabetic rats.

Keywords: Ghrelin, inflammation, matrix metalloprotei-
nases, oxidative stress, type-2 diabetes
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Tip 2 Diyabetik Sican Karacigerinde Ghrelin Tedavisinin
Hiicre Sagkalimi ve Inflamasyonu Uzerine Etkileri

Amag: Calismamizin amaci, tip 2 diyabet modeli sican
karacigerlerinde ghrelin uygulamasimin hiicre sagkalimi,
inflamasyon ve oksidatif stres diizenlenmesi iizerine etkile-
rinin incelenmesidir.

Gere¢ ve Yontemler: 21 adet Sprague-Dawley sicanlar
(8-10 haftalik) iic gruba ayrildi: Kontrol, tip-2 diyabet
(T2D) ve T2D+Ghrelin (25 nug/kg iki hafta boyunca intra-
peritoneal (i.p.) olarak enjekte edildi). Tip-2 diyabet %10
fruktoz soliisyonunun iki hafta boyunca i¢cme suyuna katil-
masini takiben tek doz i.p. streptozotosin (40 mg/kg) enjek-
te edilmesi ile olugturuldu. Kontrol hayvanlara ¢cesme suyu
verildi. Deney sonunda karaciger doku ornekleri alind:.
Glutatyon (GSH), lipid peroksidasyonu (LPO) ve protein
karbonil (PCO) seviyeleri karaciger dokusunda él¢iildi.
Matriks metalloproteinaz (MMP-2 ve MMP-9), nuklear
faktor kappaB (NF-kB), peroksizom proliferator-aktive re-
septor gama (PPAR-y), interlékin 6 (IL-6), ve prolifere hiic-
re nukleus antijeni (PCNA) ekspresyonlart immunohisto-
kimyasal metod ile belirlend.

Bulgular: MMP-2, MMP-9, NF-kB, PPAR-y ve IL-6 immiin-
pozitif hiicre sayisi diyabetik sican karacigerinde kontrole
gore artti. Ghrelin tedavisi diyabetik si¢can karacigerinde-
ki MMP-2, MMP-9, NF-kB, PPAR-y ve IL-6 immiinpozitif
hiicre sayilarint onemli derecede azaltti. Fakat ghrelin uy-
gulanan diyabetiklerde PCNA immiinpozitif hiicre sayist
arttr. Sican karacigerinde ghrelinin tedavi edici etkisi GSH
ve LPO parametreleri icin anlamli bulunmad: fakat PCO
seviyesi azaldt.

Sonug¢: Bulgularimiza gére, ghrelin tedavisi karacigerdeki
diyabetin neden oldugu inflamasyonu énleyebilir. Fakat bu
tedavi diyabetik sicanlarda oksidatif stresi yeterince etki-
lemedi.

Anahtar kelimeler: Ghrelin, inflamasyon, matriks metal-
loproteinazlar, oksidatif stres, tip-2 diyabet
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INTRODUCTION

Diabetes mellitus is one of the most important public
health problems in the worldwide. Diabetes is a chro-
nic illness that occurs either when insulin is not pro-
duced enough by the pancreas, or the body is unable to
use the insulin. The majority of people with diabetes
(90-95%) are affected by type 2 diabetes that is known
as non-insulin-dependent 2. The liver disease occurs
as a result of diabetes. In type-2 diabetes (T2D), an
important cause of death is liver diseases ©.

Ghrelin, a gastric peptide hormone, is mostly pro-
duced in stomach and less in the small intestine and
colon. Ghrelin may also be expressed in many tissues
such as pancreas, pituitary, hypothalamus, lung, heart,
and several tissues in the periphery *®. Recent studi-
es have suggested that ghrelin has wide physiological
actions in the regulation of gastrointestinal, glucose
homeostasis, immune functions, cardiovascular func-
tions, antioxidant defense and bone formation ©¢®.

The strong evidences have emerged demonstrating a
close relationship between metabolic processes and
inflammation. The inflammatory reaction plays a role
in the pathogenesis of T2D @19, Furthermore, there is
an association between oxidative stress and inflam-
mation. Oxidative stress leads the development and
progression of inflammation, and thus contributes
to the pathophysiology of diabetes (V. A condition
known as oxidative stress is caused by impaired un-
balance between free radicals and antioxidants. Free
radicals may show adverse effects on lipids, proteins
and DNA, which are associated with changes in their
structure and functions, and thus cause many disease
(2 Free radicals-induced disruption of cell organelles
and membranes leads to hepatocyte injury, the conse-
quences of which cause programmed or necrotic cell
death 19,

In the present study, we aimed to clarify the ghrelin
treatment ability in regulation of cell survival and
inflammation in liver of type 2 diabetic rats. There-
fore, the changes of oxidative stress and matrix me-
talloproteinases (MMP-2 and MMP-9), nuclear factor
kappa B (NF-kB), peroxisome proliferator-activated
receptor gamma (PPAR-y), interleukin 6 (IL-6), and
proliferating cell nuclear antigen (PCNA) expressi-
ons were investigated.
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MATERIALS and METHODS
Animal model and treatment

Twenty-one male Sprague-Dawley rats (8-10 weeks
old) were housed individually under 12 h light, 12 h
dark cycles at a constant temperature and humidity
with ad libitum access to food and water. All studies
were performed according to the guidelines of Istan-
bul University, Local Ethics Committee on Animal
Research.

The animals were randomly divided into three gro-
ups of seven rats as control, type II diabetes and type
IT diabetes+Ghrelin. Control group drank tap water.
Type 1I diabetes (T2D) was induced by feeding 10%
fructose solution (Merck, 104005) in drinking water
for 2 weeks and followed by a single intraperitoneal
(i.p) injection of streptozotocin (40 mg/kg, Sigma-
Aldrich, S0130) ¥, The rats with blood glucose le-
vels 200 mg/dL or more were accepted as diabetic.
In type II diabetes+Ghrelin (T2D+Ghr) group, dia-
betic rats were received 25 pg/kg ghrelin (AnaSpec,
24160) with i.p. injection for two weeks. At the end
of the experiment, the liver tissue samples were ob-
tained from rats under ketamine-HCI (50 mg/kg, Ke-
talar, Pfizer) and xylazine hydrochloride (10 mg/kg,
Rompun, Bayer) anesthesia.

Immunohistochemistry

Liver samples were fixed with 10% neutral formalin
for 24 h. After graded alcohol dehydration, the tis-
sue samples were embedded with paraffin, and then
cut in 4-um sections for immunostaining of MMP-2,
MMP-9, NF-kB, PPAR-y, IL-6, and PCNA by using
streptavidin-biotin-peroxidase technique.

For immunohistochemistry staining, tissue sections
were dewaxed and rehydrated, and then the antigens
were unmasked in 0.01 M citrate buffer (pH 6.0) by
microwave and the sections were treated with hydro-
gen peroxide to quench the endogenous peroxidase
activity for labeling of all antibodies. Histostain Plus
Broad Spectrum Kit (Invitrogen, 859043) and MMP-2
antibody (Santa Cruz sc-13595; 1:40 dilution, over-
night at room temperature), MMP-9 antibody (Santa
Cruz sc-21733,1:40 dilution, overnight at room tem-
perature), PCNA antibody (Thermo MS-106-p, 1:400
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dilution, for 30 min at 25°C and then overnight at
+4°C), IL-6 antibody (Santa Cruz sc-1265-R; 1:50
dilution, for 120 min at 25°C and then 48 h at +4°C),
NF-xB antibody (Santa Cruz sc-8414; 1:40 diluti-
on, for 120 min at 30°C and then 48 h at +4°C) and
PPAR vy antibody (Santa Cruz sc-7273; 1:40 dilution,
120 min at 30°C and then 48 h at +4°C) were used
for labeling. Finally, the signals were visualized by
a 3-amino-9-ethyl carbazole substrate kit (Invitro-
gen, 00-2007). The sections were counterstained in
Mayer’s hematoxylin.

Slides were imaged with a Nikon Eclipse 80i light
microscope equipped with a digital camera (DS-U2,
Nikon). In each slide, ten randomly selected areas
were evaluated and the numbers of the immunopo-
sitive cells and staining intensities within these areas
were determined. The intensity of immunostaining
was semiquantitatively evaluated by the following
categories: 0 (negative), + (weakly positive), ++

T2D group

T2D + ghrelin group

Figure 1. Immunopositive cells (arrow) for matrix metalloproteinase(MMP) -2 and MMP-9 in

(positive), +++ (strongly positive), and ++++ (very
strongly positive).

Biochemical assays

For biochemical analysis, liver tissue samples were
frozen in liquid nitrogen and then stored at -80°C un-
til the day of experiment. The liver tissues were ho-
mogenized in cold 0.9% NaCl and made up to 10%
homogenate. The homogenates were centrifuged, and
the clear supernatants were used for determination of
protein, glutathione (GSH), lipid peroxidation (LPO)
and protein carbonyl (PCO) levels.

GSH levels were assayed in liver tissues by the met-
hod of Beutler . LPO levels in homogenates were
determined by Ledwozyw’s method 9. PCO levels
were estimated by the method of Reznick and Packer
(7, The protein content in the supernatants was deter-
mined according to Lowry’s method %,

livers of T2D group and T2D+ghrelin

group. Streptavidin-biotin-peroxidase technique, counterstain hematoxylin. Scale bar = 10 pm.
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Statistical analysis

Statistical calculations were carried out using SPSS
software (version 21.0, SPSS). Experimental data
were expressed as the mean + standard error of the
mean (SEM). The statistical analysis was performed
for statistical significance using one-way analysis
of variance (ANOVA), followed by Tukey’s post-
hoc test. The differences were considered significant
when the P value was <0.05.

RESULTS

The immunoreactivity of liver cells against MMP-2,
MMP-9, NF-«kB, PPAR-y, IL-6, and PCNA peptides
are depicted in Figures 1, 2 and 3. The number of im-
munopositive cells and the staining intensity of the
antibodies are presented in Table 1 and 2, respecti-
vely.

T2D group

T2D + ghrelin group

¥ L b F :
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The number of MMP-2 and MMP-9 immunopositi-
ve cells increased in T2D group comparison to the
control group (P<0.001). Ghrelin treatment reduced
the number of MMP-2 and MMP-9 immunopositive
cells in diabetic rats (P<0.001 and P<0.01). Similar
findings were also observed in immunopositive cell
numbers of NF-kB, PPAR-y, and IL-6. Type-2 dia-
betes increased the positive cell numbers of NF-«B,
PPAR-y, and IL-6 (P<0.001, P<0.001, and P<0.01).
However, the increased positive cell numbers of NF-
kB, PPAR-y, and IL-6 in diabetic animals were dec-
reased with ghrelin treatment (P<0.001, P<0.001, and
P<0.01). The proliferation-associated peptide PCNA
was mainly localized in cell nucleus but it rarely fo-
und in cytoplasm. The number of PCNA immunopo-
sitive cells showed an increase in diabetic rats treated
with ghrelin as compared to T2D animals (P<0.05)
(Table 1).

Figure 2. Nuclear factor kappa B (NF-kB) and peroxisome proliferator-activated receptor gamma (PPAR-y) immunopositive cells
(arrow) are seen in liver. Streptavidin-biotin-peroxidase technique, counterstain hematoxylin. Scale bar = 10 pm.
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T2D group

T2D + ghrelin group

Figure 3. Immunopositive cells for interleukin 6 (IL-6), and proliferating cell nuclear antigen (PCNA) in rat livers. Streptavidin-biotin-

peroxidase technique, counterstain hematoxylin. Scale bar = 10

pm.

Table 1. Immunopositive cell numbers of matrix metalloproteinase (MMP) -2 and -9, nuclear factor kappa B (NF-kB), peroxisome
proliferator-activated receptor gamma (PPAR-y), interleukin 6 (IL-6) and proliferating cell nuclear antigen (PCNA).

MMP-2* MMP-9* PPARYy* NF-xB* IL-6* PCNA*
Control 0.04+0.03 0.26+0.20 0.14+0.01 0.19+0.09 0.19+0.12 10.56+1.74
T2D 9.86+1.37¢ 4.49+0.92¢ 4.03+0.74° 6.51+1.05° 1.3140.40¢ 30.48+3.06°
T2D+Ghr 0.54+0.20° 1.4340.49¢ 0.71+0.24° 1.73+0.40° 0.07+0.03¢ 40.47+3.28%¢
P vova <0.001 <0.001 <0.001 <0.001 <0.01 <0.001
*Mean + SEM.

P<0.001 vs. control group, ®P<0.001 vs. T2D group, °P<0.01 vs. T2D group, ‘P<0.01 vs. control group, ‘P<0.05 vs. T2D group

The immunostaining intensities of MMP-2, MMP-9,
NF-kB, and PPAR-y were very strongly positive in
diabetic group. However, ghrelin administration re-
duced the immunostaining intensities of MMP-2,
MMP-9, NF-xB, and PPAR-y. The immunostaining
intensities of MMP-9 and NF-xB changed as posi-
tive and MMP-2 and PPAR-y were weakly positive
in T2D+Ghr group. The immunostaining intensity of
IL-6 was positive, and PCNA intensity was strongly

positive in T2D animals. While ghrelin treatment dec-
reased IL-6 intensity as weakly positive, it increased
PCNA intensity as very strongly positive (Table 2).

A significant alteration in liver GSH and LPO levels
was not shown. On the other hand, PCO level of li-
ver showed a decrease in diabetes treated with ghrelin
when compared to T2D group (Table 3).
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Table 2. Intensities of immunostaining were shown and scored
for each group.

MMP-2 MMP-9 PPARy NF-kB IL-6 PCNA

Control + + + + + ++
T2D ++++ +++ A +++
T2D+Ghr + ++ + ++ + -+

Table 3. Glutathione (GSH), lipid peroxidation (LPO) and pro-
tein carbonyl (PCO) levels in liver.

GSH LPO PCO

(nmol/mg (nmol/mg (nmol/mg

protein)* protein)* protein)*
Control 2.14+0.35 0.39+0.02 0.80+0.09
T2D 4.34+1.11 0.43+0.03 0.65+0.09
T2D+Ghr 5.99+1.40 0.41+0.06 0.33+0.05*°
PANOVA >0.05 >0.05 <0.01
*Mean = SEM.

“P<0.01 vs. control group, "P<0.05 vs. T2D group

DISCUSSION

The dysregulation of hepatic glucose release contribu-
tes significantly to the pathophysiology of diabetes ).
Type-2 diabetes has also been recognized as a risk fac-
tor for the development of liver injury ®. Furthermore,
the evidences have shown that a chronic, sub-acute inf-
lammatory state is associated with metabolic disease
such as T2D, obesity and metabolic syndrome @,

Many members of MMP family are not expressed in
healthy tissues. On the other hand, MMPs are expres-
sed in tissue injury and disease development. Exces-
sive MMPs expressions are related with degenerative
and inflammatory diseases such as liver injury and
cancer. Many MMPs are regulated by inflammatory
cytokines during tissue injury 22, Bruschi et al.
suggested that MMP-2 and MMP-9 can be considered
as inflammatory markers in their study on infected
mice. Furthermore, MMP-2 and MMP-9 may trigger
the caspase-mediated cell death ®¥. In the studies on
diabetes, while MMP-2 and MMP-9 levels did not
show a significant difference in plasma, their expressi-
on levels increased in cultured cells ?>29, In the present
study, MMP-2 and MMP-9 expressions significantly
increased in liver cells with diabetes. The excessive
expression of MMP-2 and MMP-9 in liver cells with
diabetes may be caused by progression of diabetes-
induced inflammation. Ghrelin treatment contributes
a significant reduction of MMP-2 and MMP-9 expres-
sions in the liver of type 2 diabetic rats.
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In cell death pathway, the activation of nuclear factor
kappa B (NF-«xB) is triggered following TNF receptor
activation. So, NF-kB goes to the nucleus and then,
NF-kB activates the genes, which act to block TNF-
induced apoptosis. In resting cells, NF-kB is an inac-
tive form in the cytoplasm !**”. TNF-induced NF-«xB
activation regulates the expression of anti-apoptotic
proteins, such as Bcl-2 family members and prevents
TNF-induced apoptosis @®. In addition, the NF-xB
pathway is a pro-inflammatory signaling pathway
and based on the NF-xB activation. NF-xB may be
considered as a target for anti-inflammatory drugs .
Cai et al. @ suggested that NF-xB is a regulator of
inflammation and controls the production of inflam-
mation, cytokines, such as IL-6 and TNF. IL-6 is a
member of the pro-inflammatory cytokine family and
has a potential role in development liver injury ©°.
IL-6 concentration in blood increases in type 2 diabe-
tes GV, According to study on rats, IL-6 mRNA exp-
ression of pancreas is higher in STZ-induced diabetes
as compared to healthy rats ». PPAR-y, a transcripti-
on factor, is a member of the nuclear receptor super-
family. PPAR-y has been known as anti-diabetic drug
marker. PPAR-y has a role in the immune response
due to leading inhibition of inflammatory cytokines
expression @Y. We observed that NF-xB expression
was higher in diabetic liver, largely is found in the
cell cytoplasm. Therefore, it is considered that NF-xB
may be a significant target especially in the regulation
of inflammation. Furthermore, the NF-kB expression
in the diabetic liver was decreased with ghrelin treat-
ment. Similarly, the increased expression of IL-6 and
PPAR-y was decreased with ghrelin administration in
the liver cells of diabetic rats. The ghrelin may act
as an anti-inflammatory agent in the liver with type
2 diabetes.

It is known that necrotic deaths are associated with
inflammation and enhanced pro-inflammatory res-
ponses but not apoptotic deaths. Apoptotic death is
a physiological cell death and associated with anti-
inflammatory signaling activity ¥. Increased inflam-
mation markers including MMP-2, MMP-9, NF-«kB,
PPAR-y, and IL-6 may indicate the necrotic cell death
in the liver with type-2 diabetes. PCNA has a wide
range of function in the cell nucleus. It is also found
in the cytoplasm. The Naryzny and Lee suggested
that PCNA in cytoplasm has been associated with
cytoplasmic oncoproteins 9. An increase of PCNA
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expression by immunohistochemical staining was de-
termined in the diabetic rat liver. PCNA expression
may increase due to DNA repair in damaged hepa-
tocytes during liver injury by diabetes. Ghrelin treat-
ment may accelerate DNA repair mechanism.

Oxidative stress is characterized by increased reactive
oxygen species (ROS) level in tissues and reduction
in their antioxidant defense. There is a positive rela-
tionship between oxidative stress and hyperglycemia.
The oxidative unbalance in hepatocytes can cause the
development of the liver disease in diabetes ¢®. GSH
can inhibit free radical-mediated injury by eliminating
reactive oxygen species. Oxidative stress increases li-
pid peroxidation and modification of cellular proteins
@7, Picazo et al. ®® showed that oxidative stress pa-
rameters are higher in type 2 diabetic patients. In our
previous study, we observed that GSH level decrea-
sed and LPO level increased in STZ+NAD-induced
diabetic rat pancreas ¢?. In present study, a signifi-
cant change did not show in GSH and LPO levels of
diabetic rat liver. However, a reduction in PCO le-
vels was determined in liver with T2D. In addition,
ghrelin treatment further reduced liver PCO levels in
diabetic rats. Ghrelin is able to regulate PCO levels in
liver of fructose+STZ-induced rats.

Taken together, the findings from our study demons-
trate that diabetes causes highly inflammation in he-
patocytes. Ghrelin administration may prevent incre-
ased inflammation and, reduced the complication of
diabetes in rats. Furthermore, ghrelin may promote
cell survival in type 2 diabetes-induced liver injury.
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