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Abstract

Background: Non alcoholic fatty liver disease (NAFLD)
is an increasing health problem which affects about 1/3 of the
population worldwide, it is strongly associated with metabolic
syndrome with oxidative stress and insulin resistance are the
mechanisms mostly involved in its pathogenesis. Dipeptidyl
peptidase-4 inhibitors are antidiabetic agents expected to have
beneficial effects beyond their glycemic control.

Aim of the Study: The present work was designed to study
the beneficial effects of sitagliptin (a DPP-4I) on a dietary
model of NAFLD.

Material and Methods: 30 male albino rats were allocated
in 3 groups. The effects of sitagliptin, was assessed in groups
II1. Body weight and blood pressure were recorded and blood
samples were tested for total cholesterol, triglycerides and
liver transaminases, glucose and insulin levels. Livers for
GSH, MDA, TGF-B and DPP-4 activity and for histopatholg-
ical examination. Aortae were removed for in vitro vascular
reactivity studies.

Results: Induction of NAFLD model by HFD for 20 weeks
resulted in significant increase in body weight, blood pressure,
liver index and epididymal weight. Significant reduction of
these parameters was observed with 4 week treatment with
sitagliptin. There was significant increase in all biochemical
parametres in HFD fed rats compared to that of normal with
significant improvement in sitagliptin treated group. HFD
model groups showed notable steatosis, lobular inflammation
and fibrosis which was improved with sitagliptin use. Also
NAFLD rats developed endothelial dysfunction which was
significantly ameliorated in sitagliptin treated group.

Conclusion: The results of the present work showed that
the DPP4Is have the potential to favorably influence the course
of NAFLD process and its complications. DPP4I (sitagliptin)
has many beneficial effects including scavenging of free
radicals, and enhancing the activity of antioxidant effects.
Large clinical trials are needed to determine the effectiveness
of DPP-4 inhibitors for the prevention and treatment of NAFLD
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Introduction

NON ALCOHOLIC fatty liver disease (NAFLD)
is one of the most common causes of chronic liver
disease worldwide which used to be considered
the leading cause of chronic liver damage in the
Western countries and with the spread of western-
ized life style, NAFLD is exhibiting an increasingly
universal distribution [1].

NAFLD encompasses a wide spectrum of liver
diseases ranging from simple steatosis to nonalco-
holic steatohepatitis, which may progress to liver
cirrhosis, potentially leading to decompensated
liver disease, hepatocellular carcinoma (HCC) and
liver related mortality [2].

NAFLD is strongly associated with several
aspects of metabolic syndrome, i.e., obesity, dysl-
ipidemia, insulin resistance and concomitant glu-
cose intolerance, including T2DM [3] . Therefore,
improvement of these medical conditions may be
beneficial to ameliorate NAFLD.

Treatment of NAFLD includes sustained weight
loss which seems to improve insulin resistance
associated with NAFLD. Several pharmacological
agent have been studied including insulin sinsitizing
agents, lipid lowering agents, antioxidants, probi-
otics and cytoprotectives.

Sitagliptin, a dipeptidyl peptidase 4 (DPP4)
inhibitor, is a new class of antidiabetic agents
commonly used in practice in treatment of T2DM.
It is one of the best known glucagon like peptidel
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(GLPL), enhancers, due to the inhibition of DPP4
activity, which is responsible for the degradation
of GLP1 [4].

Recently, incretins have been reported to have
various bioactivities, not only in pancreas cells,
but also outside the pancreas. Moreover, several
studies have revealed the potential role of incretin
based therapiesin treatment of NAFLD (Klein et
al., 2014). DPP4 inhibitors may be able to attenuate
the pathology of NAFLD in patient because it was
found that these patient have increased DPP4
activity. Sitagliptin has been shown to prevent the
development of hepatic steatosis induced by a
fructose rich diet. However, the beneficial effects
of DPP4 inhibition on diet induced effects, espe-
cialy on liver tissue inflammation, fibrosis, oxi-
dative stress remains poorly understood [5].

Material and Methods

The study was conducted in the Pharmacol ogy
Department, Faculty of Medicine, Cairo University
in aduration of 5 months started from March 2016
to the end of July 2016.

Drugs and chemicals used.:

Sitagliptin Merck Sharp & Dohme (Italy) a
subsidiary of Merck & Co., Inc. (MSD Company)
powder dissolved in distilled water. It was given
to rats by means of oral gavage in adose of 10mg/
kg/day in atotal volume of 1ml [g].

High fat diet (HFD):
Consists of the standard crushed rat chow diet

plus 10% animal fat and 2% cholesterol (Sigma-
Aldrich-Egypt), [9].

Phenylephrine (Sgma-Aldrich-Egypt):
The drugs were supplied in powder form and
were freshly prepared in distilled water.

Krebs solution: For usein thein-vitro experi-
ments on isolated aortic ring preparation. It has
the following composition per liter distilled water

NaCl 5.5g/I - KCI 0.35¢/I - CaCl2 0.289/I -
MgSO4 0.14g/l - KH2PO4 0.16g/I - NaHCO3
2.1g/l - Glucose 2g/1.

Kits:
- Serum Cholesterol & Triglyceride assessment
Kit, SIGMA-Aldrich-Egypt.

- Alanine Aminotransferase (ALT) & Aspartate
Aminotransferase (AST) Activity Assay Kit SIG-
MA-Aldrich-Egypt.

- Serum insulin ELISA Kit (Ray Bio®- Rat Insulin,
USA).

- Glucose Assay Kit (Sigma-Aldrich-Egypt).

- Maondialdehyde (MDA) (Ray Bio® Rat MDA,
USA).

- Tissue reduced glutathione GSH ELISA kit (Ray
Bio®- Rat GSH, USA).

- Tissue Transforming Growth Factor-B (TGF-B)
ELISA kit (RayBio®- Rat TGF-B, USA). Growth
Factor-B (TGF-B) ELISA kit (RayBio®-Rat
TGF-B, USA).

- Dipeptidyl peptidase-4 (DPP4) Activity Assay
Kit (Ray Bio®- Rat DPP4, USA).

Animals used:

This study included 30 adult male albino rats
with an average weight of 180-200g. The animals
were kept on al 2-h light/dark cycle (lights on from
08:00am) at a constant ambient temperature
(24%1°C), The animals were handled according to
the guide lines of local ethical committee which
comply with the international laws for use and care
of laboratory animals. The animals were divided
into 5 groups (12 rats each).

Group | (Negative control group):

Rats were fed with the standard rat chow for
16 weeks and 1ml/kg/day of distilled water were
administrated orally to these animals for additional
4 weeks which served as a negative control

Group Il (Animal model of high fat diet (HFD)
induced non- alcoholic fatty liver disease (positive
control):

Rats had free access to modified HFD in pellet
form for 20 weeks with oral distilled water (1ml/kg/
day) in thelast 4 weeks [7].

Group I11I:

Rats received the HFD for 20 weeks with ad-
ministration of sitagliptin in a dose of 10mg/kg/
day by means of oral gavage together with (HFD)
daily for the last 4 weeks [6].

Methods:

The HFD was prepared by mixing 2g cholesterol
and 10g animal fat with 88g normal crushed pellet
chow. The HFD was composed of the following
energy sources: 52% was provided by carbohy-
drates, 30% by fat, and 18% by protein(overall
calories: 4.8kcal/g). The negative control rats were
fed normal rat pellet chow, which contains 67%
carbohydrates, 10% fat, and 23% protein as the
energy sources (overal calorie: 3.6 kcal/g) [7].
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Outcome measures:
& Invivo measures;

Body weight recordings were done to rats of
all groups at the beginning and at the end of the

study.

Blood pressure was monitored; at the beginning
of the study and at the end using the non-invasive
rat tail cuff blood pressure measuring system (Har-
vard Apparatus Ltd, Edenbridge, Kent, England).
In the tail-cuff technique, animals were warmed
for 30min at 28°C in athermostatically controlled
heating cabinet (UgoBasille, Italy) for detection
of tail artery pulse, the tail was passed through a
miniaturized cuff and atail-cuff sensor that was
connected to an amplifier (ML 125 NIBP, AD
Instruments, Australia).

* Mean arterial pressure (MAP) was calculated
using the equation:

* MAP = Diastolic blood pressure +1/3 (systolic
blood pressure-diastolic blood pressure).

b- Collection of blood samples for biochemical
analysis:
Venous blood samples were obtained from all
animals at the end of the experiment.

Procedure:

The animals were lightly anaesthetized then
venous samples were collected by means of capil-
lary glass tubing from the retro-orbital plexus.
Serum samples were analyzed for the measurement
of:

* Serum total cholesterol (TC), Serum triglyceride
(TG).

» Serum alanine aminotransferase (ALT), serum
aspartate aminotransferase (AST).

» Serum insulin level, fasting blood glucose.

c- Determination of liver index, oxidant, antioxidant
parameters, level of TGF-B and DPP-4 activity:

Liver was quickly removed and weighed for
calculation of liver index (LI), itis calculated as
liver weight/body weight x100%).

Part of the liver tissues was snap frozen in
liquid nitrogen for analysis of:

* Hepatic levels of malondialdehyde (MDA).
* Hepatic levels of reduced glutathione (GSH).

* Hepatic levels of transforming growth factor B
(TGF-B).
* Hepatic levels of DPP-4.

1067

d- Determination of visceral obesity:

The epididymal fat was removed and measured,
and used as an indicator for visceral adipose tissue.

e- Pathological examination:

A small piece of liver wasimmediately fixed
in 10% neutral-buffered formalin then embedded
in paraffin wax. For light microscopic analysis of
liver histology, the paraffin-embedded liver tissues
were cut into 4um sections, and standard hematox-
ylin-eosin (H& E) staining was performed. Hepatic
fibrosis was assessed by Masson trichrome stain.

The liver sections were scored according to the
NAFLD Activity Score (NAS), which includes the
features of active liver injury. The score is defined
as the sum of the scoresfor steatosis (0-3) hepatic
steatosis; Score 0O, no fat; score 1, steatosis occu-
pying less than 33% of the hepatic parenchyma;
score 2, 34-66% of the hepatic parenchyma; score
3, more than 66% of the hepatic parenchyma,
lobular inflammation (0-3) inflammatory cell in-
filtration: Score O: None; score 1, 1-2 foci/field;
score 2,3-4 foci/field; score 3, more than 4 fo-
ci/field, and hepatocellular ballooning (0-2); is
evaluated for zonal location, and the estimate of
its severity is based on the numbers of hepatocytes
showing this abnormality (score 1=few ballooned
cells, score 2=marked ballooning) thus ranging
fromOto 8 [g].

The staging of hepatic fibrosis was investigated
by Masson staining as:

- Stage 1: Perisinusoidal/pericellular fibrosis;
focally or extensively present (lesion in the central
vein areq).

- Stage 2: Zone 3 perisinusoidal/pericellular fibrosis
with focal or extensive periportal fibrosis (lesion
in the central vein area and expansion to thesur-
rounding area).

- Stage 3: Portal fibrosis with focal or extensive
bridging fibrosis.

- Stage 4: Cirrhosis. Table (4) [8,9].

f- Invitro study:

Vascular reactivity studies of isolated rat aorta
to examine endothelial dysfunction induced by
HFD.

Rats were anesthetized with intraperitoneal
sodium pentobarbital (35mg/kg) then sacrificed.
The thoracic aorta was quickly removed, cleaned
of adhering fat and connective tissue. Ring seg-
ments (3-5mm) were mounted between two stain-
less steel wiresin 10-ml organ baths filled with
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modified Krebs solution, under passive tension of
1g for 45min. The rings were maintained at 37°C
and gassed with a 95% O2 and 5% CO2 mixture
(pH=7.4). The contractile response (isometric
tension, in g) was measured by aforce transducer
coupled to data acquisition system and analysis
software (powerlab) ADInstruments. Organ bath
4/30, ML 221 (Australia) transducer (TR 1201Pan
lab, Spain).

After 45 minutes of equilibration; aortic rings
were challenged with phenylephrine to assure the
good contractile condition of the preparation [10].
A dose response curve of the preparation from
different groups was done to Phenylephrine induced
contractile response

Satistical analysis:

The data was coded and entered using the sta-
tistical package SPSS version 15. The datawas
presented as: Mean and standard deviation, for
quantitative variables and number and percentage
for qualitative values. Statistical differences be-
tween groups were tested using Chi Square test
for qualitative variables, independent sample t-
test and ANOV A (analysis of variance) test with
post Hoc Bonferroni test for quantitative variables.

p-value <0.05 was considered statistically sig-
nificant.

Results

The body weight (BW) changes and the mean
arterial pressure were measured to all rats of the
study groups at the beginning and the end of the

study.

Feeding rats with high fat diet (HFD) for 20
weeks in group |1 resulted in significant increase
in the mean body weight and the mean arterial
pressure (MAP) at the end of the 20th week com-
pared to that of the control group. Administration
of sitagliptin for 4 weeks resulted in a significant
reduction of the mean BW and an insignificant
change of the mean (MAP (Tables 1,2).

Feeding rats with HFD resulted in increase in
visceral adiposity as indicated with significant
increase in epididymal fat weight and liver index
compared to that of control group. Treatment with
sitagliptin resulted in significant reduction of
epidydimal fat weight and liver index compared
to HFD fed non treated group (Table 3).

Regarding the different biochemical parameters,
feeding rats with HFD for 20 weeks (group I1)
resulted in significant elevation of fasting blood

glucose level with significant rise of serum insulin
level aswell as significant elevation of serum
cholesterol and triglesyrides, there was al so signif-
icant elevation of serum liver enzymes ALT, AST
compared to that of the normally fed control rats.

Giving sitagliptin orally for 4 weeks resulted
in significant reduction of fasting blood glucose
and serum insulin levels.

Giving sitagliptin resulted significant reduction
of serum cholesteral, triglyseridesand AST, ALT
compared to HFD fed non treated group.

Regarding the oxidant antioxidant parameters
measured in liver tissue there was significant
elevation of hepatic MDA levels and significant
reduction of reduced glutathione levels (GSH) in
liver tissue of rats of HFD fed non treated group
compared to the normal control with significant
reduction of MDA levels and significant elevation
of GSH levels with treatment with sitagliptin.

Feeding rats with HFD for 20 weeks resulted
in significant elevation of hepatic TGF-B and DPP-
IV levels compared to normally fed control group,
with significant reduction of their values with
treatment with sitagliptin compared to HFD fed
non treated group (Table 4).

Table (1): Effect of treatment with sitagliptin (10mg/kg/day)
together with high fat diet HFD for 4 week preceded
by 16 weeks of HFD only on the mean body weight
of abino rats.

The mean body weight (g) +SD

Groups At the beginning oﬁé(g?r?v?/ne:k
Group | (control) 191+8.43 371195

Group Il (HFD) 193.3+8.5 438.3+12.3*
Group 111 193.4+9.2 396.3+11.4#

(sitagliptin treated)

Data are represented as mean = SD.

n=10.

*=Significant change compared to group | ( p-value <0.05).
# = Significant change compared to group |1 (p-vaue <0.05).

Table (2): Effect of treatment with sitagliptin (10mg/kg/day)
together with high fat diet HFD for 4 week preceded
by 16 weeks of HFD only on the mean arterial
pressure (MAP) of albino rats.

The mean value of the mean arterial pressure
(MAP) (mm hg) £SD

Groups At the beginning ofp\é(t)?ﬁv?/negk
Group | (control) 86.08+1.49 87.91+1.44
Group Il (HFD) 86.25+1.92 143.55+5.28*
Group 111 86.5£18 133.66+5.86

(sitagliptin treated)

Data are represented as mean = SD
n=10
*=Significant change compared to group | (p-vaue <0.05)
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Table (3): Effect of treatment with sitagliptin (10 mg/kg/day) together with high fat diet
HFD for 4 week preceded by 16 weeks of HFD only on epididymal fat weight
and liver index of albino rats.

Groups Epididymal fat weight (g) Liver index %
Group I (control) 7.71£0.74 3.00+0.25
Group II (HFD) 11.68+0.51* 4.79£0.470*
Group I1I (sitagliptin treated) 9.91£0.401 # 3.93+0.249#

Data are represented as mean + SD.  * = Significant change compared to group I (p-value <0.05).
n=10. # = Significant change compared to group II (p-value <0.05).

Table (4): Effect of treatment with sitagliptin (10 mg/kg/day) together with high fat diet
HFD for 4 week preceded by 16 weeks of HFD only on serum and tissue
biochemical parameters in albino rats.

Normal HFD non Sitagliptin

control treated treated
Fasting blood glucose mg/dl 85.67+4.65 285.85+15.0* 214.39+£12.70#
Serum insulin Pg/ml 759.11144.42 1949+74.46* 1388.2£70.994
Total cholesterol mg/dl 73.55+6.47 266.3 8£7.26* 208.71£11.36#
Triglycerides mg/dl 71.4219.66 142.11£7.53* 102.45+5.61#
ALT U/ml 39.08%5.7 143.9419.77* 111.1£7.724
AST U/ml 26.61£3.97 164.99+9.08* 120.23£9.57#
Hepatic MDA nmol/g tissue 247.78+17.04 504.4 £43.56* 393.8421.53#
Hepatic GSH U/g tissue 494.46+14.40 277.5 1£17.75* 347.0+£30.19#
TGF-B ng/g tissue 5.76£0.79 40.54%4.02* 27.09£2.58#
DPP-IV nmol/g tissue 117.9£8.47 310.6+12.58* 182.1£24.79+#

Data are represented as mean * SD.

* = Significant change compared to group I (p-value <0.05).

n=10. # = Significant change compared to group II (p-value <0.05).

Table (5): Effect of treatment with sitagliptin (10 mg/kg/day)
together with high fat diet HFD for 4 week preceded
by 16 weeks of HFD only on total histopathological
score in albino rats.

HFD non Sitagliptin
treated treated

Normal
control

Total histopathological 1.840.79 7.6+£0.52* 5.10+0.88#
NAS score

Data are represented as mean + SD.

n=10.

* = Significant change compared to group I (p-value <0.05).
# = Significant change compared to group II (p-value <0.05).

Table (6): Effect of treatment with sitagliptin (10 mg/kg/day)
together with high fat diet HFD for 4 week preceded
by 16 weeks of HFD only on fibrosis score in
albino rats.

Normal HFD non Sitagliptin

control treated treated
Stage 0 100% 0.0% 10%
Stage 1 0.0% 0.0% 60%
Stage 2 0.0 % 60% 30%
Stage 3 0.0% 40% 0.0%
Stage 4 0.0% 0.0% 0.0%

Table (7): Effect of treatment with sitagliptin (10 mg/kg/day),
with high fat diet HFD for 4 weeks preceded by 16
weeks of HFD only on phenylephrine (PE) induced
contractions of aortic rings isolated from rats of
different studied groups.

Phenyl ephrin Normal HFD non  Sitagliptin
concentration
ug/ml control treated treated
2 0.21£0.01 0.56+0.08* 0.46+0.04#
4 0.2940.04 0.98+0.06* 0.68+0.06#
8 0.35+0.02 1.7£0.1%* 1.1£0.01#
16 0.45£0.03 1.974£0.04* 1.47£0.04#

Data are represented as mean * SD.

n=10.

* = Significant change compared to group I (p-value <0.05).
# = Significant change compared to group II (p-value <0.05).

For the histopathological studies Liver sections
from rats fed with the regular dry rat chow (normal
control group I) had normal morphological appear-
ance with normal structure and architecture with
mean total NAS score 1.8+£0.79 with no evidence
of fibrotic changes with 100% of animals having
(score 0) (Fig. 1). In case of feeding rats with high
fat high cholesterol diet for 20 weeks (Group II)
all rats developed hepatic changes consistent with
severe stetaosis. All liver samples showed moderate
to severe lobular inflammation with focal necrosis
and hepatocellular ballooning. Hepatic inflamma-
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tion was present as demonstrated by infiltration

with polymorphs and mononuclear cells, with
necrotic foci were frequently observed with mean
total NAS score was significantly increased com-

pared to that of normal group (group I) (Fig. 2a).

Liver sections stained with Masson stain showed
extensive periportal and portal fibrosis (Fig. 2b).
administration of sitagliptin orally for 4 weeks
resulted in significant reduction of pathological
changes induced by high fat diet feeding and im-

provement of histopathological scores with liver
samples showing mild to moderate steatosis and
less inflammation and ballooning with significant
reduction of total NAS and fibrosis scores com-
pared to non treated group Il (Tables 5,6) (Figs.
3a,b).

Regarding to the in vitro vascular reactivity
studies, The aortic ring contraction responses to
phenylephrine (PE) in different groups were ob-
tained in grams.

Fig. (2A): Liver section of HFD fed group |1 showing showing
severe degree of micro and macrovescicular stea-
tosis and severe hepatocel lular ballooning with
frequent foci of inflammatorycells (black arrow)
(Haematoxylin & Eosin x200).

Fig. (3A): Liver sections of rats treated with sitagliptin (group
111) showing improved inflammation and moderate
steatosis (H& E x100)

Induction of NAFLD with high fat high choles-
terol diet for 20 weeks (group 11) resulted in sig-
nificant increase of the mean aortic ring contractile
response to different concentrations of PE compared
to normally fed rats of group I. Administration of
sitagliptin for 4 weeks resulted in significant re-
duction in PE induced contractions compared to
HFD non treated group 11 (Table 7).

Fig. (1): Liver section of control group | showing normal
structure and architecture (Haematoxylin & Eosin
x100).

Fig. (2B): Liver section of HFD fed group Il showing marked
portal fibrosis (yellow arrow) masson trichom stain
x100).

Fig. (3B): Liver sections of rats treated with sitagliptin showing
mild perisinasoidal fibrosis (yellow arrow) (masson
stain x100)
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Discussion

The nonal coholic fatty liver disease (NAFLD)
is defined as the presence of hepatic steatosis
(abnormal lipid accumulation in hepatocytes), in
the absence of secondary causes of hepatic fat
accumulation such as significant alcohol consump-
tion [11]. A subgroup of NAFLD patients has liver
cell injury and inflammation in addition to exces-
sive fat (steatohepatitis). The latter condition is
called non-alcohoalic steatohepatitis (NASH). While
the simple steatosis seen in NAFLD does not
correlate with increased short-term morbidity or
mortality, progression of this condition to that of
NASH dramatically increases the risks of cirrhosis,
liver failure, and hepatocellular carcinoma (HCC)
[12]. Glucagon like peptide-1 (GLP-1) isan incretin
hormone secreted from intestinal L cellsin response
to nutrient ingestion, and has various bioactivities
including glucose dependent insulin secretion,
promoting 3-cell survival, inhibiting glucagon
secretion from a-cell, slowing gastric emptying
and controlling food intake. These effects help to
maintain an euglycaemic level and are beneficial
for weight control; however under physiological
conditions the intact active GLP-1 is quickly de-
graded by dipeptidyl peptidase-4 (DPP-4) into the
inactive GLP-1. Therefore DPP-4 inhibitors, were
developed and have been widely accepted in treat-
ment of T2DM [13,14] . In the present study the
effect of sitagliptin, wastested on different features
of rat model of non-alcoholic fatty liver disease
(NAFLD) induced by high fat diet (HFD) feeding
for 20 weeks.

HFD feeding of rats for 20 weeks resulted in
development of rat steatohepatitis as documented
from the histopathological and biochemical tests.

In the present study, rats received oral Sitagliptin
for 4 weeks with HFD after 16 weeks of HFD only
resulted in significant reduction of the mean body
weight compared to that of the corresponding HFD
fed non-treated groups Sitagliptin adminsteration
for 4 weeksin HFD fed rats resulted in significant
reduction of epidydimal fat weight and liver index
(L1) compared to that of the corresponding HFD
fed non treated groups.

NAFLD/NASH is now considered one of the
hepatic manifestations of metabolic Syndrome [15]
which was reflected in the animal model of NAFLD
used. The results of the present work wasin ac-
cordance to other studies where Buettner, Scholm-
erich and Bollheimer observed that prolonged offer
of alipid-rich diet induces weight gain in suscep-
tible rats compared to control. According to these
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authors, the induction of obesity is more effective
when the high-fat diet is started at a young age
and is continued for several weeks [16]. Also, Seif
El-Din et a., reported that body weight significantly

increased with the high-fat diet, this might be due
to a metabolic imbalance of carbohydrate, protein,

and fat [17]. It was aso noted that the body weight

and the liver index in HFD fed untreated groups
were significantly higher than normally fed groups.

the results of the present study were in agreement

with the study which reported that body weight of
the mice was significantly lower in the sitagliptin
group compared with the control in non-alcoholic
steatohepatitisin FLS-ob/ob male mice [18]. The
liver weight and liver weight/body weight ratio in
the sitagliptin group also reduced. Increased GLP-

1 action by pharmacological DPP-4 inhibition
partly accounts for reduced adiposity in weight
gaining mice through improving lipid metabolism
[19]. DPP-4 is highly expressed in various types of
adipose tissue such as visceral and to alesser

extent, subcutaneous fat tissue [20] . Adipocytic
DPP4 expression increases according to adipocytic
differentiation [21] . This evidence provides a po-
tential strong linkage between DPP4 and adiposity.

On the other hand some of the experimental data
in rodents support the possibility of weight-
independent effects of incretin therapies on hepatic

steatosis. In DPP-4 deficient rats, weight is not
significantly affected compared to controls while
the improvements in steatosis were notable [22].
In contrary of the present study Sujishi et al., found

that there was insignificant difference in the weight

of sitagliptin treated mice versus control untreated

high fructose diet fed ob/ob mice [23], treatment
with sitagliptin, resulted in significant reduction

of serum levels of total cholesterol compared to
high fat fed non treated groups. Regarding triglyc-

erides serum level there was significant reduction
also compared to the corresponding HFD fed non
treated group. Significant reduction of transami-

nases ALT and AST levelswas reported in sitaglip-
tin treated group compared to the corresponding
HFD fed non-treated group.

These results were in accordance with Sujishi
et al study which found that plasma AST and ALT
levels were significantly lower in mice fed HFD
containing sitagliptin. These mice also showed
lower plasma and hepatic TG which is ahallmark
for hepatic steatosis [23] . The underlying mechanism
of these beneficia effects has been investigated
by Ohyamaet al., study in which the DPP4-inhibitor
MK-0626 attenuates hepatic steatosis and improved
lipid profile by enhancing AMPK activity, inhibiting
hepatic lipogenic gene expression, increasing trig-
lyceride secretion from liver and elevating serum
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adiponectin levels [24] . Hsieh et al., also suggested
that DPP 4 inhibitors augment the level of GLP-
1 receptors thus reduce secretion of triglycerol,

cholesterol, and apolipoprotein B-40 from intestine
[25]. Notably, another DPP-4 inhibitor, vildagliptin,

isreported to reduce the prandial triglyceride
response to fat-rich meal intake [26] . Furthermore,
sitagliptin in combination with metformin reduced
cholesterol and triglyceride levels. Recently, ina
comprehensive retrospective review of 459 type 2
diabetic patients, treated with DPP4-inhibitors, it
was shown that DPP4 inhibitors improved the
abnormality of the liver transaminases AST and
ALT independent of HbA1c and body weight [27].
On the other hand Onoyama et al., reported that
serum ALT and AST levels showed insignificant
reduction compared to untreated nonal coholic
steatohepatitis FL S-ob/ob male mice [18] . Also
hepatic total cholesterol and triglyceride contents

in the sitagliptin group were lower compared with
the control group however, not significant. Regard-

ing the effects of sitagliptin on glycemic control

and insulin resistence, the results of the present
work showed significant reduction of fasting glu-

cose levels Regarding serum insulin levels, signif-

icant reduction was observed with sitagliptin treat-

ment compared to non treated groups. In NAFLD,
type 2 diabetes, or metabolic syndrome, insulin
resistance devel ops because of adefect ininsulin
signal transduction mechanism [28] . So, circulating
insulin concentration fails to induce glucose uptake
into the cells and the hyperglycemia develops. To
compensate for the hyperglycemia, pancreas se-

cretes more insulin leading to hyperinsulinemia
[29].

Multiple biochemical, metabolic and signal
transduction pathways contribute to insulin resist-
ance. It was found that protein glycation may play
roleininsulin resistance by avariety of mecha-
nisms, including generation of tumor necrosis
factor-alpha, direct modification of the insulin
molecule leading to itsimpaired action, generation
of oxidative stress and impairment of mitochondrial
function [30] . So that the beneficial effect of sit-
agliptin is mostly dueto its glycemic control with
consequent improvement of insulin resistance.
These results were in accordance with other studies
which noted that Sitagliptin significantly improved
hyperglycemia, insulin resistance compared with
the controls under the identical dietary intake. The
inhibition of DPP-4 by sitagliptin led to the atten-
uation of incretin degradation, consequently in-
creasing insulin and reducing blood glucose levels
[22,18] . Shirakawa et al., explained the improvement
of insulin resistence in sitagliptin treated mice by
its ability to reduce expression of sterol regulatory

element-binding protein-1c, stearoyl-CoA desatu-
rase-1, and fatty acid synthase, and increased
expression of peroxisome proliferator-activated
receptor-a intheliver [22]. InKirino et a., study,
it was reported that DPP4-deficient rats were re-
sistant to devel oping hyperglycaemia owing to
lower food intake and higher insulin sensitivity
[31] . Another study conducted by Sujishi et al.,
reported that the plasma glucose levels were lower,
but the plasmainsulin levels were not in sitagliptin
high-fructose diet-fed ob/ob mice [23]. Also Chae
et a noted that both exenatide and evogliptin (new
DPPA4I) did not significantly improve hyperinsuline-
miain HFD mice. In the present study prophylactic
administration of sitagliptin restored hepatic re-
duced GSH with significant increase in its levels
compared to that of the corresponding HFD fed
non treated group [32] . For MDA levels, use of
sitagliptin resulted in significant increase compared
to non treated groups. Oeseburg et al., published
evidence for a protective effect of DPP-4 inhibition
on oxidative stress-induced DNA damage in Zucker
diabetic fatty rats and detected reduced oxidative
stress under DPP-4 inhibitor therapy in animal
models of type 1 diabetes cardiac ischemia /reper-
fusion-injury, chronic myocardial infarction and
Parkinson's diseases [33] . Furthermore, limited data
are available on the reduction of oxidative stress
by DPP-4 inhibition in humans. Increased oxidative
stressislargely caused by hyperglycemiainduced
inappropriate activation and accumulation of ad-
vanced glycation end products (AGE) which are
prooxidatives, proinflammatory and profibrotic.
Proteins are usually glycated through their lysine
residues. In humans, histonesin the cell nucleus
arerichest in lysine, and therefore form the glycated
protein. The accumulation of AGE also contributes
to endoplasmic reticular stress leading to insulin
resistance [43]. AGE-induced ROS formation in-
duces release of DPP-4 from endothelial cells
(ECs), initiating a positive feedback |oop whereby
DPP-4 induces expression of receptors of AGE
(RAGE) to further exacerbate AGE effectsin ECs
[35] . Furthermore, DPP-4l treatment significantly
inhibits the AGE- induced ROS generation. In the
present study administration of Sitagliptin resulted
in significant antifibrotic effects with significant
reduction of hepatic TGF-[3 levels compared to the
corresponding HFD fed non-treated group. It has
been reported that the serum DPP4 activity was
augmented intetrachl oromethane-induced cirrhotic
rats. Furthermore, it has also been stated that the
serum DPP4 activity might be an indicator of the
severity and progression of liver cirrhosis [36].
DPP4 also participates in the fibroblast activation,
and plays arole in hepatocyte extracel lular matrix
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in small groups of diabetic patients demonstrated
that DPP-4l improved the levels of liver transam-

inases and liver fat (steatosis) Yilmaz found a
decrease in ballooning and non-alcoholic steato-

hepatitis scores in post-treatment liver biopsies

[41] . In the majority of publications, the authors
postul ate that these beneficial actions were medi-

ated through potentiation of direct GLP-1 actions

on hepatocytes.

DPP-4 inhibitor has been reported to improve
hepatic steatosisin mice and humans. Itou et al.,
experienced a case of refractory NAFLD that was
successfully treated with sitagliptin, a DDP-4
inhibitor [42].

The effect of DPP-4 inhibitors on blood pressure
is contradictory. In the present study there was
insignificant reduction of the mean value of the
mean arterial pressure (MAP) with sitagliptin
treatment. This result was in accordance with Matsu
et a., study which reported that the DPP-4I vild-
agliptin showed no influence on blood pressurein
hypertensive fatty rats [43]. More over Koren et
al., inaclinical study conducted on 40 diabetic
patients; concluded that treatment of these patients
with sitagliptin at a dose change in blood pressure
monitoring all through the study [44]. Moreover
Monami et al., in ameta-analysis of randomized
clinical trials concluded that treatment of type 2
diabetic patients with DPP-4I inhibitors was asso-
ciated with decrease in arteria blood pressure and
cardiovascular complications. The present study
demonstrated that treatment with sitagliptin im-
proved the endothelial dysfunction induced by
HFD [45].

The eNOS-NO system is thought to be respon-
sible for endothelial dysfunction in diabetes. En-
dothelial dysfunction is a predictor for cardiovas-
cular eventsin patients with type 2 diabetes. In
some studies it was found that GLP-1 has some
vasodilatory action and Sitagliptin significantly
improved endothelial function and inflammatory
state in patients with coronary artery disease and
uncontrolled diabetes mellitus, DPP4 inhibitors
also exert vascular protective properties, including
anti-inflammatory and anti-atherosclerotic effects
which may explain their ability to induce vascular
relaxation [46] . In the setting of obesity/T2DM,
endothelial dysfunction and arterial stiffness may
result from multiple factorsincluding insulin re-
sistance, oxidative stress, dyslipidemia, adipose
tissue dysfunction. These components are modu-
lated by DPP-4l and thus may contribute to CVD
protection [47].
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Conclusion:

DPP4ls are potent highly selective inhibitors
of DPP4 approved for treatment of T2DM as either
monotherapy or in combination. To date, most
DPP4Is have good safety and tolerability with low
incidence of adverse events. The abnormal increase
in circulating DPP4 levelsin individuals who are
obese and diabetic underscores the significance of
targeting DPP4 as therapeutic strategy. The results
of the present work recommend the prophylactic
use of sitagliptin for prevention of NAFLD pro-
gression in diabetic and prediabetic patients.
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