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ABSTRACT

Objective: This study was designed to investigate the effects of aqueous or Microemulsion
solution containing Transforming Growth factors-alpha (TGF-a) and/or administration of
aprotinin on healing rate of duodenal ulcer induced by acetylsalicylic acid, and to examine
the relationships between oxidative processes and TGF-a formulation during duodenal ulcer
healing by measuring malondialdehyde, glutathione and total nitric oxide levels.

Methods: Male Wistar albino rats were divided into nine groups 1. Control , 2. Acute Ulcer,
3. Chronic Ulcer (untreated), 4. Physiological saline (PS) 5. PS containing TGF-o (10pg/kg)
, 6. Microemulsion (ME), 7. Microemulsion containing TGF-a (T-ME), 8. Microemulsion
containing aprotinin (AME) 9. Microemulsion containing TGF-o and aprotinin (T-AME).
Acute duodenal lesions were induced by intragastric administration of acidified acetylsalicylic
acid (150 mg/kg dissolved in 0.2 N HCI) to rats Ulcer areas were detected planimetrically.
Tissue malondialdehyde, glutathione and total nitric oxide levels were measured by
spectrophotometric methods The ultrastructural changes in duodenum observed by
Transmission Electron Microscopy (TEM).

Results: T-ME and/or aprotinin application decreased the duodenal ulcer areas and
malondialdehyde levels and increased glutathione and total nitric oxide levels. Histological
evaluation indicated that the best regeneration was observed in T-ME and T-AME groups.
Conclusions: TGF-a in microemulsion dosage form accelerates the healing rate of duodenal
ulcer and reduces oxidative stress.

Key Words : Duodenal ulcer, TGF-a, microemulsion, aprotinin, oxidant stress, TEM
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OZET

Amag: Calismanin amaci; Asetil salisilik asit ile olusturulmus duodenal iilserin iyilesme
hiz1 tizerine Mikroemiilsiyon igeren Transforming Growth factors alpha (TGF-a) ve/veya
aprotinin verilmesinin etkilerini aragtirmak, ve bununla birlikte duodenal {ilser iyilesmesi
stiresince TGF-a formiilasyonu ve oksidatif olaylar arasindaki iliskiyi malondialdehit,
glutatyon ve total nitrit oksit diizeyleri ile iliskilendirerek incelemektir.

Gere¢ ve Yontemler: Calismada Wistar albino cinsi eriskin erkek siganlar dokuz gruba
ayrildi.

1. Kontrol, 2. Akut iilser, 3. Kronik iilser (tedavi edilmeyen), 4.Serum fizyolojik (PS), 5.Serum
fizyolojik igeren TGF-a(10ug/kg), 6.Mikroemiilsiyon (ME), 7.Mikroemiilsiyon igeren TGF-a
(T-ME), 8. Mikroemiilsiyon i¢eren aprotinin (AME), 9.Mikroemiilsiyon igeren TGF-o ve
aprotinin (T-AME). Akut duodenal lezyonlar intragastrik olarak asidifiye asetilsalisilik asit
(150 mg/kg, 0.2 N HCI iginde) verilerek yapildi. Ulser alanlar1 planimetrik olarak 6lgiildii.
Doku malondialdehit, glutatyon ve total nitrik oksit diizeyleri spektrofotometrik olarak
olciildii. Doudenumdaki yapisal degisiklikler Gegirgen Elektron Mikroskobu (TEM) ile
degerlendirildi.

Bulgular: T-ME ve/veya aprotinin uygulamasi iilser alanini kiigiilttiigii, malondialdehit
diizeyini diisiirdiigii ve glutatyon ve total nitrik oksit diizeyini yiikselttigi bulundu. Histolojik
olarak ise en iyi doku yenilenmesi, T-ME ve T-AME gruplarinda gozlendi.

Sonuglar: TGF-o’ nin Mikroemiilsiyon formlar1 duodenal iilserin iyilesme hizini arttirdigi
ve oksidatif stresi azalttig1 bulunmustur.

Anahtar kelimeler:
TEM

Cikar Catismasi: Katkida bulunan yazarlarin higbir ¢ikar ¢atismasi bulunmamaktadir

Duodenal iilser, TGF-a, mikroemiilsiyon, aprotinin, oksidatif stres,
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Introduction

Use of nonsteroidal anti-inflammatory drugs (NSAIDs)
such as acetylsalicylic acid (ASA) is known to cause the
impairment in mucosal defenses that are well recogni-
zed and clinically emphasized with respect to the gast-
rointestinal tract. NSAIDs are most often ascribed to the
impairment of prostaglandin synthesis and the distur-
bances in mucosal blood flow and superoxide genera-
tion [1]. Ulcer healing is a complex process. The repa-
ir of gastric ulcer requires the reconstitution of epitheli-
al structures and the underlying connective tissue, inc-
luding vessels and muscle layers. Several growth factors
were implicated in this process [2].

Growth factors and their receptors play important roles
in cell proliferation, migration, tissue injury repair and
ulcer healing. Among these factors TGF-a and epider-
mal growth factor (EGF) play important roles in the na-
tural mechanism of wound healing. These growth fac-
tors are homologous peptides produced in the gastroin-
testinal tract and show a similar spectrum of biologic
activities [3,4]. Also TGF-a and EGF are structurally
related peptides that exert their biological activities
through interaction with a common cell-surface recep-
tor [TGFa/EGF receptor (TGF-o/EGFR)]. Experimen-
tal evidences have demonstrated that reactive oxygen
species and lipid peroxidation are involved in the patho-
genesis of gastric mucosal injuries by NSAIDs [5] and
some stress forms [6-8]. Polyunsaturated fatty acids of
cellular membranes are degraded by lipid peroxidation
with subsequent disruption of membrane integrity, sug-
gesting that lipid peroxidation induced by oxygen radi-
cals is an important cause of the damage and destruc-
tion of cell mebranes [9]. Lipid peroxidation can also
be evaluated by the measurement of malondialdehyde
(MDA) [10] . Glutathione (GSH) is an endogenous anti-
oxidant found in all animal cells. It reacts with free ra-
dicals and can provide protection from singlet oxygen,
hydroxyl radical and O, [11]. Several reports indicate
that tissue injury, induced by various stimuli, is coup-
led with GSH depletion [12,13].

Nitric oxide (NO) plays an important regulatory role in
maintaining gastric mucosal integrity. Cooperation bet-
ween NO and prostaglandins in gastroprotection was re-
ported previously [13]. In particular, NO interacts with
neuropeptides and prostaglandins to maintain mucosal
integrity in basal conditions [14]. The release of NO in
the ulcerated mucosa contributes to tissue repair as de-
monstrated by the fact that treatment with NOS inhibi-
tors delays such a process [15].

In basal conditions, nitric oxide (NO) plays an important
regulatory role in maintaining gastric mucosal integrity
via interacting with neuropeptides and prostaglandins
[14]. The release of NO in the ulcerated mucosa contri-
butes to tissue repair as demonstrated by the fact that tre-
atment with NOS inhibitors delays such a process [15].

TGF-a can lose its biological activity in the ratio of 2-5
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fold in gastric juice [16]. There have been several appro-
aches to administration of peptides orally. One of these
approaches is using microemulsion (ME) formulations
to prevent the degradation of peptides in the gastroin-
testinal system. Due to their improved drug solubilizati-
on, and long shelf life, these microemulsions are used as
drug delivery systems of peptides, which can be admi-
nistered orally [17,18]. In this study, we thus used a ME
dosage form of TGF-a., as previously described [5,19], to
minimize the enzymatic degradation of TGF-a in gast-
rointestinal tract (GIT). Immunohistochemical studies
have shown that, TGF-o. immunoreactivity is found in
duodenum, especially duodenal epithelium, Brunner’s
gland [20], villus enterocytes and may have an impor-
tant role in mucosal healing [21].

Previous studies documented that intragastric (i.g.) ad-
ministered ME containing TGF-a or TGF-a plus ap-
rotinin, a non-specific serine protease inhibitor, increa-
sed TGF-a levels in rat duodenum tissue [22]. In additi-
on we demonstrated that gastric acid secretion was sig-
nificantly reduced by ME containing TGF-a or TGF-a
plus aprotinin and also gastric mucus levels increased
and gastric ulcer areas decreased remarkably in groups
that were treated with TGF-a in ME [19].

This study was designed to investigate the effects of aqu-
eous or ME solution containing TGF-o and/or i.g. admi-
nistration of aprotinin on healing rate of duodenal ulcer
induced by ASA, and to examine the relationships bet-
ween oxidative processes and TGF-o formulation du-
ring duodenal ulcer healing evaluated by MDA, GSH
and NOx (total nitrates and nitrites) levels.

Methods

Materials

ASA was donated by Bayer Tirk Drug Manufactu-
rer. mTGF-a was purchased from Sigma (USA). Lab-
rafil M 1944 CS (unsaturated polyglycolysed glyceri-
des) was donated by Gattefosse® (France). Arlacel 186
(glycerolmonooleate-propylene glycol) and Brij 35 (pol-
yoxyethylene lauryl ether) were produced by ICI Phar-
maceuticals® (England). Absolute alcohol was supplied
by Riedel-de Haen (Germany) All other chemicals for bi-
ochemical evaluation were of the best quality available.

Methods

Preparation of the Microemulsion Formula-
tion

The w/o ME was prepared by modifying the ME for-
mulation which was described in previous studies [4,23].
Surfactant: co-surfactant ratio was chosen as 2.5:1.0. Oil
phase were prepared using Labrafil M 1944 CS, Arla-
cel 186:Brij 35 [1,5], absolute alcohol and distilled wa-
ter; surfactant, co-surfactant and aqueous phase, respec-
tively. TGF-a (10pg/kg) was added into water phase 20.
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Animals and Study Design

The following experiments were approved by the Ethics
Commitee of Gazi University Medical Faculty for the
care and use of laboratory animals (DHE 00-07). Male
Wistar albino rats (n=83) weighing 200+20 g were used
in the study. They were divided into nine groups con-
sisting of 8-10 animals each and allowed free access to
standart diet and water ad libitum. Acute duodenal lesi-
ons were induced by i1.g. administration of acidified ASA
(150 mg/kg dissolved in 0.2 N HCI) to rats which were
fasted for 24 hr before the experiments but had free ac-
cess to water. The design of the experimental animals
groups are shown in Table 1.

Determination of Ulcer Score

The rats were killed by thiopental (50mg/kg) anesthe-
sia at the end of experiments. The duodenum was remo-
ved. Lesion area was measured by planimetrically under
a dissection microscope. Lesion area was determined by
measuring each lesion along its greatest diameter under
a microscope. Five such lesions were taken as the equi-
valent of a 1 mm? ulcer lesion area (ulcer score) [17]. The
ulcer score was expressed as square millimeters.

Determination of the Lipid Peroxidation
(MDA) and GSH Levels

Duodenum samples were obtained after measuring lesi-
on areas and freezed immediately by a liquid nitrogen,
than kept in —70° C deepfreeze until analyses were per-
formed. MDA levels [24], and GSH levels were measu-
red by spectrophotometric methods [25]. Lipid peroxida-
tion was quantified by measuring the formation of thi-
obarbituric acid reactive substances (TBARS). Briefly,

Table 1. Design of experimental animal groups

tissue samples were homojenized in ice-cold trichloroa-
cetic acid (1 g tissue in 10 ml 10% trichloroacetic acid)
in a tissue homogenizer (Heideloph Diax 900, Germany).
Following centrifugation of the homogenate at 3000 rpm
for 10 min (Hermle Z 323 K, Germany), 750 pl of super-
natant was added to an equal volume of 0.67% (m/v) thi-
obarbituric acid and heated at 100°C for 15 minutes. The
absorbances of the samples were measured at 535 nm.
Lipid peroxide levels are expressed in terms of MDA
equivalents using an extinction coefficient of 1.56 x 103
mol! cm™.

The GSH levels were determined by a modified Ellman
method [25]. Briefly, after centrifugation of homogena-
te at 3,000 rpm for 10 min. 0.5 ml of supernatant was ad-
ded to the 2 ml of 0.3 M Na,HPO, 2 H,0 solutions. A 0.2
ml solution of dithiobisnitrobenzoate (0.4 mg/ml 1% so-
dium citrate) was added and the absorbance at 412 nm
was measured immediately after mixing. The GSH le-
vels were calculated using an extinction coefficient of
13,600 mol! cm™.

Measurements of MDA and GSH were carried out at
room temperature using a spectrophotometer (UV 1208,
Shimadsu, Japan).

Determination of the total NOx levels

NOx levels were obtained from Elisa reader by vana-
dium chlorure (VCI,)/Griess assay. Prior to NOx de-
termination tissues were homogenized in five volumes
of phosphate buffer saline (pH 7) and centrifuged at
2000Xg for 5 min. 0.25 ml 0.3 M NaOH was added to
0.5 ml supernatant. After incubation for 5 min. at room
temparature, 0.25 ml of 5% (w/v) ZnSO, was added for
deproteinization. This mixture was then centrifuged at

Code Application

CONT Healthy rats (n=8)

Ulcer groups

AU 150mg/kg ASA suspended in 1.5 ml of 0.2 N HCI was administered i.g, (n=8)

Cu Untreated rats with ASA, (n=10)

PS Physiologic saline solution without TGF-a was administered i,g. for 2 days (n=9)

T-PS TGF-aq, dissolved in PS (10ug/kg day) was administered i,g. for 2 days (n=9)

ME Microemulsion (0.75ml/100g daily) without TGF-a was administered i.g. for 2 days
(n=10)

T-ME ME containing TGF-a (10ug/kg day) was administered i.g. for 2 days (n=10)

AME ME containing aprotinin, 3000 KIU/ml was administered i.g.for 2 days (n=9)
T-AME ME containing TGF-a and aprotinin was administered i.g.for 2 days (n=10)
ASA  :Acetylsalicylic acid
CONT : Control
AU : Acute ulcer

CuU : Chronic ulcer
TGF-o : Transforming Growth factors alpha
ME : Microemulsion
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3000Xg for 20 min and supernatants were used for the
assays. Nitrate standart solution was serially diluted. Af-
ter loading the plate with samples (100 pl), addition of
vanadium III chloride (VCL,) (100 pl) to each well was
rapidly followed by addition of Griess reagents, sulpha-
nilamide (SULF) (50 pl) and N-(1-naphtyl) ethylenedia-
mide dihyrochloride (NEDD) (50 pl). After incubation
(usualy 30-45 min), absorbance of the samples were me-
asured at 540 nm using an ELISA reader [26].

Electron microscopic studies

Evaluation was made by electron-microscopic examina-
tion of the duodenum specimens. Eight rats from each
group were examined by TEM and one specimen was
taken from each rat yielding eight specimens for each
group. One cm of dissected duodenal parts was used for
TEM and immunohistochemical experiments. Tissue
samples were prepared for TEM. The pieces were pla-
ced in 2.5% glutaraldehyde and then in phosphate buf-
fer saline post fixative 1% osmium tetraoxide. The spe-
cimens were firstly embedded in Dodecyenyl Succinic
Anhydride (DDSA) + Araldyt CY 212 (1:1, v/v ) for over-
night at room temparature, then 24 hr at 40°C and 48 hr
at 60° C. Thin sections were stained with lead citrate and
uranyl acetate and were photographed using Carl Zeiss
EM 900 electron microscope.

If degeneration criteria were observed more or less du-
ring the evaluation of duodenum slices, then degenera-
tion was considered positive; however, if no degenerati-
on criteria were observed it was accepted as negative. For
example, if Rough Endoplasmic Reticulum (RER) sister-
naes are seperated from each other, degeneration was ac-
cepted to be present without considering the amount of
dilatation. Also wiping out of the crista, completely or
partially and disruptions in their configurations partially
or completely were accepted as signs of degeneration.

The duodenum sections obtained from the other groups
were compared with the results of the control group in

Table 2. Total results from the study groups, n number of rats.

regard to degeneration parameters. The numbers for du-
odenum specimen having degeneration are shown quan-
titatively in Table 2. If there were no degeneration crite-
ria observed, the result is shown as 0 (zero) and maxi-
mum degeneration is represented by the number 5 (five).

Statistical Analysis

Data are presented as means = S.E.M. Groups of data
were compared with an analysis of variance (ANOVA)
and by nonparametric Mann-Whitney U test using SPSS
for Windows 7.0 pack. Values of p<0.05 were regarded
as significant.

Results

Appereance of the lesions were homogenous. The effect
of ME containing TGF-o and/or aprotinin on duodenal
ulcer score are shown in Figure 1. The results indicated
that the mean ulcer areas reduced significantly in all tre-
ated groups with TGF-a (T-ME, T-AME and T-PS) com-
pared to their control groups (ME, AME, PS) (p<0.001).
Ulcer areas of T-ME and T-AME treated groups were
significantly lower than the T-PS groups (p<0.001).

The results for duodenal tissue MDA levels are shown
in Figure 2. Tissue MDA levels were significantly lower
in the T-ME and T-AME treated group than those in AU,
CU, PS, T-PS, ME and AME treated groups (p<0.01),
but they were similar with CONTROL group.

Duodenal tissue GSH levels are shown in Figure 3. The
GSH levels were higher in both T-ME and T-AME
groups when they compared with the other groups. The
differences were not statistically significant and similar
between Control, T-ME, and T-AME groups.

Duodenal tissue NOx levels are shown in Figure 4. The
NOx levels were increased in both T-ME and T-AME
groups. The differences were statistically significant be-
tween all groups.

Cont AU Ccu PS T-PS ME T-ME AME T-AME
Electron-microscopic cri-
teria P (n=8) (n=8) (n=10) (n=9) (n=9) (n=10) (n=10) (n=9) (n=10)
Kristolysis 0 1 2 4 3 0 2 3 1
Giant vacuoles 0 5 0 0 0 3 0 0 0
Dilated RER sisternaes 0 5 3 0 0 2 0 0 0
Junctional complex
. . 0 4 2 0 3 3 0 0 0
dilatation
Lipid granules 0 0 1 0 1 0 0 0 0
Myeline like figures 0 0 1 0 4 0 0 0 0
Microvillus
. 0 5 0 2 2 0 0 0 0
degeneration
*( (zero): no degeneration criteria and 5 (five): maximum degeneration criteria as shown.
Turk J Biochem, 2012; 37 (3) ; 294-302. 297 Ozer et al.
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Figure 1. Ulcer scores in different experimental groups. The results are expressed as mean + S.E.M. Difference statistically significant: p<0.05:
b-c, b-h, c-f, g-I; p<0.0: c-d, d-h, e-f, f-h; p<0.001: b-e, b-g, b-1, c-1, d-e, d-g, d-1, e-g, e-1, f-e, f-1, g-c, g-f, g-h, h-1 by Mann-Whitney U test.
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Figure 2. MDA levels in different experimental groups. The results are expressed as mean + S.E.M. Difference statistically significant: p<0.05:
b-h; p<0.01: a-b, a-c, a-e, a-h, b-c, b-d, b-e, c-f, c-1, e-1, g-h, h-I; p<0.001: a-d, a-f, b-g, b-1, c-d, c-g, d-g, d-e, d-h, d-1, e-f, e-g, f-g, f-1 by Mann-
Whitney U test.
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Figure 3. GSH levels in different experimental groups. The results are expressed as mean + S.E.M. Difference statistically significant: p<0.05:
a-e, b-c, b-d, b-f, b-h, c-g, c-e, e-f, e-g, e-h, f-g, g-h; p<0.01: a-b, a-c, a-f, a-h, b-e, b-g, c-d, d-h; p<0.001: a-d, b-1, c-1, d-e, d-f, d-g, d-1, e-1, f-1,
h-1 by Mann-Whitney U test.
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Figure 4. NOx levels in different experimental groups. The results are expressed as mean + S.E.M. Difference statistically significant: p<0.05
a1, c-e, e-f, e-h; p<0.01: a-c, a-h; p<0.001: a-b, a-f, a-g, b-c, b-e, b-g, b-h, b-1, c-1, e-1, -1, h-I; p<0.0001 : a-d, b-g, c-d, c-g, d-e, d-f, d-g, d-h,

d-1, e-g, f-g, g-h by Mann-Whitney U test.

Electron microscopy results

The duodenal tissues of control rats were found to be
completely normal (Figure 5a). There were significant
differences in the appearence of giant vacuoles, dilated
RER sisternaes makes large vacuole like structures in
same areas, dilatation in junctional complexes and loss
of microvilluses were seen when duodenal samples of
AU group was compared to the control group (Figure 5b),
Although CU group had better histologic findings some
duodenal cells had degenerative areas in this group also.
Dilatation between the junctional complexes was still
prominent. Dilatation in RER sisternaes, crystolysis in
mitochondrions were observed, but normal appearence
of microvilluses were seen in this group (Figure. 5c). PS
group shown degenerative findings, but not as severe as
in AU and CU groups. There were still crystalysis in the
mitochondria and there were some degenerative areas
in the microvilluses. However, junctional complexes and
RER sisternaes were seemed to be normal in this group
(Figure 5d). There were also significant differences in
the accumulation of lipid droplets, fraction in junctional
complexes, occurence of myeline like vacuoler figures
and cristalysis in mitochondria when duodenal samples
of T-PS group was compared to the control group (Figu-
re 5¢). On the other hand, there were no significant chan-
ges in ME groups (Figure 5f) , exept the vacuoler deposi-
tion and dilatation in junctional complexes in some areas
and AME group except crystolysis in some mitochond-
rions (Figure 5h). Finally there were no significant chan-
ges in T-ME group (Figure 5g) and T-AME group in-
dicating there was almost no degeneration in duodenal
cells (Figure 51).
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Discussion

Acute gastric mucosal lesions represent an important cli-
nical problem. Animal models allow recognizing deta-
ils of pathomechanisms of gastric damage. Among the
various experimental ulcer models, the ASA applicati-
on model is frequently used [27,28,29]. In our previous
studies, the effect of i.g. administration of ME formula-
tion of TGF-a on healing of acute gastric ulcer induced
by ASA in rats were investigated [5,19]. In the present
study, ME and aqueous solution of TGF-a and/or aproti-
nin were used on the healing of duodenal ulcer induced
by acidified ASA. Previous studies have demonstrated
that reactive oxygen specimens are involved in ASA in-
duced gastric mucosal damage due to an enhancing ef-
fect of lipid peroxidation and attenuation of mucosal an-
tioxidant mechanisms [30,31].

In the present study, ulcer index and MDA levels were
significantly elevated in the duodenal tissue after intra-
gastrically acidified ASA aplication (Figure 1, Figure 2).
On the other hand in this group GSH and NOx levels
were significantly lower than the control (Figure 3, Fi-
gure 4). These results show that the antioxidant system
is affected by ASA application.

Increase in levels of MDA indicates an enhanced lipid
peroxidation leading to tissue injury and a failure in sca-
venging of excess free radicals.

TGF-o has been proposed to play a major role in the ma-
intenance of gastric mucosal integrity and to participa-
te in the mechanism of ulcer healing via the stimulation
of cell proliferation and migration and enhancement in
the gastric blood flow (GBF) at the ulcer edge [32]. The-
re is also evidence that the increased TGF-a contribu-

Ozer et al.



Figure 5. TEM appearance of duodenum tissue in experimental groups.

Control group (a) ; Duodenal cell of control group; microvillus (thin arrow), mitochondrion (M) and cell to cell junctional complexes ()
(Uranyl acetate- Lead citrate X3000).

AU group (b) ; Cells of AU group; giant vacuoles (%), dilatation in junctional complexes (=), dilated RER sisternaes (¥), degenerated and loss
of microvillus (®) (Uranyl acetate-Lead citrate X3000).

CU group (c); CU group; dilatation in junctional complexes (), dilated RER sisternaes (¥), crystolysis in mitochondrion (M) and normal
appearence of microvillus (thin arrow) (Uranyl acetate-Lead citrate X3000).

PS group (d) ; Electron microscopy of PS group; crystolysis in mitochondria (M), junctional complexes (=), RER sisternaes (%) and degenerated
microvillus (®) (Uranyl acetate-Lead citrate X3000).

T-PS group (e) ; T-PS group; mitochondria with crystolysis (M), fructured junctional complexes (=), myeline like degenerated figures (double
arrow), lipid droplets (L) and normal RER sisternaes () (Uranyl acetate-Lead citrate X3000).

ME group (f) ; Microvillus (®) , mitochondria (M), RER sisternaes (4), big vacuoles (%), and dilated junctional complexes (=) are seen in the
ME group (Uranyl acetate-Lead citrate X3000).

T-ME group (g) ; Microvillus (®) , mitochondria (M), RER sisternaes (¥), and junctional complexes (=) are seen in the T-ME group (Uranyl
acetate-Lead citrate X3000).

AME group (h) ; Microvillus (®) , mitochondria (M), RER sisternaes (), and junctional complexes (=) are seen in the AME group (Uranyl
acetate-Lead citrate X3000).

T-AME group (1) ; Mitochondrion (M), (4) RER sisternaes, (=) junctional complexes , (®) microvillus are seen in the T"AME group (Uranyl
acetate-Lead citrate X3000).
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te to increased cyclooxygenase-2 expression in H. Pylo-
ri infected mucosa resulting in the increased prostaglan-
din synthesis [33]. The results of present study show that,
treatment with ME containing TGF-a and/or aprotinin
(T-ME and T-AME) for 2 days significantly reduced the
acidified ASA induced duodenal mucosal injury (Figu-
re 1) and significantly inhibited the increase in MDA le-
vels of duodenal mucosa compared to T-PS and the ot-
her groups (Figure 2).

Various routes of administering TGF-a have been stu-
died. Although orogastric administration has been re-
ported to be one of these application, degradation of the
peptide in the lumen is an important problem [18]. Bas-
taki et al. reported that, subcutaneous administration of
TGF-a to be more effective than oral route on gastric
lesions [34]. Therefore we used ME formulation to mi-
nimize the enzymatic degradation of the factor in GIT.
Although these results show, the efficacy of both ME
carrier (T-ME, T-AME) and aqueous solution contai-
ning TGF-a (T-PS) on duodenal lesions, the ME formu-
lation of this peptide (T-ME, T-AME) at the same dose
(10 pg/kg) seem to be more effective for healing of ASA-
induced duodenal ulceration (Figure 1). The most pro-
minent suppression of lipid peroxidation was observed
in T-ME and T-AME treated groups. Also maximal inc-
rease of GSH activity occurred in these two groups. Our
results are in similar with the results of previous study
about decreased MDA levels in ASA induced gastric ul-
cer [5]. These findings supports Ogle and co-workers
suggesting that ME formulation prevents the degradati-
on of peptides in gastrointestinal system [17].

It was reported that intracellular stores of GSH were sen-
sitive to skin ischemia in rats and therefore, may regula-
te the early temporal course of wound healing [35]. Our
results show decreased levels of GSH in duodenum tis-
sue of untreated groups (AU, CU, PS groups) and inc-
reased duodenal levels of GSH in TGF-a treated gro-
ups (Figure 3). Increased GSH and decreased MDA le-
vels and smaller ulcer areas in the groups which were
treated with ME containing TGF-a supported the pre-
vious reports suggesting the failure of GSH dependent
defence system results in accumulation of free radicals
which can cause membrane damage by lipid peroxidati-
on [5,36].

Gastric microcirculation has an important role in dama-
ge and protection of gastric barrier. The main factors
which regulate gastric blood flow are prostaglandins,
sensory peptides released from endings of afferent ner-
ves, and NO [13]. The wound healing mechanism that
are triggered by NO appear to be diverse, involving inf-
lammation, angiogenesis, and cell proliferation and also
collagen accumulation and acquisition of mechanical
strength of incision wounds [37,38]. All of these proces-
ses are controlled by defined cytokine cascades in many
cases, NO appears to modulate these cytokines [39]. The
protective role of NO is also effective against exogenous
injurious agents. The ability of endogenous NO to pro-
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tect the mucosa is effective against a wide variety of da-
maging agents. Moreover, NO acts as the endogenous
mediator for the gastroprotective actions of different an-
tiulcer agents, several hormones and modulators of ne-
ural activity [14]. In the present study NOx levels inc-
reased significantly in the ME containing TGF-a trea-
ted groups (Figure 4) while the ulcer areas decreasing. A
relationship between the upregulation of TGF-a and an
increased production of nitric oxide synthase in the ulcer
area was reported [40]. TEM results about ulcer healing
and biochemical changes in lipid peroxidation were also
positively affected by increased NOx levels in TGF-a
treated group. The fact that ME containing TGF-a app-
lication increased both GSH and NOx levels and decrea-
sed MDA level in the duodenum suggests that the bene-
fical effects of TGF-a on duodenal ulcer healing might
be mediated by NO originating from duodenum.

Conclusion

Our findings suggested that an increase of oxygen-
derived free radicals and decrease of GSH level in du-
odenal mucosa may be involved in the pathogenesis of
ASA-induced duodenal ulcers in rats. ASA induced du-
odenal lesions occur due to an impairment of duodenal
microcirculation and excessive proinflamatory cytokine
release and suppression of antiulcer TGF-a expression.
Therefore the healing affects of ME containing TGF-a
and/or aprotinin solutions on duodenal ulcers pathoge-
nesis might be associated with their effects on microcir-
culation and excessive proinflamatory cytokine release.

Acknowledgements

This study was supported by grants from the Turkish
Scientific and Technical Research Council (Tibitak,
SBAG 2164) and Gazi University (SBE 11/2000-01).

Conflict of Interest: There is no conflict of interest
among the authors who contributed to the present study.

References

[1] Slomiany BL, Slomiany A. Nonsteroidal anti-inflammatory
drugs impair oral mucosal repair by eliciting disturbances in
endothelin-converting enzyme-1 and constitutive nitric oxide
synthase. J Physiol Pharmacol 2001;52: 81-92.

[2] Milani S, Calabro A. Role of growth factors and their receptors
in gastric ulcer healing. Microsc Res Tech 2001; 53: 360-71.

[3] Konturek PC, Konturek SJ, Brzozowski T, Ernst H. Epidermal
growth factor and transforming growth factor-alpha: role in pro-
tection and healing of gastric mucosal lesions. Eur J Gastroente-
rol Hepatol 1995; 7: 933-37.

[4] Tiirkyillmaz A, Celebi N, Géniil B, Alkan-Onyiiksel H. Physi-
cal carecterization and stability of a microemulsion for potential
oral administration of a peptide. In: (Ed. Hincal A, Kas S). Bio-
medical science and tecnology, recent developments in the phar-
maceutical and medical sciences.; pp. 65-72. 1998; New York.

[5] Gonul B, Akbulut KG, Ozer C, Yetkin G, Celebi N. The role
of transforming growth factor alpha formulation on aspirin-

Ozer et al.



induced ulcer healing and oxidant stress in the gastric mucosa.
Surg Today 2004; 34: 1035-40.

[6] Akbulut KG, Gonul B, Turkyilmaz A, Celebi N. The role of epi-
dermal growth factor formulation on stress ulcer healing of the
gastric mucosa. Surg Today 2002; 32: 880-83.

[7] Shian WM, Sasaki I, Komiyama Y, Naito H, Matsuno S, et al.
The role of lipid peroxidation on gastric mucosal lesions induced
by water-immersion-restraint stress in rats. Surg Today 2000;
30: 49-53.

[8] Ohtay,ImaiY, Kaida S, Kamiya Y, KawanishiM, et al. Vitamin
E protects against stress-induced gastric mucosal lesions in rats
more effectively than vitamin C. Biofactors 2010; 36: 60-69.

[9] Naito Y, Yoshikawa T, Matsuyama K, Yagi N, Arai M, et al. Ne-
utrophils, lipid peroxidation, and nitric oxide in gastric reperfu-
sion injury in rats. Free Radic Biol Med 1998; 24:494-502.

[10] Grisotto PC, dos Sandos AC, Continho-Netto J, Cherri J, Picci-
nato CE. Indicators of oxidative injury and alterations of the cell
membrane in the skeletal muscle of rats submitted to ischemia
and reperfusion. J Surg Res 2000; 92: 1-6.

[11] Zhao X, Alexander JS, Zhang S, Zhu Y, Sieber NJ,ef al. Redox
regulation of endothelial barrier integrity. Am J Physiol Lung
Cell Mol Physiol 2001; 281: L879-86.

[12] Sener G, Tosun O, Sehirli AO, Kacmaz A, Arbak S, et al.
Melatonin and N-acetylcysteine have beneficial effects during
hepatic ischemia and reperfusion. Life Sci 2003; 72: 2707-18.

[13] El-Abhar HS. Coenzyme QI10: a novel gastroprotective ef-
fect via modulation of vascular permeability, prostaglandin E,
nitric oxide and redox status in indomethacin-induced gastric
ulcer model. Eur J Pharmacol 2010; 649: 314-19.

[14] Calatayud S, Barrachina D, Esplugues JV. Nitric oxide: relation
to integrity, injury, and healing of the gastric mucosa. Microsc
Res Tech 2001; 53: 325-35.

Brzozowski T, Konturek PC, Sliwowski Z, Drozdowicz
D, Hang EG, et al. Importance of nitric oxide and capsaicin-
sensitive afferent nerves in healing of stress lesions induced by
epidermal growth factor. J Clin Gastroenterol 1997; 25 Suppl.
1:28-38.

[16] Marchbank T, Boulton R, Hansen H, Playford RJ. Human
transforming growth factor alpha (TGF-alpha) is digested to a
smaller (1-43), less biologically active, form in acidic gastric
juice. Gut 2002; 51:787-92.

[17] Ogle CW, Cho CH, Tong MC, Koo MWL. The influence
of verapamil on the gastric effects of stress in rats. Eur J Phar-
macol 1985; 112: 399-404.

[18] Sharma G, Wilson K, van der Walle CF, Sattar N, Petrie JR, et
al. Microemulsions for oral delivery of insulin: design, develop-
ment and evaluation in streptozotocin induced diabetic rats. Eur
J Pharm Biopharm 2010; 76: 159-69.

[19] Yetkin G, Celebi N, Ozer C, Géniil B, Ozogul C. The heal-
ing effect of TGF-alpha on gastric ulcer induced by acetylsali-
cylic acid in rats. Int J Pharm 2004; 277:1 63-72.

[20] Niki S, Matsubayashi H, Mizoue T, Mizoguchi Y, Sanata J, et al.

Study of transforming growth factor-alpha expression in duode-

nal ulcer. Nihon Shokakibyo Gakkai Zasshi.1999; 96(4): 385-91.

Murphy MS. Growth factors and the gastrointestinal tract. Nut-

rition 1998; 14: 771-74.

[22] Yetkin G, Celebi N, Can A, Gokgora N. The microemulsion
transforming growth factor alpha (TGF-4) intragastrically ad-
ministered to rats and in vivo evaluation. J Control Release
2003; 87: 259-62.

[23] Blandizzi C, Gherardi G, Marveggio C, Lazzeri G, Natale G, et
al. Suramin enhances ethanol-induced injury to gastric mucosa
in rats. Dig Dis Sci 1997; 42: 1233-41.

[15

[}

[21

—

Turk J Biochem, 2012; 37 (3) ; 294-302.

[24] Casini A, Ferrali M, Pompella A. Lipid peroxidation and cellu-
lar damage in extrahepatic tissues of bromobenzene-intoxicated
mice. Am J Pathol 1986; 123: 520-31.

[25] Aykag AG, Uysal M, Yal¢in AS, Kogak-Toker N, Sivas A, et al.
The effect of chronic ethanol ingestion on hepatic lipid peroxide,
glutathione, glutathione peroxidase and glutathione transferase
in rats. Toxicology 1985; 36: 71-6.

[26] Miranda KM, Espey MG, Wink DA. A rapid, simple spectrop-
hotometric method for simultaneous detection of nitrate and nit-
rite. Nitric Oxide 2001; 5: 62-71.

[27] Sharma P, Prakash T, Kotresha D, Ansari MA, Sahrm UR, et al.
Antiulcerogenic activity of Terminalia chebula fruit in experi-
mentally induced ulcer in rats. Pharm Biol 2011; 49:262-68.

[28] Alam MS, Alam MA, Ahmad S, Naimi AK, Asif M, et al. Pro-
tective effects of Punica granatum in experimentally-induced
gastric ulcers. Toxicol Mech Methods 2010; 20:572-78.

[29] Nonoyama K, Nakagawa K, Amagase K, Takauchi K, Nakamu-
ra M, et al. New method of inducing intestinal lesions in rats by
intraduodenal administration of aspirin. J Gastroenterol Hepa-
tol 2010; 25 Suppl. 1:15-22.

[30] Vasanthkumar M, Parameswari RP, Vijaya Kumar V, Sangeetha
MK, Gayathri V, et al. Anti-ulcer role of herbomineral Siddha
drug - Thamira parpam on experimentally induced gastric mu-
cosal damage in rats. Hum Exp Toxicol 2010; 29: 161-73.

[31] Bharti S, Wahane VD, Kumar VL. Protective effect of Calotro-
pis procera latex extracts on experimentally induced gastric ul-
cers in rat. ] Ethnopharmacol 2010; 127: 440-44.

[32] Konturek PC, Brzozowski T, Burnat G, Kwiecien S, Pawlik T, et
al. Role of brain-gut axis in healing of gastric ulcers. J Physiol
Pharmacol 2004; 55: 179-92.

Konturek SJ, Konturek PC, Plonka A, Duda A, Sito E, ef al. Imp-
lication of gastrin in cyclooxygenase-2 expression in Helicobac-
ter pylori infected gastric ulceration. Prostaglandins Other Lipid
Mediat 2001; 66: 39-51.

[34] Bastaki SM, Chandranath SI, Singh J. Comparison of the anti-
secretory and antiulcer activity of epidermal growth factor, uro-
gastrone and transforming growth factor alpha and its derivative
in rodents in vivo. Mol Cell Biochem 2002; 236: 83-94.
Adamson B, Schwarz D, Klugston P, Gilment R, Perry L, et al.
Delayed repair: the role of glutathione in a rat incisional wound
model. J Surg Res 1996; 62:159-64.

Santra A, Chowdhury A, Chaudhuri S, Das Gupta J, Banerjee
PK, et al. Oxidative stress in gastric mucosa in Helicobacter
pylori infection. Indian J Gastroenterol 2000; 19: 21-3.

(33

=

[35

[t}

[36

—

[37

—

Boykin JV Jr. Wound nitric oxide bioactivity: a promising di-

agnostic indicator for diabetic foot ulcer management. J Wound

Ostomy Continence Nurs 2010; 37: 25-32.

[38. Sen CK. Wound healing essentials: let there be oxygen. Wound
Repair Regen 2009; 17: 1-18.

[39] Schwentker A, Vodovotz Y, Weller R, Biliar TR. Nitric oxide

and wound repair: role of cytokines?. Nitric Oxide 2002; 7: 1-10.

[40

—

Konturek PC, Brzozowski T, Sulekova Z, Brzozowska I, Duda
A, et al. Role of leptin in ulcer healing. Eur J Pharmacol 2001;
414: 87-97.

302 Ozer et al.



