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ABSTRACT: Ulcers that develop due to alcohol consumption are frequently confronted. The aim of this study was
to investigate the protective effects of silk fibroin on the pro-apoptotic and anti-apoptotic protein expression levels
on ethanol induced-ulcer models in rats. For three consecutive days, orogastrically either silk fibroin or saline were
given to rats. On the 4th day, animals were deprived of food but allowed free access to water for 24 h before the
experiment. While control groups were treated with only physiological saline, the ulcer groups were treated orally
either with saline or silk fibroin groups. For ulcer induction, 1 ml of absolute ethanol by gavage were given to both
group. Firstly, intracardiac blood was taken at 60 min of EtOH or saline administration and immediately animals
were decapitated. In blood samples, the amount of TNF-a, IL-1 were analysed whereas in stomach tissues, the levels
of MDA, GSH, and MPO activity and the expression levels of bcl-2, Bax, caspase-3 and -9 were determined. In ulcer
groups, the amount of TNF-a , IL-1B, MDA, MPO, caspase-3 and caspase-9 were found to be significantly higher
compared to control groups whereas in GSH, Bcl-2/Bax were found to be lower (p < 0.005). In treatment groups it is
observed that silk fibroin recovers the amount of TNF-q, IL 1-p, MDA, MPO, GSH, caspase-3, caspase-9, and Bcl-
2/Bax. In conclusion, for the treatment of the gastric ulcer SF thought to be very efficient therapeutic agent.
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1. INTRODUCTION

Continuous exposure to noxious factors like Helicobacter pylori (H. pylori) and use of alcohol and
nicotine negatively effects the structural integrity and function of the protective mucosal barrier. When the
barrier is broken by the aggressive offensive factors; the increase of free oxygen radicals which is known to
be an important factor in the activation of inflammatory pathways, the gastric leads to mucosal damage by
allowing a back diffusion of gastric acid into the mucosal layers, forming a gastric ulcer and necrosis [1].
Healing of gastric ulcer involves cell migration, proliferation and epithelial regeneration at the ulcer base
that is mainly coordinated by a variety of an apoptotic factors, and cytokines [2, 3]. Ulcers that develop due
to alcohol consumption are frequently confronted. Intensively taken alcohol leads to mucosal edema and
inflammatory cell infiltration forming acute and hemorrhagic gastric erosion. The mechanisms of mucosal
injury due to alcohol consumption is poorly understood today. Increase in free oxygen radicals is known to
be a factor in such diseases like ischemia/reperfusion injury, sepsis, colitis, ulcer, etc., by causing lipid
peroxidation, protein oxidation and apoptosis.

Excessive intake of ethanol (EtOH) is the precondition of acute and hemorrhagic gastric erosions. It
is known that, intragastrically administered EtOH quickly penetrates the gastrointestinal mucosa leading
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to deplation of cells, membrane damage and erosion. Many studies were conducted dealing with the
mechanism of ulcer healing by using EtOH ulcer model which highly resembles human ulcers in terms of
both pathological features and healing mechanisms. Therefore, ulcer model is commonly used to develop
novel therapeutic agents that could potentially prevent ulcer deterioration or increased ulcer healing [4, 5].
Although considerable research focused on preventing ulcer progression, the mechanism of cell death was
not clearly understood and extensively studied. Apoptosis is a form of programmed cell death where the
association of this cell death mechanism is not known clearly whether it has role in preventing ulcer
progression in ulcer rat model or not.

Silk fibroin (SF) derived from silkworm is a very importrant protein-polymer for biomedical
applications. The useful features of this polymer are ability to promote tissue formation [6, 7].
biodegradability [8, 9] and its interactions with cells [10, 11]. Due to its excellent mechanical property,
hemostatic properties, non-cytotoxicity, low antigenicity and non-inflammatory characteristics SF plays
major role in tissue engineering and regenerative medicine [10-13]. Silk fibroin has also been identified as a
biomaterial for skin repair due to its homeostatic properties, and permeability to oxygen and water vapor
[14-16]. Although there are no data showing association of Silk fibrion effects on ulcer model there are
studies showing that silk fibroin had safe and positive effects in wound healing in animal models [17, 18].
Therefore, in this study it is thought that Silk fibrion might have important role in ulcer treatment in rat
model.

Lack of translational evidence in literature has hampered silk fibroin’s clinical application for tissue
repair. As a result of these findings, the current study was designed to investigate whether and to what
extent silk fibroin would provide protection against ethanol-induced gastric mucosal ulcer by determining
the presence of gastric injury using biochemical and molecular parameters. Therefore, in this study
translational potential of the SF was investigated for this tissue repair by performing preclinical studies to
fully assess its safety and effectiveness.

2. RESULTS

2.1. Results related to serum

As can be seen in Figure 1a and b, plasma levels of pro-inflammatory cytokines (TNF-a and IL-1[3)
were significantly higher in the ulcer group than those of the control group (p<0.001). The increased values
in saline-treated ulcer group was significantly reduced approaching to the control values with the silk
fibroin treatment (p<0.001).

2.2. Results Related to Tissues
2.2.1. Macroscopic analysis

As shown in Figure 1c, ethanol application to the previously saline-treated animals leads to extensive
gastric lesions where ulcer index was found to be significantly higher as compared to control rats without
any lesion (P<0.001). However, application of SF (body wt) (100 mg/kg/po) for 3 days before ulcer
induction significantly decreased the ulcer index (p<0.001).
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Figure 1. The levels of serum a) TNF-a ,b) IL-1p and c) Ulcer index (UI) of experimental groups in a rat
model of ulcer. Each group consists of 6 animals. SF; silk fibroin.
***p<0.001 Comparisons according to control group,*** p<0.001 Comparisons according to ulcer group.
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2.2.2. Levels of MDA, GSH and MPO activity assays

When malondialdehyde (MDA) levels were examined, a significant increase was found in the group
of ulcers performed in the stomach tissue according to the control group and SF administration significantly
reduced this elevation in MDA levels as shown in Figure 2a.

Glutathione (GSH) levels in gastric mucosa were found to be lower in the ulcer group than in the
control group. This reduction was found to be significantly inhibited in the group of ulcers treated with SF
as can be seen in Figure 2b.

As can be seen in Figure 2c, Myeloperoxidase (MPO) activity which is used as an indicator of
neutrophil infiltration was significantly reduced in the SF group and the results were close to the MPO
values of the control group while ulcer formation significantly increased the neutrophil infiltration in the
stomach tissue and the MPO values according to the control group.
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Figure 2. Serum a) Malondialdehyde (MDA), b) Glutathione (GSH) and c) Myeloperoxidase (MPO)
values in the rat model of ulcers. SF; silk fibroin.
***p<0.001 Comparisons according to control group,*** p<0.001 Comparisons according to ulcer group.

2.2.3. Immunoblotting

In this study B-cell lymphoma 2 (Bcl-2) and Bcl-2-associated X protein (Bax) protein expressions were
evaluated by Western blotting in order to analyze the alterations in the ratio of Bcl-2/Bax in apoptosis. The
membranes and representative immunoblots of the stomach tissues are illustrated in Figure 3.

When the ratio of Bcl-2/Bax expression in sample tissue was examined, a significant decrease was
found in the ulcer group compared to the control group and this decreased was reversed in the SF-treated
ulcer group with SF application as can be seen in Figure 4a. Casp-9 expression levels in stomach tissue were
significantly higher in the ulcer group than the control group as shown in Figure 4b and this increase was
found to be significantly inhibited in the group of ulcers treated with SF. Expression levels of casp-3 in
stomach tissue were higher in the ulcer group than the control group as it is observed in casp-9 and the
similar pattern is followed as casp-3 by reversing the levels to the control group with SF application as
represented in Figure 4b and 4c. Ulcer formation increases expression levels of pro-apoptotic proteins; Bax,
casp-3, and casp-9 in the sample tissues while decreasing the level of antiapoptotic protein; Bcl-2 expression.
In the group of ulcers treated with SF a reduction in the expression levels of Bax, casp-3 and casp-9 was
observed while the level of antiapoptotic protein Bcl-2 expression was increased.

3. DISCUSSION

Alcohol intake is coupled with the start and prolongation of gastric ulcers. The extent of gastric
damage that forms as a result of noxious agents like ethanol depends upon the balance between the factors
supporting this damage and those promoting the natural defense mechanisms. Epidemiologic data
demonstrated that alcohol ingestion elevates both the incidence and relapse rate of peptic ulcer diseases
which delays ulcer healing in humans [19]. Ethanol induces motility disorders and mucosal lesions that are
dose-dependent and reversible under acute conditions. Studies showed that gastric mucosal defense
mechanisms are distorted mainly by direct contact of alcohol or its metabolite acetaldehyde with the
mucosa [20, 21].
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Figure 3. The representative images of nitrocellulose membranes obtained from immunoblotting
experiments of stomach tissues in control, saline-treated ulcer and silk fibroin-treated ulcer groups
showing protein expressions of bax, bcl 2, caspase 3, caspase 9 and B-actin. f-actin was used to normalize
the amount of protein loaded in each lane.
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Figure 4. Expression of bcl 2 / bax, caspase-9 (casp 9) and caspase-3 (casp 3) in the tissues of all groups
in the rat model of ulcer. SF; silk fibroin.
***p<0.001 Comparisons according to control group, ** p<0.001 Comparisons according to ulcer group.

Since EtOH consumption is considered to be major risk factor in the development of gastroduodenal
ulcers, it is thought that better understanding of the cellular and molecular mechanisms of injury may
support the therapeutic approaches. Present study showed that all the parameters representing the presence
of oxidative injury in the gastric mucosa were obviously reversed by SF treatment while ulcer healing
following ethyl alcohol administration was facilitated indicating the idea that SF has powerful healing-
effects on the injured stomach. Moreover, the increased levels of TNF-a and IL-f in serum and the increased
activity of MPO was determined in ulcer tissues. The extent of injury was also drastically decreased by SF
application as analysed by macroscopic and microscopic scores and reduced MDA content.

Furthermore, experimental gastric ulcer studies revealed that the stomach and the upper
gastrointestinal tract are the main sites of EtOH metabolism. The metabolism of EtOH generates superoxide
radicals supporting lipid peroxidation which is known to be a mechanism of ethanol-induced gastric
mucosal injury. Moreover, MDA is known to be a good indicator of the degree of lipid peroxidation [22-
25]. In the current study, parallel to ulcer formation, a significant elevation in MDA content was observed
once ethanol given orally and also indicate that SF pretreatment significantly prevents MDA production
implying the idea that reduction in lipid peroxidation and cellular injury protecting the gastric tissue
against ethanol-induced oxidative damage.
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In addition to these, recent studies have revealed that reduction in GSH levels was one of the
mechanisms played role in the pathogenesis of alcohol-induced gastric injury [26]. Glutathione is an
important constituent of intracellular protective mechanisms against various noxious stimuli including
oxidative stress. It was reported that tissue GSH levels significantly reduced due to oxidative stress allowing
enhanced free radical-induced tissue damage [26]. In accordance with the previous reports, our results also
demonstrated a reduction in GSH levels as observed in the alcohol-induced gastric injury which is one of
the main factors allowing lipid peroxidation and subsequent tissue damage. Thus, the decrease in GSH
levels in gastric tissue may be due to its consumption during the oxidative stress induced by alcohol. The
intracellular GSH content is quickly used up as a result of GSH consumption by glutathione peroxidase
enzyme during H>O; elimination. The current findings showed that depletion of GSH level was prevented
by SF administration.

As reactive oxygen metabolites play vital role in the pathogenesis of gastroduodenal mucosal
inflammation (also in other models of mucosal damage induced by nonsteroidal anti-inflammatory drugs,
ethanol or H. Pylori), peptic ulcer disease and gastric cancer, diverse regimens of reactive oxygen metabolite
scavengers appear to be novel treatment strategies for upper gastrointestinal diseases. As the importance
mentioned previously, primarily superoxide anions (oxygen derived free radicals), lipid peroxides and
hydroxyl radicals have been found to play major role in the pathogenesis of acute experimental gastric
lesions [27, 28]. Studies showed that gastric injury induced by ethanol involves toxic oxygen metabolites.
Since one of the sources of oxygen radicals in gastric mucosal injury induced by EtOH in rats seems to be
the neutrophils, the role of neutrophils was analysed by determining tissue-associated MPO activity which
was significantly high after EtOH application [29]. Furthermore, the MPO activity which is known as a
marker of neutrophil aggregation at the site of inflammation generally rises in ulcerated condition and
decreases with the healing process [30]. Silk fibroin application found to prevent the increase in MPO
activity significantly by restoring it to control levels indicating the idea that the neutrophil infiltration might
have been inhibited by silk fibroin biomaterial. Among several cytokines, the proinflammatory TNF-a
secreted by activated macrophages plays a vital role in controlling immune response and supporting the
release of other pro-inflammatory mediators. It has a largely unique role in leukocyte movement within the
inflamed tissues [31]. The current findings show that the silk fibroin suppressed the neutrophil recruitment
and its major regulator TNF-a in the gastric tissue, which appear to be responsible for the recovery of
oxidative injury in the stomach.

The current findings showed for initiation of apoptosis in ethanol induced gastric tissues there was
an upregulation in caspase-3 whereas there was a decline in Bcl-2 levels. These data are compatible with
previous studies showing enhanced apoptotic death of gastric epithelial cells in ethanol-induced gastric
mucosal injury [32-34]. Inflammatory signals along with oxidative stress are known to cause the activation
of number of genes that are responsible for cellular death by apoptosis. Apoptotic cascade is known to start
by pro-apoptotic signals such as Bax which supports the release of Cytochrome-C (Cyt C) from the
mitochondria to the cytosol. Following the release of Cyt C, casp-9 is activated which leads to activation of
casp-3. Our results demonstrated that SF application suppressed the activation of casp-9 and casp-3
dependent to pro-apoptotic Bax initiator and subsequently, the levels of anti-apoptotic Bcl-2 is elevated
indicating attenuation of gastric mucosal apoptosis. The reduction of mucosal apoptosis can be explained
with the observed suppression of lipid peroxidation and TNF-a . However, excessive exposure of gastric
mucosa to TNF-a has been reported to enhance gastric epithelial apoptosis [34-36].

It has been demonstrated that in gastric tissues, ethanol seriously increases the low level of apoptosis
which normally occurs to protect against the survival and expansion of genetically damaged cells [37, 38].
Our results showed that exposuring to ethanol increases pro-apoptotic protein expressions in gastric injury
tissues. Consequently, our results highlights evidences for the protective effects of SF tretament in a rat
model of ethanol-induced gastric ulcer. Meanwhile, curbing of apoptosis and downregulation of cytokines
contributed to SF protection against ethanol damage.
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4. CONCLUSION

In conclusion, the results showed that the gastro protective effects of silk fibroin in ethanol induced
oxidative damage may be because of the inhibition of lipid peroxidation by maintaining neutrophil
infiltration. Thus, the current study highlights the benefits of SF as an effective and safer approach for the
management of gastric ulcer.

5. MATERIALS AND METHODS
5.1. Materials

Silk fibroin was obtained from silkworms (Bombyx mori) from villages of North Cyprus. All chemicals
were purchased from Sigma (St Louis, MO, USA) unless indicated.

5.1.1. Preparation of silk fibroin (SF) aqueous solution

Cocoons of B. mori silkworm were degummed by adding 1 g silk fibroin cocoons in a 0.1 M sodium
carbonate solution at 75°C on a hot plate stirrer at the speed of 1.5 rpm for 30 min and subsequently rinsed
with ultra pure distilled water. The extracted SF was dried overnight and then dissolved in CaCl, solution
in ethanol and water with molar ratio of n¢,y, on: Mcaci,: Mayos (2:1:8) at 75°C under continous stirring. This
aqueous silk fibroin solution was obtained by dialyzing it against deionized water using dialysis tubing for
3 days followed by filtration [39].

5.2. Animals conditions

Initially, an approval from the institutional ethical committee was obtained before the experimental
period. In total, Wistar Albino rats (n=18) weighing 200-300 g and 14-16 week old supplied from Near East
University Animal Center were used. Both sexes of Wistar albino rats were kept at a constant temperature
(22 £1° C) with 12 h light and dark cycles and were fed ad libitum with standardized rat chow.

5.3. Experimental design

For 3 consecutive days, orogastrically either SF (600mg/kg) or saline were given to rats. On the 4th
day, animals were deprived of food but allowed free access to water for 24 h before the experiment. While
control groups were treated with only physiological saline, the ulcer groups were treated orally either with
saline or SF. For ulcer induction 1 ml of absolute EtOH by gavage were given to both saline+treated ulcer
group and SF+treated ulcer group. Firstly, intracardiac blood was taken at 60 min of EtOH or saline
administration and immediately animals were decapitated.

5.4. Macroscopic analysis

The freshly excised stomachs were examined macroscopically for the analysis of hemorrhagic lesions

in the glandular mucosa. Directly after decapitation, stomachs were dissected out along the greater
curvature and the mucosa was rinsed with cold normal saline in order to remove possible excess blood
contaminant. Every 1mm lesion from the samples were equal to three petechia and summed per stomach,
expressing the ulcer index (UI) [40].
The proinflammatory cytokines (TNF-a, IL1-p) were assayed in blood samples. Gastric tissue samples
obtained from the corpus region were stored at - 80 ° C for the determination of MDA, GSH levels and MPO
activity in order to examine the presence of oxidant injury. In addition to these, casp-3, casp-9 and Bcl-2,
Bax expressions were determined by Western blotting method in the sample tissues.

5.5. Serum analysis

Serum TNF-a (BioSource Europe S.A. Catalog No.KRC 3014, Nivelles, Belgium) and IL-1p (ELISA,
BioSource Catalog No.KRC0011, Nivelles, Belgium) levels were measured by ELISA using an enzyme-
linked immunosorbent assay (ELISA) Kkits.
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5.6. Analysis in the tissue

As it is described by Beuge et al., in order to measure the MDA levels, the samples of tissue were
homogenized with ice-cold 150 mM KCI [41].

5.6.1. Levels of GSH and MPO activity assay

Glutathione in tissue was determined according to Ellman method [42]. The samples were

centrifuged at 3000 rpm for 15 min and the supernatant was discarded. The 0.5 ml supernatant was added
to 2 ml of 0.3 mol/1 Na,HPO4.2H>O solution. Then, 0.2 ml solution of dithiobisnitrobenzoate (0.4 mg/ml
1% sodium citrate) was added. After mixing, the absorbance of the resulting color was measured at 412 nm
in the spectrophotometer. Results are expressed in pmol GSH/g tissue. Thiobarbituric acid reactive
substances solution was added on the homogenate. The samples were allowed to cool for 15 min at room
temperature after being left in the boiling water bath. The tissue was centrifuged at 3000 rpm for 10 min
and the color absorbance of the upper phase was read at 532 nm on a spectrophotometer.
MPO activity in the tissue was determined by Hillegeas method [43]. The supernatant was discarded and
then the specimens were re-homogenized by adding 0.5% Hexadecyltrimethyl-ammonium bromide. The
supernatant were frozen 3 times with sonication following centrifugation at 41400 x g for 10 min at a
temperature of 4°C. 0.3 ml of the supernatant was added to 2.3 ml of reaction mixture containing 50 mM
Phosphate Buffer, o-dianisidine and 20 mM H>O» solution. MPO activity that is expressed as U/g in tissue
was determined as the absorbance of the resulting color was measured at 460 nm for 3 min.

5.6.2. Preparation of tissue and immunoblotting

For the molecular analysis of the tissues, 20 mM Tris buffer pH = 7.4 containing protease inhibitor
(0.2mM PMSF, 1pM pepstatin, 1pg/ml leupeptin and 10pug/ml soybean trypsin), 10% glycerol, 50 mM NaCl,
2mM DTT and 1 mM EDTA was added into the tissues and homogenized for 90s. After, the homogenates
were centrifuged at 2000 x g for 10 min, the supernatant was centrifuged again at 12.000 x g for 60 min. The
obtained supernatant fraction was centrifuged again at 12.000 x g for 1 s to obtain the cytoplasmic fraction.
Pellets were incubated with 50 mM Tris-HCl (p.H: 7.4), 5% glycerol, 1 mM EDTA, 5 mM DTT, protease
inhibitors and 0.05% Triton X-100 for 90 min vortexing and used as mitochondrial extract. All these
operations are done at +4 °C. The protein content of the samples was determined by the Lowry method [44].
Cytoplasmic extractions were used to determine Bax, casp-3 and -9 expression levels whereas mitochondrial
extractions were used to determine Bcl-2 expression level. Samples including 100 pg protein were run on
gel electrophoresis containing 12% sodium dodecyl sulfate-polyacrylamide (SDS-PAGE) and transferred
onto nitrocellulose membranes (Schleicher and Schuell, 0.45 pm, Germany) for 90 min at 80 V. The
membranes were blocked with Tris buffered saline containing 1% BSA 0.05% Tween 20 (TBS-T) and 1% BSA
buffer for 1 h. After blocking, the membranes were incubated overnight with polyclonal primary antibodies.
[Bcl-2 (1:200), Bax (1: 200), casp-3 (1:100), or casp-9 (1: 100)] for 14 h at +4°C. Immunoblots were standardised
according to expression of f-actin (1:200) for all the membranes. All antibodies were supplied by Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). All chemicals were purchased from Sigma.

After each incubation, the membranes were incubated with alkaline phosphatase-conjugated rabbit
monoclonal anti-goat IgG secondary antibodies for 1 h at 20°C and then washed with TBS-T three times for
15 min. The antibody-antigen complex was observed with NBT/ BCIP. The densitometric analyses were
carried out with Bio-Rad Molecular Analyst software (free edition, www.totallab.com). Molecular weights
for Bcl-2, Bax, casp-3, casp-9 and P-actin are 26 kDa, 23 kDa, 20 kDa, 46 kDa and 43 kDa, respectively.

5.7. Statistics

Statistical analysis was performed using GraphPad Prism 3.0 (GraphPad Software, San Diego; CA;
USA). All data were expressed as means + SEM. Groups of data were compared with an analysis of
variance (ANOVA) followed by Tukey’s multiple comparison tests. Values of p<0.05 were assumed as
statistically significant.
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