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ABSTRACT

Background: This study aims to show the corrective effect of verbascoside on histomorphological and biochemical differences in the
colon mucosa of rats in which colon ischemia-reperfusion (I/R) injury was induced.

Methods: Fifty Sprague Dawley male rats were divided into 5 groups, of control, sham, ischemia (l), I/R, and I/R+verbascoside.

Ischemia and reperfusion were applied to the suitable groups for 30 minutes and 120 minutes respectively, and 10 mg/kg verbascoside
was administered intraperitoneally. Histomorphological assessment was done in the colon tissues obtained, and the goblet cells were
assessed using the Alcian blue method. Proliferating cell nuclear antigen (PCNA), TUNEL, and hypoxia-induced factor 1 (HIF-1a) assays
were used to assess oxidative stress with the immunohistochemical method. Malondialdehyde (MDA), superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), total antioxidant status (TAS), total oxidant status (TOS), oxidative stress index (OSl), and total thiol
(TT) levels were checked, for a biochemical analysis of oxidative stress.

Results: Compared with the I/R group, histomorphological differences were seen to be corrected in colon epithelium in the I/
R+verbascoside group. The goblet cell number increased and cell proliferation was increased, as seen with the PCNA assay; and apopto-
sis was decreased, as seen with the TUNEL assay. HIF-1a expression also decreased in the drug group. In the drug group, SOD, GSH-Px,
TAS, and TT levels increased, but TOS, OSI, and MDA levels decreased.

Conclusion: It was seen that verbascoside had a corrective effect on histomorphological and biochemical differences caused by I/R
injury.
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INTRODUCTION

Ischemia-reperfusion (I/R) injury is a common tissue
injury. It might arise from various diseases or in various
clinical cases with a pathophysiology of multifactorial
processes. Conditions such as major traumas, acute mes-
enteric ischemia, septic and hypovolemic shock, abdomi-
nal aorta surgery, cardio-pulmonary bypass, and surgical
applications may cause I/R injury."2

Colon I/R injury is a common clinical case, with sig-
nificant risks of morbidity and mortality.® Colon isch-
emia might arise from cardiac (arrhythmia, heart
failure, shock) vascular (emboli, thrombus, vasculitis,
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etc.), infectious (Escherichia coli, hepatitis B, cytomega-
lovirus) iatrogenic (surgical interventions to the aorta),
physiological (long-distance run, etc.), and pharmacologic
(antibiotics, diuretics, non-steroidal anti-inflammatory
drugs, etc.) causes.*®

Volvulus and trauma might result in ischemic injury in the
colon.2 Colon resection and anastomosis are common
surgical applications in general surgery. Colon anastomo-
ses are among the reasons for ischemic injury in the colon.

Ischemic preconditioning and controlled reperfusion anti-
oxidant agents are used in the treatment of I/R injury.?®
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I/Rinjuryis related to multiple metabolic effects. Following
ischemia, especially reactive oxygen species (ROS) and
cytokine accumulation in the reperfusion phase result in
tissue injury.? Various studies have confirmed the role of
ROS and nitric oxide (NO) in I/R injury.>® Reoxygenation
occurring during reperfusion causes oxidative stress.
Intracellular and extracellular ROS or its free radicals are
produced, and they have damaging effects on the nucleic
acid, protein, and lipids in the cell.57 In the tissue, I/R injury
results in neutrophil accumulation, increased myeloper-
oxidase (MPO) activity, apoptotic necrosis, accumulation
of proinflammatory cytokines, and massive histopatho-
logical differences.®

Verbascoside, also known as acetonide, is structurally a
phenylpropanoid glycoside. Like other phenolic compo-
nents, it can be obtained primarily from plants like olive.®

Verbascoside has antihepatotoxic, neuroprotective,
immunosuppressant, anti-nociceptive, and NO-scavenging
effects.®'2Here, the corrective effect of verbascoside on
histomorphological and biochemical differences in colon
mucosa of rats in which colon I/R injury was induced, are
assessed.

MATERIALS AND METHODS

This study was carried out at Dumlupinar University. The
study experiments were approved by the Local Ethics
Committee for Experiments on Animals of Dumlupinar
University (Number: 2014.08.09).

All experiments were carried out by following the Guide
for the Care and Use of Laboratory Animals published by
the Institute of Laboratory Animal Resources Commission
on Life Sciences National Research Council.

Animals

In the study, 50 Sprague Dawley adult male rats weighing
250-300 g were used. The animals were put into 10 cages,
5 in each cage, at constant temperature, with standard
12-hour periods of alternating dark and light, with ventila-
tion. They were let free for food and water consumption.
The rats were brought into the laboratory 1 week before
the study for adaptation.

Chemicals

Verbascoside (Product Number: V4015 CAS Number:
61276-17-3 Formula: C29H36015 Formula Weight:
624.59 g/mol was purchased from Sigma Aldrich Co
LLC, St. Louis, MO). It was dissolved in absolute methanol

(5 mg/mL) and diluted with physiological saline to a final
methanol concentration of 1%.

Experimental Study Design

The rats included in the study were chosen randomly
among the 50 rats and divided into 5 groups of 10 rats.
Throughout the study, the rats were anesthetized with
intraperitoneal 50 mg/kg ketamine (Ketalar 50 mg/ml, 10
mL flacon, Pfizer) and 20 mg/kg xylazine (Rompun 2% ,
50 mL, Bayer).

The 5 groups of the study were group |, the control
group (n = 10); group I, the sham group (n = 10); group
Ill, the ischemia (I) group (n = 10); group IV, the isch-
emia-reperfusion (I/R) group (n = 10); and group V, the I/
R+verbascoside group (n = 10).

Group |, Control: The anesthetized rats were placed in
a recumbent position under a heating lamp. With a mid-
line incision, the colon was removed. A part of the tissue
obtained by cleaning the intestines was allocated for his-
topathological analysis, while a part of it was allotted for
biochemical analysis.

Group I, Sham: The sham group was subjected to
abdominal median laparotomy and not to I/R conditions.
The rats were treated with intraperitoneal (ip) injections
of 1 mL of methanol : saline (1 : 2, vehicle) 60 minutes
before laparotomy, and the required amount of methanol
to dissolve 10 mg verbascoside was used.

With a midline incision, the colon was removed. A part of
the tissue obtained by cleaning the intestines was allo-
cated for histopathological analysis, while a part of it was
allotted for biochemical analysis.

Group lll, Ischemia (I): The third group was planned as the
| group. After the abdomens of the rats were opened, the
superior mesenteric artery was ligated. Later, abdominal
walls were closed one by one with 3/0 atraumatic silk. The
rats were subjected to ischemia for 30 minutes. After this
process, the abdomen was entered again and the colon was
removed. A part of the tissue was allocated for histopatho-
logical analysis, while a part of it was allotted for biochemi-
cal analysis. To prevent hypothermia during the ischemia
process, a hot moist dressing was applied to the rats.

Group 1V, Ischemia-reperfusion (I/R): After the abdo-
mens of the rats were entered into, the superior
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mesenteric artery was ligated. After abdominal walls were
closed with 3/0 atraumatic silk, the rats were subjected to
ischemia for 30 minutes.

After this process, entering into the abdomen again, the
superior mesenteric artery was opened and the ischemia
operation was concluded. Mesenteric artery pulsation was
seen. After the abdominal walls were closed one by one
with 3/0 silk, the rats were subjected to reperfusion for
120 minutes. After this duration, the colon was removed
and sectioned for histopathological and biochemical
analyses. To prevent hypothermia during I/R process, a
hot moist dressing was applied to the rats.

Group V, I/R+verbascoside: The rats in this group
were administered verbascoside together with I/R (I/
R+verbascoside). After the abdomens of the rats were
opened, the superior mesenteric artery was ligated and
then the abdomens were closed with 3/0 silk. The rats
were subjected to ischemia for 30 minutes. At the end
of this time, the suture on the superior mesenteric artery
was removed, and immediately after the abdomen was
closed with 3/0 silk, 10 mg/kg verbascoside was adminis-
tered intraperitoneally. The reperfusion procedure lasted
for 120 minutes. After this duration, the abdomen was
opened and the colon was removed for histopathological
and biochemical analyses 2315

Histomorphological and Immunohistochemical
Analysis

All the rats were sacrificed at predetermined durations.
Colon samples 1-2 cm long were taken from the area 1
cm distal to the cecum-—colon intersection. After the
samples were washed with physiological saline solution,
they were fixed with 4% paraformaldehyde. The tissue
samples were dehydrated in ethanol and put into paraf-
fin. For each histochemical and immunochemical analysis,
sections of 4-5 ym were taken from the tissue samples.

Histomorphological assessment: The tissues were depa-
raffinized and stained with hematoxylin and eosin for
histopathological and morphometric assessments. For
the histochemical assessment, the Alcian blue staining
method was used. The histomorphological differences
in hematoxylin and eosin-stained sections were grouped
between 0 and 4, and the indications were as follows's:

0: normal mucosa;
1: partial epithelial edema and necrosis;
2. diffuse distension in the epithelium, and necrosis;

3: necrosis and submucosal neutrophil infiltration; and

4: massive necrosis, massive neutrophil infiltration, and
hemorrhage.

Detection of Goblet Cells with the Alcian blue Method:

Using Alcian blue, the goblet cells producing mucus were

detected. The goblet cells in 10 intestinal villiand the cor-

responding intestinal crypts were counted.®

Immunohistochemical assessment: Sections of 4-5 ym
in size were prepared for immunohistochemical assess-
ment for proliferating cell nuclear antigen (PCNA) and
hypoxia—inducible factor 1 alpha (HIF1 a) assays. They
were deparaffinized and rehydrated. Endogen peroxi-
dase activity was blocked with 0.5% hydrogen peroxide
in methanol. Anti-PCNA antibody (ab18197-Abcam) and
anti-HIF-1a antibody-ChlIP Grade (ab2185-Abcam) were
applied for 60 minutes. Peroxidase activity was released
with diaminobenzidine (DAB). For contour staining,
hematoxylin was applied. Cells giving positive reaction
were counted in 400x enlargement. For each subject,
enumeration was done in 60 intestinal villi and the corre-
sponding crypts. The percentage of the cells giving posi-
tive reaction was computed.'®

Detection of necrosis in situ: Apoptotic cells in the intes-
tinal tissue were detected with terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP-biotin nick end label-
ing (TUNEL) method (In Situ Cell Death Detection Kit,
POD, Roche 11684817910-50test). The samples were
deparaffinized. Endogen peroxidase activity was blocked
with 0.5% hydrogen peroxide in methanol. TdT enzyme
was applied at 37°C for 1 hour. Peroxidase activity was
released with DAB. For contour staining, hematoxylin
was applied. Cells giving positive reaction were counted
in 400x enlargement. For each subject, enumeration was
done in 60 intestinal villi and the corresponding crypts.
The percentage of the cells giving positive reaction was
computed.'®

For all histomorphological and immunohistochemical
assessments, the Olympus CX 41 light microscope was
used.

Biochemical Analysis

Preparation of Colon Tissue Homogenates: For bio-
chemical analysis, colon tissue samples were mixed with
the cold working solution (50 mM phosphate buffer, pH
7.40), and homogenized with a mechanical homogenizer
(Analytik Jena SpeedMill plus, Jena, Germany). The mix-
tures were then centrifuged at 10 000 x g for 15 minutes
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at 4°C and the supernatants were preserved for bio-
chemical analysis by storing on ice.

Measurement of Tissue Total antioxidant status (TAS),
total oxidant status (TOS), and total thiol (TT) levels:
TAS, TOS, and TT levels were measured on a Beckman
Coulter AUB80 analyzer (Beckman Coulter, Miami, FL,
USA) using commercial reagents (Rel Assay Diagnostic,
Gaziantep, Turkey) based on novel automated measure-
ment methods developed by Erel.'””-'® The TAS levels were
expressed as mmol Trolox Eq/mg protein. The TOS levels
were expressed as pmol H,0, Eg/mg protein. The TT lev-
els were expressed as pmol/mg protein.

Calculation of Oxidative Stress Index (OSlI): The percent
ratio of TOS to TAS was accepted as the OSI, an indicator
of the degree of oxidative stress. To perform the calcula-
tion, the unit of TAS, mmol Trolox Eq/mg protein, was con-
verted to micromole Trolox equivalent/mg protein, and OSl
was calculated as follows: OSI = [(TOS, pmol H,0, Eq/mg
protein)/(TAS, pmol Trolox Eq/mg protein) x 100].2°

Measurement of Tissue SOD and GSH-PX Activities:
Tissue SOD activities were measured on a Beckman
Coulter AUB80 analyzer (Beckman Coulter, Miami, FL,
USA) using a Ransod kit (Randox Laboratories Ltd.,
Crumlin, UK). SOD activities were expressed as U/mg pro-
tein. Tissue glutathione peroxidase (GSH-PX) activities
were measured on a Beckman Coulter AU680 analyzer
(Beckman Coulter, Miami, FL, USA) using a Ransel kit
(Randox Laboratories Ltd., Crumlin, UK). GSH-PX activi-
ties were expressed as U/mg protein.

Measurement of Tissue MDA Levels: Tissue MDA levels
were measured based on the thiobarbituric acid reactive
substances method, using commercial enzyme-linked
immunosorbent assay kits (Cayman Inc, Ann Arbor, M,
USA) on a microplate reader (BMG Labtech Spectrostar
Nano, GmbH, Ortenberg, Germany).?® MDA levels were
expressed as yM/mg protein.

Measurement of Tissue Protein levels: Tissue protein
levels were measured based on the Bradford method on
a Beckman Coulter AU680 analyzer (Beckman Coulter,
Miami, FL, USA).2?

Statistical Analysis

Statistical Analysis of Histomorphological Data: The
data were analyzed using IBM SPSS (Statistical Package
for Social Sciences) Statistics 20 statistical program,

with descriptive statistics including the test of nor-
mality, homogeneity of variance test, one-way analysis
of variance and post hoc (multiple comparison) tests,
Tukey HSD, Tamhane's test, and the Kruskal-Wallis
test. A P value less than .05 was considered statistically
significant.

Statistical Analysis of Biochemical Data: Statistical
analyses were performed using GraphPad Prism, version
6.05 (GraphPad Software, Inc., CA, USA). All data were
expressed as means =+ standard error of the mean (SEM).
Because of the small experimental groups, we used non-
parametric statistical tests. The differences among the
multiple groups were analyzed using the Kruskal-Wallis
analysis of variance on ranks. Comparisons between
2 groups were analyzed using the Mann-Whitney U-test.
A P value less than .05 was considered statistically
significant.

RESULTS

Assessment of Histomorphological and
Immunohistochemical Data

It can be said that there is a significant difference between
the control, sham, |, I/R, and I/R+verbascoside groups in
the histomorphological assessment with the hematoxylin
and eosin-stained sections.

As for Alcian blue, there is a significant difference
between the mean values of control-I/R, control-I, sham-
I, sham-I/R, I-I/R+verbascoside, and I/R-I/R+verbascoside
binaries. There is no significant difference between the
mean values of control-sham, control-I/R+verbascoside,
sham-I/R+verbascoside, and the I-I/R binaries.

As for PCNA, there is a significant difference between
the mean values of control-I/R, control-l, control-I/
R+verbascoside, sham-I/R, [-I/R, and I/R-I/R+verbascoside
binaries. There is no significant difference between
the mean values of control-sham, sham-I, sham-I/
R+verbascoside, and [-I/R+verbascoside binaries.

As for TUNEL, there is a significant difference between
the mean values of control-IR, control-I, control-I/
R+verbascoside, sham-I, sham-I/R, |/R-I/R+verbascoside,
sham-I/R+verbascoside, and |-I/R+verbascoside binaries.
There is no significant difference between the mean val-
ues of control-sham and I-I/R binaries.

As for HIF-1q, there is a significant difference between the
mean values of control-I/R, control-I, sham-I, sham-I/R,

551



Turk J Gastroenterol 2021; 32(7): 548-559

Deger et al. Verbascoside in Colonic Ischemia—Reperfusion

I/R-I/R+verbascoside, and I|-I/R+verbascoside binaries.
There is no significant difference between the mean val-
ues of control-sham, sham-I/R+verbascoside, I-I/R, and
control-I/R+verbascoside binaries.

In the I/R+verbascoside group, compared with the I/R
group, histopathological signs such as edema, necro-
sis, and inflammatory infiltration were improved in the
hematoxylin-eosin-stained sections, and mucin loss
improved in the histochemical examination with Alcian
blue.

In the I/R+verbascoside group, compared with the I/R
group, PCNA and cell proliferation increased, TUNEL and
apoptosis decreased. In the IR+verbascoside group, com-
pared with the I/R group, HIF-1a expression, an indicator
of oxidative stress, decreased (Figure 1-5).

Assessment of Biochemical Data

According to the table and graphs above, it is seen that
compared with the I/R group, in the I/R+verbascoside
group, as indicators of antioxidant activity, SOD, GSHPX,
TAS, and TT levels increased, while as indicators of oxida-
tive stress, TOS, OSI, and MDA levels decreased (Figure 6).

DISCUSSION

Ischemic injury in the colon is the most common injury
type in the gastrointestinal system. Mild disease can be
corrected with conservative medical treatment. However,
at more severe levels, surgical intervention might be
required, and it might result in mortality.* In the litera-
ture, there are numerous studies on I/R injury in different
organs and the treatment of I/R injury.5-82% However, we
found few studies on I/R injury in the colon and no studies
on the effect of verbascoside on I/R injury in the colon.'-35

Figure 1. Representative photomicrographs exhibiting histomorphological, histochemical, and immunohistochemical appearance of the
normal colon mucosa in control groups. (A) Normal tissue architecture of colon mucosa. H&E x40. (B) Histochemical detection of goblet
cells by the Alcian blue method in normal colon mucosa (positive cytoplasms are noted with arrows). Alcian blue x40. (C) PCNA expression
in normal colon epithelial cells (positive staining is noted with arrows). PCNA x40. (D) HIF-1a expression in normal colon epithelial cells
(positive staining is noted with arrows). HIF-1a x40. (E) TUNEL expression in normal colon epithelial cells (positive staining is noted with
arrows). TUNEL x40.
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Figure 2. Representative photomicrographs exhibiting histomorphological, histochemical, and immunohistochemical appearance of the
colon mucosa in the sham group. (A) Normal tissue architecture of colon mucosa. H&E x40 (B) Histochemical detection of goblet cells by
the Alcian blue method in colon mucosa (positive cytoplasms are noted with arrows). Alcian blue x40. (C) PCNA expression in colon
epithelial cells (positive staining is noted with arrows). PCNA x40. (D) HIF-1a expression in colon epithelial cells (positive staining is noted
with arrows). HIF-1a x40. (E) TUNEL expression in colon epithelial cells (positive staining is noted with arrows). TUNEL x40.

In this study, we aimed to see the corrective effect of ver-
bascoside on rats in which colon I/R injury was induced.
To see I/Rinjury and the corrective effect of verbascoside
on I/R injury, we used histomorphological, immunohisto-
chemical, and biochemical parameters.

I/R injury is a fundamental form of tissue injury; disrup-
tion of blood flow results in ischemic injury in all body
systems. Restoration of blood flow is essential to prevent
irreversible cellular injury in the ischemic organ, but reper-
fusion increases injury in ischemic tissue by releasing
toxic mediators."® In tissues, I/R injury occurs via oxida-
tive stress and free oxygen radicals. Necrosis, neutrophil
accumulation, and apoptotic necrosis are seen in isch-
emic tissues due to the detrimental effect of cytokines.
Cellularregeneration and proliferation are slowed down by
I/R injury.2524|n the literature, studies assess basic histo-
morphological differences in hematoxylin—eosin-stained

sections. Shailesh Solanki et al. assessed inflammatory
differences and collagen content in the colonic anasto-
mosis site and showed that aminoguanidine decreased
ischemia-based histomorphological differences.?

Oguzhan Karatepe et al. showed the corrective effect of
adrenomedullin on ischemic injury using histomorpho-
logical parameters such as granulocyte cell infiltration in
ischemic left colon anastomosis, fibroblast cell infiltra-
tion, necrosis, and the formation of new capillaries.?* We
showed the healing effect of verbascoside in the colon
with I/R injury by using histomorphological parameters
such as edema in the epithelium, and necrosis, submuco-
sal neutrophil infiltration, and hemorrhage.

It was observed that intraperitoneally-applied verbasco-
side corrected the above mentioned histomorphologi-
cal differences. Compared with the I/R group, significant
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Figure 3. Representative photomicrographs exhibiting histopathological, histochemical, and immunohistochemical changes of the
ischemic colon mucosa in the ischemia groups. (A) Massive destruction, tissue necrosis and submucosal neutrophil infiltration in colon
mucosa. H&E x40. (B) Massive mucin loss in ischemic colon mucosa is seen with Alcian blue method (positive cytoplasms are noted with
arrows). Alcian blue x40. (C) Decreased PCNA expression in ischemic colon epithelial cells (positive staining is noted with arrows). PCNA
%x40. (D) Increased HIF-1a expression in ischemic colon epithelial cells (positive staining is noted with arrows). HIF-1a x40. (E) Increased
TUNEL expression in ischemic colon epithelial cells (positive staining is noted with arrows). TUNEL x40.

improvement was determined in the histomorphological
parameters of the I/R+verbascoside group (P < .05).

The Alcian blue histochemical method can be used to
assess the goblet cell population that produces mucus
in the intestinal epithelium displaying I/R injury.52® Milan
Marette et al. showed that goblet cell number decreased
in the jejunal epithelium in rats after I/R injury. In the same
study, it was also shown that alanyl-glutamine application
has a protective effect in I/R injury. It was seen that in the
group in which alanyl-glutamine was applied, goblet cell
number in the jejunal epithelium increased.®

We determined goblet cell loss in the colon epithelium
due to I/R injury. Compared with the control group, goblet
cell number decreased in the | group and the I/R group
(P < .05). We determined that verbascoside restored gob-
let cell loss in to I/R injury. Compared with the I/R group,

the goblet cell number increased in the I/R+verbascoside
group (P < .05).

PCNA is an immunohistochemical marker capable of
cell proliferation and nuclear repair. PCNA is a significant
cell cycle-regulated nuclear protein for DNA polymerase.
PCNA-labeled nuclei identify cells in the late G1 and early
S phase of the cell cycle, as well as cells undergoing DNA
repair. PCNA protein was mainly located in the nuclei of
proliferative cells in crypts.'®

PCNA has been used in different studies to show loss of
cell proliferation in I/R injury, and to assess the effect of
pharmacological agents used against I/R injury.51626

Yujiao Cai et al. made use of PCNA while assessing the
corrective effect of keratinocyte growth factor in intes-
tinal I/R injury.?” Weichen et al. also made use of PCNA to
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Figure 4. Representative photomicrographs exhibiting histopathological , histochemical, and immunohistochemical changes of the
ischemic colon mucosa in I/R groups. (A) Massive destruction, tissue necrosis, and submucosal neutrophil infiltration in colon mucosa, H&E
%x40. (B) Massive mucin loss in ischemic colon mucosa is seen with Alcian blue method (positive cytoplasms are noted with arrows), Alcian

blue x40. (C) Decreased PCNA expression in ischemic colon epithelial cells (positive staining is noted with arrows), PCNA x40. (D) Increased
HIF-1a expression in ischemic colon epithelial cells (positive staining is noted with arrows), HIF-1a x40. (E) Increased TUNEL expression in
ischemic colon epithelial cells (positive staining is noted with arrows), TUNEL x40.

show the corrective effect of fibroblast growth factor on
cell proliferation in intestinal I/R injury."®

Milan Maretta et al. used PCNA while assessing the pro-
tective effect of alanyl-glutamine in jejunal ischemia.® We
saw that compared with the control group, the number of
cells that give a positive reaction with PCNA in the colon
epithelium decreased in the | and I/R groups. After ver-
bascoside application, cell proliferation in the colon with
I/R injury increased (P < .05).

TUNEL analysis is a method used for analyzing DNA
fragmentation. DNA fragmentation occurs via apop-
totic cascade activation.?>2627 In I/R injury, the number of
TUNEL-positive cells increases. The increase in the num-
ber of TUNEL-positive cells is related to the activation of
various paths for programmed cell death and injured epi-
thelial cells.?®

In the tissues with I/R injury, apoptotic cell death and
the number of TUNEL-positive cells increase. Maria
Merassantos et al, Yujiao Cai et al, and Stefan Toth
Jr et al. used the TUNEL method to assess apoptotic
cell death in I/R injury.252827 Using the TUNEL method,
we saw that the number of apoptotic cells increased
in rats in which colon I/R injury was induced, and we
determined that verbascoside restored I/R injury and
decreased the number of TUNEL-positive cells in the
colon (P < .05).

The main factor causing lesions in ischemic tissues is
hypoxia. Hypoxia initiates an intracellular signal path and
causes HIF1 activation.

HIF1 is a critical regulator of the transcriptional response
to low oxygen (O,) conditions (hypoxia/anoxia) in mam-
malian cells. Heterodimeric protein is composed of a
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Figure 5. Representative photomicrographs exhibiting histomorphological, histochemical, and immunohistochemical appearance of the
colon mucosa in the I/R+verbascoside groups. (A) Improved histopathological changes in colon mucosa (partial epithelial edema and
minimal necrosis are seen), H&E x40. (B) Improved mucin loss in colon mucosa is seen with Alcian blue method (positive cytoplasms are
noted with arrows), Alcian blue x40. (C) Improved PCNA expression in colon epithelial cells (positive staining is noted with arrows), PCNA
x40. (D) Improved HIF-1a expression loss in colon epithelial cells (positive staining is noted with arrows), HIF-1a x40. (E) Improved TUNEL
expression loss in ischemic colon epithelial cells (positive staining is noted with arrows), TUNEL x40.

constitutively expressed HIF-1 8 subunit and O,-regulated
HIF1a subunit.

HIF1a is a nuclear transcription factor and is critical for
initiating a cellular response to hypoxia. Many studies
have demonstrated that there is a very close relationship
between the expression of the HIF1x and the formation
of ROS in ischemia.?®

We observed that compared with the control group, HIF1a
expression in the colon epithelium in the | and I/R groups.
We also determined that verbascoside decreased HIF1a
expression in colon epithelium in rats in which colon I/R
injury was induced (P < .05). I/R injury leads to ROS for-
mation, followed by lipid peroxidation and injury in the
membrane of cells and subcellular organelles.5?® During
lipid peroxidation, MDA is produced. An increase in MDA
indicates ischemic injury.

One of the most important antioxidant enzymes,
SOD, converts superoxide radicals to hydrogen per-
oxide. Then, hydrogen peroxide is converted to water
molecules by GSH-Px. In I/R injury, SOD and GSH-Px
activities fall, depending on the depletion of these
2 enzymes.6,7,23,24,29-33

Besides MDA, GSH-Px, and SOD values, TAS, TOS, OS,
and OSI were also used while assessing I/R injury in vari-
ous studies in the literature.'®?8303" We also used these
parameters to assess in I/R injury in the colon and the
effect of verbascoside in I/R injury.

Thiol groups are sulfur-containing compounds that are
important members of the antioxidant cascade, because
they destroy ROS and other free radicals by enzymatic
or non-enzymatic mechanisms.2° Total thiols are com-
posed of both intracellular and extracellular thiols. Both
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Figure 6. Tissue TAS, TOS, OSI, TT, MDA, SOD, and GSH-PX levels in assay groups. P: shows the differences between all groups (one-way
ANOVA). 22eden each line, the differences between the mean values with same letters are significant, P < .05 (Tukey HSD post hoc test).
a, control group versus I/R+V; b, sham group versus I/R+V; ¢, ischemia group versus I/R+V; d, I/R group versus I/R+V.

Table 1. Comparison of Tissue TAS, TOS, OSI, TT, and MDA levels, and Tissue SOD and GSH-PX Activities Between Assay Groups

Parameters

(Mean + SEM) Control (N=10) Sham (N=10) Ischemia (N =10) I/R (N =10) I/R+V (N =10) P

TAS (mmol Trolox Eg/mg  0.082 + 0.003* 0.085 +0.003° 0.049 + 0.002%*¢ 0.033 + 0.0042bcd 0.050 + 0.003¢ <.001
protein)

TOS (pmol H,O, Eg/mg 0.093 +0.005* 0.091 + 0.006° 0.23 + 0.013%¢ 0.34 + 0.0332bd 0.18 + 0.0.123b¢d <.001
protein)

oSl 0.11 + 0.0072 0.12 + 0.008° 0.47 + 0.024%¢ 1.07 + 0.0932<d 0.36 + 0.033d <.001

SOD (U/mg protein) 1.023 + 0.026* 1.064 + 0.072° 0.59 + 0.05%¢ 0.47 + 0.042bd 0.83 + 0.032d <.001

GSH-PX (U/mg protein) 4.02 +0.142 4.09 +0.17° 2.84 +0.20* 2.36 + 0.25%¢ 3.32 £ 0.212¢ <.001

TT (pmol/mg protein) 15.8 +0.72 15.6 + 0.6° 8.7 + 0.4%° 8.3 + 0.6% 10.2 + 0.42bcd <.001

MDA (uM/mg protein) 0.26 + 0.01° 0.28 + 0.01° 0.46 + 0.03*° 0.68 + 0.0520<¢ 0.36 + 0.02%d <.001

P shows the differences between all groups (one-way ANOVA).

abedeln each line, the differences between the means with same letters are significant, P < .05 (Tukey's HSD post hoc test).

a, control group versus I/R+V; b, sham group versus I/R+V; ¢, ischemia group versus I/R+V; d, I/R group versus IR+V.

I/R, ischemia/reperfusion; SEM, standard error of mean; TAS, total antioxidant status; TOS, total oxidant status; OSI, oxidative stress index; SOD, superoxide
dismutase; GSH-PX, glutathione peroxidase; TT, total thiol; MDA, malondialdehyde, V, verbascoside.

intracellular and extracellular redox states of thiols play
critical roles in maintaining protein structure and func-
tion, regulating enzymatic activity, and providing anti-
oxidant protection.®* Total thiol groups are very sensitive
to oxidation. When the cells are exposed to oxidative
stress, thiol groups are the first affected antioxidants.
Total thiol groups of proteins are responsible for their
antioxidant response, and they can serve as a sensitive
indicator of oxidative stress.®> Oxidative protein damage

is characterized by decreased protein thiol levels; thus TT
levels may reflect the extent of ROS-mediated protein
oxidation.%®

We observed that compared with the I/R group, in the I/
R+verbascoside group, SOD, GSH-Px, TAS, and TT lev-
els increased, while TOS, OSI, and MDA levels decreased.
Verbascoside led to restoration in the biochemical param-
eters of I/R injury in the colon.
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CONCLUSION

This study showed that as a pharmacological agent with
multiple effects, verbascoside decreased I/R injury in the
colon epithelium and restored histomorphological differ-
ences. It also decreased goblet cell loss. Verbascoside led
to restoration in the biochemical parameters indicating
I/R injury.

Ethics Committee Approval: Ethics committee approval was received
for this study from the Local Ethics Committee for Experiments
on Animals of Dumlupinar University (Number: 2014.08.09).

Informed Consent: N/A.
Peer-review: Externally peer-reviewed.

Author Contributions: Concept — AN.D,; Design - F.EK, HD,;
Supervision—AN.D., Z.B., S.Z; Resource —AN.D.; Materials - Z.B,, S.Z;
Data Collection and/or Processing — AN.D. Analysis and/or
Interpretation — AN.D., F.O, FEK, OA; Literature Search — HK;
Writing — AN.D., H.K;; Critical Reviews — F.0., FEK.

Acknowledgements: Thank you to my devoted mother, my husband
and my children.

Conflict of Interest: The authors have no conflict of interest to
declare.

Financial Disclosure: Universty Scientific research project.

REFERENCES

1. Czeiger D, Osyntsov A, Osyntsov L, et al. Examining the safety of
colon anastomosis on a rat model of ischemia-reperfusion injury.
World J Emerg Surg. 2013;8:24. [CrossRef]

2. Solanki S, Srinivas M, Sinha A, et al. Histopathological changes at
colonic anastomotic site after ischemia reperfusion injury: role of
aminoguanidine in experimental model. Eur J Pediatr Surg.
2015,25(3):242-249. [CrossRef]

3. Kuzu MA, Tanik A, Kale IT, et al. Effect of ischemia/reperfusion as
a systemic phenomenon on anastomotic healing in the left colon.
World J Surg. 2000;24(8):990-994. [CrossRef]

4. Feuerstadt P, Brandt LJ. Update on Colon Ischemia: Recent
Insights and Advances. Curr Gastroenterol Rep. 2015;17(12):45.
[CrossRef]

5. Maretta M, Téth S, Jonecovd Z, Veseld J. Impact of alanyl-glu-
tamine dipeptide on proliferative and inflammatory changes in jeju-
nal mucosa after acute mesenteric ischemia. J Pediatr Surg.
2014;49(9):1385-1389. [CrossRef]

6. Shin JH, Kim GH, Song KH, et al. Protective effect of N-acetyl-
cysteine against ischemia/reperfusion injury in rat urinary bladders.
Cell Biochem Funct. 2014;32(1):24-30. [CrossRef]

7. Erkanli Senturk G, Erkanli K, Aydin U, et al. The protective effect
of oxytocin on ischemia/reperfusion injury in rat urinary bladder.
Peptides. 2013;40:82-88. [CrossRef]

8. Dell’Aquila ME, Bogliolo L, Russo R, et al. Prooxidant effects of ver-
bascoside, a bioactive compound from olive oil mill wastewater, on
in vitro developmental potential of ovine prepubertal oocytes and

bioenergetic/oxidative stress parameters of fresh and vitrified
oocytes. BioMed Res Int. 2014;2014:878062. [CrossRef]

9. Yoou MS, Kim HM, Jeong HJ. Acteoside attenuates TSLP-induced
mast cell proliferation via down-regulating MDM2. Int Immunophar-
macol. 2015,26(1):23-29. [CrossRef]

10. Lee SY, Lee KS, Yi SH, Kook SH, Lee JC. Acteoside suppresses
RANKL-mediated osteoclastogenesis by inhibiting c-Fos induction
and NF-kB pathway and attenuating ROS production. PLOS ONE.
2013;8(12):e80873. [CrossRef]

11. Nam SY, Kim HM, Jeong HJ. Attenuation of IL-32-induced cas-
pase-1 and nuclear factor-kB activations by acteoside. Int Immu-
nopharmacol. 2015,29(2):574-582. [CrossRef]

12. Sipahi H, Gostner JM, Becker K, et al. Bioactivites of two common
polyphenolic compounds: verbascoside and catechin. Pharm Biol.
2016;54(4):712-719. [CrossRef]

18. Wang F,Li Q, Wang C,Tang C, Li J. Dynamic alteration of the
colonic microbiota in intestinal ischemia-reperfusion injury. PLOS
ONE. 2012;7(7):e42027.[CrossRef]

14. Grootjans J, Hundscheid IH, Buurman WA. Goblet cell compound
exocytosis in the defense against bacterial invasion in the colon
exposed to ischemia-reperfusion. Gut Microbes. 2013;4(3):232-235.
[CrossRef]

15. Arumugam TV, Shiels IA, Margolin SB, Taylor SM, Brown L. Pirfe-
nidone attenuates ischaemia-reperfusion injury in the rat small
intestine. Clin Exp Pharmacol Physiol. 2002;29(11):996-1000.
[CrossRef]

16. Chen W, Fu XB, Ge SL, et al. Acid fibroblast growth factor reduces
rat intestinal mucosal damage caused by ischemia-reperfusion
insult. World J Gastroenterol. 2005;11(41):6477-6482. [CrossRef]
17. Erel O. A new automated colorimetric method for measuring total
oxidant status. Clin Biochem. 2005;38(12):1103-1111. [CrossRef]
18. Erel O, Neselioglu S. A novel and automated assay for thiol/disul-
phide homeostasis. Clin Biochem. 2014;47(18):326-332. [CrossRef]
19. Erel O. A novel automated method to measure total antioxidant
response against potent free radical reactions. Clin Biochem.
2004,37(2):112-119. [CrossRef]

20. Eren Y, Dirik E, Neselioglu S, Erel O. Oxidative stress and decreased
thiol level in patients with migraine: cross-sectional study. Acta Neu-
rol Belg. 2015;115(4):643-649. [CrossRef]

21. Yagi K. Simple assay for the level of total lipid peroxides in serum
or plasma. Methods Mol Biol. 1998,108:101-106. [CrossRef]

22. Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-
dye binding. Anal Biochem. 1976,72:248-254. [CrossRef]

23. Rhee JE, Jung SE, Shin SD, et al. The effects of antioxidants and
nitric oxide modulators on hepatic ischemic-reperfusion injury in
rats. J Korean Med Sci. 2002;17(4):502-506. [CrossRef]

24. Karatepe O, Kurtulus |, Yalcin O,et al. Adrenomedulline improves
ischemic left colonic anastomotic healing in an experimental rodent
model. Clinics (Sao Paulo). 2011,66(10):1805-1810. [CrossRef]

25. Téth S Jr, Pekdrova T, Varga J, et al. Trehalase as a possible
marker of intestinal ischemia--reperfusion injury. Acta Biochim Pol.
2013;60(3):411-416. [CrossRef]

26.Cai Y, Wang W, Liang H, et al. Keratinocyte growth factor
improves epithelial structure and function in a mouse model of intes-
tinal ischemia/reperfusion. PLOS ONE. 2012;7(9):e44772. [CrossRef]
27. Santos MM, Tannuri AC, Coelho MC, et al. Inmediate expression
of c-fos and c-jun mRNA in a model of intestinal autotransplanta-
tion and ischemia-reperfusion in situ. Clinics (Sao Paulo).
2015;70(5):373-379. [CrossRef]

558


https://doi.org/10.1186/1749-7922-8-24
https://doi.org/10.1055/s-0034-1371714
https://doi.org/10.1007/s002680010170
https://doi.org/10.1007/s11894-015-0469-6
https://doi.org/10.1016/j.jpedsurg.2014.01.056
https://doi.org/10.1002/cbf.2967
https://doi.org/10.1016/j.peptides.2012.12.006
https://doi.org/10.1155/2014/878062
https://doi.org/10.1016/j.intimp.2015.03.003
https://doi.org/10.1371/journal.pone.0080873
https://doi.org/10.1016/j.intimp.2015.09.026
https://doi.org/10.3109/13880209.2015.1072830
https://doi.org/10.1371/journal.pone.0042027
https://doi.org/10.4161/gmic.23866
https://doi.org/10.1046/j.1440-1681.2002.03766.x
https://doi.org/10.3748/wjg.v11.i41.6477
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://doi.org/10.1016/j.clinbiochem.2014.09.026
https://doi.org/10.1016/j.clinbiochem.2003.10.014
https://doi.org/10.1007/s13760-015-0427-y
https://doi.org/10.1385/0-89603-472-0:101
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.3346/jkms.2002.17.4.502
https://doi.org/10.1590/s1807-59322011001000021
https://doi.org/10.18388/abp.2013_2001
https://doi.org/10.1371/journal.pone.0044772
https://doi.org/10.6061/clinics/2015(05)12

Deger et al. Verbascoside in Colonic Ischemia—Reperfusion

Turk J Gastroenterol 2021; 32(7): 548-559

28.Wang T, Leng YF, Zhang Y, et al. Oxidative stress and hypoxia-
induced factor 1a expression in gastric ischemia. World J Gastroen-
terol. 2011;17(14):1915-1922. [CrossRef]

29. Turamanlar O, Ozen OA, Songur A, et al. Protective effect of
alpha lipoic acid on rat sciatic nerve ischemia reperfusion damage.
Balk Med J. 2015;32(2):196-202. [CrossRef]

30. Tas Hekimoglu A, Toprak G, Akkoc H, et al. Protective effect of
3-aminobenzamide, an inhibitor of poly (ADP-ribose) polymerase in
distant liver injury induced by renal ischemia-reperfusion in rats. Eur
Rev Med Pharmacol Sci. 2014,18(1):34-38.

31. Wang T, Zhou YT, Chen XN, Zhu AX, Wu BH. Remote ischemic
postconditioning protects against gastric mucosal lesions in rats.
World J Gastroenterol. 2014,20(28):9519-9527. [CrossRef]

32. Ozturk H, Terzi EH, Ozgen U, Duran A, Ozturk H. Lithospermic
acid and ischemia/reperfusion injury of the rat small intestine pre-
vention. Adv Clin Exp Med. 2012;21(4):433-439.

33. Onder A, Kapan M, Giimtis M, et al. The protective effects of cur-
cumin on intestine and remote organs against mesenteric ischemia/
reperfusion injury. Turk J Gastroenterol. 2012;23(2):141-147. [CrossRef]
34. Wtodek L. Beneficial and harmful effects of thiols. Pol J Pharma-
col. 2002;54(3):215-223.

35. Baskol M, Dolbun Seckin K, Baskol G. Advanced oxidation protein
products, total thiol levels and total oxidant/antioxidant status in
patients with nash. Turk J Gastroenterol. 2014,25(1)(suppl 1):32-37.
[CrossRef]

36. Hu ML. Measurement of protein thiol groups and glutathione in
plasma. Methods Enzymol. 1994,233:380-385. [CrossRef]

559


https://doi.org/10.3748/wjg.v17.i14.1915
https://doi.org/10.5152/balkanmedj.2015.15619
https://doi.org/10.3748/wjg.v20.i28.9519
https://doi.org/10.4318/tjg.2012.0446
https://doi.org/10.5152/tjg.2014.4172
https://doi.org/10.1016/s0076-6879(94)33044-1

