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Daidzein alleviated the pathologies in intestinal
tissue against ischemia-reperfusion
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Abstract. — OBJECTIVE: The aim of this study
was to investigate the effect of daidzein against in-
testinal ischemia-reperfusion injury in rats.

MATERIALS AND METHODS: Thirty male
Wistar albino rats with a mean weight of 200-250
gr were used. Animals were categorized into sh-
am, ischemia-reperfusion (IR), and IR+Daidzein
group. 3-hour ischemia of intestine was creat-
ed by occluding superior mesenteric artery and
then left for 3-hour reperfusion. In IR+daidze-
in group, after ischemia, 50 mg/kg daidzein was
orally administered to the animals. Blood sam-
ples were collected for biochemical assays. In-
testine tissues were excised for histopathologic
and immunohistochemical processing.

RESULTS: Malondialdehyde (MDA) increased,
and Catalase (CAT) and Glutathione (GSH) de-
creased after IR in intestine tissue. Daidzein
treatment decreased MDA and increased CAT
and GSH level in IR+Daidzein group. Histopatho-
logically, sham group showed normal intesti-
nal tissue histology. In IR group, epithelial and
villi degeneration, edema, leukocyte infiltra-
tion, vascular dilatation and congestion was ob-
served. After Daidzein treatment, these patholo-
gies were improved. The caspase-6 expression
was mainly negative in sham group. After IR,
caspase-6 reaction was very high in IR group.
Daidzein reduced caspase-6 expression in IR+-
Daidzein group. Ki67 immune staining was neg-
ative in the sham group. In IR group, Ki67 ex-
pression was increased in inflammatory cells,
deep glandular cells and in some goblet cell nu-
clei. In IR+Daidzein group, Ki67 expression was
decreased due to reduced inflammation.

CONCLUSIONS: IR injury causes oxidative
stress, apoptosis and inflammation. Daidzein
treatment improved histopathology against in-
testinal IR.
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Introduction

Ischemia-reperfusion (I/R) injury in small intes-
tine is an event in which blood flow of the intes-
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tines is reduced and then restored to the ischemic
tissue'. Intestinal I/R injury leads to severe local
and systemic inflammation followed by damage
to surrounding distant organs. Thus, the intesti-
nal mucosal barrier is disrupted, and the organ is
damaged. If this damage continues for a long time
and cannot be treated, the life of the animal may be
endangered. Mortality rates vary between 60-80%
in patients with acute intestinal I/R, and a new
treatment strategy is needed for intestinal I/R*>.

Daidzein (7-hydroxy-3-(4-hydroxyphenyl)-4H-
chromen-4-one) is a naturally occurring isoflavone
isolated from mainly soy plants. It is also named
phytoestrogen due to a similarity of chemical com-
position to mammalian estrogens. With this prop-
erty, daidzein is involved in mechanisms of many
diseases, especially those under estrogen control
such as breast cancer, diabetes mellitus, osteo-
porosis and cardiovascular disorders*. A number
of biological activities with daidzein have been
previously studied. Daidzein can reduce oxidative
damage by enhancing cellular scavenging mole-
cules, can act as antioxidant, immunomodulatory,
anti-inflammatory, and anti-cancer by promoting
cell survival and cellular defense mechanism®.

Caspase-6 is a member of caspase family
and is involved in many cellular events such as
death, immune responses, and homeostasis. It is
an effector caspase and has a role in apoptosis.
Caspase-6 interacts with caspase-8 to execute
phases of apoptosis®. Ki-67 is a cellular marker
used in the prognosis of many tumors and its
expression increases in proliferating cells. It also
has many molecular functions in proliferating
cells and has a role in mitosis’. Immunohisto-
chemistry is a laboratory method to detect the
localization of specific antigens.

The aim of this study was to investigate the
effect of daidzein with antioxidative activity on
intestinal ischemia-reperfusion injury in rats by
immunohistochemical and biochemical tech-
niques.
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Materials and Methods

All animal experimentation was done with the
Ethical approval of the Local Ethical Commit-
tee of Animal Experiments of Siirt University,
Turkey (record number: 21/2022). Male Wistar
albino rats (n=30), 3 to 4 months old, weighing
180-240 g were used. Experimental animals had
unlimited access to water and food, and they
were kept under control in an environment of 12
hours daytime/12 hours dark, 8:00 am to 8:00 pm,
at 23+£2°C. Thirty animals were assigned to three
groups (10 rats per group).

Surgical Procedure

Before surgical procedures, animals were
anesthetized by an intramuscular injection of 80
mg/kg ketamine hydrochloride (Ketalar®, Pfizer,
Istanbul, Turkey) and 20 mg/kg xylazine (Rom-
pun®, Bayer, Istanbul, Turkey) under aseptic con-
ditions. The abdominal region was shaved, and
a 3 cm abdominal midline incision was done to
observe the superior mesenteric artery (SMA).
SMA was clamped with Bulldog clamp to per-
form ischemia. At the end of the ischemic peri-
od, the clamp was removed and the SMA was
released.

Sham group
Animals were laparotomized and SMA was
observed without any further intervention.

Ischemia — reperfusion (IR)

3-hour ischemia was performed by SMA oc-
clusion. The intestine was then reperfused for 3
hours.

IR+Daidzein

After IR procedure, 50 mg/kg daidzein was
orally administered to the rats for 7 days.

At the end of the experiment, all animals were
sacrificed. The jejunum tissues of all groups were
removed and divided into two equal pieces and
stored under suitable conditions for biochemical
and histopathological investigations.

Biochemical Analyses

Blood samples were analyzed for Malondi-
aldehyde (MDA), Glutathione (GSH) and Cata-
lase (CAT). Samples were kept in centrifugation
tubes and centrifuged for 5 minutes at 1,550
g. Supernatant was discarded to determine the

levels of MDA, GSH and CAT. MDA levels
(nmol/g) were measured according to Draper and
Hadley’s method®. MDA values were expressed
as nanomoles per gram (nmol/g) of wet tissue.
To measure GSH activity (U/g), the protocol of
Paglia and Valentine’ was carried out. CAT ac-
tivity (U/g) was detected according to protocol of
Brown et al'’,

Histopathological Analysis

Intestinal tissues were excised and stored in
10% formalin for tissue fixation. Tissues were
passed through ascending alcohol series, washed
in xylene and embedded in paraffin wax. Sections
were cut from intestinal tissues and stained with
Hematoxylin and Eosin dye. Scoring was calcu-
lated for each group by examining ten different
areas by two different histologist experts. Param-
eters were assigned to the scoring system where
0=no expression/pathology, 1=mild expression/
pathology, 2=moderate expression/pathology,
3=intense expression/pathology!!'2,

Immunohistochemical Analysis

Tissues were fixed in 10% formalin solution
and processed for histological tissue process-
ing. Sections were deparaffinized in xylene and
passed through descending alcohol series. Epi-
topes were unrevealed by boiling the sections
in the microwave oven in citrate buffer solution
(pH 6.0) for 15 minutes at 700 W. Sections were
washed in phosphate buffered saline (PBS) for 5
minutes and soaked with 3% hydrogen peroxide
solution for 7 minutes to prevent endogenous
peroxidase. Samples were blocked with blocking
solution (catalog No. TA-015UB, ThermoFischer,
Waltham, MA, USA) for 8 minutes. Primary anti-
bodies Caspase-6, (catalog No. ab185645, Abcam,
Cambridge, UK) and Ki-67 (catalog No. abl6667,
Abcam, Cambridge, UK) were dropped onto
slides and incubated overnight at +4°C. Sections
were washed in PBS, then treated with secondary
antibody (TP-015-BN, ThermoFischer, Waltham,
MA, USA) for 20 min. After PBS washing for
3x5 min, streptavidin-peroxidase solution (TS-
015-HR, ThermoFischer, Waltham, MA, USA)
was used for 20 min. To visualize the expression,
DAB (TA-001-HCX, ThermoFischer, Waltham,
MA, USA) was used as chromogen. Sections
were counterstained with hematoxylin, mounted
with mounting media and examined with Zeiss
Imager A2 light microscope (Carl Zeiss, Jena,
Germany)'*-1,
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Statistical Analysis

Biochemical and histological scoring were
evaluated by the SPSS 25.0 software (IBM Corp.,
Armonk, NY, USA). Shapiro-Wilk test was used
for data distribution analysis. Nonparametric
Kruskal-Wallis® test (multiple comparison) and
Mann-Whitney U (binary comparison) tests were
used. p<0.05 was accepted as significant level.

Results

Biochemical Findings

Statistical analysis of biochemical and his-
tochemical parameters was shown in Table I.
MDA and histological scores of inflammations,
dilatation, Caspase-6 and Ki67 expression were
higher in IR group than the sham group. CAT,
GSH levels and histological scores of epitheliza-
tion were significantly lower in IR group than

sham group. After Daidzein treatment, MDA,
histological scores of inflammations, dilatation,
Caspase-6 and Ki67 expression decreased in
IR+Daidzein  group compared to IR group,
and this decrease was statistically significant.
Similarly, CAT, GSH levels and histological
scores of epithelization statistically increased
in IR+Daidzein group compared to IR group.
Graphical illustration of Table I was shown in
Figure 1.

Histopathological Finding

Figure 2 showed the hematoxylin eosin,
caspase-6 and Ki67 immune staining of intestinal
sections. Hematoxylin Eosin staining in the Sham
group: The villi were regular and longitudinal in
shape towards the lumen, the epithelial cells were
cylindrical with oval-shaped goblet cells scat-
tered between them with normal lamina propria
and muscular layers (Figure 2a).

Table I. Biochemical and histological parameters of sham, IR and IR+Daidzein groups.

Parameter Groups N Median (min-max) Mean rank p-value

MDA Sham 10 25.05 (15.28-45.58) 8.00 *p <0.001
IR 10 49.15 (28.46-63.48) 22.20 **p =0.043
IR+Daidzein 10 39.45 (23.59-49.35) 16.30

CAT Sham 10 1.47 (1.13-1.67) 20.65 *p < 0.001
IR 10 0.55 (0.19-1.15)) 5.60 **p <0.001
IR+Daidzein 10 1.44 (1.17-1.77) 20.25

GSH Sham 10 8.98 (6.45-9.85) 25.40 *p <0.001
IR 10 3.82 (2.15-5.36) 6.00 **p <0.001
[R+Daidzein 10 5.68 (4.69-7.25) 15.10

Epithelialization Sham 10 2.00 (1.00-3.00) 20.00 *p=0.002
IR 10 0.50 (0.00-3.00) 7.75 **p=0.003
IR+Daidzein 10 2.00 (1.00-3.00) 18.75

Inflammation Sham 10 0.00 (0.00-1.00) 6.10 *p <0.001
IR 10 2.50(2.00-3.00) 23.75 **p =0.011
IR+Daidzein 10 1.00 (1.00-3.00) 16.65

Dilatation Sham 10 0.00 (0.00-1.00) 6.55 *p <0.001
IR 10 2.00 (2.00-3.00) 24.40 **p =0.002
IR+Daidzein 10 1.00 (1.00-3.00) 15.55

Caspase-6 expression Sham 10 0.00 (0.00-1.00) 6.70 *p <0.001
IR 10 3.00 (2.00-3.00) 23.90 **p=0.009
IR+Daidzein 10 1.00 (1.00-3.00) 15.90

Ki-67 expression Sham 10 1.00 (0.00-2.00) 9.00 *p <0.035
IR 10 2.00 (2.00-3.00) 16.85 **p=0.003
IR+Daidzein 10 1.00 (0.00-2.00) 15.50

*Sham vs. IR; **IR vs. IR+Daidzein.



C. Durgun, F. Asir

50.00

MDA
H

3000

: e 0 g

Sham IR IR+Daidzein

CAT GSH Epithelization Inflammation  Dilatation Caspase6 Ki67

Figure 1. Graphical illustration of mean of MDA, CAT, GSH, epithelization, inflammation, vascular dilatation, Caspase6
and Ki-67 expression.
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Figure 2. Hematoxylin eosin staining (a-c), Caspase6 (d-f) and Ki67 (g-i) immunostaining of intestinal sections of
sham, IR and IR+Daidzein groups. a, The regular villi (red star), oval-shaped goblet cells (arrow), circular muscles in
the muscular layer (arrowhead). b, Ruptured villi (red star), mononuclear cell infiltration, dilatation and congestion. ¢,
Restored epithelial structures (black arrow), decreased inflammation in the lamina propria (red arrow), regular muscle
layer (star). d, The negative caspase6 reaction in epithelial cells (black arrow), in goblet cells (red arrow), in lamina
propria (arrowhead). e, The positive caspase6 reaction in the lamina propria (star). f, Positive Caspase6 in epithelial
cells (black arrow) and in lamina propria (star), negative expression in goblet cell nuclei (red arrow). g, Negative Ki67
expression in glands and epithelium (arrow). h, Positive ki67 reaction in the regions of the deep glands (arrowheads),
in some goblet cell nuclei (red arrow) and lamina propria (black arrow). i, Positive Ki67 expression in the desquamated
epithelial cells (black arrow), negative expression in goblet cells (red arrow) and in muscle layers (arrowhead). Scale
Bar: 50 pm, magnification: 20x.
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IR group: Ruptures and degeneration in the
villi, loss of epithelial cells, increase in mononu-
clear cell infiltration and dilated vascular struc-
tures were observed. Edema and hyperplasic
muscle cells were detected (Figure 2b).

IR+Daidzein group: Villi with epithelial cells
and goblet cells were improved. There was a de-
crease in inflammation compared to the ischemia
group in the lamina propria. Muscular layers
seemed to be restored (Figure 2c).

Caspase-6 immune staining in the Sham group:
Caspase-6 reaction in epithelial and goblet cells
was generally negative. Caspase-6 reaction in
plasma cells was found to be moderately positive
(Figure 2d).

IR group: Caspase-6 reaction was especially
positive in goblet cells, in the lamina propria and
in the basement membrane (Figure 2e).

IR+Daidzein group: Caspase-6 showed a posi-
tive reaction in most of the epithelial cells, while
negative expression was detected in goblet cells.
The positive expression continued in the connec-
tive tissue cells (Figure 2f).

Ki67 immune staining in the Sham group:
Ki67 expression was negative in the glands and
epithelium, but positive in lamina propria (Fig-
ure 2g).

IR group: Ki67 reaction was positive in in-
flamed epithelial cells and in some goblet cell
nuclei (Figure 2h). IR+Daidzein: Ki67 expression
was positive in epithelial cells and inflammatory
cells in the lamina propria (Figure 21).

Discussion

Ischemia causes the insufficient delivery of
oxygen and other metabolites by the circulation
to the tissues, leading to cell death and organ
failure. Reperfusing the ischemic tissue some-
times may give more harm than ischemia itself.
During IR injury, the production of reactive
oxygen species increases'”. MDA is an indicator
of lipid peroxidation in tissues. High level of
MDA is related to oxidative damage. The cell
scavenges these harmful molecules by its anti-
oxidant enzymes such as superoxide dismutase
(SOD), GSH and CAT. During the intestinal IR,
the oxidant/antioxidant balance may change. Ji
et al®® studied effect of intestinal IR on MDA
and myeloperoxidase (MPO) levels. The authors
state that MDA and MPO levels increased in the
IR group. Similarly, Chen et al" studied MDA,
SOD, GSH levels in their intestinal IR inju-

ry. They found that MDA level was increased
in IR group compared to sham group, while
SOD and GSH level was lower in IR group
than in sham group. In our study, MDA and
histological scores of inflammations, dilatation
and Caspase-6 expression were increased in IR
group. CAT, GSH levels and histological scores
of epithelization and Ki67 expression were de-
creased in IR group. After Daidzein treatment,
MDA and histological scores of inflammations,
dilatation and Caspase-6 expression decreased
and CAT, GSH levels and histological scores of
epithelization and Ki67 expression increased in
IR+Daidzein group (Table I, Figure 1).

After the reblooding of the tissue, some cel-
lular functions were regained; however, it may
cause more cellular damage. These changes af-
fect the histology of the intestinal tissue. Keskin
Cimen et al* performed intestinal IR on rats and
showed that IR injury caused polymorphonu-
clear leukocyte infiltration, edema, hemorrhage,
vascular dilatation and congestion in IR group.
Terzi et al*' conducted 60 min/60 min IR injury
on rat intestine and showed that desquamation in
epithelial layers, hemorrhage, edema are pathol-
ogies observed in IR group. In our study, sham
group showed normal intestinal histology with
regular villi, cylindrical epithelial cells, oval-
shaped goblet cells and normal submucosa and
muscle layers (Figure 2a). In IR group, ruptures
and decrease in the villi structures, shortening
of the villus length, increased mononuclear cell
infiltration, edema and dilated vascular structure
were observed (Figure 2b). In the IR+Daidzein
group, epithelial structures were restored, the
goblet cells were normal, and there was a de-
creased inflammation with normal muscle layers
(Figure 2c).

Caspases are cysteine proteases involved in
cell death. They play very important roles in
embryonic development and cell homeostasis.
Caspase 6 is a member of cysteine proteases
family and involves in apoptosis. Caspase-6
activity can be observed in many diseases. It
is executive proteases and plays role in inflam-
mation*. Singh et al* studied expression of
caspase-6 in renal ischemia reperfusion injury.
The authors found that caspase-6 immune activ-
ity was more intense and diffused cytoplasmic
staining with prominent nuclear staining in IR
group. In an ischemic stroke study, caspase-6
activity was investigated. The author revealed
that preventing activity of caspase-6 decreased
the neuropathologies in cerebral or retinal in-
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farction®**. In our study, in sham group: the
caspase-6 reaction was generally negative in
epithelial cells and goblet cells (Figure 2d). In
IR group, caspase-6 reaction was especially pos-
itive in the lamina propria, in some of the goblet
cells, in connective tissue cells scattered in the
lamina propria and some muscle cells (Figure
2e). In IR+Daidzein group, caspase-6 showed
positive reaction in most of the epithelial cells
and negative in goblet cell nuclei (Figure 2f).

The cell proliferation antigen Ki67 is consti-
tutively expressed in dividing mammalian cells.
Therefore, it is widely used as a cell proliferation
marker®. Ki67 is generally a necessary protein
for cell proliferation. Ki67 index is used as a
diagnostic, prognostic and predictive tool in the
fields of pathology. Immunohistochemical scor-
ing of Ki67 is a gold standard for many diseas-
es for prognosis’’. Khan et al*’ studied role of
Ki67 in mouse renal IR injury as a proliferation
marker. The authors found that Ki67 immune
activity was low in IR group but was increased
after a synthetic oligopeptides’ treatment. Liu
et al’® conducted IR injury in transgenic mouse
kidney. The authors showed that after IR, Ki67
expression was increased in medulla and papilla
of the kidney in the cells repairing. In our study,
Ki67 immune staining was negative in the gen-
eral glands and in the epithelium in sham group
(Figure 2g). In IR group, Ki67 expression was
positive in inflammatory cells, deep glandular
cells and in some goblet cell nuclei (Figure 2h).
In IR+Daidzein group, Ki67 expression was pos-
itive in degenerated epithelial cells and in some
inflammatory cells (Figure 2i).

Limitations
A quantitative method would be better to sup-
port the immunohistochemical study.

Conclusions

The apoptotic pathway induced due to in-
creased oxidative stress and inflammation in
ischemia-reperfusion. We suggest that Daidzein
reduces oxidative stress and is effective in the
inflammation process and helps to prevent apop-
totic progression by regulating Ki-67 expression.
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