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Abstract. — OBJECTIVE: The aim of this
study was to explore whether 22-oxacalcitriol
could protect inflammatory response induced
by ischemia-reperfusion injury (IRl) in rats, and
to investigate its underlying mechanism.

MATERIALS AND METHODS: 24 male
Sprague Dawley rats were randomly assigned
into the sham group, the IRl group and the
22-oxacalcitriol group, with 8 rats in each group.
Serum and heart samples of each rat were col-
lected 10 days after the animal procedure. The
serum levels of creatine kinase-MB (CK-MB) and
lactate dehydrogenase (LDH) in each rat were
detected by relative commercial kits. Patholog-
ical lesions in rat myocardium were observed
by hematoxylin and eosin (HE) staining. Cardio-
myocyte apoptosis in rat heart was accessed
by TUNEL staining. Meanwhile, the serum lev-
els of tumor necrosis factor-a (TNF-a), interleu-
kin 1 beta (IL-1B8), interleukin-6 (IL-6), and KC-
GRO were detected by Real Time-quantitative
Polymerase Chain Reaction (RT-gPCR). Also,
the protein expression levels of NF-kB, TNF-a,
VCAM-1, ICAM-1, and MCP-1 in rat myocardium
were detected by Western blot and immunohis-
tochemistry.

RESULTS: The serum levels of CK-MB and
LDH in rats of the IRl group were significant-
ly higher than those of the sham group. 22-ox-
acalcitriol treatment remarkably decreased the
serum levels of CK-MB and LDH when com-
pared with the IRI group. However, cardiomyo-
cyte apoptosis of the 22-oxacalcitriol group was
markedly less than the IRI group. The activities
of SOD, GSH, CAT and T-AOC in the cardiac ho-
mogenate of the 22-oxacalcitriol group were sig-
nificantly elevated than those of the IRI group.
Meanwhile, malondialdehyde (MDA) and reac-
tive oxygen species (ROS) levels were remark-
ably decreased by 22-oxacalcitriol treatment.
Furthermore, the serum levels of TNF-a, IL-18,
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IL-6 and KC-GRO were significantly downregu-
lated in the 22-oxacalcitriol group. Western blot
results showed that the protein expression lev-
els of NF-kB, TNF-a, VCAM-1, ICAM-1 and MCP-
1 in the 22-oxacalcitriol group were significantly
lower than those of the IRI group.

CONCLUSIONS: 22-oxacalcitriol inhibits the
inflammatory response in the myocardium by
suppressing NF-kB/TNF-a pathway, thereby
protecting myocardial ischemia-reperfusion in-
jury in rats.
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Introduction

With the widespread application of intrave-
nous thrombolysis, percutaneous coronary inter-
vention, as well as coronary artery bypass graft-
ing, the therapeutic effect of myocardial isch-
emia-reperfusion injury (IRI) has been greatly
improved?. Early reperfusion of infarct-related
blood vessels is the key to the treatment of IRT>*.
However, reperfusion therapy can aggravate tis-
sue damage, characterized by serious cardiac in-
sufficiency, arrhythmia and enlarged myocardial
infarction™®. Therefore, it is of great significance
to search for effective ways to alleviate IR, even-
tually improving the clinical outcomes of affected
patients.

As known, myocardial IRI is an extremely
complex pathological process. Currently, oxida-
tive stress damage, intracellular calcium over-
load, cell apoptosis, cellular energy loss and the
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activation of neutrophil inflammatory response
are considered as pathogenic factors of IRI™.
Meanwhile, many signaling pathways are in-
volved in the development of IRI'*'2. Myocardial
ischemia-reperfusion can induce a strong inflam-
matory response, which mainly includes the ac-
tivation of corresponding complements, produc-
tion of reactive oxygen species and infiltration
of polymorphonuclear neutrophils®*!?. Activated
polymorphonuclear neutrophils are closely ad-
hered to vascular endothelial cells, resulting in
impaired structural integrity of endothelial cells.
Besides, activated neutrophils also release a large
number of superoxide and enzymes, further ag-
gravating IRI"*'". As a key factor in regulating
gene transcription, nuclear factor-xB (NF-kB)
exerts the characteristics of immediate transcrip-
tion". Meanwhile, it is involved in the regulation
of early defense and inflammatory response'>'°.
Previous studies'™'® have shown that the NF-xB
pathway exerts its biological function in reactive
oxygen species (ROS) production and polymor-
phonuclear neutrophil infiltration in IRI. Other
studies have proved that NF-kB stimulates the
downstream cytokines that are related to inflam-
matory response'>%°,

Vitamin D receptor activator (22-oxacalcitri-
ol) has strong anti-inflammatory activity. Previ-
ous studies?** have found that 22-oxacalcitriol
has anti-oxidation, blood lipid regulation, an-
ti-atherosclerosis and anti-inflammatory effects.
However, the specific role of 22-oxacalcitriol in
IRI has not been fully elucidated. In the pres-
ent work, we first constructed the IRI model in
rats and further explored the biological effects of
22-oxacalcitriol on myocardial IRI. The aim of
this study was to provide new directions for the
treatment of IRI.

Materials and Methods

Chemicals and Reagents

22-oxacalcitriol was obtained from Sigma-Al-
drich (MO, USA); CK-MB, LDH, MDA, T-AOC,
CAT, GSH and SOD determination kits were pur-
chased from Jiancheng Bioengineering Institute
(Nanjing, China); Cytokines of tumor necrosis
factor-a (TNF-a), interleukin 1 beta (IL-1B), in-
terleukin-6 (IL-6), and KC-GRO were provided
by Abcam (Cambridge, MA, USA); Coarse bal-
ance, electronic thermometer and 721 type spec-
trophotometer were obtained from Inesa Analyti-
cal Instrument (Shanghai, China).
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Animals and Experimental Protocol

24 male Sprague Dawley (SD) rats weighing
200£20 g (Model Animal Research Center of
Shandong University, Jinan, China) were main-
tained in an environment with a 12 h/12 h light/
dark cycle. All rats were given free access to food
and water. According to the specific procedures,
experimental rats were randomly assigned into
three groups, including the sham group (saline
administration), the IRI group (saline adminis-
tration) and the 22-oxacalcitriol group (20 pg/kg
22-oxacalcitriol administration). After collection
of blood samples from the orbital vein, rats were
sacrificed for the following experiments. Body
weight and daily activities of each rat were ob-
served regularly. This study was approved by the
Animal Ethics Committee of Shandong Universi-
ty Animal Center.

For IRI model construction, rats were first
anesthetized by intraperitoneal injection of 60
mg/kg pentobarbital sodium. After tracheotomy
and mechanical ventilation, atrial intubation al-
lowed 100% oxygen pass through general circula-
tion from the femoral artery. Myocardial ischemia
was induced by ligation of the ascending aorta,
followed by the observation of myocardium color.
30 min later, the ligation was removed, and reper-
fusion was allowed for 3 h. Dark-red myocardi-
um suggested successful ligation. Meanwhile,
rats in the sham group received tracheotomy and
mechanical ventilation without ligation. Further-
more, for rats in the 22-oxacalcitriol group, 10 mL
diluted 22-oxacalcitriol was added to the blood
storage tank before reperfusion. Body weight and
daily activity of each rat were observed.

Measurement of Myocardial
Infarction Area

After the animal procedure, 1% Evans Blue
was injected into the left ventricle. Non-ischemic
area and ischemic area were stained blue and red,
respectively. Rat heart was exposed, and the left
ventricle was collected and weighed. After 30 min
of frozen at -20°C, the collected left ventricle was
sliced into 2 pm sections, followed by incubation
with TTC (pH 7.4) at 37°C for 15 min. The infarct
size was determined by Image ProPlus 6.0. The
ratio of infarcted myocardial weight to ischemic
myocardial weight was calculated.

Histological Examination

Heart tissues were fixed with 10% parafor-
maldehyde and stained with hematoxylin and
cosin. Histological changes were assessed by
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semi-quantitative detection of myocardial injury
and necrosis. 5 randomly selected fields of each
sample were captured for histological examina-
tion.

Assessment of Cardiomyocyte Function

2 mL blood sample was harvested after the an-
imal procedure. After blood coagulation for 30
min, the collected blood sample was centrifuged
at 3500 g/min for 30 min. The serum levels of
CK-MB and LDH were detected according to the
instructions of relative commercial kits.

Biochemical Measurements

Rat myocardium was perfused with cold nor-
mal saline in situ. After the color of the rat heart
became pale, the heart was immediately harvest-
ed and preserved in liquid nitrogen for subsequent
use. The levels of MDA, T-AOC, CAT, GSH, and
SOD in heart homogenate were detected in strict
accordance with the instructions of relative com-
mercial kits.

TUNEL (Terminal Deoxynucleotidyl
Transferase dUTP Nick-End Labeling)
Assay

Cardiomyocyte apoptosis in heart tissue was
detected by TUNEL assay according to the in-
structions of ApopTag Plus Peroxidase In Situ
Apoptosis Detection Kit (Chemicon, Millipore,
Billerica, MA). 5-um paraffin sections were
counterstained with hematoxylin. Totally 5 fields
were randomly selected for each sample, and the
number of TUNEL-positive cells was counted
(magnification 200x).

Immuno-Histochemical Staining

Paraffin-embedded heart tissues were incubat-
ed with primary and secondary antibodies. Diam-
inobenzidine (DAB) was added for image expo-
sure and the slices were then counterstained with
hematoxylin for 2 min. Subsequently, the slices
were hydrated, sealed and observed by an invert-
ed microscope (Nikon, Tokyo, Japan).

Western Blot

Total protein was extracted by the radio-immu-
noprecipitation assay (RIPA) protein lysate (Ther-
mo, Waltham, MA, USA). The concentration of
extracted protein was quantified by the bicin-
choninic acid (BCA) method (Beyotime, Shang-
hai, China). Subsequently, the protein sample was
separated by sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and trans-

ferred to polyvinylidene difluoride (PVDF) mem-
branes (Merck Millipore, Billerica, MA, USA).
After incubation with primary and secondary
antibodies, immunoreactive bands were exposed
by enhanced chemiluminescence (ECL) method.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 Software (IBM, Armonk, NY, USA)
was used for all statistical analysis. Experimen-
tal data were expressed as X#s. #-test was used to
compare the difference between the two groups.
Repeated two-way ANOVA was performed to
compare the differences among different groups,
followed by post-hoc LSD or SNK analysis.
p<0.05 was considered statistically significant.

Results

Pretreatment of 22-Oxacalcitriol
Improved Myocardial Function in
IRI Rats

Compared with the sham group, the serum lev-
els of CK-MB and LDH in rats of the IRI group
were remarkably increased. This indicated suc-
cessful construction of the IRI rat model. Be-
sides, the serum levels of CK-MB and LDH in the
22-oxacalcitriol group were significantly lower
than those of the IRI group, which were still high-
er than those of the sham group (Figure 1).

22-Oxacalcitriol Preserved Myocardial
Histologic Structure and Mitigated
Neutrophil Infiltration

Infarct size of the IRI group was significantly
larger than that of the sham group and the 22-oxa-
calcitriol group (Figure 2A). Irregular cardiomyo-
cytes, abundant inflammation cell infiltration and
pink protein mucus exudation were observed in
heart tissues collected from the IRI group. Mean-
while, pathological lesions were relatively mild-
er in the 22-oxacalcitriol group, manifesting as a
normal histologic structure, a small amount of in-
flammation infiltration and little mucus exudation
(Figure 2B).

22-Oxacalcitriol Decreased the Apoptosis
of Cardiomyocyte Tubular Cells After IRI
Cardiomyocyte apoptosis induced by IRI was
determined by TUNEL assay. Results showed
that the number of TUNEL-positive cells in the
IRI group was significantly higher than that of
the sham group. However, 22-oxacalcitriol treat-
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Figure 1. 22-oxacalcitriol conserved myocardial function in IRI rats. A, Serum level of CK-MB in the sham group
(n=8), the IRI group (n=8) and the 22-oxacalcitriol group (n=8); B, Serum level of LDH in different treatment groups.
Data were presented as mean + SD. *Significant difference vs sham group (p<0.05); *Significant difference vs IRI
group (p<0.05).
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Figure 2. 22-oxacalcitriol prevented myocardial IRI in cardiac morphology. 4, Blue-stained area represented normal
tissue, and unstained pale area indicated infarcted tissue. Infarct size was expressed as the percentage of total volume. B,
Myocardial sections were stained with hematoxylin and eosin, and observed under a light microscope (magnification 200x).
H&E staining of myocardial tissues in the sham group, the IRI group, and the 22-oxacalcitriol group. C, Representative
images of TUNEL immunostaining in myocardial IRT (magnification 200x); TUNEL-positive cells per 10° germ cells of
testes in the three groups. Data were expressed as mean + SD. *Significant difference vs sham group (p<0.05); “Significant
difference vs IRI group (p<0.05).
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ment could remarkably decrease the number of
TUNEL-positive cells, indicating less cardio-
myocyte apoptosis induced by IRI (Figure 2C).

22-Oxacalcitriol Decreased ROS
Production and Tissue Impairment by
Enhancing Antioxidant Capacity

IRI has been proved to remarkably impair the
capacity of anti-oxidation. We then detected the
levels of T-AOC, CAT, GSH, SOD and MDA in
rat heart homogenate and found that 22-oxacal-
citriol treatment could remarkably increase the
levels of T-AOC, CAT, GSH and SOD when com-
pared with those of the IRI group (Figure 3C-3F).
Meanwhile, the 22-oxacalcitriol group showed
significantly less ROS production than that of
the IRI group (Figure 3B). In addition, compared
with the IRI group, MDA level in heart homoge-
nate of the 22-oxacalcitriol group was remarkably
lower (Figure 3A).

22-Oxacalcitriol Downregulated the
Expression of NF-«B and
Downstream Genes after IR/

To explore whether 22-oxacalcitriol protected
against IRI-induced inflammatory response, we

collected serum sample from each rat. Results
showed that the serum levels of TNF-a, IL-1,
IL-6, and KC-GRO in the 22-oxacalcitriol group
were remarkably decreased than those of the IRI
group, suggesting the anti-inflammatory effect of
22-oxacalcitriol (Figure 4).

Subsequently, NF-xB expression in rat heart
was determined by Western blot and immuno-
histochemistry, respectively. Compared with
the IRI group, NF-xB expression in rat heart
of the 22-oxacalcitriol group was significantly
downregulated (Figure SA and 5B). Meanwhile,
the protein expression levels of NF-kB, TNF-a,
VCAM-1, ICAM-1, and MCP-1 in the 22-oxacal-
citriol group were remarkably lower than those of
the IRI group (Figure 5C).

Discussion

With the improvement of living standards in
recent years, the incidence of coronary athero-
sclerotic heart disease has greatly increased®.
Various treatment methods have emerged, such
as intravenous thrombolytic therapy, coronary
artery resection, atherectomy, percutaneous cor-
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Figure 3. 22-oxacalcitriol attenuated oxidative stress injury by evaluating biochemical parameters. 4, Content of MDA in
myocardial tissues. B, Density of ROS was reported as arbitrary units per millimeter square field. C, Content of catalase (CAT)
activity in myocardial tissues. D, Content of total antioxidant reduced capacity (T-AOC) in myocardial tissues. £, Content
of superoxide dismutase (SOD) in myocardial tissues. F, Content of glutathione (GSH) in myocardial tissues. Data were
expressed as mean = SD. *Significant difference vs sham group (p<0.05); *Significant difference vs adenine group (p<0.05).
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Figure 4. 22-oxacalcitriol decreased NF-«B related cytokines. 4, Content of TNF-a in myocardial tissues. B, Content of IL-
1B in myocardial tissues. C, Content of IL-6 in myocardial tissues. D, Content of KC-GRO in myocardial tissues. Data were
expressed as mean = SD. *Significant difference vs sham group (p<0.05); “Significant difference vs adenine group (p<0.05).
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Figure 5. 22-oxacalcitriol treatment decreased the protein expression level of NF-kB/TNF-a. 4, NF-kB expression level in

the sham group, the IRI group, and the 22-oxacalcitriol group was detected by immune-histochemical staining. B, Statistical
analysis of NF-kB expression levels in the three groups. C, Protein expressions of NF-kB, TNF-a, VCAM-1, ICAM-1 and
MCP-1 in different groups. GAPDH was used as an internal reference. Data were expressed as mean + SD. *significant

difference vs sham group (p<0.05); #significant difference vs IRI group (p< 0.05).
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onary intervention and surgical coronary artery
bypass surgery. These treatments can restore the
blood flow of ischemic myocardium, decrease in-
farct size and improve heart function. However,
ischemic myocardium reperfusion may lead to
vascular endothelial cell dysfunction, cardiomyo-
cyte apoptosis and necrosis, and even reperfusion
arrhythmia, myocardial stunning and sudden car-
diac death®®. Therefore, it is urgent to alleviate
IRI reduction after reperfusion, to improve heart
function”®.

22-oxacalcitriol is an effective anti-inflamma-
tory drug, which has been successfully synthe-
sized recently. In vitro experiments have con-
firmed its anti-inflammatory, anti-oxidative and
anti-apoptotic biological functions. Through liter-
ature review, we speculated that 22-oxacalcitriol
could protect against IRI-induced acute myocar-
dial injury®"??. Currently, the acute myocardial in-
jury is a severe complication with high mortality
clinically. Therefore, it is of great significance to
explore the molecular mechanism and to search
for new therapeutic targets for [RI*.

Carra et al® have found that short-term isch-
emia results in significant degradation of cyto-
solic IxBa, as well as increased DNA binding
activity of NF-xB and TNF-a in the myocardi-
um. This can be explained by the production of
ROIs (Reactive Oxygen Intermediates) induced
by NF-kB activation, thus stimulating the disso-
ciation of IkBa from the p50-p65/IkBa complex.
IxBa is finally degraded, and NF-xB activation
further regulates the expression of downstream
cytokines'>!7825 Meanwhile, activated NF-«xB, in
turn, upregulates the mRNA expression of [kBa,
thereby rapidly restoring IkBa expression'®'s.
During the process of reperfusion in ischemic tis-
sues, although the cytoplasmic level of IkBa re-
stores to its original level, a sustained high degree
of DNA binding activity of NF-xB still exists.
This may be distinguished from NF-«xB activation
induced by common inflammatory cytokines?*?.
Abundant ROIs activate PTK and phosphorylates
IxBa, which in turn mediates NF-kB activation
without degrading IxkBo?*?°. However, different
activation pathways mainly depend on the amount
of ROIs”.

Vitamin D receptor activator 22-oxacalcitriol
was initially thought to have only the functions
of maintaining bone metabolism and mineral me-
tabolism?:?2, However, in recent years, vitamin D
receptor activators are found to exert a wide range
of roles, including anti-tumor, inhibiting the re-
nin-angiotensin system, cardio-protection, an-

ti-inflammatory and preventing atherosclerosis.
In particular, the relationship between 22-oxacal-
citriol and fibroblast factor 23 has attracted much
attention®’, Previous animal experiments have
confirmed the protective effect of 22-oxacalcitriol
on IRI**3'. However, the specific role of 22-oxa-
calcitriol in myocardial IRI has not been reported.
In the present study, we first observed significant
pathological lesions in the myocardium, increased
oxidative stress level and decreased antioxidant
capacity in IRI rats. In addition, 22-oxacalcitriol
treatment remarkably decreased the expression
level of NF-xB induced by IRI, further indicat-
ing its role in alleviating IRI-induced myocardial
inflammation.

Conclusions

We showed that 22-oxacalcitriol inhibits in-
flammatory response by suppressing NF-kB/
TNF-a pathway, thereafter protecting myocardial
IRI in rats.
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