Hindawi

Evidence-Based Complementary and Alternative Medicine
Volume 2020, Article ID 8836904, 13 pages
https://doi.org/10.1155/2020/8836904

Research Article

The Role of Oxymatrine in Amelioration of Acute Lung Injury
Subjected to Myocardial I/R by Inhibiting Endoplasmic Reticulum

Stress in Diabetic Rats

Yongpan Huang ,12 Xian Long ! Xinliang Li ,2 Saihua Li®,’ and Jianbin He ®*

'Medicine School, Changsha Social Work College, Changsha, Hunan, China
’Institute of Chinese Meteria Medica, Hunan Academy of Chinese Medicine, Changsha, China
3Nursz'ng Department, Guilin People’s Hospital, Guilin, China
*Department of Respiratory and Critical Care Medicine,
The First People’s Hospital of Huaihua, affiliated to University of South China, Huaihua, Hunan, China

Correspondence should be addressed to Saihua Li; lisaihuagl@163.com and Jianbin He; hjb0919hh@163.com

Received 15 September 2020; Revised 27 October 2020; Accepted 15 November 2020; Published 26 November 2020
Academic Editor: Xu-Jie Zhou

Copyright © 2020 Yongpan Huang et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background. Oxymatrine (OMT) is the primary pharmacological component of Sophora flavescens Aiton., which has been shown
to possess potent antifibrotic, antioxidant, and anti-inflammatory activities. The aim of the present study was to clarify the
protective mechanism of OMT on acute lung injury (ALI) subjected to myocardial ischemia/reperfusion (I/R). Methods. A
myocardial I/R-induced ALI model was achieved in diabetic rats by occluding the left anterior descending coronary artery for 1h,
followed by reperfusion for 1h. The levels of inflammatory factors (tumor necrosis factor-a, interleukin- (IL-) 6, and IL-17) in
bronchoalveolar lavage fluid were assessed using commercially available kits. The index of myocardial injury, including the
detection of cardiac troponin I (cTnl), cardiac troponin T (cTnT), lactate dehydrogenase (LDH), and creatine kinase-MB (CK-
MB), was also determined using commercially available kits. Hematoxylin and eosin staining and terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling were used to identify histological changes. The expression levels of endoplasmic
reticulum chaperone BiP (GRP78), DNA damage-inducible transcript 3 protein (CHOP), eukaryotic translation initiation factor
2-alpha kinase 3 (PERK), inositol dependent enzyme la (IREla), ATF6, caspase-3, -9, and-12, Bcl-2, and Bax were determined by
Western blotting. The mRNA expression levels of GRP78 and CHOP were detected by reverse transcription-quantitative PCR.
Results. Myocardial I/R increased the levels of ¢Tnl, ¢InT, LDH, and CK-MB in diabetic rats. Damaged and irregularly arranged
myocardial cells were also observed, as well as more serious ALI with higher lung injury scores and WET/DRY ratios and lower
Pa0,. Moreover, the expression of key proteins of endoplasmic reticulum stress (ERS) was increased by I/R injury, including
phosphorylated- (p-) PERK, p-IRE1q, and ATF6, as well as decreased levels of apoptosis. These effects were all significantly
reversed by OMT treatment. Conclusions. OMT protects against ALI subjected to myocardial I/R by inhibiting ERS in diabetic rats.

1. Introduction

Diabetes is a metabolic disease with a high rate of mortality,
which is characterized by hyperglycemia. Persistent hy-
perglycemia can lead to chronic tissue damage, including
cardiomyopathy, nephropathy, diabetic foot, and diabetic
neuropathy [1, 2]. Acute myocardial infarction is associated
with higher mortality rates in patients with diabetes [3].

Diabetes also increases susceptibility myocardial ischemia/
reperfusion (I/R) injury, which can induce endoplasmic
reticulum stress (ERS) [4, 5]. ERS refers to ischemia, hyp-
oxia, oxidative stress, and glucose/nutrition abnormalities
where material deficiencies promote abnormal glycosylation
reactions and calcium ion homeostasis, significantly in-
creasing the number of unfolded proteins in the ER. As such,
the processing capacity of the ER is exceeded causing
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abnormal cellular reactions, and the intracellular conditions
are altered in an attempt to restore the ER environment.
Moderate ERS restores homeostasis and maintains cell
survival, but persistently severe ERS results in apoptosis and
even necrosis, accelerating I/R injury. Therefore, suppressing
ERS may become an important therapeutic option for
ameliorating I/R injury [6-8].

Oxymatrine (OMT) is a major active ingredient iso-
lated from Sophora flavescens Aiton., which possesses
diverse biological properties beneficial to human health,
including anti-inflammatory, antiallergic, antiviral, and
antifibrotic activities. Owing to its antioxidant activity,
OMT has been reported to exert protective effects against
cardiovascular diseases [9], diabetes [10], inflammation
[11,12], and cancer [13, 14]. Several lines of evidence have
demonstrated that OMT exerts its protective effects by
scavenging lipid free radicals, thereby decreasing cyto-
toxicity in vitro and in vivo [15, 16]. Studies have also
revealed that OMT ameliorates diabetes-associated aortic
endothelial dysfunction in streptozotocin- (STZ-) in-
duced diabetic mice [10, 17, 18]. Based on the role of
apoptosis during ERS and the effect of OMT in myocardial
I/R-induced ALI in diabetic rats, the current study aimed
to further investigate the protective effects of OMT in this
setting and to confirm the contribution of ERS-associated
signaling pathways against ALI-induced apoptosis in
diabetic rats. The results suggest that the efficacy of OMT
in ALI is associated with the attenuation of ERS-induced
apoptosis, which provides novel insights for the treatment
of myocardial I/R-induced ALIL

2. Materials and Methods

2.1. Induction and Assessment of Diabetes. Sprague-Dawley
rats weighing 180-200 g (8-10 weeks old) were provided by
the Department of Experimental Animal Science, Xiangya
School of Medicine, Central South University. All animal
experiments were approved by the Hunan Academy of
Chinese Medicine Animal Care and Use Committee (ap-
proval no. Xiang 2019-0013) and conducted in accordance
with the United States National Institutes of Health Guide
for the Care and Use of Laboratory Animals (NIH Publi-
cation No. 85-23, revised 1996) and Ethics Committees in
Science: European Perspectives (19). The rats were fed a
normal diet of standard feed for 1 week and then randomly
divided into the control (n =10) and model (1 =60) groups.
The control group continued to receive the normal diet, and
the model group received a high-sugar, high-fat diet (67.5%
standard feed, 10% lard, 20% sucrose 20%, 2% cholesterol,
and 0.5% pig bile salt). After 4 weeks, the model group (with
diabetes mellitus (DM)) received a single intraperitoneal
injection of STZ (Sigma-Aldrich: 572201) (35mg/kg) and
the high-sugar, high-fat diet was continued; for the control
group (control), an equal volume of sodium citrate buffer
was administered (in place if STZ), and the normal diet was
continued. At the 8th week, blood was taken from the tail
vein, and the glucose concentration was determined; fasting
blood glucose >7.0mmol/l or random blood glucose
>11.0 mmol/l was considered to indicate diabetes. The rats
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were then intragastrically administered with saline or OMT
(Aladdin: A111285) for 7 weeks and then intraperitoneally
injected with normal saline.

2.2. Establishment of Myocardial I/R Injury. The coronary
artery ligation method was used to establish the I/R injury
model. After anesthetization with an intraperitoneal injec-
tion of sodium pentobarbital (30 mg/kg), the rats received
endotracheal intubation and artificial ventilation with ox-
ygen-enriched room air using a rodent respirator (Chengdu
Techman Software Co., Ltd) with 60 breaths per minute, and
the tidal volume was set to 8 ml. The heart was exposed, and
thread was passed through the left coronary artery. Another
2 threads were drawn from the knot to loosen the ligature.
The left coronary artery was ligated to produce ischemia,
after which the local myocardium appeared cyanotic. After
1 h ischemia, the ligature was loosened to restore blood flow
and initiate reperfusion, which was sustained for an addi-
tional hour.

The rats were randomly divided into the seven following
(n =8 per group) groups: (i) control group; (ii) Sham group,
surgery with no ischemia; (iii) I/R group, myocardial I/R;
(iv) I/R + OMT group, myocardial I/R + OMT 30 mg/kg; (v)
diabetes mellitus (DM) group; (vi) DM+I/R group,
DM + myocardial I/R; and (vii) DM +I/R+OMT group,
DM + myocardial I/R+OMT 30mg/kg. OMT (30 mg/kg)
was chosen from our preliminary pilot experiment and
dissolved in isotonic saline and administered by gavage
10 min prior to occlusion of the left coronary artery. During
the experiment, about two animals per group died. The rate
of mortality reached to 20%, which is acceptable based on
the ethical approval granted to our study. At the end of the
study, rats were anesthetized by an intraperitoneal injection
of pentobarbital sodium (30 mg/kg). Blood samples were
collected from abdominal aorta for subsequent analysis. All
the animals were sacrificed following anesthesia by exsan-
guination, and their heart tissues were collected for the
following experiments (Figure 1).

2.3. Detection of Serum Myocardial Enzyme Levels. At the
end of the 8™ week, the rats were fasted for 12 h, sacrificed,
and blood samples were collected. The serum was separated
by centrifugation at 3000 x g for 10 min (4°C), and the levels
of cardiac troponin I (cTnl) (Sigma-Aldrich: MABX7161),
cardiac troponin T (c¢TnT) (Sigma-Aldrich: SAB1402377),
lactate dehydrogenase (LDH) (Sigma-Aldrich: L7016), and
creatine kinase-MB (CK-MB) (Sigma-Aldrich: MAK116)
were quantified using commercial ELISA kits. The
remaining serum was stored at —80°C for further studies.

24. Blood Gas Analysis and WET/DRY Ratio.
Immediately after 1h of reperfusion, the chest of each rat
was opened, and arterial blood was taken from the left
ventricle. Blood gas analysis was performed using the
i-STAT blood gas analyzer (Abbott). Fresh lung tissues were
weighed (wet weight) and dehydrated in an oven at 65°C for
48 h. The tissues were then weighed again until the weight
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FiGure 1: Experimental protocols.

did not fluctuate for >3 measurements. The ratio of wet
weight to dry weight (the WET/DRY ratio) was then
calculated.

2.5. Collection of Bronchoalveolar Lavage (BAL) Fluid.
After sacrifice, the lungs were removed from each rat. The
tissues were carefully separated, the left bronchial hilar was
ligated, and scissors were used to cut a V-shaped incision
under the tracheal annular cartilage. A blunt needle was
inserted into the trachea along the incision, and the needle
was ligated and fixed with a thin wire. Lung tissues were
lavaged 3 times with PBS to collect BAL fluid. The collected
samples were immediately centrifuged at 3000 x g for 10 min
(4°C), and the supernatant was stored at —80°C until sub-
sequent experimental testing.

2.6. Detection of Leukocytes, Tumor Necrosis Factor-a (TNF-
a), Interleukin- (IL-) 6, and IL-17 in BAL Fluid. The obtained
BAL fluid was centrifuged at 300 x g for 5min (4°C), and the
resulting supernatant was collected for protein concentra-
tion analysis; the cell pellet was stored for further use. Briefly,
6-10 times the amount of red blood cell lysis buffer (Roche
Diagnostics: 11814389001) was added to the cell pellet, and
the cells were incubated on ice for 5 min. Ice-cold PBS was
added to the cell lysate, which was then centrifuged at 500 x g
for 5min (4°C). The supernatant was discarded, and the cells
were centrifuged in 1 ml PBS (500 x g for 5min, 4°C) to
remove any remaining red blood cell debris. The supernatant
was discarded, and the cells were resuspended in 0.5 ml PBS
and counted using a hemocytometer. The levels of inflam-
matory factors were determined using commercial ELISA
kits (Sigma-Aldrich: T5944, RAB0311, SRP6511), and all
experiments were performed according to the manufac-
turer’s instructions.

2.7. Hematoxylin and Eosin (H&E) Staining. Tissues of the
left lung and myocardial tissues of the left ventricle were
collected, fixed in 4% paraformaldehyde for 24 h, and then
dehydrated until transparent. The tissues were embedded in
paraffin and sectioned (4pm), and H&E staining was

conducted. The tissues were observed in 3 random areas
under a light microscope (200x). Inflammatory cell infil-
tration, hemorrhage, and the interstitial and alveolar septum
thickness of 5 random fields were observed, and scores for
the corresponding indicators of lung injury were deter-
mined. For inflammatory cell infiltration (i) 0, without
damage; (ii) 1, mild injury; (iii) 2, moderate injury; (iv) 3,
severe damage; and (v) 4, very severe tissue damage. Other
lung injury index scores were also calculated, and the av-
erage scores for each treatment group were determined.

2.8. Detection of Apoptosis. Tissue apoptosis was determined
by terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL). Briefly, at the end of reperfu-
sion, the lungs were excised and fixed in 4% paraformal-
dehyde in PBS at room temperature for 24 h. Fixed tissues
were embedded in paraffin and stained using an in situ cell
death detection kit (Roche Diagnostics: 11684795910) as per
the manufacturers’ protocol. The apoptotic index (per-
centage of TUNEL-positive nuclei/total number of nuclei)
was then determined.

2.9. Detection of Caspase-3 Activity. Tissues were collected
and rinsed with PBS, homogenized and lysed as afore-
mentioned, and then centrifuged at 12,000 x g for 10 min
(4°C). Caspase-3 activity was detected using a caspase 3
assay kit (Roche Diagnostics: CASP3C) and normalized to
the total protein content for quantification.

2.10. Western Blot Analysis. Total protein was extracted from
the lung tissues and transferred to PVDF membranes by
electrophoresis (SDS-PAGE). The membranes were incu-
bated with primary antibodies for 2 h at room temperature,
rinsed, and subsequently incubated with a horseradish
peroxidase-conjugated secondary antibody. The chem-
iluminescence signals were detected using the EasySee
Western Blot Kit (Beijing TransGen Biotech Co., Ltd.), and
densitometric analysis was conducted with Image] Software
1.43 (National Institutes of Health). Primary antibodies
against the following targets were used: endoplasmic



reticulum chaperone BiP (GRP78) (1:1000, G8918: Sigma-
Aldrich; Merck KGaA), DNA damage-inducible transcript 3
protein (CHOP) (1:1000, SAB4500631 : Sigma-Aldrich;
Merck KGaA), inositol dependent enzyme 1 (IREl)a (1:
1000, P4334:Sigma-Aldrich; Merck KGaA), p-IREla (1:
1000, 5.32758: Sigma-Aldrich; Merck KGaA), eukaryotic
translation initiation factor 2-alpha kinase 3 (PERK) (1:
1000, P0073: Sigma-Aldrich; Merck KGaA), p-PERK (1:
1000, SAB4301310 : Sigma-Aldrich; Merck KGaA), ATF6 (1:
1000, PRS3681:Sigma-Aldrich; Merck KGaA), caspase-9
(1:1000, SAB4300683 : Sigma-Aldrich; Merck KGaA), cas-
pase-3  (1:1000, C9598:Sigma-Aldrich; Merck KGaA),
caspase-12 (1:1000, C7611: Sigma-Aldrich; Merck KGaA),
Bax (1:1000, B8429: Sigma-Aldrich; Merck KGaA), Bcl-2
(1:1000, B3170:Sigma-Aldrich; Merck KGaA), and
GADPH (1:1000, AF0006; Beyotime Biotechnology, China).

2.11. Real-Time PCR. Gene expression levels (mRNA) in
lung tissue were determined by real-time PCR (Applied
Biosystems). First, extracted total RNA were purified with
75% ethanol, and its concentration was determined by
spectrophotometry. Then, the purified total RNA (200 ng
each sample) was added into a transcription kit (DRR037A;
TaKaRa, Dalian, China) and mixed to get the first strand
template (reverse transcription reaction). GAPDH was used
as the loading control. The primers were provided by
GeneCopoeia Inc., as follows: CHOP forward, 5'-CAT ACA
CCA CCA CAC CTG AAA G-3'; reverse, 5'-CAT ACA
CCA CCA CAC CTG AAA G-3'; GRP78 forward, 5'-TCT
CCA CGG CTT CCG ATA AT-3';and reverse, 5'-GTA CCT
TTG TCT TCA GCT GTC ACT C-3'. All oligonucleotide
primers were designed by Sangon Biotech Co., Ltd
(Shanghai, China). The Ct value of the target is normalized
by subtracting the GAPDH Ct value to provide a ACt value.
The relative expression level between treatments was then
calculated using the following equation: relative gene
expression =2 — (ACt sample —ACt control).

2.12. Statistical Analysis. SPSS21.0 (IBM Corp.) was used for
statistical analysis, and all data are presented as the mean-
+standard deviation (SD). For gene expressions, one-way
ANOVA with the post hoc Tukey test was used to test for
differences among groups. Lung injury scores were analyzed
with the Kruskal-Wallis test followed by Dunn’s multiple
comparison test. The statistical significance of differences
was assessed at P <0.05.

3. Results

3.1. Myocardial I/R Accelerates ALIin Diabetic Rats. After the
gth week, blood was taken from the tail vein, and the glucose
concentration was determined; fasting blood glucose
>7.0mmol/l or random blood glucose >11.0 mmol/l was
considered to indicate diabetes (Supplementary Figure
(available here)). To investigate the protective effect of OMT
against I/R-induced myocardial damage in diabetic rats,
alterations in the concentrations of serum myocardial injury
markers (¢Tnl, cTnT, LDH, and CK-MB) were observed. The
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levels of serum cTnl, ¢InT, LDH, and CK-MB were sig-
nificantly increased in diabetic rats with I/R, compared with
those in the Sham group. However, OMT treatment
markedly suppressed the increases in these serum constit-
uents (Figure 2). In addition, OMT ameliorated the damage
and irregular arrangement of myocardial cells induced by I/
R injury (Figure 2). These findings suggest that OMT at-
tenuates myocardial I/R injury in diabetic rats.

ALI secondary to myocardial I/R is reportedly aggra-
vated by diabetes [19, 20]. Following myocardial I/R, the
BAL fluid was collected and analyzed. As indicated in
Figure 3, the levels of TNF-a, IL-6, and IL-17A in the BAL
fluid were significantly increased in diabetic rats, indicating
the occurrence of a severe inflammatory reaction following
myocardial I/R insult. Furthermore, OMT treatment sup-
pressed these increases in TNF-«, IL-6, and IL-17A. The
severity of lung injury was assessed by H&E staining and
graded using an injury scoring system. As shown in Figure 3,
H&E staining of the lung tissue revealed ALI with alveolar
and interstitial edema, hemorrhage, and inflammatory cell
infiltration. These pathological changes were more severe in
diabetic rats. Compared with the Sham group, the degree of
lung injury in the myocardial I/R group was also increased.
These results confirmed that myocardial I/R could deteri-
orate ALI in the diabetic rats. However, OMT ameliorated
myocardial I/R-induced ALI, suggesting a protective affect
against ALI secondary to myocardial I/R in diabetic rats.

3.2. OMT Inhibits ALI-Induced ERS in Diabetic Rats. An
increasing number of studies have suggested that excessive
ERS accelerates the severity of I/R injury [21, 22]. To de-
termine whether OMT treatment exerts a protective effect
against myocardial I/R-associated ALI by inhibiting ERS, the
expression levels of ERS markers GRP78 and CHOP were
detected in diabetic rats. As shown in Figure 4, the ex-
pression of GRP78 and CHOP was markedly increased in
the diabetic rats compared with the Sham group. Consistent
with protein expression, the levels of GRP78 and CHOP
mRNA were assessed by reverse transcription-quantitative
PCR. We found that GRP78 and CHOP mRNA expressions
are consistent with the protein expressions. Further findings
showed no obvious differences between the I/R group and
the DM +I/R group in the current experimental back-
ground, which does not mean that no differences in injury
occurred between the two groups. Treatment with OMT
downregulated GRP78 and CHOP mRNA expressions in
myocardial I/R-associated ALL These results suggest that
OMT treatment alleviates ERS resulting from myocardial I/
R-associated ALI in diabetic rats.

3.3. OMT Inhibits ERS-Induced Apoptosis in Diabetic Rats.
To confirm whether ALI-induced ERS is involved in apo-
ptosis, Western blotting was used to determine the ex-
pressions of apoptosis-related proteins, including caspase-9,
caspase-3, caspase-12, Bcl-2, and Bax, in the lung tissues of
diabetic rats. ALI caused significant increases in caspase-9,
caspase-3, caspase-12, and Bax and a decrease in Bcl-2
expression (Figure 5), and OMT treatment reversed these
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FIGURE 2: Myocardial I/R-accelerated acute lung injury in diabetic rats. (a), (b), (c), and (d) Serum levels of CK-MB, LDH, cTnl, and ¢TnT.
(e) Hematoxylin and eosin staining of cardiac tissues (original magnification, 400x). Bars represent the mean + SD of three independent
experiments. *P <0.05 vs. the Sham group; **P <0.01 vs. the I/R group. I/R, ischemia/reperfusion; CK-MB, creatine kinase-MB; LDH,
lactate dehydrogenase; ¢Tnl, cardiac troponin I; ¢TnT, cardiac troponin T.

expression patterns. These results demonstrate that OMT
inhibits ERS-induced apoptosis in rats including diabetes
and nondiabetes. However, the present study does not
provide any evidence for diabetes-specific effects.

3.4. OMT Exhibits Protective Effects against ALI-Induced ERS-
Associated Signaling Pathway Activation in Diabetic Rats.
Based on the aforementioned results, the mechanisms of
OMT against myocardial I/R-induced ALI, which were as-
sociated with ERS-associated signaling proteins such as
IREla, PERK, and ATF6, were investigated. As shown in

Figure 6, ALI significantly upregulated the expressions of
p-IREla and p-PERK, compared with the Sham group.
Furthermore, these changes were reversed by OMT. These
observations indicate that OMT inhibits IREla and/or
PERK pathways, thereby attenuating ERS-mediated apo-
ptosis and eliciting protection in ALI secondary to myo-
cardial I/R.

4. Discussion

Myocardial I/R injury is regarded as a major public health
threat with high rates of morbidity and mortality.
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DM +I/R

FIGURE 3: OMT ameliorates myocardial I/R-induced acute lung injury in diabetic rats. (a), (b), and (c) Expression levels of inflammatory
factors IL-6, TNF-a, and IL-17. (d) Severity of lung injury expressed as the injury score. (e) Histopathological changes in rat lung tissues
from control and diabetic rats subjected to sham or myocardial I/R surgery (original magnification, x200). All values are expressed as
the mean + SD, n=8. *P <0.05 vs. the Sham group; #P <0.05 vs. the I/R group; ##P <0.01 vs. the DM + I/R group. OMT, oxymatrine; I/R,
ischemia/reperfusion; IL, interleukin; TNF-a, tumor necrosis factor-a; DM, diabetes mellitus.

Extensive studies have demonstrated that myocardial I/R
may result in distant organ damage and that the lung may
be one of the most vulnerable organs. The primary novelty
of the present study was presenting evidence that myo-
cardial I/R-induced ALI induces excessive lung ERS in
diabetic rats and that OMT administration inhibits ERS-
induced apoptosis. The myocardial protective effects of
OMT suggest that it may be an effective agent for the
treatment of I/R injury. However, recent studies showed
that ER stress-induced apoptosis plays an important role
in myocardial I/R-induced ALI. However, the more ac-
curate functions have not been fully yet elucidated. In
present study, the absence of DM without the I/R injury
group might hinder understanding of myocardial I/R-
induced ALI-associated ERS and the protective of OMT.

OMT is a major active ingredient isolated from Sophora
flavescens Aiton. Several lines of evidence have demon-
strated that OMT possesses diverse pharmacological char-
acteristics, such as anti-inflammatory, antiallergic, antiviral,
and antifibrotic properties [10, 11, 15-18]. OMT has been
widely applied for the prevention and treatment of liver
pathologies, cardiovascular diseases, vascular injury, and
diabetes-associated ~ dysfunction and  inflammation
[10, 15, 17]. In spite of these findings, the protective effects of
OMT, as well as its potential mechanism, are yet to be
elucidated. As such, the present study aimed to investigate
the protective effects of OMT on myocardial I/R-associated
ALI in diabetic rats.

Diabetes is the most common of all endocrine diseases.
Diabetes is characterized by persistent hyperglycemia, which
may lead to diverse representative complications including
cardiomyopathy, nephropathy, diabetic foot, and diabetic
neuropathy, which significantly contribute to the associated
rates of morbidity and mortality [2]. Additionally, diabetes
may accelerate the deterioration of respiratory function with
characteristic anatomical and biological changes to the di-
abetic lung [5, 23, 24]. These abnormalities affect lung
volume, pulmonary diffusing capacity, ventilation control,
bronchomotor tone, and neuroadrenergic bronchial in-
nervation. Although the practical implications of these
functional alterations are frequently disregarded, the pres-
ence of an associated acute or chronic pulmonary and/or
cardiac attack could influence severe respiratory derange-
ment in diabetes [25]. During myocardial ischemia and/or
reperfusion, the membranes of the myocardial tissues are
attacked, resulting in the release of myocardial enzymes,
including ¢Tnl, ¢TnT, LDH, and CK-MB (which are often
regarded as the markers of myocardial injury), into the
peripheral blood. Therefore, detecting the peripheral blood
levels of these enzymes (which reflect the degree of myo-
cardial injury) has proven considerably valuable in the di-
agnosis of myocardial infarction. According to the results of
the present study, OMT notably decreases the serum con-
centrations of these enzymes. Additionally, pathomorpho-
logical studies indicated a reduction in I/R-induced
myocardial damage in diabetic rats treated with OMT.
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CHOP were determined using reverse transcription-quantitative PCR. Values are expressed as the mean+ SD from three independent
experiments, n=3. *P <0.05 and **P <0.01 vs. the Sham group; ##p <0.01 vs. the I/R group; #p < 0.01, vs. the DM + I/R group. OMT,
oxymatrine; I/R, ischemia/reperfusion; GRP78, endoplasmic reticulum chaperone BiP; CHOP, DNA damage-inducible transcript 3 protein;
DM, diabetes mellitus.



Evidence-Based Complementary and Alternative Medicine

* 3k

* %

r LINO +¥/1+Nd

/I +Wda

r LINO +d/1

/I

- wreyg

r
=3
=3
O

3

Caspase

00 -

9

Caspase

12

Caspase

00

5
=)

(=]

A N
(o1u03 jo %) HAAVD/€-osedser

LIINO +¥/1+Na

/1+ WA

INO +¥/1

«

1

ureyg

~
)
o0

GADPH

(b)

(a)

e - LINO +¥/1 + WA

:li

r4/I+Wda

w H - LINO + /1

* 3k

H -

- weys
r T T T T
(=3 (=3 (=3 (=3 (=3 (=}
(=3 (=} (=3 (=1 (=}
wn < [3e} N —
(1011102 30 %) HAAYD/T1-dsedse)
i - LINO + /1 + WA
P - W1+ Wa
w H - LINO + ¥/1
iH -
- weys

T
(=3 o
=

00
00
00

o
(=3
wn A o o\ —

(1011103 JO 9) HAAQVO/6-2sedse)

(d)

(c)

M_. r LINO +¥/I+Nd
* H -/ + NG
* _| - LINO +¥/1
* H -/
- weys

r T T

" S @ =
— - S i

([oxu0d Jo %) Xeq/z-PPg

(e)

FiGure 5: Continued.
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Sham /R /R + OMT DM + /R DM + I/R + OMT
€9)

Figure 5: OMT inhibits ERS-induced apoptosis in diabetic rats. (a) Expression of caspase-3, caspase-9, caspase-12, Bax, and Bcl-2 was
determined using Western blot analysis. (b), (c), (d), and (e) Quantification of Western blot results. (f) TUNNEL staining in lung tissues.
Values are expressed as the mean + SD from three independent experiments, #=3. *P < 0.05 and **P < 0.01 vs. the Sham group; ##p<0.01
vs. the I/R group; #p< 0.01, vs. the DM + I/R group. OMT, oxymatrine; ERS, endoplasmic reticulum stress; I/R, ischemia/reperfusion; DM,
diabetes mellitus.
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FiGure 6: OMT inhibits acute lung injury-induced endoplasmic reticulum stress-associated signaling pathway activation in diabetic rats. (a)
Protein expression levels of p-PERK, PERK, p-IREla, and IREla were determined using Western blot analysis. (b), (c), and (d)
Quantification of Western blot results. Values are expressed as the mean + SD from three independent experiments, n=3. *P <0.05 and
**P<0.01 vs. the Sham group; #P<0.05 vs. the I/R group; ##p <0.01, vs. the DM +I/R group. OMT, oxymatrine; PERK, translation
initiation factor 2-alpha kinase 3; IRE1, inositol dependent enzyme 1; p-, phosphorylated; I/R, ischemia/reperfusion; DM, diabetes mellitus.

Consistent with previously reports [19], the present study
revealed that the lungs of diabetic rats are susceptible to
myocardial I/R injury, indicated by increased levels of ALI-
induced inflammatory factors (including IL-6, TNF-a, and
IL-17) with higher lung injury scores and WET/DRY ratios,
as well as a lower PaO,. Moreover, the DM +I/R group
showed more severe damages in levels of ALI-induced in-
flammatory factors (including IL-6, TNF-«, and IL-17) and
lung injury scores but showed no obvious differences be-
tween the I/R + OMT group and the DM + I/R + OMT group.
OMT could decrease the levels of inflammatory factors and
lung injury scores and WET/DRY ratios in the I/R+ OMT
group or the DM +I/R+OMT group. But these results
demonstrated that the effects of I/R+OMT is more obvi-
ously than DM +I/R + OMT. Overall, OMT exerts a bene-
ficial effect on ALI secondary to I/R injury in diabetic rats.

The ER is a membrane-bound and structurally intricate
organelle present in all eukaryotic cells. It is the specific site
for monitoring intracellular protein and lipid synthesis, as

well as intracytoplasmic calcium storage [26, 27]. Diabetes is
known to be a chronic disorder characterized by low-grade
chronic inflammation and a hypoxic microenvironment,
which can result in the accumulation of misfolded and
unfolded proteins in the ER lumen [4, 28]. ER homeostasis is
disturbed in a condition referred to as ERS. Excessive ERS
triggers an adaptive mechanism termed the unfolded protein
response (UPR), which is implemented in the maintenance
of cellular homeostasis. The UPR is primarily mediated by
three ER transducers PERK, IRE1, and ATF6, which could
detect unusual conditions and transmit signals to the cy-
tosol. Once activated, these signals induced downstream
responses. During ERS conditions, PERK, IREl«, and ATF6
contributed to reactive oxygen species (ROS) generation and
apoptosis. Sustained ERS ultimately leads to ERS-mediated
apoptosis [9, 29, 30]. Caspase-12 is present in various tissues
and is regarded as one of the major apoptotic signaling
molecules of ERS. The imbalance of calcium ions in the ER
or the accumulation of ER proteins can ultimately lead to
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caspase-12 expression. Excessive ERS can trigger the acti-
vation of other caspases, such as caspase-9 and -3, causing
cascade reactions that ultimately result in cell death [27, 31].
CHOP is an important proapoptotic signaling molecule and
ERS-specific transcription factor. Under physiological
conditions, CHOP is expressed at low levels; once activated
by ERS, its expression level significantly increases, and this is
considered to be an important marker of ERS [31]. Intra-
cellular apoptotic signaling usually activates the mito-
chondrial pathway, facilitating the release of mitochondrial
proapoptotic proteins and apoptosis-inducing factors and
ultimately activating the caspase cascade and promoting
apoptosis [32]. The present study revealed that the ex-
pression of ERS marker proteins GRP78 and CHOP in the I/
R group and the DM +I/R group were markedly upregu-
lated, demonstrating that ERS is involved in the occurrence
of myocardial I/R-induced ALI, but showed no obvious
differences between these groups in the current experimental
background, and there seems to be no significant difference
between these groups, which does not mean that no dif-
ferences in injury occurred between the two groups. Fur-
thermore, the present study demonstrated that the protein
expression levels of PERK, p-PERK, p-IREla, ATF6, and
CHOP in the lung tissues were upregulated. These results
suggested that the lung tissue damage in the DM + I/R group
was more severe than that in the I/R group. Further study
confirmed that OMT treatment inhibited the upregulation in
p-PERK, p-IRElw, and ATF6 and also reduced the apoptosis
index, suggesting that OMT exerts protective effects against
myocardial I/R-induced ALI by suppressing ERS-associated
apoptosis. Collectively, these findings demonstrate that
OMT inhibits ERS-associated signaling pathways, which
may further decrease ERS-induced apoptosis. This was
subsequently investigated by detecting the expressions of
apoptosis-associated proteins. Notably, OMT down-
regulated the high expression levels of caspase-3, caspase-9,
caspase-12, and Bax associated with myocardial I/R-induced
ALI and upregulated Bcl-2 expression in diabetic rats.

5. Conclusions

In summary, the present study revealed the significant
protective effects of OMT against myocardial I/R-induced
ALI in diabetic rats and illustrated that these effects are
mediated by the inhibition of ERS-associated apoptosis.
However, the overall mechanisms underlying the protective
effects of OMT and its association with ERS required further
investigation.

Abbreviations

ALL Acute lung injury
cTnl: Cardiac troponin I
c¢InT:  Cardiac troponin T
CK-MB: Creatine kinase-MB

CHOP: DNA damage-inducible transcript 3 protein
ERS: Endoplasmic reticulum stress
GRP78: Endoplasmic reticulum chaperone BiP

I/R: Ischemia/Reperfusion

Evidence-Based Complementary and Alternative Medicine

IL-6: Interleukin- (IL-) 6

IREl-a: Inositol dependent enzyme la (IRElw)

LDH:  Lactate dehydrogenase

OMT:  Oxymatrine

p- Phosphorylated- (p-) PERK

PERK:

PERK:  Eukaryotic translation initiation factor 2-alpha
kinase 3

STZ: Streptozocin

TUNEL: Terminal deoxynucleotidyl transferase-mediated
dUTP nick end labeling.

Data Availability

The data used to support the findings of this study are in-
cluded within the manuscript and are available from the
corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

YP. H. and XL. L. designed and undertook some parts of the
experiment and analyzed, interpreted, and presented results for
group discussion. SH. L. provided methods, description of
results, and figures for the manuscript. SH. L. and ]B.
H. provided rationale, background, framework, and feedback.

Acknowledgments

The authors would like to thank all the colleagues who
contributed to this study. This work was funded by Hunan
Natural Science Foundation (2020]J]J7090 to Yongpan
Huang).

Supplementary Materials

Supplementary Figurel: effect of OMT on the serum glucose
level. Bars represent the mean + SD of three independent
experiments. P <0.05 vs. the control group. (Supplemen-
tary Materials)

References

[1] X. Mundet, A. Pou, N. Piquer et al., “Prevalence and incidence
of chronic complications and mortality in a cohort of type 2
diabetic patients in Spain,” Primary Care Diabetes, vol. 2,
no. 3, pp. 135-140, 2008.

[2] S. Pichu, B. M. Patel, S. Apparsundaram, and R. K. Goyal,

“Role of biomarkers in predicting diabetes complications with

special reference to diabetic foot ulcers,” Biomarkers in

Medicine, vol. 11, no. 4, pp. 377-388, 2017.

X. Zhou, S. S. Shrestha, E. Luman, G. Wang, and P. Zhang,

“Medical expenditures associated with diabetes in myocardial

infarction and ischemic stroke patients,” American Journal of

Preventive Medicine, vol. 53, no. 6S2, pp. S190-S196, 2017.

[4] T.W.Jung, H. C. Kim, H. U. Kim et al., “Asprosin attenuates
insulin signaling pathway through PKCé-activated ER stress

[3


http://downloads.hindawi.com/journals/ecam/2020/8836904.f1.pdf
http://downloads.hindawi.com/journals/ecam/2020/8836904.f1.pdf

Evidence-Based Complementary and Alternative Medicine

[10

(11

(12]

[13

(14]

[15

(16

(17]

(18]

(19]

and inflammation in skeletal muscle,” Journal of Cellular
Physiology, vol. 234, no. 11, pp. 20888-20899, 2019.

Y. Lee, S. H. Shin, K. A. Cho et al., “Administration of tonsil-
derived mesenchymal stem cells improves glucose tolerance
in high fat diet-induced diabetic mice via insulin-like growth
factor-binding protein 5-mediated endoplasmic reticulum
stress modulation,” Cells, vol. 8, no. 4, p. 368, 2019.

L. Cominacini, C. Mozzini, U. Garbin et al., “Endoplasmic
reticulum stress and Nrf2 signaling in cardiovascular dis-
eases,” Free Radical Biology and Medicine, vol. 88, no. Pt B,
pp. 233-242, 2015.

W. Guo, T. Jiang, C. Lian, H. Wang, Q. Zheng, and H. Ma,
“QKI deficiency promotes FoxO1 mediated nitrosative stress
and endoplasmic reticulum stress contributing to increased
vulnerability to ischemic injury in diabetic heart,” Journal of
Molecular and Cellular Cardiology, vol. 75, pp. 131-140, 2014.
M. Liu, Y. Wang, Q. Zhu et al., “Protective effects of circu-
lating microvesicles derived from ischemic preconditioning
on myocardial ischemia/reperfusion injury in rats by inhib-
iting endoplasmic reticulum stress,” Apoptosis, vol. 23, no. 7-
8, pp. 436-448, 2018.

R. Tijima, M. Nakamura, Y. Matsuyama et al., “Effect of
optimal medical therapy before procedures on outcomes in
coronary patients treated with drug-eluting stents,” The
American Journal of Cardiology, vol. 118, no. 6, pp. 790-796,
2016.

L. Wang, X. Li, Y. Zhang, Y. Huang, and Q. Ma, “Oxymatrine
ameliorates diabetes-induced aortic endothelial dysfunction
via the regulation of eNOS and NOX4,” Journal of Cellular
Biochemistry, vol. 120, no. 5, pp. 7323-7332, 2019.

Y. Jiang, W. Sang, C. Wang et al., “Oxymatrine exerts pro-
tective effects on osteoarthritis via modulating chondrocyte
homoeostasis and suppressing osteoclastogenesis,” Journal of
Cellular and Molecular Medicine, vol. 22, no. 8, pp. 3941-3954,
2018.

C. D. Resor, A. Nathan, D. J. Kereiakes et al., “Impact of
optimal medical therapy in the dual antiplatelet therapy
study,” Circulation, vol. 134, no. 14, pp. 989-998, 2016.

Y. Liu, Y. Xu, W. Ji et al., “Anti-tumor activities of matrine
and oxymatrine: literature review,” Tumour Biology, vol. 35,
no. 6, pp. 5111-5119, 2014.

C. Y. Shen, J. G. Jiang, L. Yang, D. W. Wang, and W. Zhu,
“Anti-ageing active ingredients from herbs and nutraceuticals
used in traditional Chinese medicine: pharmacological
mechanisms and implications for drug discovery,” British
Journal of Pharmacology, vol. 174, no. 11, pp. 1395-1425, 2017.
Y. Y. Zhang, M. Yi, and Y. P. Huang, “Oxymatrine ameliorates
doxorubicin-induced cardiotoxicity in rats,” Cellular Physi-
ology and Biochemistry, vol. 43, no. 2, pp. 626-635, 2017.
G. Jiang, X. Liu, M. Wang, H. Chen, Z. Chen, and T. Qiu,
“Oxymatrine ameliorates renal ischemia-reperfusion injury
from oxidative stress through Nrf2/HO-1 pathway,” Acta
Cirurgica Brasileira, vol. 30, no. 6, pp. 422-429, 2015.

S. B. Wang and J. P. Jia, “Oxymatrine attenuates diabetes-
associated cognitive deficits in rats,” Acta Pharmacologica
Sinica, vol. 35, no. 3, pp. 331-338, 2014.

M. L. Zuo, A. P. Wang, Y. Tian, L. Mao, G. L. Song, and
Z.B. Yang, “Oxymatrine ameliorates insulin resistance in rats
with type 2 diabetes by regulating the expression of KSRP,
PETN, and AKT in the liver,” Journal of Cellular Biochemistry,
vol. 120, no. 9, pp. 16185-16194, 2019.

L. M. Wang, N. Z. Zhong, S. J. Liu, X. Y. Zhu, and Y. J. Liu,
“Hypoxia-induced acute lung injury is aggravated in

(20]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

13

streptozotocin diabetic mice,” Experimental Lung Research,
vol. 41, no. 3, pp. 146-154, 2015.

M. Filfan, R. E. Sandu, A. D. Zévileanu et al., “Autophagy in
aging and disease,” Romanian Journal of Morphology and
Embryology, vol. 58, no. 1, pp. 27-31, 2017.

F. Xu, R. Ma, G. Zhang et al., “Estrogen and propofol
combination therapy inhibits endoplasmic reticulum stress
and remarkably attenuates cerebral ischemia-reperfusion
injury and OGD injury in hippocampus,” Biomedicine and
Pharmacotherapy, vol. 108, pp. 1596-1606, 2018.

G. G. Zhang, H. Q. Cai, Y. H. Li et al., “Ghrelin protects heart
against ERS-induced injury and apoptosis by activating AMP-
activated protein kinase,” Peptides, vol. 48, pp. 156-165, 2013.
N. S. Kalman, G. D. Hugo, R. N. Mahon, X. Deng,
N. D. Mukhopadhyay, and E. Weiss, “Diabetes mellitus and
radiation induced lung injury after thoracic stereotactic body
radiotherapy,” Radiotherapy and Oncology, vol. 129, no. 2,
pp. 270-276, 2018.

H. Zheng, J. Wu, Z. Jin, and L. J. Yan, “Potential biochemical
mechanisms of lung injury in diabetes,” Aging and Disease,
vol. 8, no. 1, pp. 7-16, 2017.

B. Q. Xiang, H. Gao, M. L. Hao, Y. Y. Dai, and W. T. Wang,
“Effects of excessive endoplasmic reticulum stress on lung
ischemia/reperfusion induced myocardial injury in mice,”
Zhongguo Ying Yong Sheng Li Xue Za Zhi, vol. 34, no. 1,
pp. 8-13, 2018.

S.Song, J. Tan, Y. Miao, and Q. Zhang, “Crosstalk of ER stress-
mediated autophagy and ER-phagy: involvement of UPR and
the core autophagy machinery,” Journal of Cell Physiology,
vol. 233, no. 5, pp. 3867-3874, 2018.

S. Song, J. Tan, Y. Miao, M. Li, and Q. Zhang, “Crosstalk of
autophagy and apoptosis: involvement of the dual role of
autophagy under ER stress,” Journal of Cell Physiology,
vol. 232, no. 11, pp. 2977-2984, 2017.

W. Yang, F. Sheng, B. Sun, S. Fischbach, and X. Xiao, “The role
of ORMDL3/ATF6 in compensated beta cell proliferation
during early diabetes,” Aging (Albany NY), vol. 11, no. 9,
pp. 2787-2796, 2019.

J. Groenendyk, X. Fan, Z. Peng, L. Kurgan, and M. Michalak,
“Endoplasmic reticulum and the microRNA environment in
the cardiovascular system (1),” Canadian Journal of Physiology
and Pharmacology, vol. 97, no. 6, pp. 515-527, 2019.

S. Shirjang, B. Mansoori, S. Asghari et al., “MicroRNAs in
cancer cell death pathways: apoptosis and necroptosis,” Free
Radical Biology and Medicine, vol. 139, pp. 1-15, 2019.

Y. Li, Y. Guo, J. Tang, J. Jiang, and Z. Chen, “New insights into
the roles of CHOP-induced apoptosis in ER stress,” Acta
Biochimica et Biophysica Sinica (Shanghai), vol. 46, no. 8,
pp. 629-640, 2014.

G. Guan, J. Zhang, S. Liu, W. Huang, Y. Gong, and X. Gu,
“Glucagon-like peptide-1 attenuates endoplasmic reticulum
stress-induced apoptosis in H9c2 cardiomyocytes during
hypoxia/reoxygenation through the GLP-1R/PI3K/Akt
pathways,” Naunyn-Schmiedeberg’s Archives of Pharmacology,
vol. 392, no. 6, pp. 715-722, 2019.



