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Agarwood is a traditional medicine used for treating some diseases, including painful and ischemic diseases. This study was
carried out to investigate the potential cardioprotective effect of the whole-tree agarwood-inducing technique-produced agarwood
alcohol extract (WTAAE) on isoproterenol- (ISO-) induced myocardial ischemia (MI) in rats and explore the underlying
molecular mechanisms. Compared to the MI group, WTAAE pretreatment significantly improved ST wave abnormal-elevation,
mitigated myocardial histological damage; decreased creatinine kinase (CK), lactate dehydrogenase (LDH), alanine transaminase
(ALT), and aspartate transaminase (AST) levels; reduced hydrogen peroxide (H,0,) and lipid peroxide (LPO) production; and
increased total antioxidant capacity (T-AOC) and catalase (CAT) activities. Moreover, agarwood alcohol extracts (AAEs)
markedly enhanced the mRNA levels of Nrf2-ARE pathway, and Bcl-2 reduced the apoptotic Bax family mRNA expressions. In
addition, the effect of WTAAE was greater than that of wild agarwood alcohol extract (WAAE) and burning-chisel-drilling
agarwood alcohol extract (FBAAE). All of these data indicate that WTAAE exerted the protective effects of M1, and its mechanism
was associated with upregulating Nrf2-ARE and suppressing Bcl-2 pathways.

some diseases related to painful conditions, such as angina,
trauma, gastric ulcer, enteritis, and coughs [5]. At present,
the extracts, essential oil, and main compounds from
agarwood have exhibited a wide array of pharmacological

1. Introduction

Agarwood, the genus Agquilaria and the family Thyme-
laeaceae, is a valuable nontimber forest product [1]. It is well

known that agarwood is a precious traditional Chinese
medicine for centuries to treat several diseases, including
heart diseases such as angina pectoris [2-4]. Subsequently,
the different parts of agarwood extracts were found to
possess alleviating pain and antioxidant and other biological
activities, which support its folkloric and clinical use for

properties such as laxative [6], antinociceptive [7], anti-
neuroinflammatory [8], neuroprotective [9], antioxidant
[10], anti-inflammatory [11], and antitumor activities [12].
According to its traditional efficacy and modern application,
we boldly hypothesize that agarwood could be used to treat
the myocardial ischemia (MI) injury. However, there is still
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no available study evaluating the effects of WTAAE on MI
rats and its mechanism by modern pharmacological studies.

Cardiovascular disease is one of the major health
problems worldwide. Extensive research studies focused on
studying cardioprotective therapies throughout the last
decade, among which MI attracts more attention attributes
to its complex pathophysiological process [13-15]. The main
culprit in MI is that the coronary blood supply does not meet
the demand of cardiomyocytes, which leads to the rapid
development of myocardial necrosis [16]. Usually, ischemia
occurs when there is no blood flow through the myocardial
tissue, which leads to the imbalance of supply and demand
with oxygen, and finally results in the dysfunction or injury
of tissue, named MI [17]. The pathogenesis of MI involves
various mechanisms including inflammatory responses [18],
accumulated free radical [19], and cell apoptosis [20]. The
treatment of MI has been a vital problem, because there is
still no advanced and effective therapeutic regimen [21].
Traditional Chinese medicine (TCM) is a unique medical
field that encompasses pathogenesis, diagnosing diseases,
and drug therapy [22]. Over the past decades, TCM has
shown a potential therapeutic effect on cardiac diseases and
shown positive results in clinical trials [23]. Furthermore, a
previous study revealed that the WTAAE had provided
significant myocardial protection [24]. Therefore, more
clearly, experimental studies need to explore the potential
role of TCM including agarwood in the treatment of MI.

The present study is designed for the first time to in-
vestigate the potential cardioprotective effects of WTAAE on
ISO-induced MI in rats and explore its possible mechanisms,
including antioxidative and antiapoptotic effects. Besides, we
aimed to compare the effects of different agarwood alcohol
extracts (AAEs) against MI. This paper provides the ex-
perimental evidence for further research and clinical
treatments of the protective mechanisms of agarwood
against myocardial diseases.

2. Materials and Methods

2.1. Reagents. Isoproterenol (ISO) was obtained from
Harvest Pharmaceutical Co., Ltd., (Shanghai, China). The
myocardial enzymes, such as creatinine kinase (CK), lactate
dehydrogenase (LDH), alanine transaminase (ALT), and
aspartate transaminase (AST), were purchased from Biosino
Bio-Technology and Science Inc., (Beijing, China). All
biochemical indicator Kits, cell death kit (CDK), hydrogen
peroxide (H,0,), lipid peroxide (LPO), total peroxide ca-
pability (T-AOC), and catalase (CAT) were purchased from
Jiancheng Biotech Co., (Nanjing, China). The primers of
Nrf2-ARE and Bax/Bcl-2 signaling pathways were synthe-
sized by Sangon Biotech (Beijing, China). Anhydrous al-
cohol and other chemicals procured were of analytical grade.

2.2. Materials. The whole-tree agarwood-inducing tech-
nique [1] (patent number: Z1201010104119.5) producing
agarwood, wild agarwood, and burning-chisel-drilling
agarwood was purchased from Guangdong, China, and
authenticated by Researcher Jian-He Wei, Institute of
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Medicinal Plant Development, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing, China.
Dried and powered agarwood (1000 g) produced by whole-
tree agarwood-inducing technique was soaked in 95% al-
cohol (5L) for 2h and refluxed for 1h three times and
combined with the solution. The resulting solution was
evaporated in vacuo to get the dark brown EtOH extract
(140 g, 14%) and the conserved at —20°C. The EtOH extracts
of wild agarwood and burning-chisel-drilling agarwood
were produced by the same method with leaching rate 10.5%
and 14%, respectively.

2.3. Animals. Adult male Sprague-Dawley rats (180-220 g)
were purchased from Vital River Laboratory Animal
Technology Co., Ltd. (Beijing, China) and were kept on a
12 h light/dark cycle with controlled temperature (20-24°C)
and humidity (50-70%). Mice, with free access to food and
water, were housed for 5 d prior to the experiments. Animal
care and experimental protocols used in this study were
approved by the Institutional Animal Care and Use Com-
mittee at the Institute of Medicinal Plant Development,
Chinese Academy of Medical Sciences.

2.4. Animal Experiments. Rats were randomly divided into
seven groups with eight mice in each group: normal group,
ISO group, WAAE (equivalent of crude drug 2.84 g/kg)
group, FBAAE group (2.84 g/kg), and WTAAE groups (0.71,
1.42, and 2.84 g/kg). Rats in the normal and model groups
were orally administered with distilled water (20 mL/kg,
1 time/day). Rats in treatment groups were orally admin-
istrated with the AAEs (20 mL/kg, 1 time/day), respectively.
After 7 consecutive days of pretreatment, rats were
intoxicated with ISO except for the control group (2 mg/kg
and 1 mg/kg, respectively) by subcutaneous injection on 2
consecutive days.

2.5. Electrocardiogram (ECG). ECG test was conducted in
anesthetized rats after finishing ISO injection. The needle
electrodes were linked to the right arm, left arm, and left leg
in rats. ECG and ST elevation were recorded by the BL-420S
Biological Function Experiment System.

2.6. Histopathological ~Examination of Myocardium.
Hearts were removed and fixed in 4% paraformaldehyde,
dehydrated, and paraffin embedded. Then the samples were
sectioned at 5um (Leica DMR, Germany). For histological
analysis, sections were stained with hematoxylin-eosin (HE)
by standard techniques and examined by light microscopy
(Nikon, Tokyo, Japan) at 200x magnification.

2.7. Determination of Myocardial Apoptosis. Myocardial
apoptosis was determined by terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labeling
(TUNEL) staining. TUNEL staining was performed by using
In Situ Cell Death Detection Kit. Heart tissue samples for the
determination of myocardial apoptosis were dewaxed in
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TABLE 1: Primer sequences used in RT-PCR.

Genes Primer sequences
Ntf2 Forward 5'-TCTTGGAGTAAGTCGAGAAGTGT-3'
Reverse 5'-GTTGAAACTGAGCGAAAAAGGC-3'
HO-1 Forward 5'-AAGCCGAGAATGCTGAGTTCA-3'
Reverse 5'-GCCGTGTAGATATGGTACAAGGA-3'
Forward 5'-TGCCCAAGTCCACGAATACC-3'
Reverse 5'-CCATTCTATCTCTGTTCCGTTCC-3'
GST Forward 5'-CCGGCGAATTGGAGATGAACT-3'
Reverse 5'-CCAGCCCATGATGGTTCTGAT-3'
Bad Forward 5'-CTCCGAAGGATGAGCGATGAG-3'
Reverse 5'-TTGTCGCATCTGTGTTGCAGT-3’
Bik Forward 5'-ACGTGGACCTCATGGAGTG-3'
Reverse 5'-TGTGTATAGCAATCCCAGGCA-3'
Bdl-2 Forward 5'-GTCGCTACCGTCGTGACTTC-3'
Reverse 5'-CAGACATGCACCTACCCAGC-3'
B-actin Forward 5'-GGCTGTATTCCCCTCCATCG-3'

Reverse 5'-CCAGTTGGTAACAATGCCATGT-3’

xylene for 10 min, twice, and 100%, 95%, 90%, 80%, and 70%
ethanol hydrated for 2min, respectively. Samples were
washed 3 times using PBS, 5 min each time, and 20 g/mL of
dNase-free protease K was added and kept for 30 min at
20-37°C. Samples were washed 3 times using PBS, 5min
each time, and sealed immersing in 3% H,0, methanol
solution at room temperature for 10 min. Samples were
washed twice using PBS, 5 min each time. 50 yL TdT enzyme
reaction solution was added to the sample and incubated in
darkness at 37°C for 60 min. Samples were washed 3 times
using PBS and observed under a fluorescence microscope.
Further stained with DAB, 50 4L antifluorescein antibody
was first added and incubated in darkness at 37°C for 30 min.
Samples again were washed 3 times using PBS, 5min each
time. 50 uL DAB working fluid was added and incubated at
room temperature for 30 min. Dyed samples were observed
and photographed under an optical microscope.

2.8. Levels of Myocardial Enzymes in Serum. Myocardial
cellular damage was evaluated by measuring myocardial
enzymes in serum. The levels of CK, LDH, ALT, and AST
were measured according to the manufacturer’s instructions.

2.9. Determination of Oxidation Index Level in Plasma.
Blood was collected and anticoagulated with EDTA-K2. The
plasma was centrifuged at 3000 rpm at 4°C for 15 min. The
plasma was collected and stored at —80°C. LPO, H,O,,
T-AOC, and CAT were detected using special kits following
the manufacturer’s instructions.

2.10. Analysis mRNA Levels of the Genes Involved in Anti-
oxidation and Apoptosis. The mRNA levels of the genes
involved in antioxidation and apoptosis are determined by a
real-time quantitative PCR. Total RNA in heart tissues from
myocardial ischemia injury rats and AAEs (2.84g/kg)
groups were extracted and reverse-transcribed into cDNA
for 30 min at 42°C and 5 min at 85°C using the RT kit. The
cDNA was amplified using a RT-PCR system by PCR
Supermix kit, using the Power SYBR Green PCR Mix.

Samples were cycled 40 times using the CFX96 Touch TM
PCR System (BioRad, Hercules, CA, United States). Con-
ditions were as follows: 5 min at 95°C followed by 40 cycles of
15s at 95°C, 34s at 60°C, and 40s at 72°C. Cycle threshold
(CT) was calculated under default setting for real-time se-
quence detection software [22]. At least three independent
biological replicates were performed to check the repro-
ducibility of the data. Sequences of the Nrf2, HO-1, GST,
Bax, Bad, Bik, Bcl-2, and f-actin and the gene-specific
primers are listed in Table 1.

2.11. Statistical Analysis. Data were expressed as mean + SD
for ten animals in each group and statistically evaluated with
SPSS17 software (Chicago, IL, USA). Differences between
the groups were performed by one-way (ANOVA) and
Tukey’s post hoc test (TTEST). P values less than 0.05 were
considered to indicate statistical significance.

3. Results

3.1. Effect of AAEs on the ECG. The ECG result is shown in
Figure 1(a). The elevated ST segment and abnormal Q wave
in the ECG of MI group wereobserved and compared with
those of the normal group. The ST-segment elevation
(Figure 1(a) H) observed in the MI group, which represented
the MI damage model, was established. However, after AAEs
treatment, the ST segment in ECG was significantly de-
creased and the abnormal Q wave of ECG in MI rats did not
appear, which suggests that the WTAAE had improved the
ECG effect in MI rats induced by ISO.

3.2. Myocardium Histopathological Examination. To observe
the damage degree of cardiac tissues, myocardial biopsies
were macroscopically observed as shown in Figure 1(b). In
the normal group, there was a thin and compact arrange-
ment of striated muscle tissue in the heart tested by HE
staining (Figure 1(b) A). However, the cardiac tissues in the
MI group showed that most of the muscle fibers in the
striated muscle tissue exhibited dissolution, degeneration,
necrosis, and inflammatory cell infiltration and formed a
large area of connective tissue overgrowth and bleeding
(Figure 1(b) B). The above damage in the MI rats treated
with AAEs obviously improved compared with those in the
MI group (Figure 1(b) C-G). The effect of WTAAE was
similar to WAAE and better than FBAAE under same dose.

3.3. Effect of AAEs on Apoptosis in Myocardial Tissue. The
study in Section 3.2 showed that AAEs inhibited dissolution
and necrosis in heart tissues. To assess whether AAEs affect
myocardial apoptosis or not, we evaluated the myocardial
apoptosis in MI induced by ISO (Figure 2). The TUNEL-
positive expression significantly increased in the ischemic
border of the myocardium in the MI group compared with
that in the normal group (Figures 2(a) and 2(b) A-B), while
AAEs treatment showed markable reduction of apoptosis
compared with the MI group (Figures 2(a) and 2(b) C-G).
TUNEL staining demonstrated that more apoptosis exhibited
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Figure 1: Effects of orally administered AAEs on the electrocardiogram (ECG) (a) and the histopathological injury (HI) (b) in iso-
proterenol- (ISO-) induced myocardial ischemia (MI) rat. The data are presented as means+ SD (n=4).

upon treatment with ISO, while AAEs inhibited apoptosis.
Besides, the effect of WTAAE was similar to that of WAAE
and better than that of FBAAE in 2.84 g/kg. These results
suggest that AAEs exerts an antiapoptotic effect in MI mice.

3.4. Effect of AAEs on Myocardial Enzymes in Serum. As
shown in Figures 3(a)-3(d), CK, LDH, ALT, and AST in the
MI group rats were increased compared with those in the
normal control rats (P <0.001). After being treated with
AAEs in Ml rats, the serum concentration of CK, LDH, ALT,
and AST was lower than that in MI rats (P <0.05, P<0.01,

and P <0.001). The effect of WTAAE was better than that of
WAAE and FBAAE under the same dose; that is, WTAAE
obviously improved MI induced by ISO.

3.5. Effect of AAEs on the Lipid Peroxidation in Plasma.
As shown in Figures 4(a)-4(d), the level of H,O, and LPO
were significantly increased (P <0.01) in rats with MI
compared to that of the normal rats, confirming that the
oxidative damage occurred after ISO treatment. However,
AAEs markedly decreased the level of H,0, and LPO
(P<0.01) compared with that of the model group. In
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contrast, the level of T-AOC and CAT was significantly
increased in WAAE (P <0.05) and in the 0.71, 1.42, and
2.84g/kg of WTAAE group (P<0.05) as shown in
Figures 4(c) and 4(d) compared to that in the model group,
showing the potential antioxidative effect of AAEs.

3.6. Effect of AAEs on the Nrf2-ARE Signaling Pathway of
Genes Expression in Heart Tissue. In order to explore the
protective mechanisms mediated by AAEs antioxidation in
the MI induced by ISO, we further detected the mRNA
expression of Nrf2-ARE pathway in heart tissue by using the
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RT-PCR. As shown in Figure 5(a), as expected, the treatment
with WAAE and WTAAE significantly increased the mRNA
expression levels of Nrf2 (P <0.05) and AAEs significantly
increased the levels of HO-1 and GST (P <0.05 or P<0.01)
in heart tissue of ISO-induced MI rats, playing a significant
antioxidant damage effect by upregulating and activating the
Nrf2-ARE pathway.

3.7. Effect of AAEs on the Bax-Bcl-2 Signaling Pathway of
Genes Expression in Heart Tissue. Next, in order to explore
the protective mechanisms mediated by AAEs antiapoptosis
in the MI induced by ISO, we also further detected the
mRNA expression of Bax-Bcl-2 pathway by using the RT-
PCR in heart tissue. As shown in Figure 5(b), it is partic-
ularly gratifying that WTAAE markedly decreased the
mRNA expression levels of Bax, Bad, and Bik (P <0.05 or
P <0.01) and increased the expression of Bcl-2 in the heart
tissues, showing a significant antiapoptotic effect by regu-
lating the Bax-Bcl-2 pathway.

4. Discussion and Conclusions

Agarwood, a precious traditional Chinese medicine, is
used for centuries to treat several diseases, especially
heart diseases [4, 24]. Isoproterenol (ISO), a synthetic
catecholamine and f-adrenergic agonist, gives rise to
acute irreversible myocardial ischemia injury in rats,
once in an overdose situation [25, 26]. As it is widely
accepted that ISO injection can readily induce acute MI
in rats, and antioxidant activity is one of the key
mechanisms of anti-MI efficacy [27]. Besides, we pre-
viously revealed that the components of WTAAE in-
clude sesquiterpenes (10.615%), chromone (31.678%),
aromatics (31.831%), and other known compounds
(25.760%) and chromone had antioxidant and anti-in-
flammatory activities [28]. In the present study, we also
verified MI induced by ISO in rat and first found that
WTAAE could protect against MI as evidenced by bio-
chemical parameters, ECG, and histological assessments.
Furthermore, WTAAE also markedly inhibited the oxi-
dative stress and played antiapoptotic effect, alleviating
the ISO-induced MI injury, and the effect was better than
that in WAAE and FBAAE. The mechanism may be
correlated with the regulation of Nrf2-ARE and Bcl-2
family pathways.

MI injury results in serious acute or chronic myocardial
damage, including myocardial ultrastructural alterations,
remodeling, and systolic and diastolic dysfunctions, in-
cluding ECG abnormality [5]. The relatively high content of
CK, LDH, ALT, and AST of these enzymes in serum is used
to diagnose and monitor MI accounts for the clinical use-
tulness. This is because leakage of these enzymes acted as a
marker of myocardial cell membrane damage [29]. Our
results showed that the abnormal ECG, ST-segment eleva-
tion, myocardial pathological injury, and myocardial en-
zyme elevation appeared in the model group. AAEs
obviously reversed the abnormal ECG, relieved the patho-
logical injury, and alleviated the degree of myocardia
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apoptosis. AAEs also decreased the levels of CK, LDH, ALT,
and AST in serum of MI rats, which suggested that AAEs
have obvious myocardial protective effect; especially the
effect of 2.84 g/kg WTAAE was better than that of WAAE
and FBAAE. Oxidative stress plays an essential role in the
pathogenesis of MI injury. The major H,0O, and superoxide
and hydroxyl radicals generated during ischemia injury
[30, 31]. However, ROS are controlled by a system of en-
zymatic and nonenzymatic antioxidants such as SOD, CAT,
GPx, and GSH, which scavenge free radicals [32]. T-AOC is
used to characterize the total level of antioxidants [33].
However, a major mechanism of the defense against oxi-
dative stress is the activation of NF-E2-related nuclear factor
2- (Nrf2-) antioxidant response element (ARE) signaling.
Nrf2-ARE, a central controller, is responsible for diverse
cytoprotective processes [34]. Under normal conditions,
Nrf2 is localized in the cytoplasm by interaction with Kelch-
like ECH associating protein 1 (Keapl), inhibiting Nrf2
ubiquitin-mediated degradation [35, 36]. Upon exposure to
ROS or other stimuli, Keapl, degraded and activated,
translocates into the nucleus and binds to the ARE, en-
hancing the production of many antioxidant enzyme genes
[37, 38]. In the present study, our results showed that AAEs
obviously enhanced the mRNA expressions of Nrf2, HO-1,
and GST (Figure 5(a)); the content of T-AOC; and the
activity of CAT (Figures 4(c) and 4(d)) and decreased the
contents of H,O, and LPO (Figures 4(a) and 4(b)) compared
with those of the model group. AAEs had a significant effect
on scavenging free radicals and antioxidative damage, in
which the effect of WTAAE was greater than that of WAAE
and FBAAE, indicating AAEs-played antioxidant effect and
mediated myocardial protective effect by the upregulation of
the Nrf2-ARE pathway.

A previous study showed that the mechanisms pre-
conditioning myocardial apoptosis of MI may be connected
with the increase of Bcl-2/Bax and the decrease of Bax [39].
Another study showed that Bcl-2 and Bax played an im-
portant role in MI and the repair process [40]. Therefore, the
levels of Bcl-2 family were related to the decrease of heart
tissue injury to some degree. The present study suggested
that AAEs significantly decreased the mRNA expressions of
Bax, Bad, and Bik, increased the level of Bcl-2 (Figure 5(b)),
particularly the WTAAE group, contributing to the anti-
apoptotic effect of MI by controlling the occurrence of
apoptosis in heart tissues.

In this study, our results firstly confirmed that the
myocardial protection of WTAAE in MI, with the effect, was
better than that of WAAE and FBAAE. From these results,
we conclude that the potential mechanisms are related to
antioxidative and antiapoptotic effects. However, the specific
mechanism of this action needs to be further confirmed.
Generally, our study suggested that agarwood could be as a
potential protection drug in the prevention and therapy of
cardiac disease.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.



Cardiology Research and Practice

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This research was supported by the National key Research
and Development Program (2018 YFC1706400), the Natural
Science Foundation of Hainan Province (817290 and
217291), the Major Science and Technology Collaborative
Innovation Project of Medical Academy of Sciences (2016-
12M-2-003), and the Program for Creative Research Groups

of

Hainan Provincial Natural Science Foundation

(2017CXTD022).

References

(1]

(3]

(4]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

Y. Liu, H. Chen, Y. Yang et al.,, “Whole-tree agarwood-
inducing technique: an efficient novel technique for
producing high-quality agarwood in cultivated Aquilaria
sinensis trees,” Molecules, vol. 18, no. 3, pp. 3086-3106,
2013.

Y. C. Kim, E. H. Lee, Y. M. Lee et al., “Effect of the aqueous
extract of Aquilaria agallocha stems on the immediate hy-
persensitivity reactions,” Journal of Ethnopharmacology,
vol. 58, no. 1, pp. 31-38, 1997.

J. Compton and A. Ishihara, “The use and trade of agarwood
in Japan,” A Traffic Report to the CITES Secretariat, CITES
Secretariat, Vernier, Switzerland, 2004.

P. Jermsri and S. Kumphune, “Ethylacetate extract of Aqui-
laria crassna preserve actin cytoskeleton on stimulated is-
chemia induced cardiac cell death,” Journal of Medicine Plants
Research, vol. 6, no. 23, pp. 4057-4062, 2012.

Y.Z. H.-Y. Hashim, P. G. Kerr, P. Abbas, and H. Mohd Salleh,
“Aquilaria spp. (agarwood) as source of health beneficial
compounds: a review of traditional use, phytochemistry and
pharmacology,” Journal of Ethnopharmacology, vol. 189,
pp- 331-360, 2016.

M. Kakino, H. Izuta, T. Ito, K. Tsuruma, Y. Araki, and
M. Shimazawa, “Agarwood induced laxative effects via ace-
tylcholine receptors on loperamide-induced constipation in
mice,” Bioscience Biotechnology and Biochemistry, vol. 74,
no. 3, pp. 1550-1555, 2010.

M. Zhou, H. Wang, J. Kou, and B. Yu, “Antinociceptive and
anti-inflammatory activities of Aquilaria sinensis, (Lour.)
Gilg. leaves extract,” Journal of Ethnopharmacology, vol. 117,
no. 2, pp. 340-350, 2008.

H.-X. Huo, Z.-X. Zhu, D.-R. Pang et al, “Anti-neuroinflammatory
sesquiterpenes from Chinese eaglewood,” Fitoterapia, vol. 106,
pp. 115-121, 2015.

H. Okugawa, R. Ueda, K. Matsumoto, K. Kawanishi, and
A. Kato, “Effects of agarwood extracts on the central nervous
system in mice,” Planta Medica, vol. 59, no. 1, pp. 32-36, 1993.
Z. Zhu, Y. Zhao, H. Huo et al., “Hhx-5, a derivative of ses-
quiterpene from Chinese agarwood, suppresses innate and
adaptive immunity via inhibiting stat signaling pathways,”
European Journal of Pharmacology, vol. 791, pp. 412-423,
2016.

H.-X. Huo, Y.-F. Gu, H. Sun et al., “Anti-inflammatory 2-(2-
phenylethyl) chromone derivatives from Chinese agarwood,”
Fitoterapia, vol. 118, pp. 49-55, 2017.

S. S. Dahham, Y. M. Tabana, L. E. Ahmed Hassan,
M. B. Khadeer Ahamed, A. S. Abdul Majid, and

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]

(25]

A. M. S. Abdul Majid, “In vitro antimetastatic activity of
Agarwood (Aquilaria crassna) essential oils against pancreatic
cancer cells,” Alexandria Journal of Medicine, vol. 52, no. 2,
pp. 141-150, 2016.

D. Bandyopadhyay, A. Basu, A. K. Ghosh, E. Mitra,
D. Mukherjee, and M. Dutta, “Involvement of oxidative stress
in ischemic heart disease (IHD) in patients admitted in a
tertiary care hospital, West Bengal, India,” Asian Journal of
Pharmacology and Clinical Research, vol. 6, no. 3, 2013.

S. K. Panchal, H. Poudyal, and L. Brown, “Quercetin ame-
liorates cardiovascular, hepatic, and metabolic changes in
diet-induced metabolic syndrome in rats,” The Journal of
Nutrition, vol. 142, no. 6, pp. 1026-1032, 2012.

J. Guo, S.-B. Wang, T.-Y. Yuan et al., “Coptisine protects rat
heart against myocardial ischemia/reperfusion injury by
suppressing myocardial apoptosis and inflammation,” Ath-
erosclerosis, vol. 231, no. 2, pp. 384-391, 2013.

S. Bangalore, S. Pursnani, S. Kumar, and P. G. Bagos, “Per-
cutaneous coronary intervention versus optimal medical
therapy for prevention of spontaneous myocardial infarction
in subjects with stable ischemic heart disease,” Circulation,
vol. 127, no. 7, pp. 769-781, 2013.

A. Frank, M. Bonney, S. Bonney, L. Weitzel, M. Koeppen, and
T. Eckle, “Myocardial ischemia reperfusion injury: from basic
science to clinical bedside,” Seminars in Cardiothoracic and
Vascular Anesthesia, vol. 16, no. 3, pp. 123-132, 2012.

F. Arslan, D. de Kleijn, L. Timmers, P. Doevendans, and
G. Pasterkamp, “Bridging innate immunity and myocardial
ischemia/reperfusion injury: the search for therapeutic tar-
gets,” Current Pharmaceutical Design, vol. 14, no. 12,
pp. 1205-1216, 2008.

Z. F. Lin, X. K. Li, and J. Mneg, “The cardiomyocytes injury
efficiency induced by hydrogen peroxide,” Progress in Bio-
technology, vol. 24, no. 6, pp. 81-85, 2004.

S. Koshinuma, M. Miyamae, K. Kaneda, J. Kotani, and
V. M. Figueredo, “Combination of necroptosis and apoptosis
inhibition enhances cardioprotection against myocardial ische-
mia-reperfusion injury,” Journal of Anesthesia, vol. 28, no. 2,
pp. 235-241, 2014,

Z.Wang, Y. Wang, J. Ye et al., “bDFGF attenuates endoplasmic
reticulum stress and mitochondrial injury on myocardial
ischaemia/reperfusionvia activation of PI3K/Akt/ERK1/2
pathway,” Journal of Cellular and Molecular Medicine, vol. 19,
no. 3, pp. 595-607, 2015.

X. Li, J. X. Liu, L. Lin et al., “Traditional Chinese medicine
shuang shen ning xin atte nuates myocardial ischemia/
reperfusion injury by preserving of mitochondrial function,”
Evidence-Based Complementray and Alternative Medicine,
vol. 2014, Article ID 180965, 10 pages, 2014.

Y. Zhao, L. Xu, Z. Qiao et al., “A ShengMai-Sanbased tra-
ditional Chinese medicine formula, attenuates myocardial
ischemia/reperfusion injury by suppressing mitochondrial
mediated apoptosis and upregulating liver-X-receptor alpha,”
Science Report, vol. 6, no. 1, p. 23025, 2016.

C. H. Wang, D. Q. Peng, Y. Y. LiuZ, X. Yu, P. Guo, and
J. H. Wei, “Protective effect of agarwood alcohol extracts on
Qi stagnation blood stasis myocardial ischemia injury in rats,”
Drug Evalution Research, vol. 7, pp. 1279-1285, 2019.

R. Anandan, S. Mathew, T. V. Sankar, and P. G Nair Vis-
wanathan, “Protective effect of n-3 polyunsaturated fatty acids
concentrate on isoproterenol-induced myocardial infarction
in rats,” Prostaglandins Leukotrienes ¢ Essential Fatty Acids,
vol. 76, no. 3, pp. 150-158, 2007.



10

(26]

[27

(28]

(29]

(30]

[31

[32

(33]

(34]

(35]

(36]

(37

(38]

(39]

K. Karthikeyan, B. R. Bai, and S. N. Devaraj, “Cardioprotective
effect of grape seed proanthocyanidins on isoproterenol-induced
myocardial injury in rats,” International Journal of Cardiology,
vol. 115, no. 3, pp. 320-333, 2007.

F. Song, H. Li, J. Sun, and S. Wang, “Protective effects of
cinnamic acid and cinnamic aldehyde on isoproterenol-in-
duced acute myocardial ischemia in rats,” Journal of Ethno-
pharmacology, vol. 150, no. 1, pp. 125-130, 2013.

C. H. Wang, S. Wang, D. Q. Peng, Z. X. Yu, P. Guo, and
J. H. Wei, “Protective effect of the whole-tree agarwood-in-
ducing technique-produced agarwood alcohol extracts on the
fluorouracil-induced liver injury in mice,” Journal of Inter-
national Pharmaceutical Research, vol. 45, pp. 187-197, 2018.
Y. Mo, L. Tang, Y. Ma, and S. Wu, “Pramipexole pretreatment
attenuates myocardial ischemia/reperfusion injury through
upregulation of autophagy,” Biochemical and Biophysical
Research Communications, vol. 473, no. 4, pp. 1119-1124,
2016.

D. V. Cokkinos, C. Pantos, G. Heusch, and H. Taegtmeyer,
Mpyocardial Ischemia Basic Concepts in: Myocardial Ischemia-
From Mechanisms to Therapeutic Potentials, Springer Science
Business Media, Basic Science for the Cardiologist, Inc.,
Boston, MA, USA, 2006.

X. Yin, Y. Zheng, X. Zhai, X. Zhao, and L. Cai, “Diabetic
inhibition of preconditioningand postconditioning-Mediated
myocardial protection against Ischemia/Reperfusion injury,”
Experimental Diabetes Research, vol. 2012, Article ID 198048,
9 pages, 2012.

N. Haramaki, D. B. Stewart, S. Aggarwal, H. Ikeda, A. Z. Reznick,
and L. Packer, “Networking antioxidants in the isolated rat heart
are selectively depleted by ischemia-reperfusion,” Free Radical
Biology and Medicine, vol. 25, no. 3, pp. 329-339, 1998.

I. F. F. Benzie and J. J. Strain, “The ferric reducing ability of
plasma (FRAP) as a measure of “antioxidant power”: the
FRAP assay,” Analytical Biochemistry, vol. 239, no. 1,
pp. 70-76, 1996.

P. H. M. D. Avila, R. . D. Avila, C. C. C. Bastos et al,
“Mucoadhesive formulation of Bidens pilosa, L. (Asteraceae)
reduces intestinal injury from 5-fluorouracil-induced
mucositis in mice,” Toxicology Reports, vol. 2, pp. 563-573,
2015.

Y. Z. A. V. Sebille, R. Stansborough, H. R. Wardill,
E. B. Bateman, R. J. Gibson, and D. M. Keefe, “Management of
mucositis during chemotherapy: from pathophysiology to
pragmatic therapeutics,” Current Oncology Reports, vol. 17,
no. 11, pp. 50-58, 2015.

S.I. Gum and M. K. Cho, “Recent updates on acetaminophen
hepatotoxicity: the role of Nrf2 in hepatoprotection,” Toxi-
cological Research, vol. 29, no. 3, pp. 165-172, 2013.

Y. Saito, K. Tsuruma, K. Ichihara, M. Shimazawa, and
H. Hara, “Brazilian green propolis water extract up-regulates
the early expression level of HO-1 and accelerates Nrf2 after
UVA irradiation,” BMC Complementary and Alternative
Medicine, vol. 15, no. 1, p. 421, 2015.

E. Kansanen, S. M. Kuosmanen, H. Leinonen, and
A.-L. Levonen, “The Keapl-Nrf2 pathway: mechanisms of
activation and dysregulation in cancer,” Redox Biology, vol. 1,
no. 1, pp. 45-49, 2013.

Y. J. Deng, N. Tan, H. K. Zeng, Y. H. Fu, and X. L. Dong,
“Effects of BNP preconditioning on myocardial cell apoptosis
and expressions of Bcl-2 and Bax during myocardial ischemia-
reperfusion injury in rats,” Zhonghua Yi Xue Za Zhi, vol. 90,
no. 48, pp. 3431-3434, 2010.

Cardiology Research and Practice

[40] W.-L. Qiao, G. M. Wang, Y. Shi et al., “Differential expression

of Bcl-2 and Bax during gastric ischemia-reperfusion of rats,”
World Journal of Gastroenterology, vol. 17, no. 13, pp. 1718—
1724, 2011.



