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Purpose: Discovering new antimyocardial ischemia drug candidates that are highly effi-
cient, have low toxicity, and originate from natural products is a popular trend for new
cardiovascular drug development at present. The ethanol extract of Livistona chinensis leaves
showed a favorable antioxidant activity in our preliminary screening test. This study aims to
screen out antioxidants from the herb leaves further and evaluate their efficacy in acute
myocardial ischemia treatment at the cellular level.

Materials and methods: Guided with online 1, 1-diphenyl-2-picrylhydrazyl (DPPH)-
high-performance liquid chromatography (HPLC) screening, antioxidants were first sepa-
rated and isolated from the ethanol extract of L. chinensis leaves by preparative-HPLC.
Subsequently, offline DPPH approach was used to validate the free radical scavenging
activity of the components. Ultimately, the resulting antioxidants were evaluated against
the hypoxia/reoxygenation (H/R)-, H,O,-, or adriamycin (ADM)-induced injury in H9c2
cells to verify their cardioprotective effects in vitro.

Results: Five antioxidant ingredients, namely, orientin, isoorientin, vitexin, isovitexin, and
tricin, were quickly distinguished and isolated from L. chinensis leaves. The ICso values of
these ingredients were further examined by offline DPPH assay, as follows: 15.51+0.22, 6.64
+0.38, 11.86+0.24, 8.89+0.66, and 31.86+0.24 pg/mL, respectively. Out of these ingredients,
isoorientin showed the strongest antioxidation, which was equivalent to that of the positive
control drug (vitamin C, ICsq: 6.994+0.62 pg/mL). Using H/R-, H,O,-, and ADM-induced
H9c2 cell injury models, the five ingredients had different extents of cardioprotective effects
in vitro. In particular, isoorientin showed the strongest protection. All the five ingredients also
showed insignificant cytotoxic effect to normal H9¢2 cells.

Conclusion: The ethanol extract of L. chinensis leaves contained five antioxidants with low
cardiac cytotoxicity. Isoorientin possessed the strongest antioxidation, which can predomi-
nantly account for the myocardial protection effects within the extract.

Keywords: effect-directed analysis, antioxidant, protective effects, flavone, H9¢2 cell

Introduction

Livistona chinensis (Jacq.) R. Brown (L. chinensis), which is generally known as
Chinese fan or Chinese fountain palm, is a large tree common in the subtropics.
This tree is cultivated for ornamental purposes and utilized in herbal remedies in
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Southern China.! L. chinensis seeds,”” leaves, and roots'?!3 have been tradi-

tionally used as folk agents in treating different diseases, such as gastrointestinal

submit your manuscript

Dove n

http:

in 3

Drug Design, Development and Therapy 2019:13 1555—1566 1555

© 2019 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

e 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Li et al

Dove

cancer and nasopharyngeal carcinoma.'*™ L. chinensis
leaves also appear as a main component in few
L. chinensis herbal compounds for cardiovascular treat-
ment (patents have been applied for and are being applied
for).”'" At present, studies on the antitumor effects and
constituents of seeds are relatively systematic, but no
report exists on leaf bioactive constituents. Revealing
leaf effective substance basis is an important issue for its
development and application in the clinical field.

ROS such as H,0,, superoxide anion radical, and hydro-
xyl radical (*OH) are associated with various pathological
conditions, such as cancer, diabetes, and especially, cardio-
vascular diseases. Clinically, many myocardial diseases
caused by pathological conditions, surgical approach, or
drugs (especially anthracycline) are often accompanied by
myocardial ischemia and reperfusion, and serious injury
after perfusion can be attributed to the increase in oxidative
stress. Antioxidants play an important role in the treatment
of cardiovascular diseases because they can capture, deacti-
vate, or repair the damage caused by ROS. Therefore, nat-
ural antioxidants with cardioprotective potential can be
obtained from the plant resources. However, to date,
research on the antioxidant components in L. chinensis
(Jacq.) R. Brown leaves is limited.'®2°

Hence, high-performance liquid chromatography
(HPLC) with precolumn 1,1-diphenyl-2-picrylhydrazyl
(DPPH) assay (HPLC-DPPH) was performed to screen
and orient the active ingredients online, followed by
using preparative HPLC (prep-HPLC) to prepare the
locked antioxidant components in L. chinensis leaves.
The resulting isolated compounds were further identified,
and then their antioxidative effects were examined by off-
line DPPH free radical scavenging. Ultimately, three
in vitro cardiovascular protection tests, namely, hypoxia/
reoxygenation (H/R)-, H,O,-, and adriamycin (ADM)-
induced H9c2 cell injury models, were used to confirm
the cardioprotective effects of these antioxidant ingredi-
ents further. The present study elucidates the main antiox-
idant components of L. chinensis leaves and provided
evidence in developing excellent antioxidants from this

plant resource.

Materials and methods
Reagents and materials
All solvents used to prepare crude samples were of analytical

grade and obtained from Sinopharm Chemical Reagents
(Shanghai, People'sRepublic of China). Methanol used for

HPLC and prep-HPLC was of chromatographic grade
(Merck, Darmstadt, Germany). All aqueous solutions were
prepared with ultrapure water.

The L. chinensis leaves were collected in the campus of
Fujian Medical University in January 2017. The voucher
specimens (no. S171207), which were identified by
Professor Hong Yao, were deposited in the Department
of Pharmaceutical, Fujian Medical University (Fuzhou,
People's Republic of China). The dry leaves were pulver-
ized into coarse powder and passed through a 20 mesh
sieve and then extracted two times with an eightfold
volume of 75% ethanol under reflux (2 hrs per time in
a 90°C water bath). The extracts were merged and con-
centrated by rotary evaporation at 50°C under reduced
pressure. Then, a part of extraction was dissolved in 80%
methanol for HPLC analysis.

Antioxidant online screening and

target-guided separation

The at-line hyphenation of HPLC-DPPH was used to screen
and guide the separation of antioxidants from L. chinensis
leaves via prep-HPLC. The scavenging activity of the DPPH
free radical was assayed according to the method of Shang-
Tse Ho (2010) and Yao Hong (2012).2*?7 Briefly, a 0.1 mM
DPPH solution was prepared in 100% methanol, and 1 mL of
this solution was added to 1 mL of the extract methanol
solution (10 mg/mL). The mixture was shaken vigorously
and incubated for 30 mins in the dark at room temperature.
Then, the reaction mixture and the extract methanol solutions
were analyzed by HPLC under the same chromatographic
conditions. Online screening was used for HPLC analysis,
which was performed on Shimadzu HPLC 20A system
(Shimadzu, Japan) equipped with a column temperature con-
troller and a UV detector. The chromatographic conditions
are as follows. Chromatographic screening was carried out
on a SinoChrom RD C18 column (250 mmx4.6 mm, 5.0 um,
Sino-chromatogram Sci & Tech, Inc., People's Republic of
China) at 30°C. The flow rate of mobile phase was main-
tained at 0.8 mL/min, and the injection volume was 5 pL.
Compounds were separated using a stepwise mobile-phase
gradient prepared from 0.05% aqueous acetic acid (A) and
methanol (B). The gradient was applied as follows: 0.1 min,
33% B in A; 25 mins, 45% B in A; and 60 mins, 75% B in
A. The re-equilibrium took 10 mins, thereby resulting in
a total run time of 75 mins. The chromatography was
recorded using a UV detector at 254 and 340 nm. The
HPLC chromatograms of the total extract are shown in
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Figure 1(A). Subsequently, comparing the chromatograms of
the extract showed that some peaks that disappeared or
shortened in the chromatogram of the mixture can be con-
sidered as the antioxidant peaks, which are indicated in the
HPLC chromatograms in Figure 1(B). The components for
the five peaks (peaks 1, 2, 3, 4, and 5) showed good DPPH
scavenging activity as the peak area reduced after mixing
with DPPH. The degree of descent denoted the different free
radical scavenging abilities. The results suggested that the
antioxidant activity of the components at peak 2 can be
extremely strong. Finally, guided by the analysis results, the
extraction of leaves was eluted by different volume fraction
ethanol solutions (stepwise with 0%, 10%, 30%, 50%, 70%,
90%, and 100% v/v, respectively) with D101 macroporous
resin. The eluent of each section, that is, concentrated as
fractions I-VII, was screened and selected for further target-
guided separation with prep-HPLC. The analysis showed
that four targeted components (peaks 1-4) were enriched in
fraction IV, and one component (peak 5) was enriched in the
fraction VI. The separation procedures were also set, as
shown in Table 1. Selected extracts were prepared with
a Shimadzu LC-6A HPLC system equipped with a UV detec-
tor and a preparative SinoChrom RD CI18 column
(250 mmx10 mm i.d., 5 pm, Sino-chromatogram Sci &
Tech, Inc., China). The prep-HPLC chromatograms of frac-
tions IV and VI are shown in Figure 1(C) and (D).

Antioxidant effect offline validation

The potential antioxidants obtained from L. chinensis leaves
were further evaluated by offline DPPH assay, as follows.
The sample solutions of each compound and ascorbic acid
(used as positive control) at different concentrations

Table | Separation procedures of prep-HPLC for fractions IV
and VI

Fractions | Injection Woater- Flow [ Time
volume(pL) methanol | rate (min)
(viv)? (mL/
min)
Fraction IV | 70 65:35 2.0 60
Farction VI 100 30:70 2.0 20

Note: *v/v, volume ratio.
Abbreviation: prep-HPLC, preparativehigh-performance liquid chromatography.

(0.0625-1 mg/mL) were prepared for measurement. Then,
30 puL of each sample solution and 60 uLL of 0.1 mM DPPH in
methanol reacted in each well of a 96-well microplate and
incubated for 30 mins (n=6). With 30 puL of methanol instead
of the sample solution as the control group (n=6), and with 30
and 60 pL of methanol instead of the sample and DPPH
solutions, respectively, as the blank group (n=6), their absor-
bances (OD) were measured at 517 nm. Then, the antioxida-
tive activity (inhibition rate) was calculated using the
following equation: antioxidant activity (%)=(OD¢ontrol
~ODgampie)(ODcontror"ODplank)*100.  The percentage of
antioxidant activity was plotted against the logarithmic con-
centration (mg/mL). The antioxidant activity of plant extracts
was expressed by half maximum inhibitory concentration
(ICsp), which indicated that the ODgympie concentration can
be reduced by half compared with OD 01 at 517 nm. Every
sample was used in six parallel measurements.

Cell culture
Cardiac H9¢2 cell line is a subclone of the original clonal
cardiomyoblast, which is derived from embryonic rat heart
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Figure | HPLC chromatograms of (A) ethanol extracts, (B) ethanol extracts reacted with DPPH+ and prep-HPLC chromatograms of (C) fractions IV and (D) VI.
Abbreviations: HPLC, high-performance liquid chromatography; DPPH, 1,1-diphenyl-2-picrylhydrazyl.
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tissue and has numerous cardiomyocyte characteristics.?®

The cell line purchased from Chinensis Academy of
Sciences (Shanghai, People'sRepublic of China) cell bank
was used in the present study. The cells were cultured in
DMEM supplemented with 10% fetal bovine serum, 100
units/mL of penicillin, and 100 pg/mL of streptomycin in
a humidified incubator containing 95% air and 5% CO, at
37°C. The media were refreshed every 2-3 days.

The cells cultured at approximately 80% confluence were
collected, and the cell suspension concentration was adjusted
to 4x10° cells/well. Cells were cultured in a 96-well plate at
37°C for 8 hrs in an incubator containing 5% (v/v) CO,.

Cardiotoxicities of these antioxidants

To investigate the cytotoxicity of these antioxidants on cardi-
omyocytes, we used H9¢2 cells cultured in 96-well plate to
suffer high concentrations of these compounds (40 pg/mL) for
24 hrs and then observed and photographed directly by using
amicroscope (XDS-1B, COIC, Mike Photoelectric Instrument
Co., Ltd., Chongging, People'sRepublic of China).

Construction of different H9¢2 cell injury
models and MTT assay

H/R-induced cell injury model construction and MTT
assay
H/R cell model was established to simulate H/R injury
in vitro. H9¢c2 cells were switched from high-glucose
DMEM to free-glucose DMEM for 1-day treatment.
Then, H9¢c2 cells were placed in an anaerobic condition
with 5% (v/v) CO, and 95% (v/v) N, for 2 hrs, and culture
temperature was controlled at 37+0.5°C. Subsequently,
HO9c2 cells were recovered to the conventional culture.
H9c2 cells were cultured under normal conditions and
served as the blank control group. To optimize pretreated
time, we pretreated H9c2 cells with different compounds
(5 pg/mL) for 0, 24, and 48 hrs before accepting H/R
stimulation. The optimized pretreated time was used in
subsequent screening. The different concentrations of
these compounds (ie, 2.5, 5, 10, 20, and 40 pg/mL) were
added to the medium before H/R induction. Compounds
were dissolved in dimethyl sulfoxide (DMSO, Sigma).
The effects of five compounds on cell viability were
assessed using a cell counting MTT assay. Briefly, the
MTT solution was added to a final concentration of 0.5%
when the cells were cultured with different compounds 24
hrs later. Then, the cultures were returned to the incubator
for 4 hrs, and the culture fluid was removed, followed by

adding 150 pL. of DMSO to each well. Subsequently, the
OD at a wavelength of 570 nm was measured on
a microplate spectrophotometer reader (Multiskan GO,
Thermo Scientific, MA, USA).*°

H,0O,-induced cell injury model construction and
MTT assay

The three sets of experiments were performed at standard
culture conditions, as follows: 1) untreated control cells; 2)
cells were treated with the ICsq concentration of H,O,
(100 pmol/L) for 4 hrs, and then medium was changed
for another 24 hrs; and 3) cells were treated with the 1Cs
concentration of H;O, (100 uM) for 4 hrs, and then the
medium was changed. The injured cells were treated with
the different concentrations of the five compounds (2.5-40
ng/mL, dissolved in DMSO; Sigma) for 24 hrs.*' Cell
viability was analyzed using MTT methods according to
the method mentioned above.

ADMe-induced cell injury model construction and
MTT assay

The use of plant antioxidants is currently being investi-
gated as a possible adjunctive therapy in combination with
ADM to protect the myocardium from ADM-induced oxi-
dative stress.>? Plant antioxidants, specifically flavonoids,
can prevent ADM-induced cardiotoxicity, largely due to
their anticancer and cardioprotective properties.>® The
plant antioxidants isolated from L. chinensis leaves were
also investigated in this study.

To explore the protective effect of the five compounds
on ADM-induced cytotoxicity, we plated H9c2 cells
(2x10% on a 96-well plate and allowed them to adhere
overnight. After adherence, the cells were treated with
ADM at a final concentration of 2.5 pM for 6 hrs. The
ADM-induced injured cells were separately treated with
the various concentrations of the five compounds
(0.625-10 pg/mL, dissolved in DMSO; Sigma) for 24
hrs. Cell viability was analyzed using MTT methods
according to the method introduced in “H/R-induced cell
injury model construction and MTT assay.”

Results

Antioxidant online screening and
target-guided separation

The antioxidants of the five peaks from L. chinensis
(Jacqg.) R. Brown leaves were identified by electrospray

ionization mass spectrometry (Figure S1) and nuclear
magnetic resonance (both 'H NMR and 'C NMR).
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Among these compounds, five were flavonoids, and their
"H NMR and ">C NMR profiles matched with the reported
NMR data for orientin, isoorientin, isovitexin, vitexin, and
tricin.>* =7 The chemical structures of the five antioxidants
are shown in Figure 2.

Antioxidant effect offline validation

The free radical scavenging activity of the five identified
components in L. chinensis leaves was further evaluated by
the offline DPPH assay with their standard compounds. We
tested the five identified components in L. chinensis leaves
on their abilities to scavenge DPPH in a 96-well plate. Most
of these compounds can scavenge DPPH compared with
ascorbic acid control. The results are listed in Table 2. The
table shows that tricin, vitexin, and orientin exhibited a weak
DPPH scavenging activity, while isoorientin and isovitexin
presented a remarkable free radical scavenging ability. The
ICsq values of isoorientin and isovitexin (6.6440.38 and 8.89
+0.66 pg/mL, respectively) were almost equal to that of
ascorbic acid (6.99+0.62 pg/mL), which is widely used as

OH

OH o

Orientin

HO o
HO i
H H
OH
OH Ho OH
oH o HH HO

HO
H
H
OH
OH
H HO
H

antioxidant drugs in clinic setting. The results are in accor-
dance with the findings in online screening with HPLC—
DPPH. These results also indicated that the extracts or the
derived phytochemicals (isoorientin and isovitexin) from the
L. chinensis leaves possessed considerable potential to pre-
vent diseases caused by radical overproduction, and these
extract and compounds may be suitable for degenerative
disease treatment.

Cardiotoxicities of five flavonoids

Drug-induced cardiotoxicity is a key safety concern due to the
adverse effects on the cardiovascular system, and it has
become a major cause for drug failure, thereby limiting the
therapeutic efficiency. Hence, knowing whether cardiotoxic
side effects are present in the screening of new natural ingre-
dients is extremely important. Given that the toxic effects of
natural products may lead to the activation of programmed cell
death, we next examined the extent of cell death in
cardiomyoblasts.>® Under an inverted microscope, the normal
cells were spindle-shaped, and the cells treated with different

OH

H OH ©

Isoorientin

i H OH 0
H HO o
HO o OMe Isovitexin

OH

OH o
OH o) OMe
Vitexin
OH -
Tricin

Figure 2 Chemical structures of five antioxidants found in L. chinensis (Jacq.) R. Brown leaves.
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Table 2 ICsg values of five compounds and ascorbic acid in scavenging DPPHe (n=6)

Peaks Compound ICso values® (ug/mL)
| Orientin 15.51+£0.22

2 Isoorientin 6.64+0.38

3 Vitexin 11.86+0.24

4 Isovitexin 8.8910.66

5 Tricin 31.86+0.24

Control Ascorbic acid 6.9910.62

Note: *Data shown as mean + SD.

compounds had different degrees of cell damage and shrink-
age, and dead cells appeared (Figure 3D-E). MTT assay was
conducted to measure the cytotoxicity of the five compounds
with a certain treatment time (24 hrs) and concentration
(40 pg/mL) in the H9¢2 cardiomyoblasts. The validated
MTT data coupled with morphological changes observed
under optical microscopy (Figure 3) indicated that orientin,
isoorientin, vitexin, and tricin had almost no toxicity, but
isovitexin had a certain degree of cytotoxicity in H9¢2 cells.

Bioactivity detection of five compounds in

H/R-induced myocardial injury model
H9c?2 cells were pretreated with the five compounds (5 pg/mL)
for 48, 24, and 0 hrs and then exposed to H/R-induced

myocardial injury conditions for another 24 hrs. The MTT
data are shown in Figure 4.

As shown in the figure above, after H/R injury
treatment, the H9c2 cell number decreased to 50.8
+1.3% compared with the number in the control
group (n=30, p<0.01). The survival rate improvement
of the injured H9c2 cells, which were individually
pretreated with orientin, isoorientin, ovitexin, isovi-
texin, and tricin, was different. Our validated MTT
data that
improved survival rates among the three pretreatment

indicated isoorientin had significantly
time periods in H/R-induced myocardial injury models,
and other compounds only had slightly improved sur-
vival rates after 0 hr of pretreatment. However, no

effect or even toxicity was noted after 24 and 48 hrs
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Figure 3 An inverted microscope was used to observe the cell morphology and survival under different treatment conditions. (A) Normal H9c2 cells; (B-F) H9c2 cells
intervened with 40 pg/mL of orientin, isoorientin, vitexin, isovitexin, and tricin concentrations for 24 hrs; (G) survival rates of H9¢2 cells corresponding to the B—F group.

**5<0.01 indicates significant difference from the control.
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Figure 4 Time-dependent relationship of survival rate improvement by pretreating with different compounds (5 pg/mL, **p<0.01 vs control models).

of pretreatment. The data can also enlighten the inter- that 0 hr of pretreatment was the most suitable among
vention models of these compounds, which indicated the pretreatment periods.

*% * % * %k ok *%
| . | . | . |- . | x |
I Kk | | *%k | I * %k I | * %k | I * %k I
I *% I IP=0 04I I *% l I *% l I *% I
I *% IP=01| I *% l %k I *k I
[or | [ex 1 [ 1 [ | [ex |
[ M M 1
100 i
o
Q I
N :
S .
T - T
—
© 50 T L L
2
Y
= .
2
c
=}
n
0
Orientin Isoorientin Vitexin Isovitexin Tricin

# Normal group ® H/R model group ®40 ug/ml ®20 ug/ml #10 pg/ml ®5 pug/ml 2.5 ug/mi
Dose-dependent relation (0 hour of pre-treatment)

Figure 5 Dose-dependent relationship of survival rate improvement with different compounds (0 hr of pretreatment in H/R injury models, n=6), *p<0.01 vs control
models showed significant difference from control.
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Therefore, another groups of H/R injury models were
cultured for the dose-dependent relationship of survival
rate improvement by 0 hr of pretreatment with different
compounds (in H/R injury models, n=6), as shown in
Figure 5. In this study, the five compounds (dissolved in
DMSO, Sigma) were diluted with culture medium and
prepared at a series of concentration ranging from 2.5 to
40 pg/mL. The results showed that isoorientin exhibited
the most significantly improved effect on reducing H/R
injury and increasing cell survival rate with treatment dose
(both in the range of 2.5-40 pg/mL). Orientin also had
a certain effect.

Bioactivity detection of five compounds in

H,0;-induced myocardial injury model
The cells were treated with the ICs, concentration of H,O,
(100 pmol/L) for 4 hrs. Then, the medium was changed
and added with different concentrations of the five com-
pounds (2.5-40 pg/mL). As shown in Figure 6, after
treatment with H,O, for 4 hrs, the cell survival rate
decreased to 50.27+£1.41% compared with the number in
the control group (n=30, p<0.01).

The survival rate of model cells treated with orientin,
isoorientin, and tricin increased to varying degrees, among
which isoorientin exhibited the best effect, followed by
orientin and tricin.

Bioactivity detection of five compounds in

ADM-induced myocardial injury model
The MTT data shown in Figure 7 reported that after
treatment with ADM for 6 hrs, ADM-induced injury
decreased the survival rate to 51.07£1.38% compared
with the number in the control group (n=30, p<0.01).
The model cells were also treated with various concentra-
tions of the five compounds (0.625-10 pg/mL) for 24 hrs.
Isoorientin also exhibited a positive effect on the improve-
ment of the survival rates of the injury models when the
concentration was in the range of 0.625-10 pg/mL.

Discussion
Plant polyphenols have gained considerable interest for
their possible health benefits because they have a rich
source of antioxidants that are known to decrease lipid
peroxidation induced by increased ROS. This study
aimed both to develop an efficient and accurate method
on the basis of effect-directed analysis and fast separation
of the antioxidants in the crude extract of L. chinensis
leaves, and we chose and validated the cardioprotective
potential drugs for acute myocardial injury protection
through the H9c2 cell models of different injury
mechanisms.

As confirmed in the results, effect-directed analysis on
the basis of online DPPH-HPLC coupled with prep-HPLC

*% *k *% *% *%

I *% I | *%k [ *% I I *% I I *k |
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Vitexin

Isovitexin Tricin
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Dose-dependent relation (in H,O,-induced injury models)

Figure 6 Dose-dependent relationship of survival rate improvement by treatment with different compounds (in H,O,-induced injury models, n=6), *p<0.01 vs control

models.
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Figure 7 Dose-dependent relationship of survival rate improvement by treatment with different compounds (in ADM-induced injury models, n=6); **p<0.01 showed

significant difference from the control.
Abbreviation: ADM, Adriamycin.

was used to screen and separate five antioxidants effi-
ciently and accurately. The five identified flavones (ie,
orientin, isoorientin, vitexin, isovitexin, and tricin) were
validated with a certain antioxidant effect by offline
DPPH. Therefore, effect-directed analysis is an effective
method both in assessing and guiding antioxidant prepara-
tion. Three myocardial acute injury models, namely, H/R,
H,0,, and ADM, built by optimized modeling conditions,
were suitable, stable, and reproducible. Our results showed
that the five compounds of L. chinensis (Jacq.) R. Brown
had different antioxidant levels and effects in different
myocardial protective models. This result suggested that
antioxidant capacity was associated with myocardial pro-
tection but incompletely. The protective effect may be both
related to the cytotoxicity of the ingredients themselves,
such as isovitexin, and the different pathogenesis of these
models. In reducing the myocardial mortality in the three
models injured by H/R, H,O,, and ADM, the myocardial
protective effect cannot be achieved by simply reducing
the ROS levels but by using other mechanisms. For exam-
ple, in the injured myocardium, inflammatory reaction, Ca
overload, oxidative stress, energy utilization disorder,
autophagy, apoptosis, and/or other mechanisms work
together to cause cell death.**>****! The mechanism
underlying the cardioprotective effects of the three

components has been rarely reported. Among these com-
ponents, isoorientin with excellent antioxidant capacity
and low myotoxicity exhibited the most significant protec-
tive effect in acute myocardial injury models induced by
H/R, H,0,, and ADM. Orientin had protective effect on
acute myocardial injury induced by H/R and H,0O,. Tricin
was also effective against H,O,-induced injury. According
to the results mentioned above, all the components had
effects on H,O,-induced models, which indicated that they
may quickly reduce the ROS-induced injury due to their
antioxidant capacity. H/R- and ADM-induced models may
be required for other protective mechanisms first for car-
diomyocyte protection. Thus, isoorientin can protect myo-
cardial cells from different injuries because it may be
related to the reduction of oxidative stress or through
a combination of multiple mechanisms for cardiomyocyte
protection to reduce cardiotoxicity in combination with
anthracyclines in chemotherapy regimens.

Conclusion

To accomplish the positive long-term outcomes for
patients, we explored natural compounds for their
extensive benefits. Natural ingredients possessing car-
dioprotective compounds can be used to supplement the

Drug Design, Development and Therapy 2019:13

submit your manuscript

1563

Dove


http://www.dovepress.com
http://www.dovepress.com

Li et al

Dove

existing chemotherapy regimens to improve their effi-
cacy and reduce drug-induced -cardiotoxicity. The
method on the basis of the bioassay-guided separation
and identification of antioxidant components in
L. chinensis R. Brown leaves should be popularized
for the development of other natural products and the
further pharmacodynamics study. According to the
results, three compounds, namely, orientin, isoorientin,
and tricin, that showed certain antioxidant effects and
cardioprotective effects can be considered as promising
cardioprotective components with low cytotoxicity, but

they need further development.
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