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Purpose: Magnesium isoglycyrrhizinate (MglG), a single stereoisomer magnesium salt of
glycyrrhizic acid, has beneficial effects on the cardiovascular system through anti-
inflammatory, anti-oxidation, and anti-apoptotic actions. However, MgIG has not been
shown to provide protection against cardiotoxicity induced by arsenic trioxide (ATO). This
study aims to demonstrate the protection of MgIG against ATO-induced cardiac toxicity in
mice and to investigate the underlying mechanism.

Methods: A mouse cardiotoxicity model was established by administering 5 mg/kg ATO for
7 days. MgIG used in conjunction with the ATO to assess its cardioprotection.

Results: MgIG administration could significantly reduce reactive oxygen species generation
and the changes in tissue morphology. Also, MgIG administration increased the activity of
antioxidase, such as superoxide dismutase, catalase, and glutathione peroxidase, and reduced
malondialdehyde content and pro-inflammatory cytokine levels. Western blotting showed
decreased expression of Bcl-2 associated X protein and Caspase-3, with increased expression
of B-cell lymphoma 2. Importantly, MgIG administration increased nuclear factor-erythroid
-2-related factor 2 (Nrf2) expression, while the expressions of nuclear factor kappa-B (NF-
kB) and toll-like receptor-4 (TLR4) were significantly decreased.

Conclusion: Our data showed that MgIG alleviates ATO-induced cardiotoxicity, which is
associated to the anti-inflammation, anti-oxidation, and anti-apoptosis action, potentially
through activation of the Nrf2 pathway and suppression of the TLR4/NF-«xB pathway.
Keywords: magnesium isoglycyrrhizinate, arsenic trioxide, cardiotoxicity, Nrf2, TLR4/
NF-«xB

Introduction

Arsenic is a ubiquitous and well-proven carcinogenic metal that is widely distrib-
uted in air, water, and soil.""* People are exposed to arsenic through inhalation,
ingestion, skin contact, and parenteral routes, which can influence health, including
cardiovascular and peripheral vascular disease.” However, arsenic trioxide (ATO),
the main component of arsenic in nature, has been used as a drug for more than
2400 years, and can be used to treat infectious diseases and cancer, especially in
acute promyelocytic leukaemia nowadays (APL).*> Unfortunately, cardiotoxic and
hepatotoxic side effects have been noted for ATO.® So far, clinical and pharmaco-
logical attempts to reduce the adverse effects of arsenic have had little success.
Because of these limitations, many patients are precluded from receiving effective

treatments.
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Studies have shown that inflammation, oxidative stress,
and apoptosis are the potential mechanisms of cardiotoxicity
caused by ATO.”® Proverbially, oxidative stress injury is the
basic pathogenesis of cardiovascular anomalies in different
types of cardiovascular diseases.” Hughes et al have indicated
that oxidative stress can be inhibited by activating antioxidase
through nuclear factor-erythroid-2-related factor 2 (Nrf2).'
Exposure to arsenic could cause an excess of reactive oxygen
species (ROS) produced by the body, which would damage
a variety of cellular macromolecules, including DNA, lipids,
and proteins.""'* The opening and closing of Nrf2 could
protect cells from free radical injury and apoptosis, thereby
promoting cell survival.'* Therefore, anti-oxidative drugs
might alleviate ATO-induced cardiotoxicity. A recent study
has shown that the anti-oxidant Salvianolic acid B can alle-
viate ATO-induced cardiotoxicity by reducing oxidative stress
injury.'> Moreover, inflammatory factors and oxidative stress,
which are tightly linked, are characteristics of cardiac
diseases.'® Given the connection between innate and acquired
immunity, toll-like receptor-4 (TLR4) could activate the inter-
cellular nuclear factor kappa-B (NF-xB) pathway. The TLR4/
NF-«B signalling pathway is a significant pathway associated
with the inflammatory response.'”'® Apoptosis has recently
been linked to arrhythmia and other diseases of the conduction
system.'*2° Using in vivo and in vitro approaches, Zhao et al
have demonstrated that necrosis and apoptosis are involved in
ATO-induced cardiac toxicity.*' Therefore, inhibition of myo-
cardial cell apoptosis could prevent or reduce ATO-induced
cardiotoxicity.

Liquorice (Glycyrrhizauralensis, Fisch), a traditional
herb, is native to Southern Europe and East Asia, previous
reports have shown that Liquorice has multiple pharmaco-
logical activities.”> ** Glycyrrhizic acid, an active ingredi-
ent extracted from liquorice, has been shown to provide
protection on myocardial injury and the protection on liver
and kidney damage caused by anti-cancer drugs.®
Magnesium isoglycyrrhizinate (MglIG, Figure 1) is the
fourth-generation glycyrrhizic acid preparation.”® A large
number of reports indicate that MgIG has a variety of
biological activities, such as anti-inflammatory, anti-
oxidant, anti-apoptotic, and anti-cancer actions.?’ >’

Previous studies have reported that MglIG has strong myo-
cardial protections, including anti-myocardial fibrosis, anti-
myocardial ischemia (MI), and infarction.*>*' Among them,
Ma et al demonstrated that MgIG could reduce myocardial
fibrosis in mice induced by isoproterenol (ISO), and the pro-
tective effects might be relevant to the decreased expression
levels of NF-kB.** Zhao et al have demonstrated that

monoammonium glycyrrhizinate, an aglycone of glycyrrhizin
that can be extracted from liquorice, provides protection
against 1SO-induced MI damage (in vivo and in vitro).”'
Furthermore, we found that MgIG can reduce the concentra-
tion of intracellular calcium ions and the contractility of myo-
cardial cells by inhibiting the L-type calcium current of
myocardial cells, which has a similar effect to calcium
antagonists.>> However, to our knowledge, no study has
explored the protection offered by MgIG in ATO-induced
cardiotoxicity or the underlying mechanism.

Because of these findings, we hypothesize that MgIG
can protect against cardiotoxicity caused by ATO. In the
present study, the cardioprotection of MglG was studied
by assessing the morphological and biochemical changes
in the cardiotoxicity model. Furthermore, the underlying
mechanisms of MgIG against inflammation, oxidative
stress, and apoptosis were explored through activating
the Nrf2 and suppressing the TLR4/NF-kB signalling
pathway. Our research presents novel insights into the
protective effects of MgIG and provides a new strategy
for treating cardiotoxicity caused by ATO.

Materials and Methods

Animals

Male kunming mice (22.0 + 2.0 g) were given from the
Laboratory Animal Center of Hebei Medical University.
The mice were given a normal granular diet and drinking
water, and maintained at 50 £ 10% relative humidity and
25 £ 2 °C, with a 12 h light/dark cycle. All experimental
and animal handling procedures were approved by the
Ethics Committee for Animal Experiments of Hebei
University of Chinese Medicine (DWLL2020005) and
conformed to the National Institutes of Health Guidelines
for the Care and Use of Laboratory Animals.

Reagents

MglG injection was purchased from the Chia Tai Tianqing
Company (Nanjing, China). ATO was provided by Beijing
Shuanglu Company (Beijing, China). All other analytical
grade reagents purchased from Sigma Chemical Company
(St. Louis, MO, USA).

Experimental Design
Fifty mice were assigned to five experimental groups (n =
10) at random:
(1) Control group (CONT, normal saline, 10 mg/kg/d).
(2) ATO treatment group (ATO, 5 mg/kg/d).
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Figure | Chemical structure formula of MglG.

(3) MglG alone treatment group (MgIG, 50 mg/kg/d).

(4) High-MgIG + ATO treatment group (H-MgIG,
50 mg/kg/d).

(5) Low-MglG + ATO treatment group (L-MgIG,
25 mg/kg/d).

All mice were administered by intraperitoneal injection
in this experiment. Except for the CONT group and the
MglG alone group, ATO was intraperitoneally injected
daily for 7 consecutive days. After 7 days, pentobarbital
sodium (50 mg/kg) was used to anesthesia all mice. Blood
was drawn from the eyeball and centrifuged at 1500 rpm.
After centrifugation, the serum was collected and stored at
—20 °C. Then, the heart tissues were quickly removed,
some of which were put into a paraformaldehyde solution
with a volume fraction of 0.04. The other part was put into
liquid nitrogen, and then transferred to the refrigerator at
—80 °C for preservation.

Histopathological Analysis
The mouse heart tissue samples were cut into two parts,
trimmed and fixed with 10% neutral buffered formalin

fixative, and embedded in conventional paraffin. The speci-
mens were cut into 4-pum thick sections and stained with
hematoxylin-eosin (H&E). The results were viewed through
the light microscope (400 x). We randomly selected six
high-power fields per slice, and used Image-Pro Plus soft-
ware to measure the positive signals of myocardial injury in
selected fields-of-view. Then, we calculated the percentage
of positive signal staining area in the entire field-of-view.

Assessment of Serum Biochemical
Analysis

We collected whole blood samples and separate them at
1500 rpm for 10 min, then drawing supernatant into Doff
tubes. We stored the serum in the refrigerator at —20 °C for
later use. Biochemical tests of the serum were carried out
within 2 days. The activities of creatine kinase (CK,
Catalog: A032-1-1), lactate dehydrogenase (LDH,
Catalog: A2020-2-2), malondialdehyde (MDA, Catalog:
A003-1-1), superoxide dismutase (SOD, Catalog: A001-
3-2), glutathione peroxidase (GSH-Px, Catalog: A005-
1-2), and catalase (CAT, Catalog: A007-1-1) in the serum
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were detected by colorimetric assay using commercial kits.
All kits used for serum biochemical analysis were pur-
chased from Jiancheng Institute of Bioengineering
(Nanjing, China).

ROS Detection by Fluorescence

Microscopy

2'7'-dichlorofluorescein diacetate (DCFH-DA) solution
(Servicebio, Wuhan, China; Catalog: G1045) was added
to frozen sections of the cardiac tissues and cultured in
a 37 °C incubator away from light for 30 min. Then, the
sections were placed in phosphate-buffered saline (PBS)
and washed by shaking on the decolorizing shaker 3 times,
each time for 5 min. DCFH-DA is rapidly turned into
fluorescent compound 2.7-dichlorofluorescein (DCF) by
ROS. The fluorescence intensity was measured at 488
nm of excitation wavelength and 525 nm of emission
wavelength after washing with phosphate buffer solution.
Sections were observed under a fluorescence microscope,
and images were collected. The ROS-positive cells labeled
are red, and Image-Pro Plus software was used for
quantification.

Measurement of Inflammatory Cytokines
Heart tissue samples were taken and immediately placed in
liquid nitrogen at —196 °C for standby application. Briefly,
according to manufacturer’s instructions, the levels of
interleukin-1B (IL-1B) (Multi Sciences, Hangzhou, China;
Catalog: EK301B/3-01), tumor necrosis factor-a (TNF-a)
(Thermo Fisher Scientific, Massachusetts, America;
Catalog: 88-7340), and interleukin-6 (IL-6) (Multi
Sciences, Hangzhou, China; Catalog: EK306/3-01) in car-
diac tissues were detected by enzyme-linked immunosor-
bent assay (ELISA).

Western Blotting
The heart samples were homogenized using RIPA lysate.
After storing on ice for 20 min, the total proteins were

Table | General Observations in Mice

collected by centrifuging the lysis buffer at 12,000 rpm for
10 min at 4 °C. Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis was used to separate the same amounts
of protein, and then proteins were transferred to polyviny-
lidene difluoride membranes that were soaked with block-
ing buffer including 5% non-fat milk for 1 h at 37 °C. The
membranes were then incubated overnight with anti-Bcl-2
associated X protein (Bax) (Servicebio, Wuhan, China;
Catalog: GB11690, diluted at 1:1000), anti-B-cell lym-
phoma 2 (Bcl-2) (Cloud-clone, Wuhan, China; Catalog:
PAA778Mu01, diluted at 1:1000), anti-Caspase-3
(Proteintech, Wuhan, China; Catalog: 66470-2-1g, diluted
at 1:1000), anti-NF-kB (Servicebio, Wuhan, China;
Catalog: GMI1003, diluted at 1:2000), anti-TLR4
(Servicebio, Wuhan, China; Catalogue: GB11519, diluted
at 1:1000), anti-Nrf2 (Servicebio, Wuhan, China;
Catalogue: GB13148-1, diluted at 1:1000), or mouse anti-
body B-actin (Servicebio, Wuhan, China; Catalogue:
GB12001, diluted at 1:1000). Next, the membranes were
washed three times with PBS. Then, the membrane was
detected in darkness at 37 °C with secondary antibodies
for 2 h. The optical density of the target band was ana-
lyzed by Alpha software after the film was scanned.

Statistical Analysis

The measurement values are shown as the mean + standard
error of the mean (SEM), and the differences in data
among groups were analyzed by one-way analysis of var-
iance (ANOVA) followed by Tukey’s test using Origin Pro
version 9.1 software. P-value < 0.05 was considered sta-
tistically significant.

Results
Effects of MglG on Body Weight, Food

and Water Consumption

The body weight and food and water consumption data after
7 days of feeding were shown in Table 1. Compared with
CONT, these parameters were significantly decreased in ATO

General Observation Con ATO MgIG H-MgIG L-MgIG

Initial body weight (g) 219+ 12 221 £ 1.5 227 %13 222+ 1.6 220+ 1.1
Final body weight (g) 30.7 £ 0.6 26.8 + 0.6™* 30.5 + 0.4 29.2 + 0.5 282 % 0.7
Mean food consumption (g/mouse/day) 78+0.2 5.4 £ 0.2%* 7.6 £ 0.1 6.4 £ 0.1%% 6.0 £ 0.2%
Mean water consumption (mL/mouse/day) 6302 4.6 £ 0.3%F 6.2 £ 0.1 5.8 + 0.2% 53+0.1%
Mortality (ratio %) 0.00 0.00 0.00 0.00 0.00

Notes: Values are given as mean + SEM or as ratio. Compared with the CONT group (**P < 0.01); compared to the ATO group (*P < 0.05, *P < 0.01), n = 10.
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group (P < 0.01 or P < 0.05). Compared to the ATO group,
these parameters were obviously raised in the L-MgIG and
H-MgIG groups (P < 0.01 or P < 0.05). Furthermore, the
MglG alone group shows no differences compared to CONT
(P > 0.05). Moreover, no mice died in any group.

Effects of MglG on Cardiac
Histopathology

Figure 2 shows the heart histopathology changes using an
optical microscope. The myocardial tissue structure from
the CONT group and MgIG group had regular cell dis-
tributions, the cell membrane was intact, and the nucleus
was clear. In contrast, the myocardial tissue structure in
ATO group was obviously damaged, with inflammatory
cells infiltrating the tissues, myofibrillar loss, cytoplasmic
vacuolization, and cardiomyocyte necrosis. These patho-
logical changes were ameliorated in the mice that
L-MgIlG and H-MgIG
Therefore, MgIG treatment significantly reduced the

received  the treatments.
ATO-induced myocardial pathological changes and its
effect was shown to be dose-dependent. Furthermore,
the MgIG alone group shows no difference compared to
CONT (P > 0.05).

Effects of MglG on Serum CK and LDH
Figure 3 shows the levels of serum CK and LDH, which

were detected to assess myocardial function. The activities
of LDH and CK were markedly increased in the ATO
group compared with CONT (P < 0.01), but the levels of
CK and LDH in L-MgIG and H-MgIG groups were sig-
nificantly decreased compared to the ATO group (P < 0.01
or P < 0.05). Furthermore, the MgIG alone group shows
no difference compared with CONT (P > 0.05). These
results indicate that treatment with L-MgIG and H-MgIG
reduced the activity of CK and LDH.

Effects of MglG on Oxidative Stress

Figure 4 shows that the serum levels of GSH-Px, SOD, and
CAT were obviously decreased in the ATO group (P < 0.01)
and the content of MDA was elevated (P < 0.01) when
compared with the CONT group. A marked reduction in
MDA level was detected in the L-MgIG and H-MgIG trea-
ted groups (P < 0.05 or P < 0.01) compared to the ATO
treatment. The activities of SOD, GSH-Px, and CAT were
raised in both the L-MgIG and H-MgIG groups (P < 0.01 or
P <0.05). On the other hand, the MgIG alone group shows
no difference compared with CONT (P > 0.05).
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Figure 2 Effects of MglG on pathological changes of cardiac tissue as surveyed by H&E staining. Scale bar = 50 um (H&E, 400 x). Myocardial tissues are respectively from the
CONT group (A), ATO group (B), MglG alone treatment group (C), H-MglG group (D), and L-MglG group (E). The arrows on the myocardial tissue images represent The
area of myocardial injury in each group was calculated (F). The arrows on the images of myocardial tissue represent apoptosis (1), inflammatory cell infiltration (2),
myocardial necrosis (3), capillary dilatation and congestion (4), and intermyocardial edema (5), respectively. The values were presented as the mean + SEM. ** P < 0.0l vs

CONT; # P < 0.05, * P < 0.01 vs the ATO group, n = 6.
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Figure 3 Effects of MglG on the activities of CK (A) and LDH (B). The values were presented as the mean % SEM. ** P < 0.01 vs CONT; # P < 0.05, ™ P < 0.01 vs the ATO
group, n =10.

A B

*%
500{ T 5- 4
. - =
~ 400 - 2 4 #
E L 3
S 300 € 31
c
D -
O 200 < 2.
N ()
=
100+ 14
0 & <O 0 X <0 © © .\©
o O o N N
T N AT \,\,\N)\ N SO g NS 9
C D
1000 ; 25{ T
T
'_ET 800 # 20 #
5 # E i
< 600 T = 15 T
S
X =2
L 400 * = 10+ -
T <
%) o
O 200/ 5
< «O G © ..\© 0 X 0 © O ..\©
\

Figure 4 Effects of MglG on the levels of SOD (A), MDA (B), GSH-Px (C) and CAT (D). The values were presented as the mean + SEM. ** P < 0.0 vs CONT;
#P < 0.05, * P < 0.01 vs the ATO group, n = 10.
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Effects of MglG on ROS Production

Figure 5 shows the fluorescent probe analysis findings
used to assess the generation of ROS. The intracellular
ROS level of ATO group was higher than that of
CONT group (P < 0.01), while that of L-MgIG and
H-MgIG groups were significantly lower than that of
ATO group (P < 0.01). Furthermore, the MgIG alone
group shows no difference compared to CONT (P >
0.05). These data indicate that the protection of
L-MgIG and H-MgIG on heart damage could be rele-
vant to the reduction of ROS production and oxidative

stress.

Effects of MglG on IL-1f, IL-6, and TNF-a

Levels

The levels of IL-1B, IL-6, and TNF-a in cardiac tissues
were detected by ELISA (Figure 6). The levels of IL-6, IL-
1B, and TNF-a were obviously elevated in the ATO group
compared to the CONT group (P < 0.01), while these
parameters in the L-MgIG and H-MgIG groups were sig-
nificantly lower than ATO group (P < 0.01). Furthermore,
the MgIG alone group shows no difference compared with
CONT (P > 0.05). Therefore, treatment with L-MgIG and
H-MglG could markedly reduce the activity of inflamma-
tory cytokines.

Effects of MglG on Bax, Bcl-2, and

Caspase-3 Protein Expressions

To evaluate the expression of apoptosis factors, we tested
the levels of Bcl-2, Caspase-3, and Bax in heart tissues
(Figure 7). Compared to the CONT group, the expressions
of Caspase-3 and Bax were markedly upregulated in the
ATO group (P < 0.01). Furthermore, Bcl-2 expression was
markedly reduced in the ATO group (P < 0.01). After
MgIG treated, Caspase-3 and Bax were markedly down-
regulated (P < 0.05 or P < 0.01), while Bcl-2 expression
was increased in the L-MgIG and H-MgIG groups (P <
0.01) compared with the ATO group. Furthermore, the
MglIG alone group shows no difference compared with
CONT (P > 0.05).

Effects of MglG on Nrf2, TLR4, and NF-

kB Protein Expressions

Western blotting analysis was used to analyze the expres-
sions of Nrf2, TLR4, and NF-kB (Figure 8). In the ATO
group, the level of Nrf2 was observably lower than that in
CONT (P < 0.01), and the expressions of TLR4 and NF-
kB were upregulated in ATO group (P < 0.01).
Conversely, L-MglG and H-MgIG treatments obviously
enhanced the Nrf2 expression and reduced the TLR4 and
NF-kB expressions compared with the ATO group
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Figure 5 Effects of MglG on the levels of ROS. Fluorescence images of different groups (A), CONT group; (B), ATO group; (C), MgIG alone treated group; (D), H-MgIG
group; (E), L-MglG group) and the ratio graph (F) about ROS are presented. Scale bar = 100 ym (200 x). The values were presented as the mean + SEM. ** P < 0.0 vs

CONT; # P < 0.01 vs the ATO group, n = 6.
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Figure 6 Effects of MgIG on the expressions of IL-1B (A), IL-6 (B) and TNF-a (C). The values were presented as the mean % SEM. ** P < 0.01 vs CONT; ** P < 0.01 vs the

ATO group, n = 10.

(P < 0.05 or P < 0.01). Furthermore, the MgIG alone
group shows no difference compared with CONT group
(P > 0.05).

Discussion

ATO has been found to be a significantly effective drug for
various diseases, especially in APL, but its cardiotoxicity
restricts its therapeutic index.**~* During cardiotoxicity,
myocarditis, pericarditis and myocardial infarction can
occur, that may ultimately lead to heart failure.***> Thus,
the heart muscle cannot pump with sufficient force to
supply the body with blood containing essential O, and
nutrients.> Therefore, it is important to identify novel pre-
ventive drugs to reduce the severe cardiotoxicity of ATO.
Our previous findings have suggested the possibility that

MgIG has a protective effect on cardiomyocytes.*
Accordingly, here, we further investigate the effects of
MgIG on the Nrf2 and TLR4/NF-kB signal pathway and
its underlying mechanisms against the ATO-induced car-
diotoxicity (Figure 9). The selection of doses of ATO and
MglG is based on our preliminary experiments and pre-
vious studies.?®%3¢ 3%

Oxidative stress, inflammation, and apoptosis are cru-
cial causes of ATO-induced heart injury.*® ATO diffuses
into the cytoplasm through the cell membrane and pro-
duces oxidative stress, which produces a large amount of
ROS and causes oxidative damage to mitochondrial and
then releases pro-apoptotic proteins into the cytosol,
thereby producing cytotoxic effects leading to apoptosis
and organ damage.’”*' Excessive ROS also plays an
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Figure 7 Effects of MglG on the expression of Bax, Caspase-3, and Bcl-2 (A). The band intensities of Bax (B), caspase-3 (C), and Bcl-2 (D) were analyzed by normalization
to B-actin. The values were presented as the mean + SEM. ** P < 0.01 vs CONT; #P < 0.05, ™ P < 0.01 vs the ATO group, n = 3.

important role in many cellular processes and causes
altered cellular signal transduction, such as activation
of transcription factors and changes in gene expression,
leading to damage in DNA, lipids, and proteins, aggra-
vated oxidative stress-induced damage, and the release
of the pro-inflammatory cytokines.**** The increased
oxidative stress and subsequent inflammatory responses
lead to increased apoptosis.**

We found that the mice in the ATO group had signifi-
cantly reduced weight, food, and water consumption.
However, these parameters in the L-MgIG and H-MgIG
groups were obviously higher than in the ATO group,
suggesting that MgIG could alleviate the adverse reactions
of patients with abnormal digestion, absorption, and meta-
bolism caused by chemotherapeutic drugs (Table 1). H&E

stained pathological sections can directly observe the
pathological changes of the myocardium, which is one of
the important indexes to judge myocardial damage.*> The
myocardial tissue structure in ATO group was discovered
to have inflammatory cell infiltration, serious muscle fibre
damage, and myocardial necrosis, while the MgIG treat-
ment groups markedly improved this condition, confirm-
ing that MgIG has obvious protection on myocardial
changes caused by ATO (Figure 2).*® Also, CK and LDH
enzymes were released in large quantities after myocardial
injury or necrosis, but the activities of LDH and CK were
obviously reduced in L-MglG and H-MgIG treatment
groups, which suggests that MglG can protect the heart
by reducing the release of these myocardial markers
(Figure 3).
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Figure 8 Effects of MglG on the expressions of Nrf2, TLR4, and NF-kB (A). The band intensities of Nrf2 (B), NF-kB (C), and TLR4 (D) were analyzed by normalization to
B-actin. The values were presented as the mean * SEM. ** P < 0.0 vs CONT; #p < 0.05, ## p < 0.0l vs the ATO group, n = 3.

ATO causes oxidative stress injury in the body, which
could disrupt the balance between oxidants and anti-
oxidants in the process of metabolism.*”** However,
MglIG can protect the heart by activating the activity of
anti-oxidant enzymes.49 SOD, CAT, and GSH-Px, as the
three main enzymes in the anti-oxidant system, inhibit the
further development of oxidative stress in vivo.**° The
level of MDA could reflect the degree of lipid peroxida-
tion, thereby indirectly reflecting the degree of cell injury.
SOD could convert superoxide anion produced by lipid
peroxidation into H,O,, and CAT and GSH-Px transform
H,0, into oxygen and water, so the activity of these three
enzymes are tested at the same time to explore the damage
degree of the anti-oxidant system.’' > MgIG treatment
significantly enhanced the levels of GSH-Px, CAT, and

SOD induced by ATO, and decreased the MDA content
(Figure 4). Under normal circumstances, the generation
and elimination of ROS are balanced, while maintaining
a steady state of redox.”* Whereas this balance was
destroyed after exposure to arsenic, and the production of
ROS increased significantly (Figure 5), which is consistent
with the literature.”> >’

The overproduction of ROS can cause cardiomyocyte
injury and apoptosis, while MgIG can help to regulate the
anti-oxidant system, which will reduce oxidative stress
injury induced by ATO (Figure 5). At the same time,
oxidative stress plays a role in mediating apoptosis.’®
ATO caused up-regulation of Caspase-3 and Bax expres-
sions, while the down-regulation of Bcl-2 level (Figure 7).
In contrast, Bax and Caspase-3 proteins were markedly
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Figure 9 The mechanism for protection of MglG against ATO-treated cardiotoxicity.

enhanced, and Bcl-2 protein expression was obviously
decreased after MgIG treatment (Figure 7). It is widely
known that the regulation of the Bcl-2 protein family is
mainly mediated by mitochondria.’® Oxidative stress could
make the Bax translocation to the outer membrane of
mitochondria, which will affect the permeability of the
outer mitochondrial membrane and finally induces the
division of Caspase-3.°° B¢1-2 can stabilize the mitochon-
drial membrane potential, keep the mitochondria intact,
and inhibit Caspase-3 division.®!

In the mechanism of anti-oxidative stress, numerous drugs
from natural sources display their anti-oxidant effect by acti-
vating the Nrf2 pathway.®**> Nrf2 is the core regulator of
Phase II detoxification or anti-oxidant enzymes, which can
help protect cardiomyocytes from oxidative damage.**** Up-
regulation of Nrf2 protein is an adaptive mechanism that could
protect cells from oxidative stress.> Here, we report that the
Nrf2 protein in the L-MgIG and H-MgIG groups was
obviously enhanced, confirming that MgIG activates the
Nrf2 signal pathway to protect cardiomyocytes (Figure 8).
Within the toll-like receptors family, TLR4 plays an important
role and is highly expressed in the heart. TLR4 activates
downstream nuclear factors (NF-kB) by binding to ligands
and induces the production of inflammatory cytokines.'®%® As

HRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIR i

one of the important pathways associated with inflammatory
response, the activation of the TLR4/NF-«B signal pathway
can lead to the expression of IL-1f, IL-6, TNF-a, and other
inflammatory factors (Figure 6), forming a series of inflam-
matory responses.®’ Arsenic poisoning results in an obvious
increase in the levels of IL-1p, TNF-a, IL-6, TLR4, and NF-
kB protein, but these trends are reversed by MglG treatment
(Figure 6 and Figure 8). This indicates that MgIG suppresses
the TLR4/NF-«kB signalling pathway and decreases the release
of IL-1B, IL-6, and TNF-a inflammatory cytokines.

Conclusion

MgIG has a significant protective effect on ATO-
induced cardiotoxicity. We demonstrate that the cardio-
protective effects of MgIG are generated through anti-
oxidation,  anti-inflammation, and  anti-apoptosis
mechanisms, which are associated with the activation
of the Nrf2 pathway and inhibition of the TLR4/NF-
kB pathway (Figure 9). Based on these findings, the
combination of MgIG with ATO is likely to be
a promising agent in future clinical practice. However,
the combination of MglG and ATO needs further

research in clinical practice.
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