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Protective effect of berberine on aconite-induced
myocardial injury and the associated mechanisms
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Abstract. Aconitum plants, which have analgesic, diuretic
and anti-inflammatory effects, have been widely used to treat
various types of disease. However, the apparent toxicity of
Aconitum-derived agents, particularly in the cardiovascular
system, has largely limited their clinical use. Thus, the present
study investigated whether berberine (Ber), an isoquinoline
alkaloid, may reduce myocardial injury induced by aconitine
(AC) in rats and the underlying mechanisms. Rats (n=40) were
randomly divided into four groups: Control, Chuan-wu and
Chuan-wu + Ber (8 and 16 mg/kg doses). Electrocardiograms
(ECG) of the rats were recorded and serum biomarkers of
cardiac function [lactate dehydrogenase (LDH), creatine
kinase (CK) and CK-MB] were assayed. Histopathological
changes were assessed using myocardial tissue sectioning
and hematoxylin and eosin staining. Additionally, the effects
of Ber on AC-induced arrhythmias in rats were observed.
The changes in ECG following AC perfusion were observed,
and the types and onset time of arrhythmias were analyzed.
Furthermore, the effects of Ber and AC on papillary muscle
action potentials were observed. The results suggested that Ber
ameliorated myocardial injury induced by Chuan-wu, which
was indicated by reduced arrhythmias and decreased LDH,
CK and CK-MB levels in serum. Furthermore, histological
damage, including dilation of small veins and congestion, was
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also markedly attenuated by Ber. In addition, the occurrence
of arrhythmias was significantly delayed, and the dosage
of AC required to induce arrhythmias was also increased
by Ber pretreatment. Additionally, AC-induced changes in
action potential amplitude, duration of 30% repolarization
and duration of 90% repolarization in the papillary muscle
were attenuated by Ber. All of these results indicate that Ber
had a preventive effect on acute myocardial injury induced
by Chuan-wu and arrhythmias caused by AC, which may be
associated with the inhibition of delayed depolarization and
triggered activity caused by AC. Thus, combination treatment
of Ber with Aconitum plants may be a novel strategy to prevent
AC-induced myocardial injury in clinical practice.

Introduction

Aconitum plants including Chuan-wu (Crude Radix Aconiti)
which have analgesic, diuretic and anti-inflammatory effects,
have been widely used to treat various diseases, including
chronic neuralgia, rheumatoid arthritis, acute myocardial
infarction, coronary heart disease and angina pectoris in China
for thousands of years (1,2). Thus, numerous herbal medicines
have been formulated containing aconitum plant extracts as
the main ingredient. However, the apparent toxicity of these
compounds has severely limited their clinical use (3,4). The
toxic effects predominantly involve the central nervous and
cardiovascular systems, particularly the cardiovascular system
where aconitum plant extracts can cause polymorphous
arrhythmias. Patients often succumb from arrhythmia and
respiratory center paralysis. However, little information is
available regarding the mechanisms of aconite poisoning.
The exact mechanisms involved in aconite-induced cellular
damage are extremely complex and have not been fully eluci-
dated. Aconitine (AC), a major bioactive diterpenoid alkaloid
derived from aconitum plants, stimulates the majority of the
cardiotoxic effects of aconitum plants (5). A previous study
has shown that AC can increase the excitability of ectopic
rhythms and lead to tachyarrhythmias (6). At the cellular level,
AC has been shown to bind to voltage-gated Na* channels and
prolong their open state, favoring the entry of a large quantity
of Na* into the cytosol, which is accompanied by Ca** overload
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via sequential activation of electrogenic Na*-Ca®" exchangers
or L-type Ca** channels, eventually inducing delayed after-
depolarization (DAD) and triggered activity (TA) (7,8).
Additionally, L-type Ca®* channel inhibition contributes to
the arrhythmic effects of AC in human cardiomyocytes (9).
Therefore, it is important to identify more effective strategies
against AC-induced cardiovascular complications, and search
for therapeutic targets that could counteract the myocardial
toxicity induced by AC.

Berberine (Ber), one of the main alkaloids extracted from
Rhizoma coptidis, has been extensively used to treat various
parasitic and fungal infections, and has a long history of use
for treating diarrhea in traditional Chinese medicine (10).
Additionally, it also exhibits positive inotropic, negative
chronotropic and anti-arrhythmic properties (11,12). It has
been reported that Ber improves cardiac function in patients
with severe congestive heart failure (13). Ber is extracted from
Rhizoma coptidis, and the latter has also been used to treat
diabetes mellitus in China for >1,400 years (14). Additionally,
it has also been demonstrated that Ber alleviates the acute
cardiotoxicity and hepatorenal toxicity resulting from doxo-
rubicin treatment in rats (15,16). However, to the best of our
knowledge, no study to date has been performed concerning
the protective effects of Ber on aconite-induced myocardial
toxicity. Therefore, the present study was designed to inves-
tigate whether Ber has an antagonistic effect on myocardial
damage and the associated arrhythmias caused by AC, and to
elucidate the potential mechanisms of action in isolated guinea
pig papillary muscle.

Materials and methods

Drugs and reagents. Chuan-wu was obtained from the Anguo
medicine market (Shijiazhuang, China). AC was obtained from
Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). Ber was
obtained from Acros Organics (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). Pentobarbital was obtained from
Sigma-Aldrich (Merck KGaA). Creatine kinase (CK) and
CK-MB isoenzyme diagnostic kits were all from Sysmex
Corporation (Kobe, Japan). Lactate dehydrogenase (LDH)
assay kit was obtained from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China).

Animals. Sprague Dawley (SD) rats and guinea pigs were
obtained from the Experimental Animal Center of Hebei
Medical University [license no. SCXK (Hebei) 2013-003]. All
experiments were approved by the Ethics Committee for the
Use of Experimental Animals at Hebei Medical University
(Shijiazhuang, Hebei, China).

Experimental protocol of Chuan-wu induced cardiac injury.
Male SD rats (8-week-old; certificate no. 1109105), weighing
250-300 g, were housed under controlled atmosphere (12-h
light/dark cycle, relative humidity 50-60%, and 24+3°C) and
food and water were provided ad libitum. Rats (n=40) were
randomly divided into Control group (A), AC group (B),
AC + Ber (8 mg/kg/d) group (C), and AC + Ber (16 mg/kg/d)
group (D). Ber was administered intragastrically once a day
for 7 consecutive days in groups C and D. Group A and B rats
were administrated with an equal volume of distilled water.
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Chuan-wu (0.08 mg/kg) was administrated from day 4 during
the Ber administration period by dissolving the Chuan-wu
powder into distilled water; this was performed once a day for
3 days, while an equal volume of distilled water was given to
the control group.

Electrocardiogram (ECG) analysis. On days 1 and 3 following
Chuan-wu administration, 30 min following Ber administra-
tion, the rats were anesthetized with 45 mg/kg pentobarbital
sodium via an intraperitoneal injection (i.p.). The electrodes
were inserted into the subcutaneous tissue of the rat limb,
and the ECG parameters (day 1) and the different types of
arrhythmia (day 3) were recorded in each group using an RM
6240CD multi-channel physiological signal acquisition and
processing system (Chengdu Instrument Factory, Chengdu,
China) via standard limb lead II.

Determination of serum biochemical indicators. On day 3
following Chuan-wu administration, blood samples were
collected from the abdominal aorta and stored on ice prior to
centrifugation at 2,100 x g for 10 min within 1 h of collection.
Subsequently, the supernatant was used for the determina-
tion of biochemical indicators. The levels of LDH, CK and
CK-MB in the serum were assayed as sensitive indicators of
myocardial damage, according to the manufacturer's protocol
of the diagnostic kits (cat. nos., LDH, R1 1000331, R2
1000312; CK, R1 1000531, R2 1000512; CK-MB R1 1001611
and R2 1001612; Sysmex Corporation) using a CHEMIX-180
automatic biochemistry analyzer (Sysmex Corporation).

Histopathological analysis. At day 3 after Chuan-wu
administration, the heart was rapidly removed and rinsed
with ice-cold saline following the collection of blood samples.
Heart samples were fixed in 4% formaldehyde immediately
following excision for 7 days at room temperature, then
dehydrated in an ascending series of ethanol (70, 80, 96
and 100%). Following paraffin embedding, transverse slides
(5 pm thickness) were stained with hematoxylin and eosin
at room temperature for 2 min respectively, and histological
examination was conducted using a light microscope (Olympus
BX-50; Olympus Corporation, Tokyo, Japan).

Effects of Ber on AC-induced arrhythmias in rats. Male
SD rats (n=40, certificate no.1107071), weighing 250-300 g
were randomly divided into 4 groups: Control group (A), AC
group (B), AC + Ber (8 mg/kg/d) group (C), and AC + Ber
(16 mg/kg/d) group (D). Ber was administered intragastri-
cally once a day for 7 consecutive days in groups C and D.
Rats in groups A and B received an equal volume of distilled
water. On day 7, 30 min following Ber administration, the rats
were anesthetized with 45 mg/kg pentobarbital sodium (i.p.).
The surface lead II ECG was recorded continuously with
three subcutaneous limb electrodes using the RM 6240CD
multi-channel physiological signal acquisition and processing
system. The femoral vein was cannulated for administration of
AC (10 pg/ml) at a rate of 0.08 ml/min in groups B, C and D,
while an equal volume of normal saline was given to group A.
The time onset of the first ventricular premature contraction
discrete (VPCD), ventricular premature contraction bigeminy
(VPB), successive ventricular tachycardia (VT), ventricular
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Figure 1. Effects of Ber on the electrocardiogram parameters 1 day following Chuan-wu administration in rats. Group A: control; group B: Chuan-wu;
group C: Ber 8 mg/kg; and group D: Ber 16 mg/kg. "P<0.05 and “P<0.01 vs. control group (group A); “P<0.05 and "P<0.01 vs. Chuan-wu group (group B).

Ber, Berberine.

fibrillation (VF) and mortality (DD) was recorded, and the
amount of AC required to induce arrhythmia was calculated.

Effects of Ber and AC on papillary muscle action potential.
Male guinea pigs (4-5 weeks of age, n=6), weighing 200-250 g,
were housed under controlled atmosphere (12-h light/dark
cycle, relative humidity 50~60% and 22+2°C), and food and
water were provided ad libitum. The animals were anesthe-
tized with 40 mg/kg pentobarbital sodium (i.p), then the heart
was rapidly removed and put into a preparation dish containing
ice-cold K-H solution (140 mmol/l NaCl, 5.4 mmol/l KClI,
1 mmol/l MgCl,, 2 mmol/l CaCl,, 10 mmol/l HEPES and
10 mmol/l glucose). The right ventricle was opened and
columnar papillary muscles were removed. The papillary
muscles were then transferred into the tissue chamber and
perfused with K-H solution, which was continually gassed
with 100% O,. The temperature was maintained at 36°C. A
conventional microelectrode recording technique was used to
record the action potential of the papillary muscle of guinea
pigs under the stimulation frequency of 1 Hz. The following
action potential parameters were calculated: Action potential
amplitude (APA), duration of 30% repolarization (APD;)
and duration of 90% repolarization (APD,,). The hearts were
divided into two groups (n=3 in each group): Control and
Ber treatment groups. Once a normal action potential was
continuously recorded in the control group, Tyrode's solution
containing AC (3x107 mol/l) was perfused, and DAD and TA
by AC were observed. While in the Ber treatment group, once
a normal action potential was continuously recorded, solution
containing Ber (1x10” mol/l) was perfused. Following 5 min,
the action potential was recorded. Then, AC (3x107 mol/l) was
perfused, and the changes in action potential following AC
perfusion were recorded. If no change appeared, 15 min later,
1x10° mol/l AC was added to observe the change in the action
potential.

Statistical analysis. All values are presented as the
mean + standard deviation. Statistical analysis was performed
using one-way analysis of variance and Dunnett's test
and SPSS v11.0 software (SPSS, Inc., Chicago, IL, USA).

Comparisons of the same parameters prior to and following
administration were performed using a paired t-test. P<0.05
was considered to indicate a statistically significant difference.

Results

Effects of Ber on ECG in rats with Chuan-wu-induced cardiac
injury. During the experiments, no animals succumbed in the
control or Ber 16 mg/kg treatment groups; whereas, 3 animals
in the Chuan-wu group and 1 animal in the Ber 8 mg/kg group
perished.

On day 1 following Chuan-wu administration, the analysis
of ECG parameters revealed that the heart rate was decreased
(P<0.05) and the P-R, QRS and QT intervals were all prolonged
in the Chuan-wu group (P<0.05 or P<0.01), compared with
that observed in control group. The effects of Chuan-wu on
heart rate, P-R, QRS and QT intervals in the 8 and 16 mg/kg
Ber treatment groups were all reversed by different degrees
when compared with the Chuan-wu group (P<0.05 or P<0.01;
Fig. 1). On day 3 following Chuan-wu administration, there
was no ECG abnormality in the control group. However, in the
Chuan-wu group, ventricular premature beat, bigeminies or
trigeminies were observed in 3 rats, typical ventricular tachy-
cardia was observed in 4 rats, and 3 rats exhibited ventricular
tachycardia and then succumbed following ventricular fibrilla-
tion. Additionally, in the Ber 8 mg/kg group, 4 rats exhibited
ventricular premature beat-bigeminies, 3 rats presented typical
ventricular tachycardia, and 1 rat perished from ventricular
fibrillation. In the Ber 16 mg/kg group, 2 rats exhibited
ventricular premature beat, bigeminies or trigeminies, and
1 rat presented with typical ventricular tachycardia, with no
evident abnormalities. Typical arrhythmias are presented in
Fig. 2. The summaries of the arrhythmias and mortalities in
each group are presented in Table 1.

Effects of Ber on cardiac function indexes in rats. Compared
with the control group, the levels of serum CK, CK-MB and
LDH were significantly increased in the Chuan-wu group
(B; P<0.05 or P<0.01). Whereas, in the 8 and 16 mg/kg Ber
treatment groups (C and D), the levels of serum CK, CK-MB
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Table I. Influence of Berberine on the occurrence rate of arrhythmias and mortality rate on day 3 following Chuan-wu administra-

tion in rats.

Group Normal (no. of cases) VPC (no. of cases) VT (no. of cases) Mortalities (no. of cases)
Control 10 00 00 00
Chuan-wu 0 33 4 3
Ber 8 mg/kg 2 4 3 1
Ber 16 mg/kg 7 2 1 0

VPC, ventricular premature contractions; VT, ventricular tachycardia; Ber, Berberine.
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Figure 2. Representative ECGs showing the observed arrhythmias recorded using a RM 6240B/C biological signal recorder system; II lead, 50 mm/sec,
20 mm/mV. (A) Normal ECG; (B) ventricular premature beat; (C) ventricular premature beats-bigeminies; (D) ventricular premature beats-trigeminies;
(E) ventricular tachycardia; and (F) ventricular fibrillation. ECG, electrocardiogram.

and LDH were all markedly reduced when compared with
the Chuan-wu group, particularly in the Ber 16 mg/kg group
(P<0.05 or P<0.01; Fig. 3).

Effects of Ber on the heart histopathology of rats with
Chuan-wu induced cardiac injury. Histopathological exami-
nation of the heart tissue revealed that there were no evident
abnormalities in the myocardium of the control group (Fig. 4A).
Whereas, following Chuan-wu administration for 3 days, small
vein dilation, congestion, ventricular dilatation and congestion
were observed in myocardial tissue. Additionally, some muscle
fibers exhibited mild atrophy and inflammatory cell infiltra-
tion was observed in the muscle. The representative images
of congestion in veins and slight inflammatory cell infiltration
are shown in Fig. 4B. Compared with the Chuan-wu group,
the congestion was reduced in the Ber 8 and 16 mg/kg groups.
Notably, in the Ber 16 mg/kg group, no marked congestion was
observed and only minor infiltration of inflammatory cells in
myocardial tissues was exhibited (Fig. 4C).

Effects of Ber on AC-induced arrhythmias in rats. In the
control group, an ECG was recorded continuously for 120 min
with no evident abnormalities observed. In all of the other
groups, no abnormal ECG features were observed prior to the
administration of AC. However, in the AC group, VPCD, VPB,
VT, VF and DD occurred successively following the adminis-
tration of AC. Compared with the AC group, the occurrence
time of VT, VF and DD was significantly prolonged in the Ber
8 mg/kg pretreatment group (P<0.05). Ber 16 mg/kg pretreat-
ment also significantly prolonged the occurrence of all types
of arrhythmias mentioned above (P<0.05 or P<0.01; Fig. 5A).
Therefore, pretreatment with Ber 8 and 16 mg/kg increased

the dosage of AC required to induce arrhythmias (P<0.05 or
P<0.01; Fig. 5B).

Effects of Ber and AC on papillary muscle action potential.
In the ex vivo experiment, the APA of the papillary muscle
action potential was decreased following the administration
of 3x107 mol/l AC, and the APD,, and APD,, were also
significantly shortened when compared with prior to AC
treatment; DAD and TA was also subsequently observed
(Fig. 6). However, when Ber 1x10° mol/l pre-administration
was performed, there were no marked changes in APA, APD;,
and APD,,, and no DAD occurred following AC perfusion.
Subsequently, when the concentration of AC was increased to
1x10°% mol/l, a decrease in APA and a shortening in APDy,
and APD,, were induced (P<0.01); and DAD and TA were also
observed (Fig. 7).

Discussion

In recent years, increasing attention has been paid to the
study of toxicity-reducing effects that can be achieved by
co-administration of Chinese herbal medicines. Aconitum
drugs have served an important role in the treatment of acute
myocardial infarction, coronary heart disease and angina
pectoris (1,2). However, the therapeutic and toxic doses of
this type of medicine are very close, which can easily lead
to damaging effects in patients (17). Arrhythmias are a major
side-effect of Aconitum drugs (18).

Berberine hydrochloride, also known as Ber, is the
main active ingredient of Rhizoma coptidis. Previous
studies have revealed that Ber has an antagonistic effect on
isoproterenol-induced myocardial damage and the ischemic
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Figure 3. Effects of Ber on the activity of (A) LDH, (B) CK and (C) CK-MB in the serum of rats with acute cardiac injury induced by Chuan-wu. Group A: control;
group B: Chuan-wu; group C: Ber 8 mg/kg; and group D: Ber 16 mg/kg. ‘P<0.05 and “P<0.01 vs. control group (group A); “P<0.05 and P<0.01 vs. Chuan-wu
group (group B). Ber, Berberine; LDH, lactate dehydrogenase; CK, creatine kinase.

Figure 4. Morphology of cardiac tissue in rats under an optical microscope. Hematoxylin and eosin staining (magnification, x200). (A) Control group.
(B) Chuan-wu treated group: Veins were dilated and congested, and slight inflammatory cell infiltrations were observed. (C) Ber 16 mg/kg group: A normal

myocardium was exhibited.

arrhythmia caused by ligation of the anterior descending branch
of the left coronary artery in rat models (19,20). In the present

study, the antagonistic effects of Ber on Chuan-wu-induced
acute myocardial injury were observed in rats. The results


https://www.spandidos-publications.com/10.3892/mmr.2018.9476

CHEN et al: EFFECT OF BERBERINE ON ACUTE MYOCARDIAL TOXICITY

A 184 -
[_JAC

[ Ber 8 mglkg x
I Ber 16 mg/kg *

Occurrence time (min
£

[ v T ¥ T ¥ T
A B Cc D E

4473

B 144 [JAC I
[ Ber 8 mg/kg
124 M Ber 16 mg/kg

£

2 10+
o
< gd
°
£
3 67
£
L= 4

D E

4- *

2

0 I M T M I ’
A B c

Figure 5. Effects of Ber on the occurrence time of arrhythmias and the dose of AC for inducing arrhythmias in rats. (A) Occurrence times and (B) amount of
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Figure 6. Effects of AC on the action potential parameters of the papillary muscle in guinea pigs. (A and B) Representative recordings of action potentials in
guinea pig papillary muscles with or without AC (3x107 mol/l) at stimulation frequency of 1 Hz. (C and D) Effects of AC on the action potential parameters

(C) APA, (D) APD;, and APD,,. “P<0.01 vs. Control group. AC, aconitine.

revealed that ventricular arrhythmias, including premature
ventricular bigeminy, trigeminy or ventricular tachycardia,
were all observed in rats following treatment with Chuan-wu
for 3 days. In addition, the serum levels of CK, CK-MB and
LDH, which are indicators of cardiac function, were all
increased following Chuan-wu administration. The serum
levels of CK, CK-MB and LDH are quantitative indicators of
loss of membrane integrity during myocardial damage (21). The
increase in CK, CK-MB and LDH suggested that Chuan-wu
can affect the integrity of myocardial cell membranes. The
histological findings of the myocardium also revealed dilation
of small veins and the ventricular lumen, congestion of the
heart cavity and some atrophy of muscle fibers appeared
following the administration of Chuan-wu for 3 days,

which is consistent with the literature (22,23). The results
suggested that Chuan-wu disrupts the integrity of myocardial
cell membranes and causes cell damage. Ber significantly
reduced the degree of arrhythmia induced by Chuan-wu, and
improved the survival rate of rats. Analysis of myocardial
enzymes and histopathological examination demonstrated
marked improvements in Ber pretreatment groups. This result
indicated that Ber may have clear beneficial effects against
Chuan-wu-induced myocardial injury; however, this requires
further confirmation.

The toxic components of Chuan-wu include AC and
mesaconitine. AC can stimulate the vagus nerve, and
inhibit the sinoatrial node and conduction system, resulting
in a slowed heart rate and conduction block (24,25). In
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Figure 7. Effects of Ber on AC-induced abnormal action potential of guinea pig papillary muscles. (A) Representative figures of action potentials in guinea
pig papillary muscles recorded prior to (image a: control) and following the addition of Ber 1x10° mol/l (image b) or adding AC 3x107 mol/l (image c)
and AC 1x10°° mol/l (image d) in the presence of Ber 1x10~ mol/l at stimulation frequency of 1 Hz. (B) Effects of Ber on the changes in APA, APD;, and
APDy, induced by AC. Group a: control; group b: Ber 1x10~° mol/l; group c: Ber 1x10~° mol/I+AC 3x107 mol/l; group d: Ber 1x10~° mol/I+AC 1x10° mol/I.
“P<0.01 vs. control group (group a); “P<0.05 and *P<0.01 vs. Ber group (group b). Ber, Berberine; AC, aconitine; APA, action potential amplitude; APDjq,,

duration of 30/90% repolarization.

addition, AC can act directly on myocardial cells, promoting
the opening of Na* channels, accelerating the ion influx,
inducing cell membrane depolarization and improving the
automaticity of fast response cells, including atrioventricular
bundles and Purkinje fibers, thereby causing one-source or
multifocal ectopic rhythms (26,27). It was also demonstrated
that AC significantly increased Ca?* influx, inhibited outward
K* currents, prolonged repolarization, and produced DAD
and re-entry, resulting in arrhythmias (28). Therefore, the
arrhythmia caused by Chuan-wu in rats may be associated
with the presence of AC-type alkaloids.

As AC is acommon arrhythmogenic toxin within Aconitum
drugs, the present study investigated whether Ber has antago-
nistic effects on AC-induced arrhythmia. The in vivo ECG
recording experiments demonstrated that AC administration
decreased the heart rate, and prolonged the S-T and Q-T inter-
vals, which lead to ventricular premature beat, coupled rhythm,
trigeminy and tachycardia; these ultimately induced ventricular
fibrillation and rat mortality. These observations are consistent
with the literature (6). Pre-administration of Ber effectively
delayed the onset of ventricular premature beat and coupled
rhythm, and in turn prolonged the survival time of rats.

Considering guinea pig papillary muscle is a suitable
preparation for the assessment of action potential in

drug-induced Torsades De Pointes liability in humans (29),
the present study observed the effects of Ber and AC
on action potentials to investigate the mechanism of the
anti-arrhythmic effects of Ber with papillary muscle in
guinea pigs. The results revealed that AC decreased the
APA of papillary muscle action potentials, shortened
the APD,, and APD,,, and DAD and TA were observed.
However, Ber pretreatment completely inhibited the DAD
induced by the same concentration of AC. However, when
the dose of AC was increased, DAD and TA still occurred,
even when Ber was pre-administered. From these results
it was concluded that Ber may competitively counteract
DAD and TA induced by AC. At the molecular level, it
is generally believed that AC can accelerate the influx of
Na* ions into cardiomyocytes, promote the depolarization
of the cell membrane and accelerate the automaticity of
the pacemaker (30). It has also been reported that the
cardiac toxicity of AC is associated with an increase in free
radicals caused by oxidative stress (8). Additionally, Ca?*
overload and apoptosis via p38 signaling were also involved
in the cardiotoxicity of AC (31). Therefore, AC-induced
arrhythmias may be the result of a combination of multiple
mechanisms. Modulation of apoptosis or cell signaling may
also be involved in the underlying mechanisms of Ber's
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protective effects; the complete molecular mechanisms still
require validation in further experiments. Therefore, a lack
of a more thorough mechanistic analysis of the underlying
pathway was a limitation of the present study.

In conclusion, Ber had preventive effects on
Chuan-wu-induced acute myocardial injury, alleviated the
symptoms of arrhythmia and improved the animal survival
rate. Additionally, Ber also exhibited marked antagonistic
effects on AC-induced arrhythmias, which may be associated
with the inhibition of DAD and TA induced by AC. Thus,
combination treatment of Ber with Aconitum plants is a
novel strategy that has the potential for protection against
Aconite-induced myocardial injury in clinical practice.
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