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ABSTRACT

Background: Doxorubicin-induced cardiotoxicity (DIC) is a major complication of cancer
chemotherapy. Thus, developing effective myocardial protection strategies during doxorubicin
(Dox) therapy is a medical necessity.
Objectives: To evaluate and compare the cardioprotective effectiveness of free berberine (Ber)
and berberine loaded in micelles (mBer) against DIC.
Materials and methods: The study, which was conducted in 2023, employed the H9c2 cell line,
derived from embryonic cardiomyocytes, as a model. The study included a control group and six
experimental groups: the Ber-treated group, the mBer-treated group, the Dox-treated group, the
Ber-Dox combination-treated group, and the mBer-Dox combination-treated group, as well as the
void micelles-treated group. The study evaluated the alterations in several cardiotoxicity markers
with triplicate measurements: [lactate dehydrogenase (LDH), creatine kinase myocardial band
(CK-MB), and cardiac troponin I (cTn-1)], lipid peroxidation indicator (malondialdehyde (MDA),
oxidative stress markers [Reduced glutathione (GSH), catalase (CAT), and superoxide dismutase
(SOD), inflammatory cytokines (interleukin-1β (IL-1β) and interleukin-6 (IL-6)], and the activity
of the apoptosis proteins caspases 3/7.
Results: The DOX group demonstrated significant increases in cardiotoxicity enzyme indices, lipid
peroxidation, generation of free radicals, inflammatory cytokines, and caspase 3/7 activity relative
to the control group. When Ber, or mBer, was co-delivered with Dox, the levels of LDH, CK-MB,
cTn-1, and MDA significantly decreased. Whereas the activities of SOD and CAT were significantly
improved when Ber, or mBer, was co-delivered with Dox. They reduced the elevation in both IL-
β and IL-6 levels as well as the activities of caspases 3 and 7 induced by Dox. Importantly, the
utilization of the micellar formulation of Ber in conjunction with Dox significantly enhanced the
cardioprotective efficacy of Ber against DIC in H9c2 cells.
Conclusion: Our results suggest that mBer offers a novel Ber delivery approach and prospective
therapeutic strategy for the treatment of DIC.
Keywords: Berberine, Doxorubicin, Cardiotoxicity, Polymeric nanomicelle, H9c2.
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INTRODUCTION

D
espite the pervasive use of Doxorubicin (Dox) as
a chemotherapeutic agent to treat patients with a
wide variety of cancer types, the drug’s propensity
for heart problems poses a significant barrier to its

∗ Corresponding author: E-mail: noora.alyasari@qu.edu.iq
This is an open-access article under the CC BY 4.0 license

clinical application [1]. Although the precise mechanism of
DIC remains unknown, oxidative stress, apoptosis, and other
inflammatory mechanisms are believed to be involved. DIC
is also associated with disturbances in microRNA modula-
tion, iron regulatory protein, topoisomerase activity, Ca+2

homeostasis, gene expression, and structural changes in heart
muscle [2].

Oncologists and cardiologists face an ongoing problem as
they deal with the potential trade-off between mitigating Dox-
induced cardiotoxicity (DIC) through dose reduction and the
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consequent decrease in chemotherapy efficacy [3].
Dexrazoxane has been approved in many countries as a car-

dioprotective agent to reduce DIC [4]. However, its use is re-
stricted due to worries that it may impede Dox’s effectiveness,
induce suppression of bone marrow and liver toxicity, and in-
crease the risk of future malignancies [5]. Despite attempts
to reduce the DIC through the development of the liposomal
formulation of Dox, research has shown that it is just as likely
to cause cardiac events [6]. Although extensive investigations
have been done to develop an effective treatment for DIC, no
clinically approved effective treatment is presently available
[7]. Thus, combining Dox with cardioprotective agents is still
a pressing clinical necessity.

Various phytochemicals (plant-derived small molecules)
have been tested in preclinical studies and showed cadiopro-
tective effects against DIC [8]. Among such natural prod-
ucts is berberine (Ber), an active alkaloid derived from the
roots and foliage of Berberis species plants, which has vari-
ous applications [9]. A combination of in-vitro experiments
and in-vivo investigations using various animal models col-
lectively provide evidence supporting the capacity of Ber to
regulate cardiovascular functions and safeguard cardiac tis-
sues from the detrimental effects of Dox [10]. The limited
water solubility, bioavailability, and permeability across bio-
logical membranes of Ber have posed significant challenges in
its application within therapeutic contexts [11]. To maximize
Ber’s therapeutic potential, it is necessary to resolve problems
with solubility and bioavailability by creating effective dosage
forms or implementing novel drug delivery techniques.

Our hypothesis suggests that the incorporation of Ber
within the hydrophobic core of Pluronic F127 micelles may
potentially improve its solubility, stability, and ability to pass
through cellular membranes. The generated micelles have the
potential to be delivered concurrently with Dox with the ulti-
mate aim of resolving Ber solubility challenges and enhancing
the cardioprotective activity of Ber against DIC by reduc-
ing oxidative stress and mitigating inflammation and apopto-
sis that are commonly associated with Dox therapy, utilizing
the embryonic cardiomyocyte cell line H92c as a model for
the study. The primary objective of this study was to evalu-
ate and compare the cardioprotective efficacy of free Ber and
berberine encapsulated in micelles (mBer) against DIC.

MATERIALS AND METHODS

This experimental study was conducted from February to
July 2023 at the Research Institute for Biotechnology and Bio-
engineering, Isfahan University of Technology, Isfahan, Iran.

Chemicals

Supplies for cell culture, including Dulbecco’s Modified
Eagle’s Medium (DMEM), penicillin/streptomycin, ampho-
tericin B, trypsin ethylenediaminetetraacetic acid (EDTA),
sodium pyruvate, glutamine, and fetal bovine serum (FBS),
as well as chemicals of analytical grade, including Dox, Ber hy-
drochloride, and pluronic F127 were sold from Sigma Aldrich
(USA). The thin-film hydration technique was used to develop
Ber-loaded pluronic F127 nano-micelles (mBer) [12].

Tissue culture

The H9c2 rat embryonic cardiomyoblast cell line (ATCC R©
CRL-1446TM) was grown in cell culture plates with 96 wells
with a flat bottom containing DMEM medium supplemented
with 10% FBS, 1% penicillin, 10,000 international units of

streptomycin, and 25 µg of amphotericin B. In addition,
sodium pyruvate )1 mM( plus glutamine )2 mM( were added
to the culture mixture for maintenance purposes. The cells
adhered to the bottom of the wells 24 hours after being seeded
at a density of 5.0 × 103cells per well and incubated at 37oC
in an air environment containing 5% CO2.

Experimental groups

H9c2 cells were subdivided into seven treated groups based
on the received treatment, and each group was treated sep-
arately with 1 µL of Dimethylsulfoxide (DMSO) at a final
concentration of 0.5% in each well. In this study, the ex-
perimental groups included the control group, Ber-treated
group, Ber-loaded pluronic F127 micelles (mBer)-treated
group, Dox-treated group, Ber-Dox combination, and mBer-
Dox combination-treated groups at 1:1 molar ratio, as well as
the Ber-unloaded pluronic micelles-treated group (EM). All
groups received treatment and were subsequently incubated
for 48 hours. The treatment with the 1 µM concentration
of Ber or mBer and the 1 µM cardiotoxic concentration of
Dox was followed as a treatment regime for the next set of
experiments in this study.

Evaluation of the effect of mBer on the viability of
H9c2 cells treated with Dox

evaluate the preventive efficacy of Ber or mBer against
DIC, the 3–(4, 5–dimethylthiazol–2–yl)–2, 5–diphenyl–2H–
tetrazolium bromide (MTT) assay was utilized to determine
the viability of cells, which was performed in triplicate. MTT
assay works on the basis that only living cells, owing to their
active metabolism, can transform MTT into purple formazan,
which has the highest absorbance at 492 nm. The quantity
of the formed formazan is quantified spectrophotometrically,
and it is directly correlated with cell viability [13]. Briefly,
the assay was conducted by adding 10 µL of a 5 mg/ml
MTT reagent to each well containing cultured cells, followed
by a 4 hours incubation under similar conditions. After
removing the supernatant with a multichannel pipette, the
cells were lysed, and formazan crystals were fully solubilized
by adding 150 µl of DMSO and 25 µl of glycine to each well
with good mixing. A microplate (ELISA) reader was used to
compare the absorbance at 492 nm between test and control
cells to determine the percentage of cells that were inhibited,
assuming that control cells treated with the vehicle alone
would have a survival rate of 100%. The following formu-
las were used to estimate treated cells’ percentage inhibition:

Percentage of Inhibited Cells = 100 - (Absorbance of Treated
Cells / Absorbance of untreated Cells) × 100

Percentage of Cell viability =100 - Percentage of Inhibited
Cells

Estimation of cardiomyocytes toxicity

Measurement of lactate dehydrogenase (LDH)

The leakage of LDH from the H9c2 cells was used to deter-
mine the cytotoxicity. After the cells were treated and incu-
bated for 48 hours, the culture media was collected, and the
levels of LDH in a cell culture medium were measured with
the use of the LDH activity colorimetric assay kit purchased
from Thermo Fischer Scientific, USA (Cat. NO.: C20300).
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Determination of creatine kinase myocardial band
(CK-MB)

CK-MB levels were calculated in the culture medium used
to grow the cells utilizing ELISA Kit specific for this enzyme
purchased from Elabscience, China (Cat. NO.: E-EL-R1327).

Determination of Cardiac Troponin I (cTn-I) release

cTn-I was estimated in the cell culture supernatant utiliz-
ing ELISA Kit specific for this enzyme in rats purchased from
Elabscience, China (Cat. NO.: E-EL-R1253).

Evaluation of oxidative stress status

Measurement of malondialdehyde (MDA) level

MDA concentration (nmol/mg protein) was determined
colorimetrically based on its reaction with thiobarbituric acid
using the MDA Content Assay Kit (Sunlong Biotech Co.,
China, Cat. No.: AK0662-50T-48S).

Assessment of Reduced glutathione (GSH) level

GSH was assessed using the GSH Assay Kit (Sigma-Aldrich
Co., USA, Cat. No.:MAK364).

Evaluation of catalase (CAT) activity

CAT activity was quantified in accordance with the manu-
facturer’s instructions (Sunlong Biotech Co., China, Cat.No.
AK0580).

Determination of Superoxide dismutase (SOD)
activity

In accordance with the manufacturer’s guidelines (Sunlong
Biotech Co., China, Cat. No.: AK0584), the SOD activity
was measured using spectrophotometry.

Measurement of some pro-inflammatory cytokines
levels

The level of some inflammatory cytokines including
interleukin-1β (IL-1β) and interleukin-6 (IL-6) was deter-
mined in the cell culture supernatant using specific ELISA
kits purchased from Beyotime Institute of Biotechnology,
China (Cat. NO.: PI303 and PI328 for IL-1β and IL-6 re-
spectively).

Assessment of Caspase-3/7 activity in H9c2 cells

Based on the manufacturer’s instructions (Promega, USA,
Cat. No.: G8090), Caspase-Glo R© 3/7 reagent was used to
estimate the caspase 3/7 activity utilizing a GloMax R© mi-
croplate reader.

Ethical consideration

The researchers obtained ethical approval from the research
Ethical Approval Committee of the College of Veterinary
Medicine, University of Al-Qadisiyah, with document num-
ber 426 on February 5, 2023. There were neither humans
involved in this study to obtain their consent, nor animals
involved in this study.

Statistical analysis

The results obtained were statistically analyzed using
the statistical software GraphPad Prism, specifically version
9.5.0. This study’s data followed a normal distribution. A
one-way analysis of variance (ANOVA) test was used to an-
alyze the data. Subsequently, the least significant difference
(LSD) test was conducted as a post hoc analysis to ascertain
any statistically significant differences. A significance level of
P-value < 0.05 was employed to determine statistical signifi-
cance.

RESULTS

Cell viability

Cell viability after treatment with either empty micelles,
Ber, or mBer was not statistically significant (P-value > 0.05)
different from the control, demonstrating that neither poly-
meric micelles nor Ber in its free or micellar form per se pro-
duces cytotoxicity in H9c2 cells. Treatment of H9c2 cells with
a 1 µM concentration of Dox, resulted in significantly lower
viability (P-value < 0.05) compared to the control cells. Dox-
induced cell death was significantly (P-value < 0.05) miti-
gated by pretreatment with free Ber, which increased cell
viability. Our evaluation of the protective effects of mBer
against DIC in H9c2 cells revealed that the cell viability was
significantly (P-value< 0.05) greater with the mBer-Dox com-
bination compared to Ber- Dox combination (Figure 1).

Figure 1. H9c2 cell viability using the MTT reduction assay.
The data are presented in the form of a mean value standard
deviation derived from three independent trials. ns: not sta-
tistically significant (P-value > 0.05) compared to control; *:
significantly different (P-value < 0.05) compared to control;
a: significantly different (P-value < 0.05) compared to Dox;
and b: significantly different (P-value < 0.05) compared to
Ber-Dox. Em: empty blank micelles; Ber: berberine; mBer:
berberine-loaded pluronic F127 micelles; and Dox: doxoru-
bicin.
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The mBer attenuates DIC by reducing LDH,
CK-MB, and cTn-1 release

LDH, CK-MB, and cTn-1 release levels were utilized as in-
dicators of cardiomyocyte damage. The control group exhib-
ited the lowest cytotoxicity, while the Dox group exhibited the
highest release level of the markers. The release levels of the
studied markers from cells treated with either void micelles,
free Ber, or mBer were not significantly different (P-value >
0.05) from the control, indicating that these compounds do
not cause cytotoxicity in H9C2 cells. Treatment with either
free Ber or mBer in combination with Dox significantly (P-
value < 0.05) reduced Dox injury to cultured cardiomyocytes,
as evidenced by the reduced release of LDH, CK-MB, and
cTn-1 compared to Dox-treated cells. mBer was significantly
(P-value < 0.05) more effective than free Ber in this regard
(Figure 2).

The mBer mitigates the oxidative stress induced by
Dox

Afterward, the amounts of variables linked to oxidative
stress were assessed. MDA production was dramatically in-
creased by Dox treatment in the H9c2 cells, whereas Ber
co-treatment significantly (P-value < 0.05) reduced the Dox-
induced increase in MDA level. Compared to Ber-Dox-treated

Figure 2. The effects of mBer on Dox-induced cardiomyocyte
toxicity markers Leakage in H9c2 cells. Cardiotoxicity param-
eters included a: release of lactate dehydrogenase (LDH), b:
Creatine kinase myocardial band (CK-MB) leakage, and c:
Cardiac troponin I (cTn-I) release. The data are presented
as the mean value ± standard deviation based on three inde-
pendent samples. ns: not statistically significant (P-value >
0.05) versus the control; *: statistically significant (P-value
< 0.05) versus the control; a: statistically significant (P-value
< 0.05) versus Dox; and b: statistically significant (P-value
< 0.05) versus Ber-Dox. Em: empty micelles; Ber: berber-
ine; mBer: pluronic F127 micelles loaded with berberine; and
Dox: doxorubicin.

cells, mBer-Dox-treated cells demonstrated a significant re-
duction (P-value < 0.05) in MDA levels. The levels of MDA
in Em-treated cells, Ber-treated cells, and mBer-treated cells
are not significantly different from those in control-treated
cells (Figure 3a).

Moreover, anti-oxidative status in H9c2 cells was evaluated
by looking at indicators including GSH content as well as CAT
and SOD activities. GSH level and CAT and SOD activities
significantly (P-value < 0.05) declined in Dox-treated cells af-
ter 48 hours of incubation relative to the control group. In
contrast, the GSH level and CAT and SOD activities of cells
that were treated with both Dox and Ber were significantly
(P-value < 0.05) lower than those assessed in the cardiomy-
ocytes that were only treated with Dox. This demonstrates
how Ber can lessen the oxidative stress that Dox causes in
H9c2 cells. Comparing cells treated with Ber-Dox to those
treated with mBer-Dox, the levels of GSH, CAT, and SOD
activities were significantly (P-value < 0.05) greater in those
who received mBer-Dox. The studied anti-oxidant parame-
ters neither significantly (P-value < 0.05) differ between the
control and EM treated cells nor between the Ber and mBer
treated cells (Figures 3b, 3c, and 3d).

Figure 3. mBer suppresses Dox-induced oxidative stress.
The oxidative stress parameters in H9c2 cells were: a: Lipid
peroxidation indicated by malondialdehyde (MDA) level; b:
Reduced glutathione (GSH) level; c: Catalase (CAT) activity;
and d: Superoxide dismutase (SOD) (GPx) activity. Based on
triplicates, the data are shown as mean ± standard deviation.
ns: not statistically significant (P-value > 0.05) compared to
the control; *: statistically significant (P-value < 0.05) com-
pared to the control; a: statistically significant (P-value <
0.05) compared to Dox; and b: statistically significant (P-
value < 0.05) compared to Ber-Dox. Em stands for empty
micelles, Ber for berberine, mBer for pluronic F127 micelles
containing berberine, and Dox for doxorubicin.
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The mBer alleviates cardiac cytokines secretion in
Dox-treated H9c2 cells

After 48 hours of exposure to 1µM Dox, the levels of IL-
1β and IL-6 in the culture medium of Dox-treated cardiomy-
ocytes were significantly (P-value < 0.05) higher than those
of control cells. A rise in cytokines levels caused by Dox was
shown to be significantly (P-value < 0.05) lessened by com-
bining treatment with either Ber or mBer. However, combi-
nation treatment with mBer resulted in an additional signif-
icant reduction (P-value < 0.05) in cytokines than did com-
bined treatment with Ber. Again, Em, Ber, and mBer do not
have any significant (P-value > 0.05) effect on the level of the
studied cytokines that are released into the culture medium
of cardiomyocytes (Figure 4).

The mBer protects H9c2 cells from Dox-induced cell
apoptosis

Dox-treated cells exhibited fivefold more caspase 3/7 ac-
tivity than untreated control cells. Ber-Dox or mBer-Dox
significantly (P-value < 0.05) reduced caspase 3/7 activity
in H9c2 cells compared to Dox treatment alone while main-
taining apoptotic activity beyond the control level. Notably,
there is a significant (P-value < 0.05) reduction in caspase
3/7 activity in cells treated with mBer-Dox as compared to
those treated with Ber-Dox. Em, Ber, and mBer have no
discernible effect on the activity of Caspase 3/7in H9c2 cells
(Figure 5).

DISCUSSION

Cell viability

We used a concentration of 1 µM of Dox in this study
because this concentration is representative of what is seen
in human plasma after therapeutic doses of Dox have been
delivered [14]. In clinical practice, after Ber was given to pa-
tients, its maximum concentration in the plasma could reach
1 µM [15]. In accordance with this, we find that Ber at this

Figure 4. The effect of mBer on Dox-induced proinflam-
matory cytokine elevation in H9c2 cells. The studied in-
flammatory markers included a: interleukin-1β (IL-1β) and
b: interleukin-6 (IL-6). Data presented as mean ± standard
deviation based on three independent samples. ns: not statis-
tically significant compared to the control (P-value > 0.05); *:
statistically significant compared to the control; a: compared
to Dox; and b: compared to Ber-Dox (P-value < 0.05).

Figure 5. mBer inhibits Caspase 3/7 activity in Dox-treated
H9c2 cells. The presented data illustrates the mean ± stan-
dard deviation from three distinct biological replicates. The
notation ”ns” denotes no statistically significant difference
when compared to the control group, while ”*”, ”a”, and ”b”
signify significant differences in relation to the control group,
Dox and Ber-Dox, respectively (P-value < 0.05).

concentration does not display clear cellular toxicity in cul-
tured cardiomyocytes. The significant improvement in the
cardioprotective activity of mBer over the free form of Ber
reported in this study can be attributed to the ability of the
micelle to preserve insoluble hydrophobic compounds such as
Ber. Micelles’ structure and function mirror the characteris-
tics of biological transport systems [16]. Thus, loading Ber
into the amphiphilic polymeric Pluronic F127 micelle permits
the release and availability of Ber nanoparticles readily in the
treated cells. This is consistent with a previous study indi-
cating that the hypoglycemic effect of Ber can be enhanced
by using F127 micelles as a carrier [17].

LDH, CK-MB, and cTn-1 analysis in cardiomyocyte
toxicity

The elevation in the studied cardiotoxicity markers after
Dox treatment is consistent with previous research indicating
that Dox compromises the integrity of myocardial cell mem-
branes [18]. Interestingly, simultaneous treatment with free
Ber or mBer reduced LDH, CK-MB, and cTn-I release from
Dox-treated H9c2 cells. Ber’s ability to reduce the release
of cardiac LDH, CK-MB, and cTn-I might be due to Ber’s
antioxidant properties and/or interaction with cell signaling
pathways.

Antioxidative status indices

Cardiomyocytes are more susceptible to reactive oxygen
species (ROS)-induced oxidative injury due to their relatively
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lower levels of antioxidant enzymes [19]. Our findings vali-
dated that Dox exhibited a notable elevation of MDA levels
and a significant reduction in the GSH content and perfor-
mance of CAT and SOD, which unequivocally point to the
presence of severe oxidative stress, which is consistent with
previous study [20]. The treatment with Ber resulted in a
significant improvement in the studied oxidative stress param-
eters, which is consistent with prior investigations [20]. One
possible mechanism for Ber antioxidant activity is that Ber is
a type of metal chelator that can chelate transition metals, in-
cluding iron, which is particularly significant as iron has been
shown to contribute to the initiation of ROS. Thus, treatment
with Ber results in a decrease in the generation of ROS [21].
The cardioprotective properties of Ber may be attributed to
its antioxidant potential. Importantly, an enhancement in
antioxidant activity is evident in H9c2 cells receiving mBer-
Dox treatment groups in comparison to the Ber-Dox-treated
group. Our findings suggest that the incorporation of Ber
within the micelles enhances the antioxidant capacity of this
phytochemical.

Anti-inflammatory activity

Notably, the expression of inflammatory cytokines is di-
rectly induced by oxidative stress, which further escalates
inflammatory processes [22]. Dox is capable of causing sig-
nificant cardiac toxicity via stimulation of the synthesis of
multiple pro-inflammatory cytokines, such as IL 1β, and IL-6
which are involved in cardiomyocytes inflammatory damage
[23]. Therefore, prior studies have shown that reducing car-
diomyocyte mortality and cardiac dysfunction after Dox ad-
ministration is possible via the regulation of cardiac inflam-
mation [24]. The anti-inflammatory properties of Ber in car-
diac cells have been previously linked to its ability to impede
the phosphoinositide 3-kinase (PI3K)/AKT signaling path-
way. This, in turn, leads to a decrease in the release of several
pro-inflammatory cytokines, including IL-6, IL-1β, and tumor
necrosis factor (TNF-α), in cardiomyocytes [25]. The findings
suggest that Ber could have the ability to mitigate the inflam-
matory response triggered by Dox in cardiomyocytes, and this
ability was improved when Ber was loaded into pluronic mi-
celles.

Caspase 3/7 activity implies apoptosis.

Various anticancer agents, such as Dox, can induce apopto-
sis through the activation of caspases 3/7, implying either an
intrinsic or extrinsic pathway for ultimate cell death. There-
fore, evaluating caspase 3/7 may provide insights into ulti-
mate cell death regardless of the specific apoptotic mecha-
nism being used [26]. A substantial increase in caspase 3/7
activity after Dox treatment is consistent with prior reports
about Dox in cultured cardiomyocytes [27]. The antagonistic
interaction between Ber and Dox in H9c2 cells in terms of
apoptosis may be caused by a reduction in both the activity
of caspase 3/7 and reactive oxygen species in cardiomyocytes
induced by Ber treatment. This is corroborated by previous
reports that Ber treatment reduced apoptotic and oxidative
stress in response to ischemia injury by lowering caspase-3 ac-

tivity and MDA levels [28]. However, Ber or mBer co-delivery
did not completely inhibit Dox-induced caspase 3/7 activa-
tion and return to normal levels (untreated), indicating that
DIC is not completely mitigated. A possible rationale for this
occurrence is that Dox-induced caspase 3/7 activation may
involve other mechanisms that might not be fully affected by
Ber treatment at the current concentration.

One limitation of the current study is its exclusive focus
on assessing the effectiveness of the cardioprotective effect of
mBer in vitro. To validate these findings, further in vivo
studies need to be undertaken to further test this approach.
Additionally, more research is needed to determine the long-
term efficacy of mBer’s as a cardioprotective agent as part
of a Dox treatment regimen to establish the comprehensive
utility of this approach.

CONCLUSION

The present study demonstrates that the efficacy of Ber
in the treatment of cardiomyocytes exposed to Dox is im-
proved when administered in its nanomicellar formulation.
The utilization of mBer presents a more suitable option com-
pared to conventional free Ber in mitigating cardiotoxicity
and the elevated levels of oxidative stress, inflammation, and
apoptosis-inducing factors in cardiomyocytes exposed to Dox
treatment. Hence, the properties of the mBer formulation can
be harnessed as a promising protective agent against DIC.
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