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Cardioprotective Effects of Latifolin Against
Doxorubicin-Induced Cardiotoxicity by Macrophage
Polarization in Mice
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Abstract: Latifolin, one of the major flavonoids extracted from
lignum dalbergiae odoriferae, has been documented to protect the
heart from acute myocardial ischemia induced by pituitrin and iso-
proterenol in rats and has also been found to inhibit inflammation. In
this study, we aimed to investigate whether latifolin could protect the
heart from doxorubicin (DOX)-induced cardiotoxicity and elucidate
its underlying mechanisms. Male mice were treated with an intra-
peritoneal dose of DOX (20 mg/kg) plus oral latifolin at a dose of 50
or 100 mg/kg for 12 days. After exposure, we assessed cardiac
function, myocardial injury, and macrophage polarization in excised
cardiac tissue. Our results demonstrated that latifolin prevented
DOX-induced cardiac dysfunction and produced macrophage polar-
ization in mice challenged with latifolin. In cultured peritoneal mac-
rophages, latifolin significantly reduced inflammatory cytokines (P
< 0.05). Furthermore, latifolin remarkably decreased the percentage
of macrophage M1/M2 polarization (P < 0.05). The results from the
present study highlight the benefits of treatment with latifolin in
DOX-induced cardiotoxicity, and the mechanism involved in medi-
ating the polarization phenotype change of M1/M2 macrophages.
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INTRODUCTION

Doxorubicin (DOX), a broad-spectrum chemotherapeu-
tic, is one of the most preferred agents for the treatment of
various malignancies.! Regrettably, its application is limited
because of its dose-dependent and time-dependent cardiotox-
icity, leading to cardiomyopathy and heart failure.>* Heart
failure is a major health burden, affecting 40 million people
globally. The mechanism of DOX-induced cardiotoxicity is
not fully understood, but there is evidence that the mitochon-
drial dysfunction, excessive production of proinflammatory
cytokines, and cardiac membrane injuries are potentially asso-
ciated with DOX-induced pathogenesis of cardiotoxicity.*¢
Furthermore, additional reports have shown that DOX can
enhance the inflammatory responses in the myocardium by
activating expression of NF-kB, a key regulator for immune/
inflammatory responses.” Therefore, anti-inflammation strat-
egies that may relieve the cardiotoxicity exerted by DOX
have received considerable attention.

Macrophages were on behalf of immune cell in the
myocardium.® It was found that macrophages are able to
attain either M1 or M2 phenotype in the microenvironment,
with macrophages M1 and M2 playing a proinflammatory and
anti-inflammatory role, respectively. Proinflammatory macro-
phage M1 expresses inflammatory cytokines that aggravate
tissue damage, whereas anti-inflammatory macrophage, M2,
produces anti-inflammatory cytokines to facilitate tissue
repair.”!% The ratio of M1 to M2 determines inflammation
damage or tissue repair, a predictive biomarker that is gaining
increasing recognition in the field.

Traditional Chinese medicine lignum dalbergiae odor-
iferae is the dried heart wood or root of Dalbergia odorifera
T. Chen, a leguminous plant belonging to the family
Papilionaceae. It has been shown to have the functions of
removing blood stasis, regulating “qi,” and relieving pain.
Lignum dalbergiae odoriferae is primarily composed of vol-
atile oils and flavonoids. Pharmacological studies have shown
that flavonoids of lignum dalbergiae odoriferae exhibit an-
tithrombotic, anti-inflammatory, and antioxidant biological
effects.!=13 Qur previous study demonstrated that latifolin,
a flavonoid extracted from lignum dalbergiae odoriferae, ex-
erts a protective effect on acute myocardial ischemia induced
by pituitrin and isoproterenol in rats.!* It has also been
deduced that Latifolin could improve cardiac function and
reduce inflammatory cell infiltration in myocardial tissue.
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Therefore, it was further hypothesized that latifolin could
attenuate doxorubicin-induced cardiotoxicity by inhibiting
the inflammatory response and that the mechanism might be
involved in the polarization of macrophages M1 and M2. The
current study aimed to investigate this hypothesis.

MATERIAL AND METHODS

All procedures involving animals were conducted in
compliance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals. Animal care and
housing, as well as the experimental protocol conducted in
compliance with and approved by the Animal Care and Ethics
Review Committee at the Faculty of Jiangxi University of
Traditional Chinese Medicine, Nanchang, China (The
approval no. JXLLSC-2019-23).

Chemicals

Latifolin (chemical name (—)-(R)-latifolin, PubChem
No. 340211) was provided by the Jiangxi University of
Traditional Chinese Medicine (Broadwood Dalbergia was
purchased from Fangchenggang City, Guangxi Province,
China). Latifolin was isolated and prepared from the core
material of lignum dalbergiae odoriferae. The preparation
process entailed crushing lignum dalbergiae odoriferae heart-
wood and extracting with 70% ethanol by heated reflux
extraction. The extract was then concentrated and extracted
with water to make a suspension, followed by petroleum ether
extraction. The extract was then analyzed by silica gel chro-
matography. The gradient elution was carried out with petro-
leum ether-ethyl acetate as the eluent to obtain the monomeric
compound. The structure was determined by 1H-NMR, 13C-
NMR (Fig. 1A). The purity of the extract was determined to
be >95%. Latifolin samples were dissolved in dimethylsulf-
oxide (DMSO) for in vitro experiments, and DMSO were
obtained from Solarbio (Peking, China); the purity being
>99.5%, and samples were evenly dispersed in 0.5% sodium
carboxyl methyl cellulose (CMC-Na) as a suspension for in-
vivo experiments. CMC-Na were purchased from Yuanye
Biological Technology Co, Ltd (Shanghai, China), and the
degree of substitution (DS) is 0.7.

Animals and Experimental Design

Male C57BL/6 mice (10 weeks age, 25 = 2 g) were
purchased from Hunan Slac Jingda Laboratory Animal Co,
Ltd Animals were housed in cages under controlled environ-
mental conditions (24 = 2°C temperature, 50 = 5% relative
humidity, and 12 hours light/dark cycle). All animals were
fed standard laboratory diet and received water ad libitum
during the experimentation.

After acclimatization for 5 days, mice were randomly
divided into 4 groups (each composed of 16 animals). Group I
(control) orally received 0.5% CMC-Na for 12 days. Group II
(DOX) received an oral dose of 0.5% CMC-Na for 12 days
with an intraperitoneal 20 mg/kg single dose of DOX on the
fifth day. Group III (DOX + latifolin 50 mg/kg) and group IV
(DOX + latifolin 100 mg/kg) received 20 mg/kg intraperito-
neal DOX injections on the fifth day (the same dose admin-
istered to group II) plus oral latifolin at a dose of 50 or 100
mg/kg, respectively, for 12 days. After 12 days of treatment,
mice were anesthetized with 1% pentobarbital sodium (40
mg/kg) and sacrificed, following which heart tissues were
harvested.

Echocardiography

Cardiac function was tested by echocardiography
(VisualSonics Vevo2100, Ottawa, Canada) using a Vivo
Imaging System ultrasound with a 10-MHz linear array
ultrasound transducer. Mice were anesthetized with 2%
isoflurane in an oxygen mix. Both parasternal short-axis
and long-axis views were performed to assess the left
ventricle. M-mode images of the left ventricle end systole
and end diastole were recorded and then left ventricle ejection
fraction (LVEF) and left ventricle fractional shortening
(LVFS) were measured.

Analysis of LDH in Cardiac Tissues

Myocardial injury was assessed by LDH in cardiac
tissue. Using an electric homogenizer, tissue samples were
weighed and homogenized in normal saline on ice, followed
by centrifugation at 3500 rpm for 15 minutes at 4°C. The
resulting supernatants were tested with LDH assay kits
(A020-2-2; Jiancheng Bioengineering Institute, Nanjing,
China) in accordance with the providers’ manual.
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Histological Analysis

Myocardial pathological changes were evaluated by
hematoxylin and eosin staining. Excised heart samples were
collected, and cardiac tissue specimens were immediately
fixed in 4% paraformaldehyde for 24 hours, then processed
using a paraffin-embedding technique. Subsequently, 5-pwm-
thick sections were deparaffinized with xylene, stained with
hematoxylin and eosin for histopathology, and finally exam-
ined by light microscopy (Leica, Wetzlar, Germany).

Detection of M1/M2 Biomarkers in Cardiac
Tissues

M1/M2 biomarkers in the heart tissue were measured
by real-time polymerase chain reaction (RT-PCR) according
to standard protocols. In summary, heart tissues were
harvested, total RNA was extracted using Trizol reagent
(182807; Life Technologies, Carlsbad, CA), and complemen-
tary DNAs were synthesized with RevertAid First Strand
cDNA Synthesis Kit (AE311-03; TransGen Biotech, Peking,
China). The validation and optimization of the standard
curves and melting curves with every primer set were carried
out. The primers for RT-PCR are presented in Table 1.

Peritoneal Macrophage Collection and
Identification

Four days after intraperitoneal injection of 100 pg
ConA in C57BL/6 mice, peritoneal accumulational cells were
harvested from the peritoneal cavity with 5 mL of phosphate-
buffered saline and centrifuged. The cells were then washed
with phosphate-buffered saline after centrifugation. Total cell
numbers were determined, and the cells were resuspended at
a concentration of 10° cells/mL. Single-cell suspensions were
then incubated with 5 wL CD11b/c-PE (1:200, cat. no. 12-
0110-82; eBioscience) for identification using flow cytometry
(Gallios Beckman).

Analysis of Macrophage Secretome

Peritoneal macrophages were harvested and cultured in
Roswell Park Memorial Institute 1640 (RPMI 1640) medium
supplemented with 10% fetal bovine serum, and the macro-
phages were morphologically identified under a microscope
(CKX41 OLYMPUS, Tokyo, Japan). Cells were plated in 6-
well plates at a density of 1 x 10° cells and divided into the
following groups: (1) control group; (2) model group [lip-
opolysaccharides (LPS)/interferon-y (IFN-Y) stimulation]:
100 ng/mL LPS and 30 ng/mL IFN-y induced for 12 hours;
and (3) latifolin group (latifolin 1.25, 2.5, 5, 10 pg/mL):

Before LPS/IFN-y stimulation, latifolin were given for 24
hours. At the end of LPS/IFN-y stimulation, the cell super-
natant was collected and centrifuged at 3500 rpm for 10 mi-
nutes. The supernatant was analyzed to determine the level of
interleukin (IL) 6 (cat. no. RK00020;Abclonal), IL-1B (cat.
no. RK00009; Abclonal), and tumor necrosis factor oo (TNF-
o) (cat. no. RK00029;Abclonal) using an ELISA Kit. Optical
density (OD) values were determined using a microplate
reader (Spectra Max i3 Molecular Devices).

Macrophage Polarization

Peritoneal macrophages were collected from all groups.
To accomplish polarization, we used F4/80-FITC (1:200,
eBioscience, cat. no. 11-4801-81), CD16/32-PEcy7 (1:200,
eBioscience, cat. no. A14719), and CD206-APC (1:200,
eBioscience, cat. n0.17-2061-82) in a cocktail. The cells
were primarily gated with F4/80" markers for macrophages.
M1 macrophages were gated on F4/80% and CD16/32" cell
surface markers, whereas M2 macrophages were gated on F4/
80" and CD206" cell surface markers. Cells were counted
using a Gallios Flow cytometer (Beckman, NY), and data
were analyzed using Kaluza Analysis 2.0.

Statistical Analysis

All data is presented as mean = SD, and analyses were
performed with SPSS 20.0 software. The multigroup compar-
isons were conducted by a one-way analysis of variance fol-
lowed by Fisher’s least significant difference (LDS) post hoc
test. Values of P < 0.05 were considered to indicate a statis-
tically significant difference.

RESULTS

Latifolin Attenuates LDH Activity in Cardiac
Tissue

Myocardial injury was assessed by LDH in cardiac
tissue. The result showed that LDH was significantly
elevated (P < 0.01) after intraperitoneal administration of
DOX compared with the control group. However, latifolin
significantly reduced (P < 0.05) LDH levels at 100 mg/kg
compared with the DOX group (Fig. 1B). LDH results sug-
gest that latifolin has a protective effect on heart damage
caused by DOX.

Latifolin Improved Cardiac Function
Echocardiography was used to evaluate cardiac func-
tion 1 day before the animals were sacrificed. As shown in

TABLE 1. The Sequence of Primer Used in RT-PCR

Gene Name Forward Primer Reverse Primer

IL-10 AGTACAGCCGGGAAGACAAT TCTAGGAGCATGTGGCTCTG
CD206 CTGAGTGTACGCAGTGGTTG GGACTTCCTGGTAGCCAGTT
IL-4R TGGCTGCTGACCTGGAATAA TCAGCCTGGGTTCCTTGTAG
CD86 GAAAGAGGAGCAAGCAGACG TGGGTGCTTCCGTAAGTTCT
iNOS ATGCGAAAGGTCATGGCTTC CCCAAATGTGCTTGTCACCA
B-actin TGGAATCCTGTGGCATCCAT GCTAGGAGCCAGAGCAGTAA
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Figure 2, cardiac systolic and diastolic functions were high in
the control group. DOX was shown to decrease cardiac sys-
tolic function compared with the control group (Fig. 2B), as
demonstrated by significant decreases (P < 0.01) in LVEF
and LVFS. Compared with the DOX group, however, latifo-
lin (100 mg/kg) significantly improved cardiac systolic

function (Fig. 2D), whereby LVEF and LVFS having
increased significantly (P < 0.01, Figs. 2G, H).

Histological Analysis
In the control group, histological analysis of heart

tissues

revealed normal myocardial architecture with
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FIGURE 2. Echocardiography was used to evaluate cardiac function. Latifolin significantly improved cardiac function, and LVEF
and LVFS were increased significantly. A, Normal heart function of control group; (B) DOX decreased cardiac systolic function; (C)
low-dose latifolin (50 mg/kg) group; (D) high-dose latifolin (100 mg/kg) group; (E) left ventricular systolic diameter result; (F) left
ventricular diastolic diameter result. (G) left ventricular ejection fraction result; (H) left ventricular fractional shortening result. Data
were shown as mean * SD, n = 8. ##P < 0.01 versus control group, **P < 0.01 versus DOX group.
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anastomosing cardiac myofibers, and each cardiomyocyte
contained a central, oval, and euchromatic nuclei (Fig. 3A).
The DOX-treated group showed dispersed vacuoles (black
arrow) in the sarcoplasm, slight fragmentation, and degener-
ation of the myofibrillar (Fig. 3B). The histological
sections of the latifolin groups showed reorganization of myo-
cardial architecture with less vacuoles in the sarcoplasm and
myofibrillar loss (Figs. 3C, D).

Latifolin Influences Macrophage M1/M2
Polarization in Cardiac Tissue

The messenger RNA (mRNA) expression of macro-
phage M1/M2 polarized marker in cardiac tissue was detected
by RT-PCR. The results showed that the DOX group
significantly increased (P < 0.05) the expression levels of
M1 markers iNOS and CD86, whereas the M2 marker
CD206 was significantly decreased (P < 0.05), compared
with the control group. Compared with the DOX group, the
high-dose latifolin (100 mg/kg) group significantly decreased
iNOS and CD86 gene expression (P < 0.01; P < 0.05;
Figs. 4A, B) and significantly increased the expression of
CD206, IL-10, and IL-4R in myocardial tissue (P < 0.01;
Figs. 4C-E).

Peritoneal Macrophage Identification

CD11b-PE fluorescence signal was collected by flow
cytometry to identify macrophages. The results showed an
abundance of macrophages, which accounted for 90.0% of
the cell population (Fig. 5A). Macrophages (gate A) were
positive for CD11b-PE fluorescence (Fig. 5B).
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FIGURE 3. The pathological structure indicated by hematox-
ylin and eosin staining in control and different treatment
groups (hematoxylin and eosin, x200) (n = 3). A, Normal
myocardial architecture of control group. (B) The DOX group
showed vacuoles sarcoplasm, fragmentation, and degenera-
tion of the myofibrillar, nuclei fade and detachment. (C) The
latifolin (50 mg/kg) group showed mild degeneration of

myocardial tissues; (D) the latifolin (100 mg/kg) group
showed well-organized cardiac myofibers and nuclei profile.
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Latifolin Influenced Macrophage Secretome
in Vitro

The effects of latifolin on macrophage secretome were
assessed in vitro and analyzed by nzyme-linked immunosor-
bent assay. The results are shown in Figure 6. Compared with
the control group, the model group significantly increased (P
< 0.05) inflammatory cytokines IL-6, IL-1P, and TNF-
o level. However, compared with the model group, IL-6
and IL-1[ were significantly decreased in the 10 wg/mL lat-
ifolin group (P < 0.05, Figs. 6A, B). The 2.5 pg/mL latifolin
group was also shown to significantly decrease the TNF-
a level (P < 0.05; Fig. 6C).

Latifolin Modulated Macrophage Polarization
Flow cytometry was used to determine the effect of
latifolin on macrophage polarization. F4/80-FICT (M1, M2),
CD16/32-PE cy7 (M1), and CD206-APC (M2) fluorescence
signal were collected to analyze macrophage polarization. As
shown in Figure 7, the M1:M2 ratio in the model group was
significantly higher (P < 0.05) than that in the normal group.
However, the M1:M2 ratio was significantly decreased after
treatment of latifolin at 5 pg/mL (Fig. 7M; P < 0.05).

DISCUSSION

This results from this study demonstrated that latifolin,
a new flavonoid, exhibited a protective effect on myocardial
injury induced by DOX. Latifolin was shown to reduce LDH
levels in cardiac tissue and increased LVEF and LVFS. RT-
PCR was used to detect the expression of M1 and M2
markers in the tissue. It was shown that latifolin decreased the
gene expression of M1 markers iNOS and CD86 and
increased the genetic expression of M2 markers CD206, IL-
10, and IL-4R. Furthermore, our in vitro studies showed that
latifolin significantly reduced the secretion of IL-6, IL-1J,
and TNF-a in LPS + IFN-y-stimulated peritoneal macro-
phages (P < 0.05). The results from the flow cytometry
assessment showed that latifolin significantly reduced the
ratio of M1 to M2 in peritoneal macrophages.

In the first few days after DOX-induced myocardial
injury, inflammatory activity is high in the injured myocardial
tissue, and the mononuclear-macrophage system is particu-
larly active during the development and progression of
inflammation.'> Under such conditions, monocytes from
blood are recruited into the tissues and are differentiated into
macrophages. Macrophages can adopt 1 of the 2 well-
established polarized phenotypes, depending on the microen-
vironment. Polarized phenotypes are often described as clas-
sically activated macrophages (M1 macrophages) or
alternatively activated macrophages (M2 macrophages).'®
Continued dominance of M1 macrophages can obstruct tissue
regeneration and may have serious consequences such as
ventricular septal defect, infarct rupture, acute mitral regurgi-
tation, aneurysm formation, and heart failure. M2 macro-
phages reduce inflammation and support tissue
regeneration.!” It is known that the MI1/M2 macrophage
polarization balance regulates the fate of an organ in inflam-
mation or injury.!8 Jadapalli et al'® reported that the LL-DOX

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 4. The mRNA expression levels of macrophages M1/M2 polarization marker in cardiac tissue. Latifolin reduced mRNA
expression of M1 polarization marker (A) iINOS and (B) CD86 and increased mRNA expression of M2 polarization marker (C)
CD206, (D) IL-10, and (E) IL-4R. Data were shown as mean * SD, n = 3. #P < 0.05 versus control group, *P < 0.05, **P < 0.01

versus model group.

(7.5 mg/kg per week) and AH-DOX (15 mg/kg per week)
caused myocardial apoptosis and cardiac dysfunction. It has
also been shown that DOX triggers splenic contraction and
irreversible dysregulation of cyclooxygenase (COX) and lip-
oxygenase (LOX), which alter the inflammation-resolution
program in the myocardium with decreasing CD169" metal-
lophilic macrophages. Huang et al? also reported that glab-
ridin, one of the most studied licorice flavonoid, prevents

doxorubicin-induced cardiotoxicity through colonic macro-
phage polarization in mice. In this study, glabridin was shown
to decrease the ratio of M1 to M2 colonic macrophages and
also decreased the production of M1 cytokines, such as IL-13
and TNF-a, whereas increasing the production of M2 cyto-
kines, such as IL-10 and TGF-f, in the colonic macrophages
by downregulating NF-kB and upregulating STAT6. In our
current study, it was also found that latifolin significantly
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FIGURE 5. Flow cytometry identification :
of peritoneal macrophages. A, Peritoneal B
macrophages accounted for 90.0% in
the population cells. (B) Macrophages ° o
were positive for CD11b-PE A

fluorescence.
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FIGURE 6. The effects of latifolin on macrophage secretome in vitro. Latifolin reduces inflammatory cytokine (A) IL-6; (B) IL-1f;
(C) TNF-a level. Data were shown as mean * SD, n = 3. #P < 0.05 versus control, *P < 0.05 versus model group.

increased LVEF and LVFS percentages (P < 0.01) and sig-
nificantly decreased the LDH content (P < 0.05), thereby
demonstrating that latifolin can significantly improve cardiac
function and reduce myocardial damage. Moreover, we
showed that latifolin decreased the genetic expression of
M1 markers, iNOS and CD86, and increased the genetic
expression of M2 markers CD206, IL-10, and IL-4R in myo-
cardial tissue. Furthermore, flow cytometry results also
showed that latifolin can significantly reduce the ratio of
M1 to M2 of peritoneal macrophages. These results indicate
that the protective effect of latifolin on DOX-induced cardiac
injury is related to its influence on macrophage M1/M2
polarization.

The M1/M2 nomenclature originated from the cyto-
kines that are connected to these macrophage phenotypes.
Classically activated M1 macrophages are proinflammatory
and produce proinflammatory cytokines such as IL-1f, IL-6,
IL-12, IL-23, and TNF-a. Alternatively, activated M2 macro-
phages are anti-inflammatory and produce anti-inflammatory
cytokines such as IL-10 and TGF-B.° Furthermore, reports
showed that DOX also enhances inflammatory responses in
the myocardium by activating the expression of NF-kB,

570 | www.jcvp.org

which is a key regulator for immune/inflammatory responses.
DOX induces the production of cytokines, such as TNF-o and
nitric oxides, which are closely related to M1 polarization.?!
Koreachina et al?? found that latifolin played a critical role in
anti-inflammatory effects in macrophages, and it significantly
inhibited TNF-a, IL-1PBproduction in primary murine perito-
neal macrophages exposed to LPS. In our current study, it
was also found that latifolin significantly reduced the secre-
tion of IL-6, IL-1p, and TNF-o. in LPS + IFN-y—stimulated
peritoneal macrophages. It indicates that latifolin reduced
proinflammatory cytokines and blocked inflammatory re-
sponses caused by DOX.

The surface markers of M1 macrophages include
CD11b, F4/80, CD68, CD16/32, and CD86, whereas those
of M2 macrophage include CD11b, F4/80, and CD206. M1
and M2 can be transformed into each other.2?> However, there
is evidence to believe that M1 and M2 phenotypes might not
be stably differentiated subsets. In vitro assessments showed
that macrophages activated by LPS for a few hours are unable
to reactivate a large part of the proinflammatory genes.
However, they maintain the ability to stimulate the expression
of many other genes, including IL-10.2# This altered state of

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 7. The effect of latifolin on the M1 and M2 polarization of peritoneal macrophages. Latifolin decreased the M1:M2 ratio
on the concentration of 5 pg/mL. A, M1 polarization of control group; (B) M2 polarization of control group; (C) M1 polarization
of model group; (D) M2 polarization of model group; (E) M1 polarization of 10 pg/mL group; (F) M2 polarization of 10 ng/mL
group; (G) M1 polarization of 5 wg/mL group; (H) M2 polarization of 5 wg/mL group; (I) M1 polarization of 2.5 wg/mL group; (J)
M2 polarization of 2.5 pg/mL group; (K) M1 polarization of 1.25 wg/mL group; (L) M2 polarization of 1.25 wg/mL group; (M)
M1:M2 ratio. Data were shown as mean = SD, n = 3. #P < 0.05, versus control, *P < 0.05, versus model group.

reactivity, commonly described as endotoxin tolerance, re-
sults in an overall and continuous switch of the gene expres-
sion program from proinflammatory M1 signature to M2 anti-
inflammatory phenotype. Ben-Mordechai et al>® studied the
protective effects of Mesenchymal stem cells on infarct repair
mediated by macrophages. They found that the percent of M1
plus M2 was sometimes >100%, suggesting that some “inter-
mediate” macrophages expressed both M1 and M2 markers
during transition from M1 to M2. In our present study, we
found that the percentage of M1 plus M2 was about 100% in

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

the normal group, whereas the percentage of M1 plus M2 was
significantly >100% after LPS+ IFN-y stimulation. In addi-
tion, the DOX group did not significantly decrease the expres-
sion levels of the M2 marker IL-10 and IL-4R compared with
the normal group. Our results suggest that M1 and M2 phe-
notypes might not be stably differentiated and that some
“intermediate” macrophages expressed both M1 and M2
markers.

Although our data provide strong evidence that latifolin
could prevent DOX-induced cardiotoxicity by regulating M1
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and M2 polarization, there are some limitations of this study.
Although the polarization of M1 and M2 can be directly
differentiated by mononuclear macrophages, and M1 and M2
can also transform each other; it cannot be ascertained from
this study whether latifolin directly affects mononuclear
macrophages or the transformation between M1 and M2.
The mechanism through which latifolin exerts its effects on
M1 and M2 polarization is also still unclear. Further
investigations are therefore required in this area.

Collectively, the results from the current study demon-
strate the cardioprotective effects of latifolin against DOX-
induced cardiotoxicity through anti-inflammatory properties
by M1 and M2 polarization. Latifolin (100 mg/kg) not only
was effective in preventing cardiac dysfunction that was
stimulated by DOX but also provided evidence of macro-
phage polarization in mice. These findings suggest that the
benefits of using latifolin in chemotherapeutic treatments to
prevent DOX-induced cardiotoxicity, which if left unabated
could lead to serious cardiac malfunctions.
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