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Highlights
Shihu (Dendrobium huoshanense, DH) can alleviate doxorubicin-induced chronic heart failure, which is
associated with inhibition of cardiomyocyte apoptosis, myocardial fibrosis, and inflammatory factor expression.
This study provides a promising approach for the treatment of heart failure in clinics.

Traditionality
DH, also known as Mihu, is a medicinal plant commonly found in Huoshan county, Anhui province, Dabie
Mountains. Both the dry and fresh DH stems can be used as herbal medicine. It can effectively improve
immune functions, prevent cataracts, delay aging, and reduce tumorigenesis.
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Abstract
Objective: To investigate the therapeutic effect of Shihu (Dendrobium huoshanense, DH) on doxorubicin
(DOX)-induced heart failure in mice and the involved mechanisms.
Methods: Male C57BL/6 mice were randomly divided into 3 groups: Control (Ctrl) group, DOX group and
DH group. Chronic heart failure was induced by intraperitoneal injection of doxorubicin solution. Mice in
DH group were fed normal chow containing DH powder for 4 weeks. After 4-week treatment,
electrocardiograms were measured. At the end of experiment, serum and heart sample were collected for
determination of indicators for heart failure indicators. The heart tissues were conducted HE, Masson , Sirius
red staining and TUNEL staining to determine cardiac tissue morphology, fibrosis, collagen content and
apoptosis, respectively. mRNA and protein expression were determined by qRT-PCR and Western blot,
respectively.
Results: DH reduced the DOX-induced serum biomarkers (creatine kinase, aspartate aminotransferase and
lactate dehydrogenase) of heart damage and reduced heart fibrosis. Mechanically, DH inhibited myocardial
apoptosis, decreased interleukin 6 and tumor necrosis factor  levels, but increased superoxide dismutase 2
expression.
Conclusion: DH alleviates DOX-induced chronic heart failure by inhibiting inflammatory pathway and
enhancing anti-oxidative enzymes. Our study provides the potential of DH for heart failure treatment.
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Background

Doxorubicin (DOX) is an anthracycline, a typical
anticancer medicine, was first isolated from
Streptomyces peucetius in the 1960s [1]. It has been
used for treatment of epithelial tumors, such as breast,
ovarian, and small-cell lung carcinomas or of
hematologic malignant tumors, such as Hodgkin's or
non-Hodgkin's lymphoma and pediatric leukemia for
many years. However, the clinical use of DOX is
restricted due to its adverse effects that include
reduction of platelets and white blood cells, nausea,
alopecia, loss of appetite, cardiotoxicity and liver
dysfunctions. Among them, myocardial injury and
subsequent heart failure are considered as the major
side effects [2]. Heart failure is characterized by heart
injury or dysfunction and the final stage of a variety of
severe heart diseases [3]. Incidence and prevalence of
heart failure have increased year by year, and the
5-year survival rate is similar to that of malignant
tumors [4]. Therefore, it is particularly important to
develop a specific drug or strategy to prevent
DOX-induced heart disease.
Increasing evidence has demonstrated that

inflammation and oxidative stress play important roles
in the progression of DOX-induced cardiac injury and
dysfunction [5-7]. Intense inflammatory response and
imbalance of oxidative stress could mediate
cardiomyocyte apoptosis and further promote the
development of heart failure. Therefore, inhibition of
cardiomyocyte apoptosis is considered as an effective
strategy to reduce cardiotoxicity during DOX
treatment.
Shihu (Dendrobium huoshanense, DH) is a

medicinal plant commonly found in the Dabie
Mountains in Southwestern Anhui. It has been proved
that DH can regulate systemic immune functions [8],
prevent cataract [9], regulate intestinal microbial
population [10], reduce blood glucose [11] and inhibit
inflammation [12]. However, whether DH can prevent
heart failure remains unknown. In this study, we used
DOX-induced mice as the heart failure model to
explore the potential role of DH on DOX-induced
heart failure and the involved mechanisms.

Materials and methods

Chemicals and antibodies
DH was provided by Tongjisheng Biotechnology Co.
Ltd (Lu’an, Anhui, China). DOX was purchased from
MedChemExpress (NJ, USA). Rabbit anti-B-cell
lymphoma 2 (Bcl-2, 12789-1-AP), Bcl-2 associated X
protein (Bax, 50599-2-lg), forkhead box O3 (FOXO3a,
10849-1-AP) antibodies, goat anti-rabbit lgG

(H+L)-HRP (LK2001) and goat anti-mouse lgG
(H+L)-HRP (LK2003) were purchased from
Proteintech Group, Inc (Chicago, Illinois, USA).
Rabbit anti-NF-B (A16271) and SOD2 (AC026)
antibodies were purchased from Abclonal (Wuhan,
Hubei, China). Cocktail, PMSF and enhanced
chemiluminescence (ECL) kits were purchased from
Millipore (Darmstadt, Hesse-Darmstadt, Germany).
4’,6-Diamidino-2-phenylindole (DAPI) was
purchased from Santa Cruz Biotechnology (Paso
Robles, California, USA). Total RNA pure reagent
(Trizol, ZP401-2) was purchased from Beijing Zomen
Biotechnology Co. Ltd (Beijing, China). The HiScript
II Q Select RT SuperMix for qPCR, AceQ SYBR
qPCR Master Mix and TUNEL BrightRed Apoptosis
Detection Kit were purchased from Vazyme
(Piscataway, New Jersey, USA). The other reagents
were purchased from Sigma Aldrich (St. Louis,
Missouri, USA).

Animals
The animal experiment was conducted with the
approval of the Institution Animal Ethics Committee
of Hefei University of Technology, and conformed to
the Guide for the Care and Use of Laboratory Animals
published by the National Institute of Health (NIH
Publications No. 8023, revised 1978).
Male wild type (C57BL/6) mice (6~8 weeks old,

~22 g) were purchased from Beijing Vital River
Laboratory Animal Technology Co., Ltd. Mice were
kept in an air-conditioned atmosphere at 25°C for
12-12 h of light-darkness cycles, allowing free access
to food and water. Mice were acclimated to their new
surroundings for a week before the experiment.
Totally 21 C57BL/6 mice were randomly divided into
three groups by random number table method: Control
group (Ctrl, n=5), mice were fed normal chow and i.p.
injected saline once a week; DOX group (DOX, n=8),
mice were fed normal chow and i.p. injected DOX (5
mg/kg bodyweight) once a week, 4 times in total; and
DH-treated group (DH, n=8), mice were fed normal
chow containing DH powder (1.5 g/100 g food) and
also i.p. injected DOX (5 mg/kg bodyweight) once a
week, 4 times in total. All the experiments were lasted
for 4 weeks. Before the end of experiment, all mice
were conducted electrocardiography (ECG). At the
end of experiment, animals were anesthetized and
euthanized in a CO2 chamber. Blood and heart
samples were collected individually.

ECG
Mice were anaesthetized with 5% hydrated chloral,
and conducted ECG. The electrocardiogram was
recorded using the BL-420S biological signal
acquisition and analysis system (Chengdu Taimer

https://www.sciencedirect.com/topics/medicine-and-dentistry/doxorubicin
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Software Co, Ltd). Briefly, after anaesthesia, mouse
was fixed on the foam plate, silver needles were
inserted under the skin of their limbs to connect with
electrodes, and the two leads were used to collect
signals. The red electrode was connected to the upper
left limb, the yellow electrode was connected to the
right upper limb, the black electrode was connected to
the lower left limb and the green electrode was
connected to the lower right limb, then the ECG was
measured. Analysis of ECG waves was done to
calculate heart rate (beats/min), QRS duration (ms),
QT interval (Qtc, ms), which was corrected for heart
rate using the formula [Qtc = QT/(square root of RR
interval)] PR interval (ms) and P wave time (ms) [13].

Detection of the biomarkers of heart damage
The levels of creatine kinase (CK), aspartate
aminotransferase (AST) and lactate dehydrogenase
(LDH) were determined using an automatic
biochemical analyzer (Model 7020, Hitachi, Tokyo,
Japan) with serum samples (~150 μL/sample).

Hematoxylin and Eosin (HE), Sirius Red and
Masson staining
A piece of mouse heart tissue was fixed overnight in
4% formalin solution and embedded in paraffin, and
then 5-μm sections were collected [14]. HE, Masson
and Sirius Red staining of sections were conducted
according to manufacturer's instructions.

Quantitative real time PCR (qRT-PCR)
To determine mRNA expression, heart tissue (~15 mg)
was homogenized in 1 mL Trizol reagent to extract
total RNA. cDNA was synthesized using the HiScript
II Q Select RT SuperMix (+gDNA wiper) according to
manufacturer’s instructions. Quantification of mRNA
expression was then performed using the AceQ SYBR
qPCR master mix (Piscataway, New Jersey, USA) and
the primers listed in Table 1. LightCycler96 Software
(Roche, Mannheim, Baden-Württemberg, Germany)
was used to calculate the levels of gene expression
which were normalized to GAPDH.

Table 1 qRT-PCR primer sequences
Gene Forward primer sequence Reverse primer sequence
Bad CCCTTAGAACTGGAGGGAGGA GTCGCATCTGTGTTGCAGTG
Bax AGGATGCGTCCACCAAGAAG CTTGGATCCAGACAAGCAGC
Bcl-2 CTTTGAGTTCGGTGGGGTCA GCCCAGACTCATTCAACCAGA
IL-6 GAGGATACCACTCCCAACAGACC AAGTGCATCATCGTTGTTCATACA
IL-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG
GAPDH ACCCAGAAGACTGTGGATGG ACACATTGGGGGTAGGAACA
Noxa GAACGCGCCATTGAACCCAA CTTTGTCTCCAATTCTCCGG
Puma GTGTGGAGGAGGAGGAGTGG TCGGTGTCGATGTTGCTCTT
α-SMA ACTGGGACGACATGGAAAAG GTTCAGTGGTGCCTCTGTCA
SOD2 AGACACGGCTGTCAGCTTCT CTGGACAAACCTGAGCCCTA
TNF-α CGTCGTAGCAAACCACCAAG TTGAAGAGAACCTGGGAGT

Western Blot
Heart tissues (~15 mg) were homogenized in a lysis
buffer (50 mM Tris, pH 7.5, 150 mM NaCl, 1% Triton
X-100, 1% sodium deoxycholate, 1 mM PMSF, 50
mM sodium fluoride, 1 mM sodium orthovanadate, 50
μg/ml aprotinin/leupeptin). The homogenates were
centrifuged at 12,000 × g for 10 min, and the
supernatant was collected as total protein extract and
used to detect Bax, Bcl-2, FOXO3a, GAPDH, NF-B
and SOD2 expressions by Western blot as previously
described [15].

TUNEL Staining
Apoptotic cells in heart tissues were determined by
TUNEL assay kit (Vazyme, Nanjing, China) according
to the manufacturer’s instructions with tissue sections,
and the nuclei in sections were stained with DAPI
(Paso Robles, California, USA). The images were

captured using the fluorescence microscope (Leica,
Wetzlar, Hesse-Darmstadt, German). More than 5
microscopic fields (×20) of each heart tissue section
were randomly selected to calculate the number of
apoptotic cells [16].

Data Analysis
We repeated all experiments at least 3 times and
presented the representative results. Data were
presented as mean ± S.E.M. Graph Pad Prism 7.0 was
used for statistical analysis. One-way ANOVA was
used to assess the significance of these groups. For all
tests, the significant differences were considered if P
< 0.05 (n ≥ 3).

Results

DH attenuates cardiac dysfunction in
DOX-induced heart failure mice
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DOX is an antitumor drug for treatment of several
types of cancers. However, DOX also induces
cardiotoxicity, characterized by hypotension,
arrhythmia and transient depression of left ventricular
function. Myocardial toxicity of DOX greatly limits
its clinical application [17, 18]. In this study, we used
DOX-induced heart failure mice as the model to
explore the potential role of DH in heart failure as
scheduled in Figure 1A. At the 31st day of treatment,
we conducted ECG test. Mice in DOX group
demonstrated abnormal ECG, such as increased Qtc
interval, QRS interval, PR interval and P wave time.
However, DH treatment effectively improved these
indicators (Figure 1B, 1D-G). At the end of
experiment, we examined mouse heart weight and
found that DOX increased the ratio of heart weight to
bodyweight but the increase was blocked by DH
(Figure 1H). However, the heart rate was not affected
by the treatments (Figure 1C).
Serum cardiac isoenzymes CK, AST and LDH are

commonly used for clinical diagnosis of myocardial
infarction [19]. We found serum CK, AST and LDH
levels in DOX group were significantly higher than
those in Ctrl group, but were substantially reduced by
DH treatment (Figure 1I-K). These results
demonstrate that DH can reduce the risk of heart
failure in mice.

DH improves fibrosis in heart tissues
We further detected the physiological condition of
heart tissue sections to determine histopathological
alterations in response to DOX or DOX plus DH
treatment. HE staining results show normal
morphology of myocardial cells in the Ctrl group with
complete and orderly myocardial fibers and normal
myocardial interstitial. However, myocardial cells in
DOX group showed granular degeneration, widen
intermuscular plane as well as broken and
disorganized myocardial fibers. DH treatment
significantly reversed these symptoms (Figure 2A).
Masson and Sirius Red staining also show that DOX
induced collagen content and fibrosis in mouse heart
tissue, but the induction was substantially attenuated
by DH treatment (Figure 2B, C). To determine the
molecular role of DH on fibrosis, we conducted
qRT-PCR to detect fibrotic markers. We found that
DOX induced expression of α-SMA mRNA, which
was reduced by DH (Figure 2D). These results suggest
that DH can inhibit myocardial fibrosis and collagen
accumulation by decreasing α-SMA expression.

DH inhibits oxidative stress and inflammation in
heart tissue
Oxidative stress is mediated by reactive oxygen

species (ROS) and can cause contractile failure and
structural damage, which play important roles in the
pathogenesis of heart failure [20]. SOD2 is a
mitochondrial matrix enzyme that protects the
mitochondria against deleterious O2·−. FOXO3a plays
an important role in maintaining cardiac function and
antagonizing oxidative stress responses by regulating
SOD2 expression [21]. We found that the protein
levels of SOD2 and FOXO3a were reduced by DOX.
However, the reduction was substantially restored by
DH treatment (Figure 3A, B). Enhanced oxidative
stress can further promote inflammation levels. The
results of qRT-PCR showed that DH significantly
decreased the expression of inflammatory cytokines,
IL-6 and TNF-α and moderately increased the levels
of anti-inflammatory cytokine, IL-10 (Figure 3C-E).
Our results suggest that DH can enhance anti-ROS
system and inhibit inflammation pathway to prevent
cardiomyocytes toxicity in heart failure mice.

DH attenuates apoptosis of myocardial cells in
heart failure mice
Cardiomyocyte apoptosis has important
pathophysiological consequences contributing to
functional abnormalities in the myocardium [22].
TUNEL staining results show the number of apoptosis
cells was increased in DOX group compared with Ctrl
group. However, DH significantly reduced the number
of apoptosis cells in cardiomyocytes (Figure 4A, B).
As one of the tumor suppressor gene, p53 can mediate
apoptosis by transcriptionally activating proapoptotic
genes, Noxa, Puma and Bax, and repressing
expression of antiapoptotic gene, Bcl-2. We found that
DOX inhibited Bcl-2 mRNA expression (Figure 4C).
At the same time, DOX induced mRNA expression of
p53, Bax, Puma and Noxa, which were reduced by
DH (Figure 4D-G). In addition, we evaluated the
protein expression of apoptosis-related genes, Bax and
Bcl-2. As expected, DH treatment significantly
reduced expression of pro-apoptotic protein, Bax, but
increased expression of anti-apoptotic protein, Bcl-2
(Figure 4H, I). As a nuclear factor with
multifunctional transcriptional regulations, NF-B is
widely found in various tissue cells to mediate cell
transformation, proliferation, invasion, angiogenesis,
apoptosis and metastasis [23]. NF-B has been found
to promote apoptosis by activating proapoptotic
proteins, such as p53, Bax, puma, Noxa and death
receptor [24, 25]. We found that DH treatment
reduced DOX-induced NF-B protein level (Figure
4H, I). These results indicate that DH can reduce
DOX-induced apoptosis by regulating NF-B
pathway to inhibit expression of pro-apoptotic genes
and induce expression of anti-apoptotic genes

https://www.sciencedirect.com/topics/medicine-and-dentistry/isoenzyme
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Figure 1 DH attenuates cardiac dysfunctions and decreases the biomarkers of heart damage in heart failure
mice. A: modeling and administration of chronic heart failure mice; B-G: ECG on all mice was conducted and the
representative graphs were presented (B) with quantitative results of heart rate (C), QRS interval (D), Qtc interval
(E), P wave (F) and PR interval (G); H-K: at the end of experiment, mouse heart and blood samples were
collected. Heart samples were weighed and used to calculate the ratio of heart weight to bodyweight (H). Blood
was used to prepare serum, followed by determination of serum CK, AST and LDH levels (I-K). *P < 0.05, **P <
0.01, ***P < 0.001 vs. Ctrl group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. DOX group (n ≥ 3).
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Figure 2 DH improves structural damage and myocardial fibrosis in myocardial cells in DOX-treated mice.
A-C: heart tissue sections were prepared and used to conduct HE staining (A), Masson staining (B) and Sirius
Red staining (C) with quantitation of collagen content; D: mRNA levels of α-SMA in heart tissues were
determined by qRT-PCR. * P < 0.05, *** P < 0.001 vs. Ctrl group; # P < 0.05, ### P < 0.001 vs. DOX group (n ≥
3).

Figure 3 DH inhibits oxidative stress and inflammation in heart failure mice. A-C: expression of IL-6 (A),
TNF-α (B) and IL-10 (C) mRNA in mouse heart tissue were determined by qRT-PCR; D, E: expression of
FOXO3a and SOD2 protein in mouse heart tissue were determined by Western blot (D) with quantitative analysis
of band density (E); *P < 0.05, **P < 0.01, ***P < 0.001 vs. Ctrl group; #P < 0.05, ###P < 0.001 vs. DOX group (n
≥ 3).
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Figure 4 DH attenuates apoptosis of myocardial cell in heart failure mice. A-B: mouse heart sections were
conducted TUNEL staining (A) and the numbers of apoptotic cells were obtained by quantitating 5 different fields
in each section (B); C-G: mRNA levels of Bax (C), Bcl-2 (D), p53 (E), Puma (F) and Noxa (G) in heart tissues
were determined by qRT-PCR; H, I: expression of NF-B, Bax and Bcl-2 protein in mouse heart tissue were
determined by Western blot (H) with quantitative analysis of band density (I); **P < 0.01, ***P < 0.001 vs. Ctrl
group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. DOX group (n ≥ 3).
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Discussion

In this study, we show that DH can protect mice from
DOX-induced chronic heart failure with unveiled
potential mechanisms. Our results show that DH can
reduce the abnormal ECG in mice. Mechanically, DH
decreases cardiac fibrosis and myocardial cell
apoptosis by inhibiting inflammation pathway and
expression of apoptosis-related molecules while
increasing expression of antioxidant enzymes.
The mechanism of DOX-induced cardiotoxicity has

intrigued both basic and clinical investigators for
many years and is thought to be mediated by several
different cellular processes [26]. DOX causes severe
cardiotoxicity with enhanced oxidative stress in
cardiomyocytes, resulting in elevated inflammatory
cytokines. Our results demonstrate that DOX can
induce myocardial fibrosis and cardiomyocyte
apoptosis (Figure 2B, C and 4A). Therefore, it is
urgent to find a drug to alleviate the toxicity of DOX.
Traditional Chinese medicine (TCM) has the
advantage of safety and multi-targets in prevention
and treatment of heart failure [27]. Thus, treating with
TCM provides a new way for amelioration of chronic
heart failure. TCM, such as Ginseng [28], Astragalus
[29] and Aconite [30], can enhance the heart
contraction function. Salvia miltiorrhiza and safflower
[31] can dilate blood vessels, improve heart blood
supply, and reduce peripheral vascular resistance. In
addition, ginsenosides in Ginseng can prevent
ventricular remodeling, and astragaloside IV in
Astragalus can inhibit myocardial cell apoptosis [32].
The main components contained in DH are
polysaccharides and alkaloids. DH has been proved to
have a variety of biological properties, such as
immune regulation, antioxidant, neuroprotection,
lowering hyperglycemia, anti-hypertension, anti-liver
injury and anti-tumor activity. In this study, we first
revealed the therapeutic effect of DH on heart failure.
Expression of normal p53 was found to cause rapid

loss of cell viability with morphological
characteristics of apoptosis [33]. p53 is a tumor
suppressor that plays an important role in regulating
cell growth, DNA repair and apoptosis [34].
Numerous studies have shown that DOX-induced
cardiomyocyte apoptosis is associated with increased
p53 expression [17]. p53-regulated cell death pathway
has been shown to mediate acute DOX cardiotoxicity.
Our results demonstrate that DH plays an
anti-apoptotic role by increasing Bcl-2 expression and
inhibiting p53 expression (Figure 4C, E). Besides,
Bcl-2 family, such as Puma and Noxa, can also
contribute to p53-mediated apoptosis via indirect
induction of mitochondrial outer membrane

permeabilization [13]. Studies have shown that DOX
cardiotoxicity was attenuated by cardiac-specific
overexpression of anti-apoptotic protein Bcl-2 [35].
Our results also show that DH can increase Bcl-2
expression and decrease the expression of Bcl-2
family related genes Puma and Noxa (Figure 4F, G).
Additionally, one of the consequences of

DOX-induced cardiac injury is exhaustion of the
intracellular antioxidant enzymes thereby enhancing
the cardiomyocytes vulnerability to oxidative damage
[36]. FOXO3a plays a crucial role in controlling
mitochondrial metabolism and redox balance [37], and
is involved in formation of the first line to defense
against oxidative stress. Moreover, FOXO3a is a
ROS-sensitive transcription factor that regulates
expression of SOD2, catalase and glutathione
peroxidase 1. Our study demonstrates that DH may
reduce ROS levels by increasing expression of
FOXO3a and SOD2 (Figure 3A, B), another
mechanism contributing to the protecting effects of
DH.

Conclusion

In this study, we demonstrate that DH can reduce the
biomarkers of heart damage, improve heart function,
inhibit heart fibrosis and myocardial apoptosis, mainly
by reducing expression of inflammatory factors and
enhancing anti-oxidative enzymes. Collectively, these
results suggest that DH might be a promising herbal
medicine for treatment of heart failure in clinic.
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