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	 Background:	 Chinese hawthorn (Crataegus pinnatifida) fruit is a traditional Chinese medicine for treatment of digestive sys-
tem and cardiovascular diseases. The fruit contains polyphenol compounds, such as epicatechin, that have 
anti-inflammatory activity. This study aimed to investigate the effects of an alcohol extract of hawthorn fruit 
(HAE) on inflammation and oxidative stress in rats with doxorubicin-induced chronic heart failure (CHF).

	 Material/Methods:	 Rats were intraperitoneally injected with doxorubicin to induce CHF and subsequently treated with HAE intra-
gastrically once daily for 6 weeks. At the end of the experiment, echocardiographic and hemodynamic parame-
ters were assessed, and enzyme-linked immunoassays were used to detect the levels of cardiac injury markers 
(brain natriuretic peptide, creatine kinase-MB, aspartate aminotransferase, lactate dehydrogenase, copeptin, 
and adrenomedullin), oxidative stress markers (glutathione peroxidase and malondialdehyde), and inflamma-
tory cytokines (interleukin [IL]-6, IL-8, IL-1b, and tumor necrosis factor-a). The IL-1b, IL-6, glutathione peroxi-
dase-1, and catalase mRNA levels were also measured by quantitative real-time polymerase chain reaction.

	 Results:	 Our findings indicated that HAE exerts a cardioprotective effect, as shown by improved echocardiographic 
and hemodynamic parameters, decreased activity of serum myocardial enzymes, reduced serum levels of CHF 
markers, and inhibited inflammatory response in cardiac tissue. In addition, HAE treatment downregulated the 
mRNA expression of IL-1b and tumor necrosis factor-a and upregulated the mRNA expression of glutathione 
peroxidase-1 and catalase compared with untreated doxorubicin-induced CHF rats.

	 Conclusions:	 HAE shows promise for the prevention and treatment of CHF. The cardioprotective effect of HAE appears to be 
related to inhibition of both the inflammatory response and oxidative stress in vivo.
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Background

Chronic heart failure (CHF) is a common cardiovascular dis-
ease caused by myocardial infarction, and it has high mortal-
ity and morbidity [1]. Clinically, the major manifestations of 
CHF include decreased cardiac output, increased atrial natri-
uretic peptide gene expression, and ventricular dilation [2,3]. 
Doxorubicin (DOX) is an antitumor drug that is widely used 
in the treatment of various cancers, including malignant lym-
phomas, acute leukemia, ovarian cancer, and lung cancer [4]. 
However, the clinical utility of DOX is restricted because the 
drug is associated with a high incidence of heart failure and 
cumulative cardiotoxicity [5]. Irreversible heart failure and 
cardiomyopathy are the main manifestations of DOX-induced 
cardiotoxicity, although the pathophysiology of DOX-induced 
cardiotoxicity is multifactorial and has not been complete-
ly clarified [6]. However, oxidative stress is a predominantly 
suspected mechanism underlying DOX-induced heart failure, 
and various other mechanisms, including myofibril degenera-
tion, mitochondrial dysfunction, inflammatory response, and 
cardiomyocyte apoptosis, are also considered to be impor-
tant [7,8]. Among these, inflammatory responses play a vital 
role in myocardial damage. Although inflammatory reactions 
are indispensable for normal tissue reconstruction, ongoing 
inflammation can exacerbate left ventricular dysfunction, cell 
proliferation, and cardiac hypertrophy [9,10]. Therefore, it is 
necessary to better understand the etiopathogenesis of CHF 
and to explore novel therapeutic strategies that are safe and 
effective. Some reports have demonstrated that anti-inflam-
matory and antioxidant active ingredients could help achieve 
the latter purpose [11,12].

Traditional Chinese medicines may be safe and effective in 
treating CHF. One possibility is Chinese hawthorn (Crataegus 
pinnatifida), which has been used as a traditional medicine 
since the Middle Ages and is used in food and medicine world-
wide [13]. Extracts from the fruits, flowers, or leaves of haw-
thorn have been widely used to treat various diseases, including 
congestive heart failure, indigestion, hypertension, atheroscle-
rosis, and myocardial dysfunction [14]. The main active com-
pounds from hawthorn fruits are polyphenols, such as epicat-
echin, isoquercitrin, hyperoside, procyanidin, and chlorogenic 
acid [15,16]. Some reports have also indicated that hawthorn 
has antioxidant properties [17] and can exert anti-inflamma-
tory [18], antihyperglycemic [19], and gastroprotective ef-
fects [17]. Moreover, clinical trials have indicated that haw-
thorn extracts are safe and possess a beneficial effect in heart 
failure patients [20]. Such extracts may be effective against 
DOX-induced CHF, but it is unknown whether the anti-inflam-
matory effects attributed to them can alleviate DOX-induced 
cardiotoxicity. This study aimed to investigate the effects of an 
alcohol extract of hawthorn fruit (HAE) on inflammation and 
oxidative stress in rats with DOX-induced CHF.

Material and Methods

Reagents and Materials

Enzyme-linked immunosorbent assay (ELISA) kits for measure-
ment of inflammatory cytokines and antioxidant enzymes were 
purchased from Nanjing Jiancheng Bioengineering (Nanjing, 
China). Chlorogenic acid, neochlorogenic acid, caffeic acid, 
epicatechin, quercetin, and DOX were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Other reagents were obtained 
from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China).

Plant material and extraction

Hawthorn fruits were collected in October 2019, in Xi’an (Shanxi 
Province, China). After being air-dried, the fruits were milled 
into a powder. The extraction process was conducted accord-
ing to a previous study with minor modifications [21]. Briefly, 
hawthorn powder (500 g) was extracted with 70% ethanol 
(2×300 mL) for 30 min. The extract was filtered, combined, 
and concentrated under vacuum at 40°C to obtain 100 mL of 
the aqueous phase. After the aqueous phase was extracted 
with petroleum ether (2×100 mL), the petroleum ether layer 
was discarded, and the water layer was collected and concen-
trated under vacuum at 40°C to obtain HAE.

High-performance liquid chromatography (HPLC) analysis 
of HAE

The polyphenolic compounds of HAE were quantified using an 
Agilent 1260 system. Polyphenolic constituents were separat-
ed on a Welch ultimate XB-C18 column (150×4.6 mm, 5 μm). 
Gradient elution was carried out by a mixture of 0.1% formic 
acid in acetonitrile (A) and 0.1% formic acid in water (B), and 
the following linear gradient was applied: 0% A (0 min) to 40% 
A (25 min). The detection wavelength was set to 254 nm, and 
the flow rate was 0.85 mL/min.

Animals

All experimental protocols involving animals were approved 
by the Shenzhen University and performed in accordance with 
the guidelines of the Care and Use of Laboratory Animals. Male 
Wistar rats, 8-10 weeks of age and weighing 180–210 g, were 
obtained from the Experimental Animal Center of Guangdong 
Province. The animals were housed in a temperature-controlled 
animal laboratory (22–24°C) with a 12-h dark-light cycle. All rats 
had ad libitum access to tap water and a standard chow diet.

Induction of heart failure and experimental protocol

All rats were allowed to acclimatize for 7 days before the start 
of the experiments. Animals were randomly divided into 4 
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experimental groups (n=8 per group): the control group received 
tap water every day via gavage; the CHF group received DOX 
(2.5 mg/kg body weight every second day for 6 doses) by in-
traperitoneal injection to establish the heart failure model and 
received tap water every day via gavage; the CHF+LHAE group 
received DOX (2.5 mg/kg body weight every second day for 6 
doses) by intraperitoneal injection and received low HAE (100 
mg/kg body weight) every day via gavage; and the CHF+HHAE 
group received DOX (2.5 mg/kg body weight every second day 
for 6 doses) by intraperitoneal injection and received high HAE 
(200 mg/kg body weight) every day via gavage. All treatments 
were intragastrically administered for 6 weeks. HAE dosages 
were based on a previous study [22].

Hemodynamic measurements

After the last HAE treatment, all rats were anesthetized with 
sodium pentobarbital (30 mg/kg) by intraperitoneal injection. 
A catheter with a micro pressure sensor (Aerospace Medical 
Engineering Research Institute, Beijing, China) was inserted 
into the right carotid artery and advanced to the left ventri-
cle to measure left ventricular pressure changes. After 5 min, 
left ventricular end-systolic pressure (LVESP), left ventricular 
end-diastolic pressure (LVEDP), and left ventricular pressure 
(±dP/dtmax) were analyzed by Spectrum software.

Echocardiographic measurements

All rats were anesthetized with sodium pentobarbital (30 mg/
kg) by intraperitoneal injections. Then, a Siemens ACUSON 
Sequoia 512 (Siemens, Munich, Germany) was used to assess 
echocardiographic parameters. The left ventricular end-diastol-
ic diameter (LVEDD) and the left ventricular end-systolic diam-
eter (LVESD) were measured, and the results were calculated 
by the ultrasound system.

Measurement of CHF markers

After echocardiographic measurements, blood samples were col-
lected from the abdominal aorta and centrifuged at 1500×g for 
15 min to obtain serum. Markers of CHF, including brain natri-
uretic peptide (BNP), aspartate aminotransferase (AST), lactate 

dehydrogenase (LDH), creatine kinase-MB (CK-MB), and adre-
nomedullin and copeptin levels, were measured with ELISA kits 
(Jiancheng Bioengineering, Nanjing, China). All test procedures 
were carried out according to the manufacturer’s protocols.

Histopathological analysis

All rats were euthanized by an intravenous injection of potas-
sium chloride. The heart tissues were immediately removed, 
cleaned, and weighed. Left ventricle specimens were fixed in 
10% formalin and embedded in paraffin. The paraffin-embed-
ded tissues were cut into 5-μm thickness, and sections were 
stained with hematoxylin and eosin and examined under a 
light microscope (Olympus America Inc, Melville, NY, USA).

Measurement of cardiac inflammatory cytokines and 
oxidative stress

Heart tissues were homogenized using a homogenizer, and the 
homogenate was centrifuged at 4000×g for 15 min to obtain 
a supernatant. Measurement of the levels of glutathione per-
oxidase (GSH-Px), malondialdehyde (MDA), interleukin (IL)-1b, 
tumor necrosis factor-a (TNF-a), IL-6, IL-8, and total protein 
was performed with commercial kits (Jiancheng Bioengineering, 
Nanjing, China). All test procedures were carried out accord-
ing to the manufacturer’s protocols.

Quantitative real-time polymerase chain reaction

Total RNA was extracted and purified from the heart tissues 
using the TRIzol reagent (Invitrogen, USA) according to the 
manufacturer’s guidelines. cDNA synthesis was carried out 
using SuperScript II Reverse Transcriptase (Invitrogen, USA). 
Then, quantitative real-time polymerase chain reaction (qRT-
PCR) was carried out with an ABI ViiA 7 Dx instrument (Applied 
Biosystems, USA) using the SYBR Green qPCR Master Mix 
(Thermo Fisher, USA). The qRT-PCR was conducted in dupli-
cate, and the results were quantified using the 2–DDCt meth-
od and normalized to GAPDH. Primers are shown in Table 1.

Genes Forward primer Reverse primer

IL-6 5’-TGGTGATAAATCCCGATGAAG-3’ 5’-GGCACTGAAACTCCTGGTCT-3’

IL-1b 5’-GCCGATGGTCCCAATTACAT-3’ 5’-ACAAGACCTGCCGGAAGCT-3’

GPX-1 5’-TGAGAAGTGCGAGGTGAATG-3’ 5’-CGGGGACCAAATGATGTACT-3’

CAT 5’-CCTCAGAAACCCGATGTCCTG-3’ 5’-GTCAAAGTGTGCCATCTCGTCG-3’

GAPDH 5’-CAACTTTGGCATTGTGGAAGG-3’ 5’-ACACATTGGGGGTAGGAACAC-3’

Table 1. Primer sequences for quantitative real-time RNA analysis.
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Data statistics and analysis

Results are expressed as the means±standard deviation (SD). 
Statistical comparisons between groups were conducted using 
1-way analysis of variance followed by Tukey’s multiple com-
parison test. Statistical analysis was carried out with GraphPad 
Prism software (GraphPad Software, Inc., CA, USA), and P<0.05 
was considered statistically significant.

Results

HPLC analysis of polyphenolic compounds in HAE

Major polyphenolic compounds were first quantified to stan-
dardize the HAE. As shown in Table 2, 5 polyphenolic com-
pounds (chlorogenic acid, neochlorogenic acid, caffeic acid, 
epicatechin, and quercetin) in HAE were measured by HPLC. 
In addition, the amounts of chlorogenic acid, neochlorogenic 
acid, caffeic acid, epicatechin, and quercetin were 16.77, 12.97, 
0.46, 32.71, and 2.3 mg/g, respectively.

HAE improved DOX-induced loss of cardiac function in CHF 
rats

As shown in Figure 1, DOX treatment decreased LVESP and 
±dP/dtmax level and increased the LVEDP level compared with 
the control group (P<0.01). However, these hemodynamic pa-
rameters were improved in HAE-treated CHF rats compared 
with CHF rats (P<0.01).

As shown in Figure 2, DOX treatment significantly increased 
LVEDD and LVESD levels compared with the control group 
(P<0.01). However, these echocardiographic parameters were 
decreased in HAE-treated CHF rats compared with the CHF 
rats (P<0.01).

HAE suppressed DOX-induced cardiotoxicity in CHF rats

As shown in Figure 3, DOX treatment significantly increased the 
BNP, CK-MB, AST, and LDH levels compared with the control 

group (P<0.01). However, HAE treatment decreased these cardi-
ac injury markers relative to the CHF group (P<0.01). As shown 
in Figure 4A and 4B, DOX treatment significantly increased the 
copeptin and adrenomedullin levels compared with the con-
trol group (P<0.01). However, HAE treatment decreased these 
cardiac injury markers compared with the CHF group (P<0.01).

Histopathological study

Histopathological assessment of cardiac tissue was performed 
to further verify the cardiotoxicity caused by DOX. As shown 
in Figure 4C, cardiac muscle in the control group had nor-
mal myocardium architecture and regular cell distribution. 
However, cardiac muscle in the DOX group had obvious myo-
cardial degeneration in the form of infiltration of inflammato-
ry cells and disordered muscle fibers in the myocardial struc-
ture. Interestingly, treatment with HHAE attenuated infiltration 
of inflammatory cells and the disrupted myocardial structure 
in DOX-induced CHF.

HAE treatment inhibited the DOX-induced inflammatory 
response

As shown in Figure 5, DOX treatment was associated with in-
creased IL-6, IL-8, IL-1b, and TNF-a in the myocardial tissue 
relative to the control group (P<0.01). However, HAE treatment 
decreased those pro-inflammatory markers compared with 
the CHF group (P<0.01). These findings indicate that HAE in-
hibited the DOX-induced inflammatory response in CHF rats.

HAE inhibited DOX-induced oxidative stress

As shown in Figure 6, DOX treatment decreased cardiac GSH-
Px activity and increased cardiac MDA content compared with 
the control group (P<0.01). HAE treatment improved GSH-Px 
activity and decreased MDA content compared with the CHF 
group (P<0.01). These findings indicate that HAE inhibited 
DOX-induced oxidative stress in CHF rats.

Effect of HAE on interleukin and antioxidant enzyme 
mRNA levels

As shown in Figure 7, DOX treatment upregulated mRNA ex-
pression levels of IL-6 and IL-1b and downregulated mRNA ex-
pression levels of catalase (CAT) and glutathione peroxidase-1 
(GPX-1) compared with the control group (P<0.01). However, 
HAE treatment downregulated mRNA expression levels of IL-6 
and IL-1b and upregulated mRNA expression levels of CAT and 
GPX-1 compared with the CHF group (P<0.01).

Component Content (mg/g extract)

Chlorogenic acid 	 16.77±0.13

Neochlorogenic acid 	 12.97±0.17

Caffeic acid 	 0.46±0.06

Epicatechin 	 32.71±0.11

Quercetin 	 2.3±0.07

Table 2. �Determination of representative polyphenolic 
compounds in hawthorn extract.
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Discussion

In the present study, our findings indicated that HAE has car-
dioprotective effects in DOX-induced CHF rats through alle-
viation of oxidative stress and inhibition of inflammatory re-
sponses. DOX-induced CHF was evaluated by hemodynamic 

parameters, as well as echocardiographic parameters, cardi-
ac injury markers, and histological studies of cardiac tissue. 
Abnormal hemodynamic parameters and echocardiography pa-
rameters reflected the attenuation of left ventricular function 
and the presence of arrhythmias, and these changes were con-
sistent with previous reports [12]. Additionally, DOX-induced 
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Figure 1. �(A–D) The effects of HAE on hemodynamic parameters (LVESP, ±dP/dtmax, and LVEDP) in doxorubicin-evoked CHF in rats. 
Results are expressed as the means±SD (n=8). # P<0.01 versus the control group; * P<0.05 and ** P<0.01 versus the CHF 
group. CHF – chronic heart failure; HAE – alcohol extract of hawthorn (Crataegus pinnatifida) fruit; LVEDP – left ventricular 
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myocardial damage was further confirmed by increased lev-
els of cardiac injury markers. Such markers, including CK-MB, 
BNP, LDH, and AST, are used for monitoring and diagnosing 
CHF [12,23]. Previous reports indicated that the copeptin level 
is a predictor of mortality and cardiac decompensation in out-
patients with CHF [24]. Adrenomedullin is another biomarker 
with similar prognostic potential for CHF, and patients with 
CHF have been found to exhibit higher adrenomedullin levels 
in the blood compared with healthy people [25].

In the present study, the levels of CK-MB, BNP, LDH, AST, adre-
nomedullin, and copeptin were higher in the CHF group than 
in the control group, indicating the progression of the path-
ological process. These findings are consistent with previous 
reports [12,26]. DOX induced infiltration of inflammatory cells 
and disordered muscle fibers in the myocardial structure in 
the current study, and similar histopathological changes were 
reported in a previous study [27]. Treatment with HAE ame-
liorated changes in DOX-induced hemodynamic parameters 
and echocardiography parameters and suppressed elevations 
of cardiac injury markers. Furthermore, hematoxylin and eo-
sin staining of tissue sections showed that HAE ameliorated 
DOX-induced lesions. These results indicate that HAE exerted 
a cardioprotective effect in DOX-induced CHF.

DOX and other anthracycline compounds are known to induce 
cardiac dysfunction. DOX is efficacious and widely used in che-
motherapy; however, heart failure and cardiac toxicity asso-
ciated with its use remain major limiting factors in its clini-
cal application [28]. Therefore, developing a novel therapeutic 
strategy is urgently needed. Both lipid peroxidation products 
and oxidative stress are hallmarks of DOX-induced cardiomy-
opathy [29]. In addition, because cardiolipin has a high affin-
ity for DOX, treatment with the drug leads to reactive oxygen 
species being generated in the cardiac mitochondria [30]. To 
address these problems, treatment strategies should include 
administering products with antioxidant activities. Our findings 
indicated that DOX induced an increase in MDA content and a 
decrease in GSH-Px enzyme activity, which was also demon-
strated in a previous report showing that DOX provoked car-
diac toxicity via disruption of the balance between antioxidant 
enzyme activity and reactive oxygen species [31]. A previous 
study showed that HAE had antioxidant activity in the context 
of high-salt-induced hypertension [32]. Consistent with these 
results, our findings showed an obvious decline in MDA con-
tent and enhanced GSH-Px enzyme activity after treatment with 
HAE. Our findings also imply that administering HAE might ex-
ert an antioxidant activity that would be of significant value 
in the treatment of DOX-induced cardiac toxicity.
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Figure 3. �The effects of HAE on serum BNP (A), CK-MB (B), AST (C), and LDH (D) levels in doxorubicin-evoked CHF in rats. Results 
are expressed as the means±SD (n=8). # P<0.01 versus the control group; * P<0.05 and ** P<0.01 versus the CHF group. 
AST – aspartate aminotransferase; BNP – brain natriuretic peptide; CHF – chronic heart failure; CK-MB – creatine kinase-MB; 
HAE – alcohol extract of hawthorn (Crataegus pinnatifida) fruit; LDH – lactate dehydrogenase.
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rats in doxorubicin-induced CHF. Heart tissues were examined by hematoxylin and eosin staining using light microscopy 
(×100). Scale bar=100 μm. Results are expressed as the means±SD (n=8). # P<0.01 versus the control group; * P<0.05 and 
** P<0.01 versus the CHF group. CHF – chronic heart failure; HAE – alcohol extract of hawthorn (Crataegus pinnatifida) fruit.
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Inflammatory cytokines were also assessed in DOX-induced 
CHF rats because inflammation is another primary factor in 
the etiopathogenesis of CHF. As suggested in previous stud-
ies, the inhibition of inflammation may alleviate DOX-related 
cardiotoxicity [11,33]. Furthermore, some studies have indi-
cated that inflammatory factors are involved in DOX-induced 
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Figure 6. �Effects of HAE on heart tissue levels of GSH-Px (A) and MDA (B) in doxorubicin-induced CHF in rats. Results are expressed 
as the means±SD (n=8). # P<0.01 versus the control group; * P<0.05 and ** P<0.01 versus the CHF group. CHF – chronic 
heart failure; GSH-Px – glutathione peroxidase; HAE – alcohol extract of hawthorn (Crataegus pinnatifida) fruit; 
MDA – malondialdehyde.
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Figure 7. �Effects of HAE on mRNA expression of IL-6 (A), IL-1b (B), CAT (C), and GPX-1 (D) in doxorubicin-induced CHF in rats. 
Results are expressed as the means±SD (n=6). # P<0.01 versus the control group; * P<0.05 and ** P<0.01 versus the 
CHF group. CAT – catalase; CHF – chronic heart failure; HAE – alcohol extract of hawthorn (Crataegus pinnatifida) fruit; 
GPX-1 – glutathione peroxidase-1; IL – interleukin.

cardiotoxicity [34,35]. Clinical findings have revealed that the 
overexpression of both IL-6 and TNF-a contribute to the pro-
gression of CHF [36]. In addition, increased expression and se-
cretion of inflammatory factors, including IL-6, IL-10, and TNF-a, 
have been observed in failing myocardium and in plasma [37]. 
Moreover, previous reports have indicated the importance of 
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inhibiting the expression of pro-inflammatory factors, includ-
ing IL-1b and TNF-a, in alleviating DOX-induced CHF [33,38]. In 
the current study, DOX-induced cardiotoxicity was associated 
with increased IL-1b, TNF-a, IL-6, and IL-8 levels as well as in-
creased IL-1b and IL-6 mRNA expression, indicating increased 
inflammatory responses. Interestingly, HAE treatment inhib-
ited the inflammatory responses as shown by reduced levels 
of IL-1b, TNF-a, IL-6, and IL-8 as well as decreased expression 
of IL-1b and IL-6. We suggest that these findings support the 
hypothesis that HAE exerts satisfactory anti-inflammatory ef-
fects. Our findings are also consistent with a previous report 
that an alcohol extract of hawthorn fruit reduced isoprotere-
nol-induced inflammation in rats [39].

Epicatechin and other polyphenolic compounds are widely 
present in nature. They are major components of various me-
dicinal plants and have been demonstrated to have cardiopro-
tective effects [40–42]. In our study, chemical characterization 
by HPLC indicated the presence of polyphenolic compounds 

in HAE, with the main ones being epicatechin and chlorogen-
ic acid (Table 2). We therefore speculate that these polyphe-
nolics are, to a certain degree, responsible for the cardiopro-
tective effects of HAE.

Conclusions

Our findings indicated for the first time that HAE alleviates 
the progression of DOX-induced CHF in rats. The results im-
ply that the cardioprotective activity of HAE may be associ-
ated with its antioxidant and anti-inflammatory effects. HAE 
could be a potential therapeutic agent for the prevention and 
treatment of CHF, but its cardioprotective activity needs to be 
validated in clinical trials.
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