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 Background: Acute heart failure (AHF) usually requires urgent therapy. Myocardial damage, oxidative stress, and inflam-
mation are major components in the pathology of AHF. This study was designed to investigate the effects of 
chrysophanol on AHF.

 Material/Methods: Sprague-Dawley rats were injected with isoprenaline hydrochloride to construct AHF rat models. AHF rats were 
treated with normal saline (negative control), chrysophanol, the combination of chrysophanol and SP600125, or 
benazepril (positive control) using sham rats as blank controls. Echocardiography, histological staining, and en-
zyme activity analysis were performed to assess the heart functions and myocardial damage. Effects on apop-
tosis, oxidative stress (OS), and inflammation were evaluated by biochemical analysis, TUNEL staining, and 
ELISA.

 Results: Chrysophanol improved the parameters of cardiac functions and alleviated the myocardial damage accompa-
nied by the reduction of creatine kinase and lactate dehydrogenase activity. Meanwhile, chrysophanol inhibit-
ed the myocardial apoptosis along with the upregulation of Bcl-2 and downregulation of Bax and cleaved cas-
pase-3. AHF-induced abnormal changes of OS parameters (MDA, GPx, CAT, SOD) and inflammatory markers 
(IL-6, IL-1b, TNF-a, IFN-g) were alleviated by chrysophanol. Benazepril treatment showed similar results with 
chrysophanol, while the addition of SP600125 enhanced the chrysophanol-mediated protection effects in AHF 
rats. Western blot analysis demonstrated that chrysophanol inhibited the phosphorylation of JNK1/2 and its 
upstream/downstream factors.

 Conclusions: Chrysophanol improved cardiac functions and protected against myocardial damage, apoptosis, OS, and inflam-
mation by inhibiting activation of the JNK1/2 pathway in AHF rat models. These finding indicate that chryso-
phanol may be a promising approach for treatment of AHF.
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Background

Acute heart failure (AHF) is broadly defined as a gradual or rap-
id change in signs and symptoms of heart failure, resulting in a 
need for urgent therapy [1]. It is often a potentially life-threat-
ening condition, associated with high mortality and morbidity 
rates [2]. Notably, AHF usually leads to repeated hospitaliza-
tions, emerging as a significant and growing health care prob-
lem worldwide [3]. The predominate therapeutic strategy for 
AHF is mostly symptomatic, centered on use of decongestive 
drugs, mainly diuretics supplemented by vasodilators or ino-
tropes [4]. Although existing treatments substantially improve 
the clinical course and prognosis of AHF patients, treatment 
has not changed in recent decades, with no treatments show-
ing improvement in outcomes [5]. As a consequence, there is 
an urgent need to discover novel therapeutic drugs and to un-
derstand the molecular mechanisms of drug action in AHF to 
improve long-term outcomes.

AHF can be caused by a variety of different pathophysiological 
mechanisms [6]. In addition to the abnormal hemodynamics of 
AHF patients, the myocardial injury is related to a decrease in 
coronary perfusion and/or further activation of neurohormones 
and renal dysfunction, which probably contributes to short-
term and post-discharge cardiac events in AHF patients [7]. In 
addition, numerous heart failure studies have suggested that 
inflammatory and immune system activation are associated 
with the pathogenesis and outcome of AHF [8–10]. AHF thera-
py should not only to improve symptoms and hemodynamics, 
but also prevent myocardial damage, modulate neurohormonal 
and inflammatory activation, and improve renal function [11].

Chrysophanol, a member of the anthraquinone family, is a 
plant-derived herbal drug that is well known for its strong 
anti-inflammatory, anti-mutagenic, anti-microbial, hepato-
protective, and anti-carcinogenic activities [12,13]. Emerging 
evidence demonstrates that chrysophanol can alleviate the 
development of cardiovascular complications, such as dia-
betic cardiomyopathy [14], doxorubicin-induced cardiotoxic-
ity [15], and isoproterenol-induced cardiac hypertrophy [16]. 
These pre-clinical studies have suggested the potential thera-
peutic value of chrysophanol in treating cardiac disease. More 
importantly, chrysophanol is reported to have protective ef-
fects against diabetic myocardial injury [17]. Thus, we hypoth-
esized that the anti-inflammatory and myocardial-protective 
activities of chrysophanol could be applied in AHF treatment. 
To the best of our knowledge, the present study is the first 
to demonstrate the effects of chrysophanol on progression of 
AHF. This study was designed to elucidate the underlying ef-
fects of chrysophanol on AHF rats and to explore its molecu-
lar mechanisms of action.

Material	and	Methods

Animal	and	treatments

The protocol for this study was approved by Ethics Committee 
of Inner Mongolia Medical University Affiliated Hospital. All 
animal experiments were conducted in accordance with NIH 
guidelines (Guide for the Care and Use of Laboratory Animals). 
Fifty male Sprague-Dawley (SD) rats (weighing 200±20 g) were 
purchased from the Shanghai National Center for Laboratory 
Animals (Shanghai, China) and housed in a specific-patho-
gen-free, temperature- (25±2°C) and humidity-controlled en-
vironment (60±5% humidity) with a 12-h light/dark cycle and 
a standard diet.

All rats were randomly assigned to receive the isoprenaline hy-
drochloride (ISO) injection or equivalent saline (sham group, 
n=10). The rats were injected subcutaneously in the right thigh 
with ISO dissolved in 0.9% normal saline (85 mg/kg of body 
weight) for 2 consecutive days, at an interval of 24 h, to in-
duce AHF. Real-time echocardiography was performed to eval-
uate the successful construction of the AHF model. Rats whose 
maximum rate of rise of left ventricular pressure (+LVdP/dtmax) 
decreased to less than 2/3 of the normal value and maintained 
for more than 5 min without ascending tendency were diag-
nosed with AHF. Then, the rats in the sham group were treat-
ed with normal saline and the AHF rats were randomly di-
vided into 4 groups (each group, n=10) and intraperitoneally 
injected for 4 weeks with chrysophanol (0.1 mg/kg/day, Seebio 
Biotech, China), the chrysophanol (0.1 mg/kg/day) combined 
with SP600125 (50 mg/kg/day, Sigma-Aldrich, USA), benaz-
epril (10 mg/kg/day, Novartis Pharma, China), or normal sa-
line (AHF group). Benazepril was used as a positive control for 
intervention. After 4 weeks of treatment, rats were anesthe-
tized or sacrificed under approved protocols, then the blood 
samples and myocardial tissues were collected and stored at 
-80°C until later use.

Cardiac	functions	examination

Rats were anesthetized with 1.5-2% isoflurane under approved 
protocols, and echocardiography of the heart was performed 
to evaluate the cardiac functions of rats. Left ventricular peak 
systolic pressure (LVPSP), left ventricular end-diastolic pres-
sure (LVEDP), and maximum rate of rise and fall of left ven-
tricular pressure (+LVdP/dtmax and –LVdP/dtmax) were calculat-
ed and recorded.

Tissue	harvesting	and	hematoxylin	and	eosin	(H&E)	
staining

Rats were sacrificed using CO2 under approved protocols, and a 
sample of left ventricular (LV) myocardial tissue was obtained for 
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subsequent experiments. Tissues were fixed with paraformal-
dehyde (4%) for 2 h, embedded in paraffin for sectioning, and 
cut to 5-μm thickness. Then, paraffin-embedded sections were 
stained with H&E according to the standard protocol. Cross-
sectional areas of cardiomyocytes were calculated using Cell^A 
software (Olympus Soft Imaging Solutions GmbH, Germany) 
under a microscope (Olympus Deutschland GmbH, Germany).

Enzyme	activity	and	biochemical	analysis	of	myocardial	
tissues

Activity analysis of creatine kinase-myoglobin (CK-MB) and lac-
tate dehydrogenase (LDH) in myocardial tissues was performed 
using the commercially available Creatine Kinase Activity Assay 
Kit and LDH Assay Kit (Abcam, USA) according to the manu-
facturer’s instructions. We used the Malondialdehyde (MDA) 
Assay Kit, Glutathione Peroxidase (GPx) Assay Kit, Catalase (CAT) 
Activity Assay Kit, and Superoxide Dismutase (SOD) Activity 
Assay Kit purchased from Abcam to measure the levels of MDA, 
GPx, CAT, and SOD, following the manufacturer’s instructions.

Terminal	deoxynucleotidyl	transferase	dUTP	nick-end	
labeling	(TUNEL)	staining

Myocardial cell apoptosis was measured by TUNEL assay us-
ing a commercially available In Situ Cell Death Detection Kit 
(Roche Diagnostics, Germany). Briefly, paraffin-embedded sec-
tions were deparaffinized in xylene and rehydrated in grad-
ed alcohol, followed by incubation with 3% H2O2 for 10 min 
to block endogenous peroxidase activity. Then, sections were 
pretreated with proteinase K for 20 min at room temperature 
and labeled with TdT (50 μl) and biotinylated dUTP (450 μl) fol-
lowed by treatment with TUNEL reagent (50 μl). Washed sec-
tions were incubated with peroxidase-labeled streptavidin for 
30 min and then stained with diaminobenzidine (DAB). Finally, 
sections were counterstained with hematoxylin and visual-
ized under a light microscope (Olympus Deutschland GmbH, 
Germany). The TUNEL-positive cells were counted using ImageJ 
software (National Institutes of Health, USA).

Western blotting assay

Western blotting was performed following the standard pro-
tocol. Total protein was extract from myocardial tissues us-
ing RIPA lysis buffer (ThermoFisher Scientific, Wilmington, 
USA). Equal amounts of proteins (20 µg) of each sample were 
loaded on 5–12% SDS-polyacrylamide gel for electrophoresis. 
Then, the proteins were transferred to a polyvinylidene fluo-
ride (PVDF) membrane. PVDF membranes were blocked with 
5% skim milk for 1 h at room temperature and probed over-
night at 4°C with antibodies against Bcl-2 (dilution 1/2000), 
Bax (dilution 1/2000), p38 (dilution 1/2000), phospho-p38 
(p-p38, dilution 1/1000), ERK1/2 (dilution 1/1000), p-ERK1/2 

(dilution 1/1000), JNK1/2 (dilution 1/1000), p-JNK1/2 (dilution 
1/1000), MEKK1 (dilution 1/1000), p-MEKK1 (dilution 1/1000), 
MEK4 (dilution 1/1000), p-MEK4 (dilution 1/1000), c-Jun (di-
lution 1/1000), p-c-Jun (dilution 1/1000), or GADPH (dilu-
tion 1/1000). Corresponding HRP-conjugated IgG antibodies 
were used as a secondary antibody and incubated for 1 h at 
room temperature. Finally, the signals were developed with a 
SuperSignal Protein Detection kit (Pierce Biotechnology, USA). 
Band intensity was quantified subsequent to normalization 
with the density of GAPDH using ImageJ software (National 
Institutes of Health, USA).

Enzyme-linked	immunosorbent	assay	(ELISA)

Rats were sacrificed under approved protocols and blood was 
obtained by cardiac puncture. The serum levels of interleu-
kin-6 (IL-6), IL-1b, tumor necrosis factor-a (TNF-a), and inter-
feron-g (IFN-g) were analyzed by ELISA. ELISA was performed 
in accordance with the standard protocol using the commer-
cial assay kits from R&D Systems. We used the Mouse IL-6 
Quantikine ELISA Kit, Mouse IL-1 beta/IL-1F2 Quantikine ELISA 
Kit, Mouse TNF-alpha Quantikine ELISA Kit, and Mouse IFN-
gamma Quantikine ELISA Kit.

Statistical	analysis

Data are expressed as mean±standard error of mean (SEM) 
of at least 3 separate experiments. The statistical differences 
among multi-groups were analyzed by one-way ANOVA with 
Dunn’s least significant difference tests. The statistical analy-
sis was performed by GraphPad PRISM (version 7.0; GraphPad 
Software, USA). Differences between groups were considered 
significant at p<0.05.

Results

Chrysophanol	improved	the	cardiac	functions	in	AHF	rats

As shown in Figure 1, the LVPSP, +LVdP/dtmax and –LVdP/dtmax 
of AHF rats were significantly decreased compared with that of 
sham rats, while LVEDP showed the opposite result, indicating 
the impairment of heart function in AHF rats. As expected, both 
chrysophanol and benazepril obviously enhanced the LVPSP, 
+LVdP/dtmax, and –LVdP/dtmax of AHF rats (Figure 1A, 1C, 1D) and 
reduced the LVEDP (Figure 1B), compared with the untreated 
AHF rats. These results demonstrated that chrysophanol im-
proved the heart functions in AHF rats. Notably, SP600125 (a 
JNK inhibitor) showed a synergistic effect with chrysophanol, 
which further enhanced the chrysophanol-induced protective 
effects on heart function in AHF rats (Figure 1). Taken togeth-
er, these results showed that chrysophanol could significant-
ly improve the heart functions of AHF rats.
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Chrysophanol	alleviated	the	myocardial	damage	in	AHF	
rats

As shown in Figure 2A, AHF rats showed obvious myocardi-
al damage accompanied by increased cross-sectional area of 
cardiomyocytes compared with the sham group. Notably, both 
chrysophanol and benazepril obviously inhibited the cross-sec-
tional area of cardiomyocytes compared to AHF rats without 
treatments. SP600125 further decreased the chrysophanol-in-
duced reduction of the cross-sectional area of cardiomyocytes.

With regard to the CK-MB and LDH activity, we observed that 
the increases of CK-MB and LDH activity in AHF rats were both 
significantly reduced by the chrysophanol and benazepril treat-
ment (Figure 2B, 2C). In addition, the chrysophanol-induced re-
duction of CK-MB and LDH activity was obviously suppressed 
by SP600125 compared with AHF rats treated with chrysoph-
anol (Figure 2B, 2C). Taken together, these results showed that 
the myocardial damage of AHF rats was alleviated by chryso-
phanol treatment.

Chrysophanol	inhibited	myocardial	apoptosis	in	AHF	rats

Figure 3A and 3B show that the numbers of TUNEL-positive 
cells were significantly increased in the AHF rats, along with 
Bax and cleaved caspase-3 upregulation and Bcl-2 downreg-
ulation, compared with the sham group, which was obvious-
ly reversed by the chrysophanol and benazepril treatment. 
Moreover, SP600125 combined with chrysophanol treatment 
further decreased numbers of TUNEL-positive cells and the ex-
pression levels of Bax and cleaved caspase-3, but increased 
the expression levels of Bcl-2, compared with chrysophanol 
alone treatment (Figure 3A, 3B). Taken together, these results 
show that the chrysophanol treatment significantly inhibited 
myocardial apoptosis in AHF rats.

Chrysophanol	alleviated	oxidative	stress	in	AHF	rats

The MDA was enhanced in the AHF rats (Figure 4A), while the 
activity of GPx (Figure 4B), CAT (Figure 4C), and SOD (Figure 4D) 
were decreased compared to the sham group. Furthermore, 
the changes in MDA, GPx activity, CAT, and SOD were all 
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Figure 1.  Chrysophanol improved the heart functions in AHF rats. AHF rat models were constructed using Sprague-Dawley rats that 
then received different treatments. Echocardiography of the heart was performed to evaluate the heart functions. (A) Left 
ventricular peak systolic pressure; (B) Left ventricular end-diastolic pressure; (C) Maximum rate of rise of left ventricular 
pressure; (D) Maximum rate of fall of left ventricular pressure. Each experiment was repeated 3 times. Data are expressed 
as mean±SEM. * p<0.05, ** p<0.01 vs. sham; # p<0.05, ## p<0.01 vs. AHF; $ p<0.05, $$ p<0.01 vs. AHF+CHR. AHF – acute heart 
failure; CHR – chrysophanol; SP – SP600125; Be – benazepril.
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reversed by chrysophanol or benazepril treatment. The addi-
tion of SP600125 in chrysophanol further promoted the im-
provement of chrysophanol in OS (Figure 4). Taken together, 
these results showed that treatment with chrysophanol alle-
viated OS in AHF rats.

Chrysophanol	alleviated	inflammation	in	AHF	rats

As shown in Figure 5A, the level of IL-6 was significantly en-
hanced in AHF rats, which was reversed by the chrysophanol 
or benazepril treatment. SP600125 facilitated the chrysopha-
nol-induced reduction of IL-6 levels (Figure 5A). Not surprising-
ly, the levels of IL-1b (Figure 5B), TNF-a (Figure 5C) and IFN-g 
(Figure 5D) showed change trends totally consistent with the 
results of IL-6 after corresponding treatment. Overall, the results 
showed that chrysophanol alleviated inflammation in AHF rats.

Chrysophanol	inhibited	the	activation	of	JNK1/2	pathway

The results demonstrated that the phosphorylation of p38, 
ERK1/2, and JNK1/2 were all increased in the AHF rats com-
pared with the sham control rats (Figure 6A). The chrysoph-
anol treatment had no effect on the phosphorylation of p38 
and ERK1/2, but it inhibited the phosphorylation of JNK1/2. 
The addition of SP600125 to chrysophanol inhibited the phos-
phorylation of p38, ERK1/2, and JNK1/2 compared with chryso-
phanol treatment alone. Meanwhile, the benazepril treatment 
significantly supressed the phosphorylation of p38, ERK1/2, 
and JNK1/2 in AHF rats. To further verify the effects of chryso-
phanol on the JNK1/2 pathway, we assessed the protein ex-
pression of its upstream and downstream factors. As expect-
ed, chrysophanol inhibited the phosphorylation of MEKK1, 
MEK4 (upstream factors), and c-Jun (downstream factor) in 
AHF model rats (Figure 6B). The phosphorylation of c-Jun was 
further suppressed by SP600125. Overall, the results showed 
that chrysophanol inhibited activation of the JNK1/2 pathway.
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Figure 2.  Chrysophanol improved the myocardial damage in AHF rats. After various treatments, rats were sacrificed and myocardial 
tissues were obtained. (A) Hematoxylin and eosin staining was performed to evaluate the pathological damage and cross-
sectional areas of cardiomyocyte were calculated. Scale bar: 100 μm. (B) Creatine kinase-myoglobin (CK-MB) activity and 
(C) lactate dehydrogenase (LDH) activity analysis in myocardial tissues was assessed using commercially available kits. Each 
experiment was repeated 3 times. Data are expressed as mean±SEM. * p<0.05, ** p<0.01 vs. sham; # p<0.05, ## p<0.01 vs. 
AHF; $ p<0.05, $$ p<0.01 vs. AHF+CHR. AHF – acute heart failure; CHR – chrysophanol; SP – SP600125; Be – benazepril.
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Discussion

AHF is recognized as an important public health problem with 
significant morbidity and mortality [18]. Rapid and sustained 
relief of AHF symptoms and signs remains an important goal 
of treatment [19]. Chrysophanol, a natural anthraquinone 
compound isolated from rhubarb, plays an important role in 
protecting against the inflammatory response, cerebral isch-
emia/reperfusion, diabetes, and lung and hepatic injury [20–22]. 
Chrysophanol has strong anti-inflammatory activity, and has 
been preliminarily demonstrated to protect against cardiac 
injury [14,16]. However, there has been little research on use 
of chrysophanol in cardiac disease, and further detailed veri-
fication is still needed. To date, the direct effects of chrysoph-
anol on AHF have not been extensively explored. The present 
study was designed to evaluate the effects of chrysophanol 
on cardiac functions, myocardial damage, myocardial apopto-
sis, OS, and inflammation in AHF rats, to provide an alterna-
tive choice for AHF treatment.

AHF mostly occurs secondary to rapid deterioration in cardi-
ac function due to myocardial damage, infarction, or severe 
myocarditis [23]. During the AHF event, the decreased cardi-
ac function can lead to increased LV filling pressures and in-
creased cardiac pre- and after-loads [24]. Thus, the improve-
ment of cardiac function may provide greater clinical benefit 
for patients with AHF. The present study assessed the effects 
of chrysophanol on cardiac function, showing that chrysopha-
nol increased LVPSP and ±LVdP/dtmax and reduced LVEDP in AHF 
rats. Hemodynamics are important indicators of cardiac func-
tion, among them, LVSP and +LVdp/dtmax reflect myocardial con-
tractile function, while LVEDP and –LVdp/dtmax reflect myocar-
dial relaxation [25]. Our results suggest that chrysophanol has 
positive inotropic effects and enhances the systolic function of 
LV. Consistent with our finding, Yuan et al. also demonstrated 
that chrysophanol ameliorated the abnormal changes in car-
diac structure and function in rats [16]. In addition to chryso-
phanol, other anthraquinone compounds with anti-inflamma-
tory properties, such as kanglexin, aloe-emodin, and diacerein, 
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also improve cardiac function by reducing the inflammatory 
response after myocardial injury [26–28]. The protective role 
of chrysophanol is further supported by the above evidence.

Myocardial damage secondary to an episode of acute decom-
pensation is a major component in the pathology of AHF [29]. 
Generally, pathological changes are visible and have a unique di-
agnostic significance in heart failure. Therefore, it is important to 
measure the myocardial damage related to the AHF episode [28]. 
Histological analysis revealed that chrysophanol relieved the path-
ological injury of myocardial tissue, which is further supported 
by the chrysophanol-induced reduction of CK-MB and LDH ac-
tivity. In fact, CK-MB and LDH are traditional markers of myocar-
dial damage in both pathological and physiological conditions, 
and CK-MB is more specific for myocardial damage [30]. Thus, 
the reduction of CK-MB and LDH activity provides sufficient ev-
idence that chrysophanol ameliorates myocardial damage, and 
we explored how chrysophanol protects cardiac function in AHF.

Previous studies demonstrated that an early and persistent ac-
tivation of myocardial apoptosis, OS, and inflammation con-
tributes to the progression of heart failure [31–33]. OS induces 

myocardial apoptosis, activates redox-sensitive transcription 
factors, and induces transcription of proinflammatory cytokine 
(TNF-a and IL-6), eventually resulting in heart failure [34,35]. 
Therapeutic approaches targeting OS and inflammatory cas-
cades have shown promise in patients with heart failure [36]. 
Chrysophanol treatment decreased the number of TUNEL-positive 
cells in AHF rats, indicating the inhibition of myocardial apopto-
sis. Meanwhile, chrysophanol treatment upregulated Bcl-2 ex-
pression and downregulated Bax and cleaved caspase-3 expres-
sion. As is well known, Bcl-2 functions as an anti-apoptotic gene, 
while Bax is a pro-apoptotic gene [37]. In turn, Bax leads to ac-
tivation of the caspase cascade by release of cytochrome c [38]. 
More importantly, recent studies demonstrated that aberrant ex-
pression of Bax, Bcl-2, and cleaved caspase-3 can contribute to 
progression of heart failure [31]. Therefore, we concluded that 
chrysophanol suppressed myocardial apoptosis by regulating 
apoptosis-related genes and blocking caspase activation cas-
cades, and it in turn plays a role in cardioprotection. Additionally, 
AHF-induced abnormal changes of OS parameters (MDA, GPx, 
CAT, SOD) and inflammatory markers (IL-6, IL-1b, TNF-a, IFN-g) 
were alleviated by chrysophanol. Actually, broad evidence shows 
the strong anti-oxidant stress and anti-inflammatory activity of 
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Figure 4.  Chrysophanol alleviated the oxidative stress in AHF rats. After various treatment, rats were sacrificed and myocardial tissues 
were obtained. (A) MDA, (B) GPx, (C) CAT Activity, and (D) SOD Activity were detected. Each experiment was repeated 3 
times. Data are expressed as mean±SEM. * p<0.05, ** p<0.01 vs. sham; # p<0.05, ## p<0.01 vs. AHF; $ p<0.05, $$ p<0.01 
vs. AHF+CHR. AHF – acute heart failure; CHR – chrysophanol; SP – SP600125; Be – benazepril; MDA – malondialdehyde; 
GPx – glutathione peroxidase; CAT – catalase; SOD – superoxide dismutase.
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chrysophanol in various diseases [39,40]. For example, chryso-
phanol attenuates OS injury and inflammation in cerebral isch-
emia/reperfusion [41,42]. Additionally, chrysophanol relieves 
cognitive deficits and neuronal loss through inhibiting inflam-
mation in diabetic mice [43]. Overall, chrysophanol shows prom-
ising anti-apoptosis, anti-oxidant stress, and anti-inflammatory 
activity in the inhibition of AHF progression.

Benazepril, an angiotensin-converting enzyme inhibitor, has 
been proved to be efficacious and safe in the management 
of congestive heart failure and chronic renal failure [44,45]. 
Hence, benazepril was selected as a positive control to chryso-
phanol, considering its clear utility in treatment of heart fail-
ure. Fortunately, the present study demonstrated that chryso-
phanol treatment showed similar cardioprotective effects with 
benazepril, showing that chrysophanol has the potential to be 
an effective alternative treatment for AHF.

Interestingly, we found that SP600125 facilitated the function 
of chrysophanol. SP600125, an anthrapyrazolone inhibitor of 
JNK, is widely used to inhibit JNK-mediated Bax activation and 
cell apoptosis [46]. Thus, we speculated that chrysophanol acts 

through the JNK1/2 pathway. Western blot analysis showed that 
chrysophanol inhibited the phosphorylation of JNK1/2, but did 
not affect the phosphorylation of p38 and ERK1/2. This means 
that chrysophanol can suppress activation of the JNK1/2 path-
way, which could by also explained by the enhancement effects 
induced by SP600125. The activation of JNK is mediated by the 
phosphorylation of upstream MEK4/7, and MEK activation is reg-
ulated by the phosphorylation of upstream MEKK1 [47]. Activated 
JNK induces the activation of c-Jun [48,49], and the continuous 
expression of c-Jun is related to the differentiation and apopto-
sis of cardiomyocytes [50]. Therefore, we further analyzed the 
expression of the upstream factors MEKK1 and MEK4, as well 
as the downstream factor c-Jun of JNK. As expected, we found 
that the phosphorylation of MEKK1, MEK4 (upstream factors) 
and c-Jun (downstream factor) was also inhibited by chrysopha-
nol, supporting the above hypothesis. In addition, the anthrapyr-
azolone inhibitor of JNK (SP600125) only suppressed the phos-
phorylation of c-Jun, but not the upstream factors, which further 
supports that chrysophanol suppresses activation of the JNK1/2 
pathway. Coincidentally, multiple anthrapyrazolone compounds, 
such as emodin and SP60012, play a protective role by the inhi-
bition of JNK1/2 [51,52]. The present study did not explore the 
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Figure 5.  Chrysophanol alleviated the inflammation in AHF rats. After various treatment, rats were sacrificed and blood samples were 
collected. (A) IL-6, (B) IL-1b, (C) TNF-a, and (D) IFN-g levels were analyzed by ELISA. Each experiment was repeated 3 times. 
Data are expressed as mean±SEM. * p<0.05, ** p<0.01 vs. sham; # p<0.05, ## p<0.01 vs. AHF; $ p<0.05, $$ p<0.01 vs. AHF+CHR. 
AHF – acute heart failure; CHR – chrysophanol; SP – SP600125; Be – benazepril; IL-6 – interleukin-6; IL-1b – interleukin-1b; 
TNF-a – tumor necrosis factor-a; IFN-g – interferon-g.
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Figure 6.  (A, B) Chrysophanol inhibited the activation of JNK1/2 pathway. After various treatments, rats were sacrificed and myocardial 
tissues were collected to isolate proteins. The expression levels of protein related the MAPK pathway were determined 
by western blot. Each experiment was repeated 3 times. Data are expressed as mean±SEM. * p<0.05, ** p<0.01 vs. sham; 
# p<0.05, ## p<0.01 vs. AHF; $ p<0.05, $$ p<0.01 vs. AHF+CHR. AHF – acute heart failure; CHR – chrysophanol; SP – SP600125; 
Be – benazepril.

relationship between chrysophanol and p38 or ERK1/2, but that 
does not mean that there is no association among them. Further 
research is needed on the mechanism of action of chrysophanol.

Conclusions

In the present study, we found that chrysophanol improved 
cardiac functions and protects against myocardial damage, 

myocardial apoptosis, OS, and inflammation in AHF rats. 
Furthermore, we proposed a potential mechanism by which 
chrysophanol exerts a protective effect by inhibiting activation 
of the JNK1/2 pathway. These findings indicate that chryso-
phanol may be a promising approach for treatment of AHF. 
An improved understanding of the molecular mechanism in-
volved could facilitate a therapeutic shift toward molecular 
targets that could alter the course of AHF.
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