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ABSTRACT 

Background: Doxorubicin (DOX) is commonly used for treatment of 

hematologic and solid malignancies but its dose related cardiotoxicity limits its 

use.  Therefore, this study aims to evaluate the possible protective effect of 

Hypericum perforatum (HP) against doxorubicin cardiotoxicity. 

Methods: Rats were allocated into 4 groups: GI: received normal saline i.p.; 

GII: received DOX (15 mg/kg; single i.p. injection); GIII: received HP 125 

mg/kg/day p.o for 3 weeks + DOX; GIV: received HP 250 mg/kg/day p.o. for 

3 weeks+ DOX.  

ECG was performed then the animals were sacrificed. Sera were collected for 

estimation of LDH, CK-MB and cTnT. Hearts were isolated for 

histopathological examination and determination of APN, adiponectin receptor 

1, adiponectin receptor 2, AMPKα1, AMPKα2, GSH, and MDA. SOD and 

catalase activities besides, the gene expression of BCL2, Bax and caspase 3 

were also determined. 

Results: Dox induced bradycardia, widening of QRS complex and 

prolongation of PR intervals, increased serum LDH, CK-MB and cTnT, and 

promoted cardiomyocyte inflammation and apoptosis. Additionally, Dox 

increased Bax and caspase 3, while decreasing  BCL2 gene expression. 

Meanwhile, cardiac GSH, SOD, CAT, and GPx were decreased along with 

elevation of MDA. Furthermore, Dox decreased cardiac Adiponectin (APN), 

adiponectin receptor 1, adiponectin receptor 2, AMPKα1 and AMPKα2 gene 

expression. On the other hand, pretreatment with HP improved all the 

aforementioned parameters in a dose dependent fashion, with amelioration of 

cardiomyocyte inflammation and apoptosis compared with DOX group. 

Conclusions: HP protects against DOX cardiotoxicity via enhancement of 

cardiac adiponectin-AMPK signaling. 

Key words: Adiponectin; Apoptosis; Cardiotoxicity; Doxorubicin; Hypericum 

perforatum.  

Abbreviation: Hypericum perforatum (HP); Doxorubicin (DOX), 

Intraperitoneal (i.p.); Lactate dehydrogenase (LDH); Creatine kinase-MB 

(CK-MB); Cardiac troponin T (cTnT); Reduced glutathione (GSH); 

Malondialdhyde (MDA); Superoxide dismutase (SOD); Catalase (CAT) 

activities ; Adiponectin (APN). St. John’s wort.  

 

INTRODUCTION 

oxorubicin (DOX) is an anthracycline 

chemotherapeutic drug that is commonly used 

for treatment of hematologic and solid malignancies 

[1]. In spite of the effectiveness of DOX in treating 

cancer, its therapeutic use is limited due to its 

associated cardiotoxicity [2]. Therefore, preventive 

measures are needed to mitigate DOX- induced 

cardiotoxicity and to enhance its safety in cancer 

treatment. One of the mechanisms by which DOX 

induces cardiomyocyte injury is the excessive 

generation of intracellular reactive oxygen species 
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(ROS) that overwhelm myocardium antioxidant 

capacity. Additionally, DOX can promote 

myocardial apoptosis [3, 4].  

On the other hand, adiponectin (APN) is an 

adipokine released by adipocytes with its anti-

inflammatory, antioxidant, and anti-fibrotic 

properties [5]. APN expression was identified in the 

myocardium. and it was reported to have 

cardiovascular protective effects [6, 7, 8]. In addition 

to APN ability to diminish oxidative stress, it can 

attenuate DOX- induced apoptosis and increase the 

cell survival [9, 10, 11]. Konishi et al. [12] found that 

the APN mitigated the DOX-induced myocardial 

fibrosis and apoptosis via modulation of adenosine 

monophosphate-activated protein kinase (AMPK) 

signaling.  

Hypericum perforatum (HP), also known as St. 

John’s wort, is a herbal medication with strong 

antidepressant properties. HP was evidenced to be 

effective in alleviating anxiety and moderate 

depression [13]. It has been demonstrated that HP has 

antioxidant properties [14]. In addition, it has been 

suggested to possess analgesic, anti-inflammatory, 

antimicrobial and antiviral activities [15]. Many 

studies showed that HP could be useful to treat 

obesity, insulin resistance [16, 17], periodontitis 

[18], nephrotoxicity [19] and diabetic nephropathy 

[20]. Researchers showed that HP increased the 

expression of adiponectin (APN) in adipocytes. The 

HP infusion enhanced APN levels in obese rats [21]. 

Yet, it is not evidenced if HP can modulate APN 

expression in the cardiomyocyte. Therefore, aim of 

the current investigation is to assess any potential 

protective effects of HP in the rat model of DOX- 

associated cardiotoxicity through modulating the 

cardiac adiponectin-AMPK signaling. 

Materials and Methods 

Animals 

Twenty four adult male Wistar albino rats weighing 

200– 250gm were utilized in the present 

investigation.  They were brought from Faculty of 

Veterinary Medicine, Zagazig University, Egypt. 

The rats were kept in a room temperature (22 ± 2C) 

and humidity (48% relative humidity). The animals 

were fed commercial pelleted rat chow and tap water 

ad libitum. The study was approved by the 

institutional research board of the faculty of 

Medicine, Zagazig University, which follows the US 

National Institutes of Health guidelines for animal 

care.  

Experimental design and dosing protocol 

   After acclimatization, the animals were randomly 

divided into four groups consisting of 6 rats each: GI: 

normal control group: the rats received a single dose 

of isotonic saline by i.p. injection. GII: DOX treated 

rats: the rats received a single dose of doxorubicin 15 

mg/kg dissolved in normal saline i.p. [22]. GIII: (HP 

125+DOX): HP pretreatment at a dose of 125 

mg/kg/day; p.o. for 3 weeks + DOX (15 mg/kg; a 

single i.p. injection). GIV: (HP 250+DOX): HP 

pretreatment at a dose of 250 mg/kg/day; p.o.; for 3 

weeks + DOX (15 mg/kg; a single i.p. injection). 

Doses of HP (ATOS Pharma, ARE) were chosen 

based on previous study [23]. HP was given for 3 

weeks then DOX (Kyowa Hakko Kogyo Co. Ltd 

.Tokyo, Japan) was given. HP was then continued 

for another 3 days. At the end of experimental period, 

ECG was recorded; sera were collected for 

determination of total lactate dehydrogenase (LDH), 

creatine kinase- myocardial fraction (CK-MB) and 

cardiac Troponin T (cTnT). After scarification, the 

hearts were immediately separated to prepare 

specimens from the cardiac walls. One half of the 

specimens from all groups were fixed immediately 

in a10% neutral-buffered formalin solution and 

processed for histopathological examination. The 

second half was kept at -80˚C for myocardial tissue 

parameters estimations. 

E.C.G. recording 

  The animals were put in a supine position on heated 

pads after being anesthetized with urethane (1.2 

g/kg). Subcutaneous electrodes were placed into the 

left hind limb, left forelimb, and right forelimb in that 

order to record ECGs. Meanwhile, the needle 

electrode was placed into the right forelimb to 

records the lead II ECG [24]. 

Biochemical parameters 

   LDH activity was measured colorimetrically by 

kits obtained from Sigma-Aldrich. cTnT was 

determined using Elecsys, electrochemiluminiscence 

(ECLIA) sandwich immunoassay (Roche 

Diagnostics). Additionally, serum CK-MB was 

estimated by the Elecsys CK-MB (Roche 

Diagnostics). 

Histopathological Examination. 

   The heart tissue was fixed in formalin10% for 24 

hours, and then embedded in paraffin. After that, 5 

um-thick slices were stained with hematoxylin and 

eosin for light microscope examination [25]. 

Myocardial tissue parameters 
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    The rat hearts were homogenized in 100 mM tris–

HCl (pH 7.4), and then were centrifuged at 10,000 × 

g at 4 ◦C to separate the homogenate. The supernatant 

was used for evaluation of reduced glutathione 

(GSH), superoxide dismutase (SOD) activity, 

catalase activity (CAT), glutathione peroxidase 

(Gpx) and malondialdhyde (MDA) levels, while the 

residue was used for the analysis of adiponectin 

(APN), adiponectin receptor 1 , adiponectin receptor 

2 , AMPKα1, AMPKα2, BCL2, Bax, caspase 3 gene 

expression. 

Determination of oxidant/anti-oxidant status: 

   Myocardial GSH, SOD, CAT, Gpx and MDA were 

determined by colorimetric assay kits 

(Biodiagnostic, Cairo, Egypt), according to the 

manufacturer's guidelines.  

Gene expression analysis 

RNA extraction and quantitative real- time PCR 

      RNA extraction kits (RNeasy FFPE Kit, Qiagen) 

were used for extraction of total RNA from 

myocardial tissue homogenate. cDNA was 

synthesized from mRNA using reverse transcription 

kits (Reverse Transcriptase Master Mix, Roche 

Diagnostics) following the manufacturer's protocol.  

The expression of APN, adiponectin receptor 1, 

adiponectin receptor 2, AMPK, BCL2, Bax, and 

caspase 3 were detected by real time-PCR. The 

expressed data were normalized to Glyceraldehyde-

3- phosphate dehydrogenase (GAPDH) gene.  

    Quantitative real-time PCR assay was performed 

in a mixture of 5 μL cDNA, 10 μL Eva Green-Mix 

(Jena Bioscience) and 0.6 μL primers (10 μM), PCR 

grade water up to 20 μL. Real time PCR 

(StratageneMx3005P-qPCR System) was used for 

amplification. The thermal cycling conditions for the 

genes were: initial denaturation and polymerase 

activation at 95 °C for 30 s, then 40 cycles of 

denaturation 95 °C for 15 s; annealing and 

elongation at 58 °C for 1 min. 2-ΔΔCT method was 

used for calculation of the relative changes in gene 

expression. The primers' sequences were shown in 

Table 1.   

Statistical analysis 

 All the results were represented as means ± SD. 

Statistical significance among groups was estimated 

by one-way analysis of variance (ANOVA) followed 

by Post-Hoc (least significant difference “LSD”) 

tests. When P < 0.05, results were considered 

statistically significant. The statistical analysis was 

carried out using Statistical package of social 

sciences (SPSS) computer software (version 16). 

Results 

ECG changes 

 Several ECG changes were observed in rats in DOX-

treated group such as: a significant slowing of heart 

rate (32%), widening of QRS complex (93%) and 

prolongation of PR intervals (59%), as compared to 

rats in the control group. Those ECG alterations were 

ameliorated by HP pretreatment at both doses 125 

and 250 mg/kg as evidenced by significant increase 

of the heart rate (23.5, 39%), significant reduction of 

QRS complex (18.3, 35.5%) and significant 

reduction of PR intervals (15.3, 27.6%) respectively, 

as compared to the DOX group (Figure 1& Table2). 

Cardiotoxicity indices: Effect on serum LDH, 

CK-MB and cTnT. 

  Table 3 shows that DOX provoked a significant 

(p<0.05) increase in the serum values of LDH, CK-

MB and cTnT by (322,  198,  690  %)  

respectively, when compared to the control group. 

Treatment with HP at 125, 250 mg/kg dose- 

dependently reduced LDH by (60, 73%), CK-MB 

by (56, 62 %,) and cTnT by (79, 85%) respectively 

as compared to the DOX group. 

Histopathological examination 

H&E stained sections of the hearts in the control 

group (Figure 2A) displayed normal cardiac wall 

architecture with branching and anastomosing 

myofibers surrounded by endomysium. The 

cardiomyocytes with central oval euchromatic nuclei 

are surrounded with multiple capillaries and 

fibroblasts. Sections from DOX-treated animals (Fig. 

2B) showed focal myocytolysis and vacuolar 

degeneration of cardiomyocytes with pyknotic 

(apoptotic) nuclei, congested blood vessels and 

haemorrhage. On the other hand, HP125 treated group 

(Fig. 2C) revealed cardiac myofibers reorganization 

with less myocytolysis, and inflammation, while Hp 

administration at a dose of 250 mg/kg significantly 

improved the DOX-induced histological profile 

(Fig.2D 

Effect on oxidant and antioxidants status:  

DOX administration produced a significant (p<0.05) 

decrease in GSH, SOD, CAT, GPx by (40, 62, 39, 

43%) respectively, and a significant elevation in 

MDA by (224%) as compared to the control group. 

Oral administration of HP at 125, 250 mg/kg dose-

dependently elevated GSH by (42, 53%), SOD by 
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(146, 155%), CAT by (41, 59%), GPx by (55, 66%) 

and reduced MDA by (45, 65%) respectively as 

compared to DOX group (Figure 3A, B, C, D, E). 

Apoptotic markers: Effects on cardiac BCL2, Bax 

and Caspase 3 gene expression: 

Dox treated rats exhibited a significant (p<0.05) 

downregulation in BCL2 by (29%) and a significant 

upregulation in Bax and Caspase 3 by 66 and 54% 

respectively, as compared with the control group. 

Treatment with HP (125, 250 mg/kg) caused a dose- 

dependent elevation in BCL2 by (58, 89%), and a 

significant decrease in Bax by (45, 58%), and 

Caspase 3 by (28, 45%) respectively as compared to 

DOX group (Figure 4A, B, C). 

Effects on cardiac APN, adiponectin receptor1, 

adiponectin receptor2, AMPKα1, AMPKα2 gene 

expression: 

DOX injection elicited a significant (p<0.05) 

reduction in cardiac gene expression of APN, 

adipoR1, adipoR2, AMPKα1and AMPKα2 by  (19,  

24,  29,  44,  36%) 

respectively, as compared with normal control group. 

Meanwhile, oral intake of HP (125, 250 mg/kg) 

caused a dose- dependent elevation in APN by (49 

and 87%), adiponectin receptor 1by (104 and 132%), 

adiponectin receptor 2 by (108, 133%), AMPKα1 by 

(193, 227%), AMPKα2 by (123, 161%) respectively 

as compared with DOX group (Figure 5A, B, C, D, 

E). 

 

Table 1: The primers' sequences of the studied genes  

 Forward Reverse 

APN 5′-AATCCTGCCCAGTCATGAAG-3′ 5′-TCTCCAGGAGTGCCATCTCT-3' 

Adiponectin 

receptor 1 

5′-CGTGGCCTTTATGCTGCTCG-3' 5'-TCTAGGCCGTAACGGAATTC-3' 

Adiponectin 

receptor 2 

5'-CCACAACCTTGCTTCATCTA-3' 5'-GATACTGAGGGGTGGCAAAC-3' 

AMPKα1 5′-ATCCGCAGAGAGATCCAGAA-3′ 5′-CGTCGACTCTCCTTTTCGTC-3′ 

AMPKα2 5′-GCTGTGGATCGCCAAATTAT-3′ 5'-GCATCAGCAGAGTGGCAATA-3' 

BCL2 5'-TGTGGATGACTGACTACCTGAACC-3' 5'-CAGCCAGGAGAAATCAAACAGAGG-3' 

Bax 5'-CGGCGAATTGGAGATGAACTGG-3' 5'-CTAGCAAAGTAGAAGAGGGCAACC-3' 

Caspase 3 5'-GTGGAACTGACGATGATATGGC-3' 5'-CGCAAAGTGACTGGATGAACC-3' 

GAPDH 5'-TCAAGAAGGTGGTGAAGCAG-3' 5'-AGGTGGAAGAATGGGAGTTG-3' 

 

Table 2: ECG changes in different groups 

group 

parameter 

Control Dox HP 

125+DOX 

HP 

250+DOX 

  HR (beat/min) 367± 30.7 248.3±28.6* 306.7± 30*# 345± 32#$ 

   QRS (ms) 35.8±7.1 69.5±10* 56.8±11.2*# 44.8±7.5#$ 

   PR (ms) 44±6.6 70±6.9* 59.3±6.7*# 50.7±6.5#$ 
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Results are presented as means± SD (n=6).*P<0.05 compared with control group; #P<0.05 compared with 

DOX group; $P<0.05 compared with HP125+ DOX group, using one- way ANOVA followed by LSD post 

hoc test. HP: hypericum perforatum; DOX: doxorubicin. 

Table 3: Serum levels of LDH, CK-MB and cTnT in different groups: 

group 

parameter 

Control DOX HP125+DOX HP 250+DOX 

   LDH (U/L) 7.2±1.5 30.4±3.4* 12.3±1.6*# 8.1±1.1#$ 

  CK-MB (U/L) 15.3±2.5 45.6±2.7* 20.4±1.8*# 17.3±2.1#$ 

   cTnT (ng/ml) 1.1±0.5 8.7±0.9* 1.8±0.8# 1.3±0.6# 

Results are presented as means± SD (n=6).*P<0.05 compared with the control group; #P<0.05 compared with 

DOX group; $P<0.05 compared with HP125+ DOX group, using one- way ANOVA followed by LSD post hoc 

test. HP:hypericum perforatum; DOX:doxorubicin. Lactate dehydrogenase (LDH); Creatine kinase-MB (CK-

MB); Cardiac troponin T (cTnT). 

 

Figure 1: represents E.C.G changes 

A: control group reveals normal ECG pattern; B: DOX group reveals bradycardia, wide QRS, prolonged PR 

interval; C: HP125+ DOX and D: HP250+ DOX groups show increased heart rate, reduction in QRS, PR interval 

in dose- dependent manner compared to the DOX group. 
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Figure 2: Photomicrographs of the studied groups stained with H&E. 

A: Control group: Normal cardiac wall architecture with branching and anastomosing myofibers surrounded by 

endomysium. The cardiomyocytes have central oval, euchromatic nuclei (black arrow) and surrounded with multiple 

capillaries and flat nuclei of fibroblasts (yellow arrow). B: DOX-treated group, Focal myocytolysis and vacuolar 

degeneration of cardiomyocytes (brown arrow) with pyknotic (apoptotic) nuclei (red arrow), congested blood vessels 

(black arrow), and hemorrhage (green arrow). C: HP 125+ DOX group: Reorganization of cardiac myofibers with less 

myocytolysis (black arrow), inflammatory cells (red arrow), and congested blood vessels (green arrow). D: HP250+ 

DOX group: well- organized cardiac myofibers with oval euchromatic nuclei, normal myocardial architecture, 

marked amelioration of the myocardial nucleic profile. Mild vacuolar degeneration and pyknosis (black arrow) were 

occasionally detected. HP: Hypericum perforatum; DOX: doxorubicin. 
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Figure 3: Effect of HP on cardiac GSH, SOD, CAT, GPx, and MDA (3A, B,C, D, and E). Data represent 

the means of six experiments ± SD; *P<0.05 compared with control; #P<0.05 compared with DOX; $P<0.05 

compared with HP125+ DOX, using one-way ANOVA followed by LSD post hoc test. HP: Hypericum 

perforatum; GSH: reduced glutathione; SOD: superoxide dismutase; CAT: catalase: GPx: glutathione 

peroxidase; MDA: malondialdhyde; DOX: doxorubicin. 

 

Figure 4: Effect of HP on cardiac BCL2, Bax and Caspase 3 gene expression: 4A, B, and C. Data represent 

means of six experiments ± SD; *P<0.05 compared with control; #P<0.05 compared with DOX; $P<0.05 

compared with HP125+ DOX, using one- way ANOVA followed by LSD post hoc test. HP: hypericum 

perforatum; DOX: doxorubicin. 

 

Figure 5: Effect of HP on cardiac APN, adipoR1, adipoR2, AMPKα1, AMPKα2 gene expression: 5A, B, C, D and 

E). Data represent the means of six experiments ± SD; *P<0.05 compared with control; #P<0.05 compared with DOX; 
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$P<0.05 compared with HP125+ DOX, using one-way ANOVA followed by LSD post hoc test. HP: hypericum 

perforatum; APN: adiponectin; adipoR1: adiponectin receptor 1: adipoR2: adiponectin receptor 2; DOX: 

doxorubicin. 

Discussion 

   Doxorubicin associated cardiotoxicity limits its 

clinical use [2]. Till now, there is no available 

prophylactic measure to guard against this risk. 

The current study investigates the protective 

impact of hypericum perforatum on DOX 

associated cardiotoxicity via modulation of 

cardiac adiponectin system. In the current study, 

DOX altered the ECG pattern, provoked 

myocytolysis and vacuolar degeneration of 

cardiomyocytes with pyknotic nuclei which are 

in accordance with other report [26]. 

Additionally, the serum values of LDH, CK-MB 

and Cardiac troponin T (cTnT) were elevated in 

Dox treated rats. LDH and CK-MB are essential 

enzymes in myocardial metabolism that leaks 

out with occurrence of cardiac injury. Cardiac 

troponin is a myocardial regulatory protein, 

which include 3 types: troponin C, T and I [27]. 

cTnT is expressed only in the myocardium and 

is present only in the sera of acute myocardial 

injury patients [28]. Therefore, LDH, CK-MB 

and cTnT serum levels are reliable indicators for 

myocardial injury. The molecular mechanism of 

DOX induced cardiotoxicity can be attributed to 

free radicals overproduction. DOX is reduced by 

NADPH oxidase with generation of semi-

quinone free radicals that interact with oxygen, 

in the presence of iron, to produce superoxide, 

hydroxyl, and peroxynitrite free radicals [29]. 

Free radicals in turn cause lipid peroxidation, 

DNA damage, as well as changes of cellular 

proteins [30]. In this study, the oxidant effect of 

DOX was demonstrated through the reduced 

activities of the antioxidant enzymes CAT, GPx, 

and SOD in addition to diminished GSH levels 

while there was a robust increase in MDA 

values. DOX induced oxidative stress provokes 

the activation of intrinsic apoptotic signaling 

cascade leading to mitochondrial dysfunction, 

myofibrillar degeneration, and programmed cell 

death [31]. The apoptotic effect of doxorubicin 

was demonstrated in this study through a 

decrease in the expression of Bcl2 and increase 

in the expression of BAX and caspase 3. 

Similarly, Zhao and Zhang [32], illustrated the 

apoptotic effect of DOX on cardiomyocytes. On 

the other hand, the current study showed that HP 

exerts a protective effect against cardiotoxicity 

induced by DOX evinced by maintenance of 

normal cardiac electrophysiology, reduction of 

cardiac enzymes as well as normal myocardial 

histoarchitecture. We postulate that the 

cardioprotective effects of HP can be ascribed to 

its anti- oxidative and anti-apoptotic 

characteristics as we found a significant increase 

in GSH level and CAT, SOD and Gpx activities 

along with a significant decrease in MDA level 

in a dose dependent manner in HP treated rats 

compared to the un-treated group. Our findings 

are in line with those of Kumar et al. [33] who 

found that HP significantly attenuated the 

behavioral changes induced in mice by restraint 

stress via reduction of oxidative stress. 

Similarly, Zou et al. [34] demonstrated that HP 

administration resulted in a reduction in MDA 

levels and elevation of SOD and CAT activity in 

rats fed a high cholesterol diet. DOX-mediated 

apoptosis is induced by activation of the intrinsic 

apoptotic signaling pathway. Indeed, the main 

regulatory elements of apoptosis are BCL-2 

family which is divided into anti-apoptotic 

effectors like BCL-2 and pro-apoptotic effectors 

like Bax. BCL-2 anti-apoptotic protein, has the 

ability to prevent the release of cytochrome c and 

inhibit the apoptotic cell death. On the contrary, 

apoptotic stimuli increase the expression of Bax 

and induce conformational changes that inhibit 

the anti-apoptotic activity of BCL-2, promotes 

the release of cytochrome c and ultimately 

initiates apoptosis [35]. Mitochondria 

cytochrome c is released to the cytoplasm and 

activates caspase 9, which in turn activates the 

caspase 3 proteins resulting in cell apoptosis 

[32]. The current results revealed that HP 

administration reduced  BAX and caspase 3 gene 

expression, while enhanced BCL-2 expression 

when compared to DOX treated animals. We 

suppose that the antiapoptotic effect of HP may 
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attribute to the activation of adiponectin 

signaling pathway. Indeed, adiponectin (APN) 

belongs to the adipokine family that have an 

essential role in regulating body mass and 

metabolism [36]. White adipose tissues are 

primary source of  APN. Its serum level is 

reported to be inversely associated the body 

mass index [37]. APN is demonstrated to be 

synthesized and produced by murine and human  

cardiac cells. Wang and Scherer [38] reported 

that APN production by cardiomyocytes is 

associated with modulation of cardiac function 

and metabolism. In this study, HP treated groups 

revealed an up-regulation of cardiac APN and its 

receptors in a dose dependent fashion. These 

results are in parallel with Fuller and co-workers 

[39], as they demonestrated that administration 

of SJW for two-week could boost the expression 

of APN in epididymal adipose tissue in vivo. In 

contrast to our results, extracts from SJW's 

leaves and flowers were shown to suppress the 

differentiation of adipocytes [40]. The reason for 

this discrepancy is that their study was in vitro, 

and they used SJW extract with different 

compositions and concentrations than ours. 

There was a negative correlation between the 

expression levels of APN and the 

cardiovascular, cerebrovascular, and metabolic 

disorders, suggesting that APN plays pivotal 

role in the regulation of cardiovascular system 

[41]. High levels of APN decrease the incidence 

of myocardial infarction (MI) [42], while, a 

continuous drop in APN level after MI could be 

an indicator for unfavorable post MI cardiac 

events [43]. Nanayakkara et al. [ 44] stated that 

APN protected against acute cardiac injury. 

Additionally, in hypertensive patients, decreased 

APN values have been linked to progression of 

left ventricular hypertrophy [45]. Indeed, 

adiponectin, through activating the adiponectin 

receptors (adipoR1 and adipoR2), can trigger a 

number of intracellular signaling cascades 

including AMPK [46]. Zhao et al. [47] suggested 

that APN protects mesenchymal stem cells of 

bone marrow against flow shear stress by 

activating AMPK, which stimulates 

phosphorylation of acetyl CoA carboxylase 

(ACC) and enhances Bax down-regulation and 

BCL2 upregulation. This was confirmed by our 

study as there was an up-regulation of APN 

receptors and increase in APN levels, 

upregulation of AMPK α1 and α2, up- regulation 

of BCL-2 and down regulation of BAX and 

caspase 3 gene expressions in HP treated groups 

when compared to DOX-treated group. In the 

present study, there was up-regulation of AMPK 

gene expression in HP treated groups. Indeed, 

AMPK is the main coordinator of cardiac 

metabolism. AMPK activation regulates 

glucose, fatty acids, and cholesterol metabolism, 

in addition to cell growth and apoptosis [48]. 

AMPK activation is also beneficial for 

preventing myocardial injury in many conditions 

such as heart failure, cardiac fibrosis and 

myocardial ischemia [49].  

In conclusion, the present study supposes HP as 

a potential promising agent that can ameliorate 

the cardiotoxicity of DOX through preserving 

the cardiac adiponectin-AMPK signaling. Future 

studies on HP are recommended to support its 

potential use in preventing myocardial damage 

in various cardiovascular disorders. 
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