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Abstract. The present study investigated the role of parathy-
roid hormone (PTH) in non‑ischemic cardiomyopathy (CM) 
and its underlying mechanism. A total of 30 Sprague‑Dawley 
male rats were randomly divided into a control group (n=6) 
and an experimental group (n=24). To induce CM in the 
rats of the experimental group, 2 mg/kg Adriamycin (ADR) 
was administered intraperitoneally with 5 equal injections 
every third day followed by 5 weekly injections resulting in 
a cumulative dose of 20 mg/kg. Following establishment of 
the model, rats in the experimental group were subdivided 
into a PTH‑untreated CM group that received daily normal 
saline subcutaneous injections for 7 days and three treated CM 
groups that received daily subcutaneous injections of 5, 10, or 
20 µg/kg of recombinant PTH for 7 days. Rats in the control 
group accordingly received intraperitoneal and subcutaneous 
injections of normal saline. Blood sample analysis revealed 
that B‑type natriuretic peptide (BNP), troponin T, C‑reactive 
protein (CRP), creatinine and phosphorus concentrations were 
increased in the PTH‑untreated CM group compared with that 
in the control group, whereas PTH and calcium concentrations 
were decreased. Administration of PTH dose‑dependently 
decreased BNP, CRP, creatinine and phosphorus levels, and 
increased PTH and calcium levels. Notably, there were signifi-
cant differences in PTH, BNP, troponin T, CRP, creatinine, 
calcium, and phosphorus levels among the rats in the five 
groups (P<0.01). Cardiac ultrasonography results indicated 
that the left ventricular ejection fraction (LVEF) was signifi-
cantly decreased in rats treated with ADR compared with 
the rats from the control group (P<0.01). However, the LVEF 
gradually recovered with elevated PTH treatment doses. The 

overall differences of LVEF and left ventricular end‑systolic 
volume in the five experimental groups were statistically 
significant (P<0.01). Furthermore, there were dose‑dependent 
increases in LV mass and left ventricular end‑diastolic volume 
in PTH‑treated rats; however, the differences between any 
two groups did not reach statistical significance (P>0.05). 
Immunohistochemical staining and western blot analysis 
using an anti‑PTH polyclonal antibody was performed to 
evaluate the protein expression levels of PTH in myocardial 
tissues. The mRNA expression levels of PTH and BNP were 
measured using reverse transcription‑quantitative polymerase 
chain reaction. The results demonstrated that the mRNA and 
protein expression levels of PTH in myocardial tissues were 
significantly decreased in ADR‑treated rats compared with the 
levels in the control group rats. Injection of recombinant PTH 
significantly increased PTH expression and reduced BNP 
expression in dose‑dependent manners (P<0.05). These find-
ings demonstrated that PTH can improve cardiac function in 
rats with ADR‑induced CM, suggesting a potential therapeutic 
application for PTH in non‑ischemic CM.

Introduction

Cardiomyopathy (CM) is a common chronic disease that leads 
to heart failure (HF). Parathyroid hormone (PTH), a 4‑amino 
acid peptide secreted by parathyroid cells, is the major 
regulator of blood calcium and phosphorus metabolism and 
regulates the cardiovascular system via the G‑protein‑coupled 
parathyroid hormone receptor (1,2). Extensive studies have 
been performed to investigate the association between PTH 
and HF, particularly the therapeutic potential of PTH in HF 
and myocardial injury (3‑6). Previous studies have indicated 
that PTH enhances myocardial contractility and improves 
cardiac function by influencing the shortening fraction and 
autorhythmicity  (7,8). Additionally, PTH directly dilates 
the coronary artery and promotes myocardial microcircula-
tion, thereby improving the myocardial oxygen supply and 
cardiac pump function (9‑12). Furthermore, PTH regulates the 
secretion and expression of stromal derived factor 1, matrix 
metalloproteinase 9 and granulocyte colony stimulating factor 
in the bone marrow and induces the mobilization and homing 
of cluster of differentiation (CD)34/CD45‑positive bone 
marrow stem cells, thereby promoting the release of vascular 
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endothelial growth factor and angiogenesis  (13‑16). Some 
studies using animal‑model systems have verified that injec-
tion of PTH promotes the production of endothelium‑derived 
colony stimulating factor, angiogenesis and cell viability, 
thereby reducing myocardial necrosis in rats with myocardial 
infarction  (17‑20). Therefore, PTH may be applicable as a 
therapeutic agent for acute myocardial infarction and ischemic 
CM. However, the potential therapeutic value of PTH for 
non‑ischemic CM has not been determined.

In the present study, a rat model of Adriamycin 
(ADR)‑induced CM was established. Recombinant PTH 
(rPTH) was administered and its effects on cardiac function 
and the underlying mechanisms were evaluated. Results from 
the study provide a theoretical basis for the potential applica-
tion of PTH as a treatment for non‑ischemic CM.

Materials and methods

Animals. A total of 30 Sprague‑Dawley rats (age, 12‑16 weeks; 
male; weight, 250 g) were purchased from Nanjing Qingzilan 
Technology (Nanjing, China) and randomly divided into a 
normal control (NC) group (n=6) and an experimental group 
(n=24). The ADR‑induced CM in a rat model was established 
in the experimental group of animals according to the method 
previously described by Teraoka et al (21). Briefly, at total 
of 5 injections of 2 mg/kg ADR (Shanghai Dibo Chemical 
Technology Co., Ltd., Shanghai, China) was administered 
intraperitoneally every third day for a total of 15  days 
followed by a further injection every week for 5 weeks, for 
a total cumulative dose of 20 mg/kg. Age‑matched rats in 
the NC group received intraperitoneal injections of normal 
saline. The rats were housed at a temperature and humidity 
of 20‑25˚C and 40‑70%, respectively, with a 12 h light/dark 
cycle and ad libitum access to food and water. Under these 
conditions, rat physical activity, food intake, urine‑output 
volume and mental status were monitored. Cardiac ultraso-
nography and plasma B‑type natriuretic peptide (BNP) levels 
were assessed to confirm the successful establishment of CM. 
Following a total of 10 weeks, rats in the experimental group 
were randomly subdivided into the PTH‑untreated CM group 
and three CM treatment groups. In the NC and PTH‑untreated 
CM group, rats received daily mock‑treatments for 7 days 
consisting of subcutaneous injections of normal saline. For the 
CM treatment groups, CM‑induced rats were subdivided into 
three equal subgroups and received daily subcutaneous injec-
tions of rPTH (Rattus norvegicus, Residues Ala32‑Gln115; 
Cloud‑Clone Corp., Wuhan, China) at doses of 5, 10 or 20 µg/kg 
for 7 days. The subgroups were termed PTH‑5, PTH‑10, and 
PTH‑20, respectively.

The present study was approved by the Animal Care and 
Use Committee of Anhui Medical University (Wuxi, China) 
and all animals received care compliant with standards of the 
Guide for the Care and Use of Laboratory Animals published 
in 1988 by The National Academies.

Measurement of biochemical indices. A total of 10 weeks 
following the start of the experiment, blood was collected 
from the femoral arteries of 5 randomly selected rats from 
each of the NC and experimental groups and the sera were 
processed. Concentrations of PTH, BNP, C‑reactive protein 

(CRP), troponin T and electrolytes in the sera were determined 
prior to the establishment of the five subgroups. At 11 weeks 
following the start of the experiment, blood samples of rats 
in the five subgroups were collected again and the sera was 
analyzed for PTH, BNP, CRP, troponin T and electrolyte 
concentrations. The levels of PTH (cat. no. E‑EL‑R0714c), BNP 
(cat. no. E‑EL‑R0126c), and troponin T (cat. no. E‑EL‑R0054c) 
were determined using the appropriate rat ELISA kits (Wuhan 
Elabscience Biotechnology Co., Ltd., Wuhan, China). The 
biochemical indices were determined using an automated 
biochemical analyzer (AU480; Beckman Coulter, Inc., Brea, 
CA, USA).

Cardiac ultrasonography. Following 10 weeks of starting 
of the experiments, prior to the establishment of the five 
subgroups, 5 randomly selected rats from each of the NC and 
experimental groups were evaluated using a high‑resolution 
ultrasound system for small animal imaging (Vevo 2100; 
VisualSonics Inc., Toronto, ON, Canada). Ultrasonic deter-
mination of the left atrial diameter, interventricular septal 
thickness, left ventricular end‑diastolic volume (LVEDV), 
left ventricular end‑systolic volume (LVESV), left ventricular 
fractional shortening (LVFS) and left ventricular ejection 
fraction (LVEF) was performed for each rat analyzed. Cardiac 
ultrasonography was performed again at week 11.

Preparation of samples. At the end of the experiments, the 
rats were sacrificed by cervical dislocation and the hearts 
were harvested for paraffin‑embedded sectioning and histo-
logical analyses. In brief, 10% formalin‑fixed (4˚C, ~48 h) 
and paraffin‑embedded heart tissues were transversely cut 
into 4‑µm thick sections. Immunohistochemical staining of 
PTH on the tissue sections was performed at room tempera-
ture for 200‑240 min with assistance from personnel from 
the Department of Pathology at the Third People's Hospital 
of Zhenjiang (Zhenjiang, China). PTH expression was 
observed and photographed under an optical microscope (cat. 
no. CX41‑32C02; Olympus Corporation, Tokyo, Japan; magni-
fication, x40‑400). Hematoxylin and eosin (HE) staining (cat. 
no. G1005) and Masson's trichome staining (cat. no. G1006) of 
paraffin sections were performed using kits (Wuhan Goodbio 
Technology Co., Ltd. Wuhan, China). HE staining was 
performed at room temperature for ~120 min and Masson's 
trichome staining was performed at room temperature for 
~130 min. Pictures were obtained using a digital slice scan-
ning analysis system (Pannoramic P250; 3DHISTECH Ltd., 
Budapest, Hungary).

Furthermore, western blot analysis was also performed to 
detect the protein expression of PTH in the myocardial tissues. 
Total cell lysates for western blot analysis were prepared using 
radioimmunoprecipitation assay lysis buffer (pH=8.0; 150 mM 
NaCl, 0.5% sodium deoxycholate, 1.0% Triton x‑100, 50 mM 
Tris, and 0.1% SDS). Protein concentrations were measured 
using a BCA Protein Assay Kit (Thermo Scientific, Inc.). Cell 
lysates containing 20 µg of protein were boiled for 10 min in 
sample loading buffer mixed with reducing reagent (Thermo 
Fisher Scientific, Inc.) prior to separation by SDS‑PAGE. The 
protein samples were electrophoretically separated on NuPAGE 
Novex 10% Bis‑Tris gels commercially available from Thermo 
Fisher Scientific, Inc. and then transferred to polyvinylidene 
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fluoride membranes (EMD Millipore, Billerica, MA, USA). 
The membrane blots were blocked in 5% non‑fat dry milk in 
0.05% PBST at room temperature for 1 h, and incubated with 
the anti‑PTH polyclonal antibody (Cloud‑Clone Corp.; cat. 
no. Ala32‑Gln115; 1:1,000) at 4˚C for 2 h. After washing with 
0.05% PBST, membranes were then incubated with the horse-
radish peroxidase conjugated‑anti‑Rabbit secondary antibody 
(Jackson ImmunoResearch Europe Ltd.,. Cambridgeshire, 
UK; cat. no. 111‑035‑003; 1:5,000) at room temperature for 
1 h. Western blots were then developed using an ECL reagent 
(Merck KGaA, Darmstadt, Germany) and detected using a 
Tanon 5200 Multi System (Tanon Science and Technology 
Co., Ltd., Shanghai, China). The housekeeping β‑actin gene 
was used as a control reference gene.

The mRNA expression levels of PTH and BNP were 
measured using RT‑qPCR. Briefly, total RNA was extracted 
using TRIzol (Thermo Fisher Scientific., Inc.) and the cDNA 
was synthesized using a First‑Strand cDNA Synthesis Kit 
(Thermo Fisher Scientific, Inc.). PCR mixtures contained 10 µl 
SYBR Green I (Takara Bio Inc., Otsu, Japan), 0.2 µM sense 
primer, 0.2 µM antisense primer, 2 µl cDNA and 7.6 µl H2O in 
a total volume of 20 µl. Primers are indicated in Table I. The 
primers were synthesized by Shanghai Rui Mian Biological 
Technology Co., Ltd. (Shanghai, China). GAPDH was used as 
an internal control reference gene.

Statistical analysis. All statistical analyses were performed 
using SPSS software version 16.0 (SPSS, Inc., Chicago, IL, 
USA). Quantitative data are presented as mean ± standard 
deviation. To compare the differences between the groups, 
one‑way analysis of variance (ANOVA) and least significant 
difference post hoc tests were applied. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Induction of the CM model using ADR and the preparation 
of samples. During establishment of ADR‑induced CM, 2 rats 
from the experimental group died; no rats from the control 
group died. At 10 weeks following the start of the experiments, 
15 of the surviving rats from the experimental group were 
randomly selected and equally divided into three treatment 
subgroups (n=5/treatment group) and termed PTH‑5, PTH‑10 

and PTH‑20, respectively. The remaining 7 rats were placed 
into the PTH‑untreated CM group. Following completion of the 
treatment regimen, myocardial tissue samples were collected 
from 5 rats of the NC group, PTH‑untreated CM group and the 
three PTH‑5, PTH‑10, and PTH‑20 groups (n=25 total).

Changes in rat biochemistry upon CM induction using 
ADR. The serum concentrations of BNP, troponin T, CRP, 
creatinine and phosphorus were all increased in the rats with 
ADR‑induced CM compared with those concentrations in the 
NC group; however, the serum concentrations of PTH and 
calcium were decreased in the rats with ADR‑induced CM 
compared with those concentrations in the NC group (data not 
shown). Notably, compared with CM group, the administration 
of PTH decreased the serum levels of BNP, CRP, troponin T, 
creatinine and phosphorus and increased the serum levels of 
PTH and calcium in a dose‑dependent manner. ANOVA results 
indicated that the overall differences for these biochemistry 
indexes among the five experimental groups all reached statis-
tical significance (P<0.01; Table II).

Cardiac ultrasonography. The LVEF and LVFS were markedly 
decreased and the LVESV was significantly increased in the 
CM group compared with that in the NC group (P<0.01). The 
LVEF and LVFS were gradually resolved with increasing doses 
of PTH, whereas the LVESV exhibited no consistent change 
with PTH treatment. The differences of the LVEF, LVFS and 
LVESV among the five groups reached statistical significance 
(P<0.01). There were trends for dose‑dependent increases in LV 
mass and LVEDV with PTH‑treatment, but these differences 
failed to reach statistical significance (P>0.05). The details of 
the findings are indicated in Table II and Fig. 1.

Changes in myocardial tissue morphology of rats. Results 
from HE staining of heart tissue specimens from the experi-
mental rats revealed that myocardial fibers (indicated by a 
bold black arrow; Fig. 2A) were disordered and the distribu-
tion density of myocardial nuclei (indicated by a thin black 
arrow; Fig. 2A) was increased in the PTH‑untreated CM group 
(Fig. 2A) compared with those in the NC group (Fig. 2B). 
Administration of rPTH caused the myocardial permutation 
to become regular and the distribution density of myocardial 
nuclei was decreased (Fig. 2C‑E). As indicated in Masson's 
trichome staining of heart tissue specimens from the experi-
mental rats, myocardial fibers (indicated by a bold black arrow; 
Fig. 3A) were thinner and disordered in the PTH‑untreated 
CM group (Fig. 3A) compared with those in the NC group 
(Fig. 3B), whereas the number of collagen fibers (indicated 
by a white arrow; Fig. 3A) had increased. Administration of 
rPTH in a dose‑dependent manner resulted in thicker, regular 
myocardial fibers (Fig. 3C‑E).

Changes in expression levels of PTH protein and mRNA 
in myocardial tissue. Results from immunohistochemical 
analysis of heart tissue specimens from the experimental 
rats revealed that the expression of PTH protein in the cyto-
plasm of myocardial cells was markedly decreased in the 
PTH‑untreated CM group compared with that in the NC 
group (Fig. 4A and B). Furthermore, administration of rPTH 
enhanced the expression of PTH protein in a dose‑dependent 

Table I. Details of primers used in the present study.

		  Product size
Gene	 Primer (5'‑3')	 (base pairs)

PTH	 F:TGGCAGTTTGTCTCCT
	 R:TTCCTCCTTCTTGGTG	 218
BNP	 F:AGGTCACTCCCATCCC
	 R:TCTATCTTCTGCCCAAA	 246
GAPDH	 F:CAAGTTCAACGGCACAG
	 R:CCAGTAGACTCCACGACAT	 138

F, forward; R, reverse; PTH, parathyroid hormone; BNP, B‑type 
natriuretic peptide.
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manner (Fig. 4C‑E). Consistent with the immunohistochem-
istry results, western blot analysis also demonstrated that the 

expression levels PTH protein in the myocardial tissue of 
the PTH‑untreated CM group was slightly lower compared 

Table II. BNP, PTH, electrolyte and cardiac ultrasound results. 

	 NC group	 CM group	 PTH‑5 group	 PTH‑10 group	 PTH‑20 group 		
Variables	 (n=5)	 (n=5)	 (n=5)	 (n=5)	 (n=5)	 F	 P‑value

PTH (ng/l)	 29.90±3.42	 25.78±3.09b	 30.46±1.44	 31.84±2.87	 36.00±2.87b	 8.531	 <0.01
BNP (ng/l)	 29.60±5.94a	 108.20±9.81b	 96.00±11.34	 87.60±6.80	 78.40±9.10	 58.656	 <0.01
Troponin (ng/l)	 4.37±0.66	 6.14±0.72	 6.21±0.48	 5.78±0.98	 5.31±0.97	 4.655	 <0.01
CRP (mg/ml)	 16.04±2.63b	 25.86±3.10	 23.60±1.37	 21.92±1.72	 20.38±2.01	 13.441	 <0.01
Creatinine (µmol/l)	 53.00±6.20a	 135.40±10.45	 123.40±10.78	 119.00±10.25	 103.82±9.71b	 55.925	 <0.01
Calcium (mmol/l)	 5.41±0.96b	 2.11±0.16	 2.81±0.60	 3.23±0.26	 4.27±0.74b	 21.666	 <0.01
Phosphate (mmol/l)	 2.67±0.38	 5.95±0.88b	 4.84±0.78	 4.11±0.12	 3.20±0.44	 24.398	 <0.01
LVEF	 74.86±1.95a	 56.06±3.46a	 63.03±2.06	 65.83±2.58	 67.38±2.76	 33.998	 <0.01
LVFS	 45.31±1.71a	 30.50±2.55a	 35.52±1.54	 37.73±2.06	 38.97±2.11	 35.423	 <0.01
LV mass (mg)	 898.62±152.40	 845.96±86.70	 824.06±142.45	 941.07±80.89	 951.35±218.79	 0.753	 >0.05
LVEDV (µl)	 349.74±54.23	 361.22±29.85	 360.04±37.63	 375.10±49.44	 376.79±49.68	 0.315	 >0.05
LVESV (µl)	 88.36±19.12b	 158.20±20.60b	 133.22±16.60	 128.17±19.01	 131.30±16.78	 9.223	 <0.01

Pairwise comparison, aP<0.01, bP<0.05. PTH, parathyroid hormone; BNP, B‑type natriuretic peptide; NC, normal control; CM, PTH‑untreated 
cardiomyopathy; PTH‑5, 5 µg/kg recombinant parathyroid hormone treatment; PTH‑10, 10 µg/kg recombinant parathyroid hormone treat-
ment; PTH‑20, 20 µg/kg recombinant parathyroid hormone treatment; CRP, C‑reactive protein; LVEF, left ventricular ejection fraction; left 
ventricular fractional shortening; LVEDV, left ventricular end‑diastolic volume; LVESV, left ventricular end‑systolic volume.

Figure 2. Hematoxylin and eosin staining analysis (n=5 for each group). Hematoxylin and eosin staining revealed myocardial fibers (bold black arrow) were 
disordered and the distribution density of myocardial nuclei (thin black arrow) was increased in the (A) PTH‑untreated cardiomyopathy group compared with 
the (B) normal control group. Administration of (C) 5, (D) 10 and (E) 20 µg/kg recombinant PTH caused the myocardial permutation to become regular again 
and the distribution density of myocardial nuclei was decreased (Scale bar=50 µm). PTH, parathyroid hormone.

Figure 1. Cardiac ultrasonography results (n=5 for each group). (A) PTH‑untreated cardiomyopathy, (B) normal control, (C) 5 µg/kg PTH, (D) 10 µg/kg PTH 
and (E) 20 µg/kg PTH groups were indicated. PTH, parathyroid hormone.
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with the levels expressed in the NC control group (P>0.05). 
Additionally, 10 and 20 µg/kg PTH treatment in rats with 
ADR‑induced CM significantly increased the expression levels 
of PTH protein (all P<0.001 vs. NC group and CM group). 
However, the PTH protein expression levels in the PTH‑5 
group compared with the PTH‑untreated CM group and the 
NC group failed to reach a statistically significant difference 
(P>0.05; Fig. 5).

Consistent with the detected protein expression levels, the 
PTH mRNA expression levels in the myocardial tissue were 
decreased in the PTH‑untreated CM group compared with the 
NC group (P>0.05). However, compared with the NC group 
and the CM group, treatment with rPTH in the PTH‑10 and 
PTH‑20 groups significantly elevated the expression levels of 
PTH mRNA (all P<0.001). The levels of PTH mRNA in the 
PTH‑5 group were also significantly elevated compared with 

Figure 3. Masson Trichrome staining analysis (n=5 for each group). Masson Trichrome staining revealed that myocardial fibers (bold black arrow) were thinner 
and more disordered in the (A) PTH‑untreated cardiomyopathy group compared with the (B) normal control group, whereas the number of collagen fibers 
(white arrow) was increased. Administration of (C) 5, (D) 10 and (E) 20 µg/kg recombinant PTH resulted in the thickening of myocardial fibers and promoted 
regular in a dose‑dependent manner. The cell nucleus were black blue. (Scale bar=50 µm). PTH, parathyroid hormone.

Figure 4. Expression of PTH protein in myocardial tissue (n=5 for each group). PTH was markedly decreased in the (A) PTH‑untreated cardiomyopathy group 
compared with the (B) normal control group. Administration of recombinant PTH at (C) 5, (D) 10 and (E) 20 µg/kg gradually enhanced the expression of PTH 
(Scale bar=100 µm). PTH, parathyroid hormone.
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the CM group (P<0.01), while only slightly elevated compared 
with the NC group. The results are presented in Fig. 6A.

Changes in the expression levels of BNP protein and mRNA 
in myocardial tissue. Western blot analysis of cell lysates 
generated from heart tissue from the experimental rats demon-
strated that BNP protein expression in myocardial tissue 
was significantly increased in the PTH‑untreated CM group 
compared with that in the NC group (P<0.001), and rPTH 
treatment in ADR‑induced CM rats gradually decreased the 
expression levels of BNP protein in a dose‑dependent manner 
(all P<0.001 vs. NC group). However, compared with the 

CM group, treatment with rPTH only in the PTH‑20 group 
significantly decreased the expression levels of BNP protein 
(P<0.01; Fig. 5).

Notably, the expression levels of BNP mRNA in 
myocardial tissue were also significantly increased in the 
PTH‑untreated CM group compared with the NC group 
(P<0.001). Furthermore, consistent with the indicated protein 
expression levels, rPTH treatment decreased the BNP mRNA 
expression levels in a dose‑dependent manner (P<0.001, 
P<0.01 and P<0.05 vs. NC group, respectively). However, 
compared with the CM group, the expression of BNP 
mRNA in the PTH‑10 and PTH‑20 groups were significantly 

Figure 5. Protein expression levels of BNP and PTH in myocardial tissue (n=5 for each group). ***P<0.001 vs. NC group. ##P<0.01 and ###P<0.001 vs. CM 
group. BNP, B‑type natriuretic peptide; PTH, parathyroid hormone; CM, PTH‑untreated cardiomyopathy group; NC, normal control group; PTH‑5, 5 µg/kg 
recombinant parathyroid hormone treatment group; PTH‑10, 10 µg/kg recombinant parathyroid hormone treatment group; PTH‑20, 20 µg/kg recombinant 
parathyroid hormone treatment group.

Figure 6. mRNA expression levels of (A) PTH and (B) BNP in myocardial tissue (n=5 for each group). *P<0.05, **P<0.01, ***P<0.001 vs. NC group. #P<0.05, ##P<0.01 
and ###P<0.001 vs. CM group. BNP, B‑type natriuretic peptide; PTH, parathyroid hormone; CM, PTH‑untreated cardiomyopathy group; NC, normal control group; 
PTH‑5, 5 µg/kg recombinant parathyroid hormone treatment group; PTH‑10, 10 µg/kg recombinant parathyroid hormone treatment group; PTH‑20, 20 µg/kg 
recombinant parathyroid hormone treatment group.
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decreased (P<0.05 and P<0.001, respectively), while those in 
the PTH‑5 group were only slightly decreased. The results 
were presented in Fig. 6B.

Discussion

In the present study, an ADR‑induced CM rat model was estab-
lished to observe the effects of PTH on myocardial pathology 
and cardiac function. Results indicated that ADR treatment 
increased serum levels of BNP and decreased LVEF, which 
suggested the successful establishment of CM in the animal 
model. Conversely, treatment with rPTH significantly decreased 
serum BNP, and cardiac ultrasonography indicated that the 
rPTH decreased the LVESV and enhanced the LVEF, suggesting 
improved overall cardiac function in rats with ADR‑induced 
CM. PTH exerts direct hypertrophic effects on myocar-
dium (22). In the present study, HE staining of paraffin sections 
revealed that the distribution density of the myocardial nuclei 
of rats in PTH‑treated CM groups was decreased compared 
with the PTH‑untreated CM rats, which may be explained by 
the thickening of the myocardial fibers. Masson's trichome 
staining of paraffin sections further confirmed that myocardial 
fibers of rats in the PTH‑treated CM groups were thicker and 
more regular compared with those of the PTH‑untreated CM 
rats. These results were consistent with those of a previous 
study (22). Notably, there were consistent trends for dose‑depen-
dent increases in LV mass following PTH‑treatment, although 
these differences did not reach statistical significance. The short 
observation time and small sample size may have contributed 
to the lack of detectable statistically significant differences. 
In addition, immunohistochemistry and western blot analysis 
revealed that the expression of PTH protein in myocardial 
tissue was significantly elevated following PTH treatment, 
suggesting that PTH acted on myocardial tissue to improve the 
myocardial remodeling and cardiac function in non‑ischemic 
CM. Furthermore, the expression of BNP protein in myocar-
dial tissue of the PTH‑untreated CM group was significantly 
elevated, and treatment with rPTH decreased the expression of 
BNP in a dose‑dependent manner, further suggesting that PTH 
could improve cardiac function in non‑ischemic CM. Therefore, 
results from the present study effectively supported the protec-
tive effect of PTH on ischemic CM in rats. Interestingly, the 
present data suggested that 20 µg/kg/day as a treatment dose 
produced a positive therapeutic effect. Notably, this dose was 
lower than the typical dose, which was used in a previous 
myocardial infarction study in rats (20).

PTH influences myocardium and cardiac function via 
expansion of blood vessels to decrease peripheral resistance, 
positive inotropic action and reduction of left ventricle thick-
ness and volume to improve ventricular remodeling (19). In 
addition, PTH activates PTH 1 receptor on smooth muscle 
cells to increase cyclic AMP synthesis, which reduces calcium 
influx and leads to the expansion of blood vessels (12,23). This 
expansion subsequently decreases cardiac load and improves 
cardiac pump function (4). Additionally, PTH enhances myocar-
dial contractility through the activation of voltage‑dependent 
calcium channel‑dependent calcium influx (24,25), elevating 
the autorhythmicity of the sinoatrial node and the heart rate. 
In the present study, cardiac ultrasonography indicated that 
PTH significantly reduced the LVESV of rats, suggesting an 

inhibitory role for PTH in ventricular remodeling. Such effects 
may be associated with the persistent expansion of peripheral 
vessels, decreased arterial elasticity and subsequent reduced 
peripheral resistance (26,27). Conversely, PTH interacts with 
adrenergic signals mediated by G‑protein coupled receptor 
kinases, including β‑adrenoreceptor kinase, which can influ-
ence ventricular remodeling  (5,28). As PTH has multiple 
targets of action, namely smooth muscle and the myocardium, 
it may improve cardiac function by decreasing the cardiac load, 
enhancing myocardial contractility and inhibiting the nervous 
system (29). Because of this diversity, PTH has pronounced 
therapeutic potential for treating HF resulting from various 
causes.

Currently, PTH is primarily used in the treatment of patients 
with osteoporosis (30). Further investigation into the role of 
PTH in CM and HF is required. The present study revealed 
that PTH was predominantly expressed in the cytoplasm of 
myocardial cells; however, the specific signaling pathways in 
myocardial cells that may be involved and the potential inter-
action of PTH with organelles also requires further study.

One of the limitations of the current study was the small 
sample size. Secondly, only 5 rats from each group were 
randomly selected for the collection of blood samples and used 
for cardiac ultrasonography analysis rather than all of the rats, 
which may have resulted in less exacting conclusions. Thirdly, 
the data collected were simplified; more objective indicators of 
cardiac function, such as left ventricular filling pressure, were 
not analyzed. Therefore, the primary endpoints of the present 
study were relatively simplistic. As mentioned above, further 
studies should be conducted to identify the specific signaling 
pathways on which PTH interacts with in myocardial cells.

In conclusion, the present findings demonstrated that PTH 
improved the cardiac function in rats with ADR‑induced CM 
by affecting myocardial contractility and remodeling. These 
findings provide promise for the development of a PTH‑based 
clinical treatment of non‑ischemic CM.
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