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Renal sympathetic denervation raises blood pressure 
and attenuates ventricular remodeling in  
rats with myocardial infarction
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Abstract: Renal denervation (RDN) is reported to suppress the sympathetic nervous system and renin-angiotensin 
system, thereby, lowering blood pressure in patients with resistant hypertension. However, the effect and safety of 
RDN on ventricular remodeling following myocardial infarction (MI), especially with hypotension, is unknown. Forty 
rats were randomized into: MI, MI+RDN, Sham and RDN groups to examine the impact of RDN on blood pressure 
and ventricular remodeling in MI rats. Results: Compared with the MI group, MI+RDN showed lower levels of plasma 
norepinephrine, angiotensin II, cardiac angiotensin II, and angiotensin II type 1 receptor (P<0.05). On days 21 and 
28, there was a distinct increase of SBP in the MI+RDN group, compared with the MI group (P<0.05). Compared 
with the MI group on days 14, 21 and 28, a significant increase of DBP in the MI+RDN group was observed (P<0.05). 
RDN ameliorated decreases of ejection fraction and fractional shortening, as well as increases in left ventricular 
internal dimensions in MI rats (P<0.05). RDN also caused decreases of collagen volume fraction in MI rats and 
inhibited the deposition of Collagens I and III, as well as the expression of transforming growth factor-β1 (TGF-β1) 
(P<0.05). In conclusions, RDN raises blood pressure and improves post-infarction ventricular remodeling in MI rats, 
probably due to the suppression of TGF-β1 expression and collagen deposition via inhibition of SNS and RAS. RDN 
is a novel anti-fibrotic method for post-infarction remodeling and may be used in other cardiovascular diseases with 
similar pathological processes.
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Introduction

Myocardial infarction (MI) due to coronary ar- 
tery occlusion is one of the leading causes of 
death in the world [1]. Myocardial injury follow-
ing MI activates the sympathetic nervous sys-
tem (SNS) and renin-angiotensin system (RAS) 
to maintain hemodynamic stability, which also 
results in the post-infarction ventricular remod-
eling and functional deterioration. The medica-
tions designed to block neurohormonal activa-
tion are common therapies for reversing post-
infarction remodeling in clinical practice, includ-
ing angiotensin converting enzyme inhibitors 
(ACEIs), angiotensin II type 1 receptor blockers 
(ARBs), β-adrenergic blockers, and aldosterone 

receptor blockers [2]. Unfortunately, many pati- 
ents cannot tolerate these medications for their 
side effects, drug-to-drug interactions, and 
long-term economic burdens [3].

Previous studies have described catheter-
based renal denervation (RDN) as an effective 
treatment for patients with resistant hyperten-
sion via the suppression of SNS and RAS [4-7]. 
Moreover, a growing number of studies have 
demonstrated the application of RDN treat-
ment in animal models with cardiovascular dis-
eases, such as heart failure following MI, cardi-
ac dysfunction with pressure overload, and pul-
monary vascular remodeling after pulmonary 
artery hypertension [8-11]. Among them, Hu et 
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al. reported RDN was effective in rats with 
heart failure via promoting a robust diuresis 
and natriuresis [9]. Doltra et al. found RDN  
significantly decreased the left ventricular 
mass due to the reduction of collagen content 
in patients with resistant hypertension [12]. 
Particularly, post-infarction remodeling is char-
acterized by excess deposition of Collagen I 
and III in the border area adjacent to the infa- 
rcted myocardium [13]. High expression of 
transforming growth factor (TGF)-β1 decreases 
the expression of collagenase, and enhances 
the synthesis and deposition of Collagen I and 
III [14, 15]. The effect of RDN in halting collagen 
deposition during post-infarction ventricular 
remodeling is still unclear. The impact of RDN 
on blood pressure in MI patients is also 
unknown.

To explore the effect and safety of RDN on post-
infarction ventricular remodeling, we created 
experimental MI rat models and denervated 
their bilateral renal nerves one week after MI 
induction. Electrical stimulations and molecu-
lar changes of SNS and RAS were measured to 
evaluate the denervation effect of the RDN 
operation. Dynamic changes of blood pressure 
and post-infarction remodeling were monitored 
to test the effect and safety of RDN on MI rat 
models. Expression changes of Collagen I, III 
and TGF-β1 were further measured to explore 
the underlying mechanisms of RDN on post-
infarction remodeling.

A total of 40 male Wistar rats (180-220 g) were 
obtained from the experimental animal center 
of the Second Military Medical University 
(Shanghai, China). Rats were housed at con-
stant room temperature (22-25°C), humidity 
(55-60%) and light cycle (12:12 h light-dark), 
with free access to tap water and standard rat 
chow.

The rats were randomly assigned to four gro- 
ups: MI group (rats with MI induction, n = 10), 
MI+RDN group (rats with RDN operation one 
week after MI induction, n = 10), RDN group 
(rats with RDN operation, n = 10), Sham group 
(rats without MI induction or RDN operation, n 
= 10) (Figure 1). Rats in the Sham group were 
sham-operated using similar procedures with-
out coronary artery ligation or renal dener- 
vation. 

Coronary artery ligation

To prepare the MI model, coronary artery liga-
tion was carried out on MI group rats on day 1 
of the experimental period. Under ether anes-
thesia (5 ml/l air), the heart was exteriorized  
via the fourth intercostal space without intuba-
tion. The left coronary artery was ligated within 
3 mm from its origin quickly and exactly. After 
ligation, the heart was placed back into the 
intrathoracic space followed by manual evacua-
tion of air immediately. The rat was then 
returned to its home cage and allowed to 
breathe room air. A successful MI model was 

Figure 1. The experimental design of the four groups. To evaluate the ef-
fect of RDN operation on MI rats, 40 rats were randomly assigned to four 
groups: MI group, MI+RDN group, Sham group, and RDN group (n = 10 in 
each group). The experimental design scheme shows the MI induction time 
(day 1) and RDN operation time (day 7). Abbreviations: MI, myocardial infarc-
tion; RDN, renal denervation.

Material and methods

Ethics statement

The use and care of animals 
were in compliance with the 
National Institute of Health 
Guide for Care and Use of 
Laboratory Animals. All pro-
cedures were approved by 
the Committee on the Ethics 
of Animal Experiments of  
the Second Military Medical 
University (Permit Number: 
2012-0003). All efforts were 
made to reduce the number 
of animals used and mini-
mize their suffering through 
the use of anesthesia, anal-
gesia and monitoring.

Experimental animals
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certified by electrocardiogram showing ST seg-
ment elevation. In the Sham group, sham-oper-
ation was performed on rats using similar pro-
cedures, but without coronary artery ligation.

Bilateral renal denervation

To evaluate the impact of RDN on the MI rat 
model, bilateral renal denervation operation 
was carried out on MI+RDN and RDN group rats 
on day 7 of the experimental period. Rats were 
anesthetized with 10% chloral hydrate (3-5 ml/
kg, i.p.). After a midline abdomen incision, and 
exposure of subcutaneous tissues and kidneys, 
renal denervation was preformed bilaterally by 
stripping the adventitia of renal artery and vein. 
All visible renal nerve bundles were dissected 
and 10% phenol in 95% ethanol was used to 
further ablate the tissues surrounding the 
vessels. 

The success of RDN operation was primarily 
evaluated by comparing the electrical stimula-
tion of proximal renal vessels for 10-30 sec-
onds before and after the operation. Successful 
RDN operation was identified as no changes in 
blood pressure, heart rate or color of the kidney 
observed after bilateral denervation. After the 
RDN operation, the wound was closed and rats 
were allowed to wake spontaneously. In Sham 
group, sham-operation was performed in rats 
using similar procedures but without renal 
denervation.

Blood pressure monitoring and echocardio-
graphic measurement

To test the effect and safety of RDN on MI rats, 
blood pressure was recorded by a computer-
ized tail-cuff system (ALC-NIBP, Shanghai Alcott 
Biotech, China) on days 1, 7, 14, 21 and 28. On 
day 28, echocardiography was performed with 
a high-resolution small animal echocardio-
graphic system, equipped with a cardiac probe 
(RMV716, VisualSonics, Canada). Each rat was 
anesthetized with ketamine hydrochloride (50 
mg/kg, i.p.). Left ventricular internal dimen-
sions at end systole (LVIDS) and end diastole 
(LVIDD), ejection fraction (EF) and fractional 
shortening (FS) were measured from at least 
three consecutive cardiac cycles. All measure-
ments were carried out by two technicians who 
were unaware of the identities of experimental 
groups.

ELISA and western blot analysis

To further confirm the success of the RDN oper-
ation, molecular changes of SNS and RAS were 
measured by enzyme-linked immunosorbent 
assay (ELISA) and western blot, as reflected by 
plasma norepinephrine (NE), angiotensin II  
(Ang II), and cardiac Ang II and Ang II type 1 
receptor (AT1R). 

Rats were sacrificed by cervical dislocation 
after echocardiographic data collection and 
blood was obtained from the heart. Plasma NE 
and Ang II were measured by ELISA (ELISA Kit, 
Nanjing Jiancheng Bioengineering Institute, 
China). The heart was then quickly removed 
and the left ventricle was separated for prepa-
ration of tissue samples. The method for the 
determination of infarct size and border area 
was reported previously [16]. Parts of myocar-
dium were stored at -80°C for the following 
molecular analysis. Expression of Ang II in the 
myocardium was measured using ELISA Kit. 
Expression of AT1R in the myocardium was 
measured by western blot. The membranes 
were blocked with 5% non-fat dry milk and incu-
bated overnight with primary antibody (AT1R, 
1:1000; GAPDH, 1:10000; Abcam, UK) at 4°C 
overnight and subsequently with secondary 
antibody at 37°C for 1 hour. The intensity of 
each band was quantified using ImageJ analy-
sis software (National Institutes of Health, 
USA). Each value was normalized to GAPDH in 
individual samples.

Histological evaluation 

The rest left ventricle was fixed in 4% parafor-
maldehyde and embedded in paraffin for histo-
logical change analysis. Masson’s trichrome 
staining was used to identify collagen deposits 
in the border area. Sections were imaged at 
100× magnification using bright-field micros-
copy (AxioCam HRc, Zeiss, Germany). Collagen 
volume fraction (CVF) in the ventricle was cal-
culated to assess the quantity of myocardial 
fibrosis. CVF was determined as the ratio of col-
lagen surface area stained blue with respect to 
myocardial surface area. All quantitative evalu-
ations were carried out by ImagePro Plus soft-
ware (Version 6.0, Media Cybernetics, USA).

Immunohistochemical staining and quantita-
tive RT-PCR (qRT-PCR) analysis

To explore the mechanisms of RDN on MI rats, 
the protein expression of Collagen I, Collagen III 
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and TGF-β1 in the border area were measured 
using immunohistochemical staining. Tissue 
sections were deparaffinized and rehydrated 
through graded alcohol for immunohistochemi-
cal staining. Sections were incubated in 3% 
hydrogen peroxide for 10 minutes to block 
endogenous peroxidase activity, and then 
received 5% bovine serum albumin for 20 min-
utes to block non-specific binding. Following 
washing in phosphate buffered saline, sections 
were treated with primary antibody (Collagen I, 
1:100; Collagen III, 1:200; TGF-β1, 1:400; 
Abcam, UK) at 4°C overnight and subsequently 
with secondary antibody at 37°C for 1 hour. 
Visualization was done with diaminobenzidine 
and sections were observed (brown color) at 
200× magnification under light microscope 
(Axio Scope, Zeiss, Germany).

The mRNA expression of Collagen I, Collagen  
III and TGF-β1 were also measured using qRT-
PCR analysis. Total RNA samples in the border 
area were isolated using TRIzol reagent accord-
ing to the manufacturer’s protocol (Invitrogen, 
USA). About 500 ng of total RNA was used to 
generate cDNA by using oligo-dT16 for mRNAs. 
qRT-PCR was performed with SYBR Green Mix 
kit (TAKARA, China). The amount of target gene 
(Collagen I, Collagen III and TGF-β1) was nor-
malized to the amount of endogenous control 
(GAPDH) and the results were given by 2-ΔΔCt 
relative to the control samples. Primers used in 

Results

General data

The baseline characteristics are summarized in 
Table 2. During 28 days of observation, 2 rats 
died of ventricular fibrillation in the MI group. In 
the MI+RDN group, 2 rats died of ventricular 
fibrillation and the other one died of serious 
hemorrhage. There were no significant differ-
ences in mortality and infarct area ratio 
between the MI group and MI+RDN group 
(P>0.05). No rats in the Sham group or RDN 
group died during the experiment. 

RDN attenuated the activation of SNS and RAS 
in MI rats

To assess the effect of RDN on the activation of 
SNS and RAS after MI, plasma levels of NE and 
Ang II, and cardiac levels of Ang II and AT1R 
were measured. As shown in Figure 2A-C, com-
pared with the Sham group, there was a signifi-
cant increase in the levels of plasma NE, Ang II 
and cardiac Ang II (P<0.05), consistent with 
previous reports [17]. Compared with the MI 
group, MI+RDN group showed lower levels of 
plasma NE, Ang II and cardiac Ang II (P<0.05). 
As shown in Figure 2D, 2E, RDN also caused a 
lower expression of cardiac AT1R in the border 
area of MI rats.

Table 1. Primers used in quantitative real-time PCR analysis
Collagen I Forward primer TGCTTGAAGACCTATGTGGGTA

Feverse primer AAAGGCAGCATTTGGGGTAT
Collagen III Forward primer GAGGAATGGGTGGCTATCCT

Reverse primer GGTATCCAGGAGAACCAGGAG
TGF-β1 Forward primer CCTGGAAAGGGCTCAACAC

Reverse primer CAGTTCTTCTCTGTGGAGCTGA
GAPDH Forward primer AACGACCCCTTCATTGACCTC

Reverse primer CCTTGACTGTGCCGTTGAACT

Table 2. General data of rats in the four groups
MI MI+RDN Sham RDN

Mortality (%) 20.0 30.0 0 0
Number 8 7 10 10
BW (g) 321.45±9.91Δ 315.60±8.11Δ 354.30±9.20 341.10±10.83
LV/BW (mg/g) 2.06±0.12 2.14±0.10 1.98±0.13 1.96±0.11
Infarct size (%) 39.09±5.39 37.00±4.83 0 0
BW, body weight; LV/BW, ratio of left ventricle to body weight. *P<0.05 vs MI group, 
ΔP<0.05 vs Sham group.

the amplification reaction 
were described in Table 1 
(shown 5’-3’).

Statistical analysis

All continuous variables are 
expressed as mean values 
and standard deviations, 
and discrete variables are 
presented as percentages. 
Differences among multiple 
groups were determined by a 
one-way ANOVA, and in the 
case of a significant differ-
ence, further analysis was 
undertaken with a Post hoc 
Scheffe test. A value of P< 
0.05 was considered statisti-
cally significant. Data were 
analyzed with SPSS 20.0 
(SPSS Inc., Chicago, IL, USA).
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RDN raised blood pressure in MI rats

To test the safety of RDN on MI rats, dynamic 
changes of blood pressure were monitored in 

each group. As shown in Figure 3A, 3B, both 
systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) in the MI+RDN group and 
MI group were significantly lower than the Sham 

Figure 2. RDN attenuated the activation of SNS and RAS in MI rats. Compared with the MI group, MI+RDN group 
showed lower levels of plasma NE (A), plasma Ang II (B), and cardiac Ang II (C) (P<0.05). RDN also caused a lower 
expression of AT1R in the border area of MI rats (D, E). Abbreviations: Ang II, angiotensin II; AT1R, Ang II type 1 re-
ceptor; MI, myocardial infarction; NE, norepinephrine; RAS, renin-angiotensin system; RDN, renal denervation; SNS, 
sympathetic nerve system. *P<0.05 vs MI group, ΔP<0.05 vs Sham group.

Figure 3. RDN raised blood pressure in MI rats. A. Compared with the MI group, there was a significant increase 
of SBP in the MI+RDN group on day 21 and day 28 of the experimental period (P<0.05). B. Compared with the MI 
group, there was a significant increase of DBP in the MI+RDN group on day 14, day 21 and day 28 of the experimen-
tal period (P<0.05). Abbreviations: DBP: diastolic blood pressure; MI, myocardial infarction; RDN, renal denervation; 
SBP, systolic blood pressure. *P<0.05 vs MI group, ΔP<0.05 vs Sham group.



RDN on blood pressure and ventricular remodeling

8889 Int J Clin Exp Med 2017;10(6):8884-8895

and RDN groups on day 1, after MI induction 
(P<0.05). No significant difference of SBP and 
DBP between the MI+RDN group and MI group 
were observed on day 1 (P>0.05). On day 7, 
compared with the MI group, there was a slight 

but not significant decrease of SBP and DBP in 
MI+RDN group (P>0.05). On day 21 and day 28, 
there was a distinct increase of SBP in the 
MI+RDN group when compared with the MI 
group (P<0.05). On days 14, 21, and 28, com-

Figure 4. RDN improved ventricular remodeling in MI rats. A. Representative pictures of M-mode echocardiography 
of the 4 groups. Compared with sham-operated rats, MI rats displayed a larger left ventricular cavity, flatter motion 
curve, and worse contractile function, which were improved by RDN operation in the MI+RDN group. No significant 
changes were observed between the Sham group and RDN group. B. Analysis of echocardiographic measurements 
among the 4 groups. Compared with the Sham group, MI caused a progressive impairment of cardiac systolic and 
diastolic function, as reflected by the decreases of EF and FS and increases of LVIDS and LVIDD (P<0.05). Compared 
with the MI group, RDN ameliorated the decreases of EF and FS, and increases of LVIDS and LVIDD, in the MI+RDN 
group (P<0.05). No significant differences were detected in the EF, FS, LVIDS, and LVIDD between the Sham group 
and RDN group (P>0.05). Abbreviations: EF, ejection fraction; FS, fractional shortening; LVIDS, left ventricular inter-
nal dimensions at end systole; LVIDD, left ventricular internal dimensions at end diastole; MI, myocardial infarction; 
RDN, renal denervation. *P<0.05 vs MI group, ΔP<0.05 vs Sham group.
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pared with the MI group, a significant increase 
of DBP in the MI+RDN group was observed 
(P<0.05). 

However, we found RDN could not restore blood 
pressure back to normal in the MI+RDN group 
when compared with the Sham group (P>0.05). 
Moreover, no significant difference in blood 
pressure between the Sham and RDN groups 
were observed during the experiment (P>0.05).

RDN improved ventricular remodeling in MI 
rats

To evaluate the effect of RDN on ventricular 
remodeling, echocardiography was performed 
to observe cardiac structural and functional 
changes. As shown in Figure 4A, M-mode echo-
cardiographic images demonstrated MI rats 
had a larger left ventricular cavity, flatter motion 
curve, and worse contractile function as com-
pared with sham-operated rats. Three weeks 
after RDN operation in MI rats, the cardiac 
function in the MI+RDN group improved as  
evidenced by increased left ventricular cavity, 
and restored motion curve and contractile 
function. 

As shown in Figure 4B, compared with the 
Sham group, MI caused a progressive impair-
ment of echocardiographic measurements as 

reflected by the decreases in the EF and FS, 
and increases in the LVIDS and LVIDD (P<0.05). 
Compared with the MI group, RDN ameliorated 
the decreases of EF and FS, and the increases 
of LVIDS and LVIDD (P<0.05). No significant 
changes were observed in the echocardio-
graphic measurements between the Sham 
group and RDN group (P>0.05). 

RDN attenuated the CVF in MI rats

To observe the effect of RDN on collagen depo-
sition after MI, Masson’s trichrome staining 
was used to identify collagen deposition, and 
CVF was applied to quantify fibrotic area. As 
shown in Figure 5A, red color indicates muscle 
fibers, black indicates nuclei, and blue indi-
cates interstitial collagen. Compared with the 
MI group, MI+RDN group showed decreased 
marked collagen deposition. As shown in Figure 
5B, RDN caused a substantial decrease of the 
CVF in the MI+RDN group compared with the MI 
group (P<0.05). No significant changes were 
observed in the CVF between the Sham group 
and RDN group (P>0.05).

RDN inhibited collagen deposition and TGF-β1 
expression in MI rats 

To evaluate the effect of RDN on cardiac colla-
gen deposition, we used immunohistochemical 

Figure 5. RDN attenuated the CVF in MI rats. A. Representative pictures of the Masson’s trichrome-stained myo-
cardial tissues. Compared with the MI group, MI+RDN group showed decreased marked collagen deposition (blue 
color, magnification ×200). B. Quantitative analysis of CVF among the 4 groups. RDN caused a substantial decrease 
of the CVF in the MI+RDN group compared with the MI group (P<0.05). No significant changes were observed in the 
CVF between the Sham group and RDN group (P>0.05). Abbreviations: CVF, collagen volume fraction; MI, myocardial 
infarction; RDN, renal denervation. *P<0.05 vs MI group, ΔP<0.05 vs Sham group.
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staining to observe the protein expression of 
Collagen I and Collagen III in the border area  
of MI rats. As shown in Figure 6A, RDN inhibit-
ed the protein expression of Collagen I and 
Collagen III in the MI rats. Since TGF-β1 is an 
important profibrotic cytokine during cardiac 
remodeling, we measured the protein expres-
sion of TGF-β1 and found RDN operation could 
counteract the high expression of TGF-β1 in MI 
rats. 

We further analyzed the mRNA levels of 
Collagen I, Collagen III, and TGF-β1 by qRT-PCR. 
As shown in Figure 6B, RDN significantly at- 
tenuated the mRNA levels of Collagen I and 
Collagen III in MI rats (P<0.05). RDN also inhib-
ited the mRNA level of TGF-β1 in MI rats 
(P<0.05). As expected, there was no significant 
difference in the protein and mRNA levels of 
Collagen I, Collagen III, or TGF-β1 between the 
Sham group and RDN group (P>0.05). 

Figure 6. RDN inhibited collagen deposition and TGF-β1 expression in MI rats. A. Representative pictures of immu-
nohistochemical-stained myocardial tissues. Compared with the MI group, MI+RDN group showed lower protein 
expression of Collagen I, Collagen III, and TGF-β1 (brown color, magnification ×200). B. qRT-PCR analysis of mRNA 
levels of Collagen I, Collagen III, and TGF-β1 among the 4 groups. RDN caused a significant decrease of Collagen I, 
Collagen III, and TGF-β1 in the MI+RDN group compared with the MI group (P<0.05). No significant changes were 
observed in the collagen deposition and TGF-β1 expression between the Sham group and RDN group (P>0.05). Ab-
breviations: MI, myocardial infarction; RDN, renal denervation; TGF-β1, transforming growth factor-β1. *P<0.05 vs 
MI group, ΔP<0.05 vs Sham group.
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Discussion

In the present study, we evaluated the effect 
and safety of RDN on post-infarction remodel-
ing in experimental MI rats. The success of 
RDN operation was confirmed by electrical 
stimulations and molecular changes of SNS 
and RAS. We found RDN gradually raised blood 
pressure of MI rats, although not back to nor-
mal levels. RDN reduced the deposition of 
Collagen I and Collagen III, and inhibited the 
expression of TGF-β1 in the border area of MI 
rats, which was associated with an overall  
beneficial effect on ventricular remodeling and 
cardiac function. The present findings suggest 
that RDN is a potentially safe and effective 
alternative for halting cardiac fibrosis and 
attenuating post-infarction ventricular remodel-
ing in MI patients. 

It has been well known that the activation  
of SNS and RAS play an important role in the 
development of hypertension and ventricular 
remodeling. The earlier Simplicity Hyperten- 
sion-1 (HTN-1) and HTN-2 trials demonstrated 
the catheter-based RDN as an alternative strat-
egy for the treatment of resistant hypertension 
via the inhibition of SNS and RAS [4-7]. How- 
ever, recently published HTN-3 trial resulted in 
a negative outcome and cast a pall over the 
renal denervation [18]. Criticism is raised over 
the inexperience of operators and likelihood 
that renal denervation was actually achieved, 
since it was not evaluated by the operators in 
HTN-3 trial. Thus increased efforts are neces-
sary to validate the success of denervation 
operation. 

In the present study, we preliminarily evaluated 
the success of RDN operation via electrical 
stimulations, as no changes in blood pressure, 
heart rate, or color of the kidney were observed 
after bilateral denervation. We then tested the 
molecular levels of SNS and RAS. Currently,  
the activity of SNS is difficult to evaluate. 
Circulating plasma NE measurement is recog-
nized as a crude guide of SNS because it 
depends on the rate of immediate NE reuptake 
as well as NE clearance from circulation [19]. 
Ang II is known as the principle effector of RAS. 
The effect of Ang II on ventricular remodeling is 
mediated via its binding of AT1R in the border 
area of local myocardium [20, 21]. In our study, 
we found RDN decreased the release of NE and 

Ang II in circulating plasma and reduced the 
expression of Ang II and AT1R in local myocar-
dium of MI rats. Taken together, our study con-
firmed RDN was effectively performed in indi-
vidual rats, via electrical stimulations and 
molecular measurements of SNS and RAS. 

RDN is reported to be effective for resistant 
hypertension but its impact on blood pressure 
in MI patients is unclear. We investigated the 
effect of RDN on blood pressure in MI rats and 
found RDN did not lower blood pressure but 
caused a significant increase of SBP and DBP. 
In addition to raising blood pressure, RDN led 
to decreased LVIDS and LVIDD and increased 
EF and FS in MI rats. We speculated the benefi-
cial effect of RDN on blood pressure of MI rats 
was the consequence of RDN improving the 
cardiac function and cardiac output on post-
infarction remodeling. Our echocardiographic 
results were consistent with previous findings, 
which reported the effect of RDN on left ven-
tricular remodeling was due to the increase of 
water and sodium excretion in MI rats [9, 22]. 
However, Watanabe et al. did not observe any 
changes in renal sodium excretion or daily sodi-
um/water balance after RDN operation in 
hypertensive rats [23]. Till now, the impact of 
RDN on water and sodium excretion is still 
unclear.

Collagen deposition is known to play an impor-
tant role in the generation and development  
of cardiac remodeling [24, 25]. Collagen depo-
sition changes were sufficient to cause cardiac 
fibrosis in post-infarction remodeling. Collagen 
I represents about 80-85% of the total cardiac 
collagen content in the normal myocardium 
and Collagen III accounts for 10-15% of myo-
cardial collagen content [26, 27]. Collagen I is 
the major determinant of myocardial diastolic 
stiffness at sites of border area [28]. Down-
regulation of collagen deposition during heal- 
ing phases is of great benefit to cardiac func-
tion after MI [13, 29]. In our study, we found 
RDN one week after MI attenuated the increase 
of CVF and reduced the deposition of Collagen 
I and Collagen III in the border area of MI rats. 
The changes of Collagen I and Collagen III were 
in line with the improvement of ventricular 
remodeling, suggesting that the beneficial 
effect of RDN on MI rats was the consequence 
of affecting collagen deposition and cardiac 
fibrosis.
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TGF-β1, as a profibrotic cytokine, is highly 
expressed in the border area of infarct region 
and interacts with local RAS, thereby playing a 
vital role in the collagen deposition and ven- 
tricular remodeling [30, 31]. We investigated 
the levels of TGF-β1 and found RDN attenuated 
the high expression of TGF-β1 in the border 
area of MI rats. Rosenkranz et al. reported that 
Ang II induced collagen synthesis via the upreg-
ulation of TGF-β1 in the local myocardium [32]. 
Following the treatment of Ang II receptor an- 
tagonist losartan, the expression of TGF-β1  
and Collagen I were both reduced significantly 
in the border area [33]. Zheng et al. reported 
RDN might affect matrix metalloproteinases  
via TGF-β1 signaling in myocardial remodeling 
[34]. In our study, we found following RDN oper-
ation, the suppression of TGF-β1 expression 
and collagen deposition was consistent with 
the inhibition of SNS and RAS in MI rats. Thus 
we propose the effect of RDN on ventricular 
remodeling is attributed to the suppression of 
TGF-β1 expression and collagen deposition, 
through its inhibition of SNS and RAS.

Some limitations should be considered in inter-
preting the present results. We performed RDN 
treatment one week after MI induction to evalu-
ate the impact of RDN on post-infarction remod-
eling. Kline et al. reported renal nerve regener-
ation occurred after 8 weeks following RDN 
operation [35]. We observed RDN was persis-
tently effective within 4 weeks after RDN oper-
ation. Our results suggest RDN is safe and 
effective at initial stages of post-infarction 
remodeling. We are also very interested in 
observing the effect and safety of RDN treat-
ment during a different time course of ventricu-
lar remodeling. 

In summary, our findings demonstrated that 
RDN may inhibit the activity of SNS and RAS, 
and then reduce TGF-β1 expression and colla-
gen deposition in the border area of MI rats. 
These histological and molecular changes were 
associated with the improvement of blood pres-
sure and ventricular remodeling in MI rats. Our 
data is preliminary but RDN may be a safe and 
effective alternative for the treatment of post-
infarction patients especially with hypotension 
status. Although the precise mechanism of 
RDN treatment is not certain, we confirm the 
therapeutic potential of RDN specially targeting 
the collagen deposition and TGF-β1 pathway 
following MI. Furthermore, cardiac fibrosis is a 

pathological feature common to numerous 
forms of heart diseases. The present study 
identified the RDN treatment as a novel anti-
fibrotic method, which might be used in the car-
diovascular diseases with similar pathological 
processes in the future.  
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