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Introduction
Renin‑angiotensin system (RAS) is a 
hormonal system that involves in the 
regulation of plasma sodium concentration 
and vascular tone. RAS includes 
vasoconstrictor and vasodilator arms that the 
balance between these two arms is important 
in the hemodynamics circulation.[1‑3] The role 
of RAS in communication between the renal 
and the cardiovascular systems is extremely 
important, and one of the homeostatic factors 
that interact with RAS is baroreceptor 
reflex sensitivity (BRS). BRS index is a 
quantitative index which defines as heart 
rate (HR) alteration versus mean arterial 

pressure (MAP) change ratio ( HR
MAP
Δ
Δ

). 

BRS reflects the level of baroreflex activity, 
vascular tone, cardiac pump, and vascular 
resistance.[4,5] Recently, BRS was considered 
as a prognostic indicator for health and 
disease related to cardiovascular system, 
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Δ
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to change in the BRS. The role of angiotensin II (Ang II) infusion in systemic circulation 
accompanied with bilateral renal denervation (RDN) on BRS index and renal function was 
studied. Materials and Methods: Seventy‑two male and female Wistar rats in 12 groups were 
anesthetized and catheterized. The alteration of MAP and HR responses to phenylephrine infusion 
compared to control groups was determined in bilateral RDN rats subjected to treat with Ang II 
(300 or 1000 ng/kg/min) administration. Results: The BRS index was elevated in Ang II‑treated 
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significantly different when compared with RDN male rats (P < 0.05). Accordingly, the BRS index 
was significantly lower in RDN than non‑RDN male rats, and such observation was not observed in 
female rats. The creatinine clearance (insignificantly) and urine flow (significantly; P < 0.05) were 
decreased in both non‑RDN and RDN male and female rats treated with Ang II. In RDN model, 
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such as cardiovascular risk.[5‑9] The role 
of angiotensin II (Ang II) in the central 
nervous system (CNS) associated with BRS 
alteration was studied.[10‑12] Ang II is not able 
to cross the blood–brain barrier, and systemic 
Ang II can only pass through areas without 
of the barrier such as circumventricular 
organs (CVOs). Subfornical organ is a 
sensory organ that belongs to CVOs, and it 
affects by systemic Ang II.[13,14] The role of 
some of the RAS components in altering 
BRS in the CNS can be attributed to the role 
of local RAS; however, these results cannot 
be attributed to the entire RAS system.[15,16] 
It seems that study is needed to determine 
the role peripheral RAS (Ang II) on the BRS 
index.[13,17,18] In addition, the RAS function 
and receptor expression are reported to be 
gender and sex hormones related.[19‑22]

On the other hand, sympathetic nerve is 
the most important arm of the baroreflexes 
and any change in its activity will lead 
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to a greater change in the BRS.[23‑25] BRS was considered 
as a prognostic indicator for health and disease related to 
cardiovascular system, such as cardiovascular risk, neural 
disorders, coronary disorders, and myocardial infarction.[5,7,26] 
BRS is responsible for a large part of the low‑frequency 
fluctuation in HR variability. Understanding the role of 
BRS and its related factors in health and disease can be 
useful.[6,27] Therefore, studying the BRS index is a valuable 
source of information regarding its clinical knowledge and 
application.[9,28] Accordingly, it is hypothesized that the 
change of Ang II level in systemic circulation accompanied 
with bilateral RDN may alter BRS and renal function.

Materials and Methods
Animal

Seventy‑two male and female Wistar rats (218.40 ± 1.11 g, 
n = 36 and 196.20 ± 0.97 g, n = 36) were used. 
Our experimental protocol was approved by Isfahan 
University of Medical Sciences Ethics Committee 
(Code # IR. MUI. REC.1395.3.811). The animals were 
divided into 12 groups (6 rats in each group) as follows:
• Group 1: Male rats treated with vehicle (saline) and 

then received phenylephrine (Phe)
• Group 2 and 3: Male rats treated with 300 and 

1000 ng/kg/min of Ang II, respectively, and then 
received Phe

• Group 4: Male rats subjected to renal denervation (RDN) 
treated with vehicle (saline) and then received Phe

• Group 5 and 6: Male rats subjected to RDN treated 
with 300 and 1000 ng/kg/min of Ang II, respectively, 
and then received Phe

• Groups 7–12: Female rats received the same regimen as 
Groups 1–6, respectively.

Surgical preparation and renal denervation

Animals were anesthetized with urethane 
(1.7 g/kg weight) (Sigma, St. Louis, USA). Trachea 
was cannulated for air ventilation, and the left jugular 
vein was catheterized with polyethylene tubing for 
vehicle/Ang II and Phe infusion. Furthermore, the left 
carotid artery was cannulated linked to a transducer 
cable to Quad Bridge Amp (ADINSTRUMENTS, 
model: ML224, S/N: 224‑0265, Australia) connected 
to PowerLab 4/30 hardware (ADINSTRUMENTS, 
model: ML866, S/N: 430‑0658, Australia) and LabChart 
software (ADINSTRUMENTS, v7.3.7, Australia) to 
measure systolic pressure, diastolic pressure, MAP, and 
HR. MAP and HR were recorded continuously during 
the experiment. To perform RDN, the left and right renal 
afferent and efferent sympathetic innervation was exposed 
and bilateral RDN model was done using microscope 
surgery.[29,30] In sham‑operated groups, the left and right 
renal sympathetic nerves were similarly exposed and 
manipulated without RDN. The bladder was cannulated for 
urine collecting during the Ang II and Phe infusion.

Experimental protocol

Baseline measurement and responses to angiotensin II

After catheterization, the rats were allowed to stabilize 
for 30–45 min as equilibrium time. The baseline 
data (control) for MAP and HR were considered over 
the last 5 min of equilibrium time. Then, vehicle or 
Ang II (300 or 1000 ng/kg/min) was infused intravenously 
using micro‑syringe pump (New Era Pump System 
Inc. Farmingdale, NY, USA) for 15 min. MAP and HR 
responses to vehicle or Ang II infusion were measured over 
the last 3–5 min of infusion, and this state called “treat” 
state. Vehicle or Ang II infusion was continued until Phe 
infusion and BRS index measurement were completed.

Phenylephrine responses

After the response to Ang II/ vehicle measurements 
and accompanied with Ang II or vehicle infusion, the 
animals were subjected to receive Phe for BRS index 
determination. The single bolus dose of α‑adrenergic 
receptor agonist Phe (0.1 mg/kg body weight) was injected 
intravenously. MAP and HR were determined over the Phe 
response time. To consider the changes of MAP and HR, 
the peak amplitude of pressure and bradycardia responses 
were determined. The ratio of HR change (ΔHR) to 
MAP change (ΔMAP) was calculated as the BRS index. 
Urine sample also was collected from the beginning of 
vehicle/Ang II infusion until end of Phe infusion (about 
20 min). Finally, blood samples were obtained via heart 
puncture, and the animals were sacrificed humanely. The 
serum and urine creatinine (Cr) levels were measured 
using quantitative diagnostic kits (Pars Azmoon, Iran). 
Furthermore, the serum nitrite level (stable nitric oxide NO 
metabolite) was measured using a colorimetric assay kit 
involves the Griess method.

Statistical analysis

The data reported as the mean ± standard error of the 
mean. ANOVA for repeated measure data for MAP and 
HR and one‑way ANOVA for Cr clearance (ClCr), urine 
flow (UF), and serum nitrite levels were employed to 
compare between the groups using Tukey test as post 
hoc test. Independent Student’s t‑test also was used for 
comparison between the genders. P ≤ 0.05 was considered 
to be statistically significant.

Results
Mean arterial pressure and heart rate measurements

The data for MAP and HR measurements in 
control (equilibrium time or base), treat (vehicle or Ang II 
infusion), and Phe administration are tabulated in Table 1. 
The results showed that MAP was increased significantly 
by Ang II infusion in non‑RDN (normal) male and female 
rats (P < 0.05) when compared with vehicle infusion. 
However, in RDN groups, only the high dose of Ang II 
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infusion increased MAP significantly in male and female 
rats (P < 0.05). The results also showed that HR response to 
Ang II infusion was not significantly different between the 
groups. However, in RDN groups, HR response to Ang II 
was decreased significantly in female rats alone (P < 0.05) 
when compared with control group.

Baroreceptor reflex sensitivity

The results indicated that BRS increased significantly in 
male rats treated with Ang II (1000 ng/kg/min) compared 
to vehicle or Ang II (300 ng/kg/min) treated in both RDN 
and non‑RDN (normal) animals (P < 0.05) [Figure 1a]. 
Moreover, BRS decreased significantly in RDN male 
rats treated with vehicle or Ang II when compared 
with normal rats treated in similar manner (P < 0.05). 
In female rats, the BRS increased significantly in Ang 
II (1000 ng/kg/min) treated compared to vehicle or 
Ang II (300 ng/kg/min) treated in non‑RDN (normal) 
animals (P < 0.05) [Figure 1b], and such observation was 
not seen in RDN groups. There is also gender difference 
response in BRS. For example, in non‑RDN (normal) rats 
and when Ang II (1000 ng/kg/min) was administrated, the 
BRS index was 6.53 ± 0.47 and 3.28 ± 0.77 beats/min/mmHg 
in male and female, respectively, including significant 
difference between genders, while it reduced significantly 
to 0.75 ± 0.15 and 1.22 ± 0.54 beats/min/mmHg in male 
and female rats, respectively, including no significant 
differences between the genders.

Renal function biomarkers and nitric oxide 
measurement

The results indicated that ClCr (insignificantly) and 
UF (significantly, P < 0.005) decreased by Ang II infusion 
in all RDN and non‑RDN male and female rats when 
compared with vehicle‑treated groups [Figure 2a‑d]. 
Moreover, the serum nitrite level decreased significantly 
when treated with Ang II (1000 ng/kg/min) or Ang 
II (300 ng/kg/min) in male rats compared to vehicle in 
RDN models (P < 0.05) [Figure 2e]. The serum nitrite level 
increased significantly in RDN male rats treated with vehicle 
compared to non‑RDN male rats (P < 0.0001) [Figure 2e]. 
The serum nitrite level decreased significantly in female 
rats treated with Ang II (300 or 1000 ng/kg/min) compared 
to vehicle in non‑RDN model (P < 0.05) [Figure 2f]. The 
results also showed that serum nitrite level in RDN female 
rats treated with Ang II (300 or 1000 ng/kg/min) was more 
than non‑RDN (P < 0.0001 for Ang II 300, P = 0.02 for 
Ang II 1000) [Figure 2f]. Moreover, the result showed that 
serum nitrite level was difference between male and female 
in RDN model [Figure 2e and f].

Discussion
The main findings of this study indicated that the BRS 
altered significantly in RDN and non‑RDN male and 
female rats subjected to treat with Ang II. RAS is an 
important regulator of homeostasis and blood pressure.[31] 
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It is reported that RAS and renal sympathetic nerves have 
reciprocal interaction.[30,32] Accordingly, Ang II first alters 
the renal sympathetic nerve activity,[33] and the renal 
sympathetic nerve activation second can increase RAS 
components expression.[34,35] The efficacy and safety of 
RDN in the hypertensive and nonhypertensive disorders 
were reported.[36] In our results, the BRS index decreased 
in male groups treated with vehicle and Ang II in RDN 
compared to non‑RDN models [Figure 1a]. Sanderford 
et al. have been reported that the intravertebral infusion 
of Ang II can acutely attenuate the maximum renal 
sympathetic nerve activity.[37] Moreover, Lohmeier et al. 

reported that administration of Ang II in the CNS impaired 
the baroreflex control of renal sympathetic nerve activity 
and HR.[38] In the present finding, the BRS significantly 
increased by Ang II (1000 ng/kg/min) compared to Ang 
II (300 ng/kg/min) and vehicle‑treated rats in male RDN 
and male and female non‑RDN rats [Figure 1a and b]. 
It has been shown that RDN restores the baroreflex 
control of renal sympathetic nerve activity in renal failure 
Wistar‑Kyoto rats.[39] Further, our study showed that the 
BRS significantly increased in female group treated with 
Ang II (300 ng/kg/min) in RDN rats compared to non‑RDN 
model [Figure 1b]. It has also shown that the RAS acts 

Figure 1: Data for baroreceptor reflex sensitivity in intact and renal denervation male (a) and female (b) rats in the groups treated with vehicle or two different 
doses of angiotensin II infusion. Ang II (300) and Ang II (1000) represent angiotensin II (30 ng/kg. min) and angiotensin II (1000 ng/kg/min). Statistical analysis was 
obtained by one‑way ANOVA using Tukey as post hoc. The symbols represent significant difference from * vehicle, # Ang II (300), or †renal denervation (P < 0.05)

ba

Figure 2: Data for creatinine clearance (a and b), urine flow (c and d), and serum nitrite (e and f) in intact and renal denervation male and female rats 
in the groups treated with vehicle or two different doses of angiotensin II infusion. Ang II (300) and Ang II (1000) represent angiotensin II (300 ng/kg/
min) and angiotensin II (1000 ng/kg/min). Statistical analysis was obtained by one‑way ANOVA using Tukey as post hoc. The star symbol (*) represents 
significant difference from vehicle group (P < 0.05)

dc

b

f

a

e
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gender dependently in blood pressure in spontaneously 
hypertensive rats (SHRs).[40] Possibly, a lower sympathetic 
outflow to the kidney of females may contribute to their 
lower blood pressure.[41] Other investigations have revealed 
that the male SHR has increased sympathetic nerve 
output[42,43] and renal sympathetic nerves as a link between 
the long‑term blood pressure and CNS are controlled by 
the kidneys. Hence, RDN reduces hypertension in male 
SHRs.[44,45] Chen and DiCarlo reported that the gain and 
efficiency of baroreflex control of HR in female were 
greater than male normotensive rats,[46] and BRS can 
be modulated by estrogens in normotensive rats.[47,48] 
Furthermore, RDN attenuates the renal nerve activity, 
leading to reduces central sympathetic nerve outflow.[49‑51] 
Our results also indicated that ClCr (insignificantly) and 
UF (significantly) decreased by Ang II infusion in all 
RDN and non‑RDN male and female rats when compared 
with vehicle‑treated groups. In patients with resistant 
hypertension, there is a moderate‑quality evidence that 
RDN changes major renal functions.[52,53] The result also 
showed that there is significant difference in serum nitrite 
level between RDN and non‑RDN models in each of Ang 
II‑treated female groups and vehicle‑treated male groups. 
In line with our result, it has been shown that elevated NO 
signaling increases after radiofrequency RDN and plays a 
role in the reduction in MAP.[54] Moreover, in RDN rats, 
administration of L‑arginine methyl ester hydrochloride 
has been shown that the renal effects of NO are dependent 
in UF, so that NO has a role of in the regulation of kidney 
function by modulation of renal sympathetic nerves 
activity.[55]

Conclusion
Ang II infusion could alter the BRS index in both 
RDN and non‑RDN models in male and female rats. 
BRS index gradually and dose dependently increases 
in male rats treated with Ang II compared to vehicle. 
The greater BRS index can be indicated the gain of 
sensitivity of baroreceptor reflex. BRS index decreases 
significantly in RDN models treated with vehicle or 
Ang II when compared with normal rats that show 
RDN causing decrease of BRS, or by other words, RDN 
attenuates BRS response to Ang II. In fact, the RDN can 
restores (remodulation) of the BRS, or possibly RDN 
reduces the effects of the Ang II on the BRS. Disruption 
of the interconnection between renal sympathetic nerve 
and Ang II attenuates baroreflex gain that ultimately 
causes decreases of the BRS index. Further, there is 
gender difference response in BRS.
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