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Abstract
Intermedin (IMD) is a member of calcitonin/calcitonin gene-related peptide (CGRP) and involves in the regulation of cardiovascular

function in both peripheral tissues and central nervous system (CNS). Paraventricular nucleus (PVN) of hypothalamus is an

important site in the control of cardiac sympathetic afferent reflex (CSAR) which participates in sympathetic over-excitation of

hypertension. The aim of this study is to investigate whether IMD in the PVN is involved in the inhibition of CSAR and its related

mechanism in hypertension. Rats were subjected to two-kidney one-clip (2K1C) surgery to induce renovascular hypertension or

sham-operation (Sham). Acute experiments were carried out four weeks later under anesthesia. The CSAR was evaluated with the

renal sympathetic nerve activity (RSNA) and mean arterial pressure (MAP) responses to the epicardial application of capsaicin. The

RSNA and MAP were recorded in sinoaortic-denervated, cervical-vagotomized and anesthetized rats. Bilateral PVN microinjec-

tion of IMD (25 pmol) caused greater decrease in the CSAR in 2K1C rats than in Sham rats, which was prevented by pretreatment

with adrenomedullin (AM) receptor antagonist AM22-52, non-selective nitric oxide (NO) synthase (NOS) inhibitor L-NAME

or g-amino butyric acid (GABA)B receptor blocker CGP-35348. PVN pretreatment with CGRP receptor antagonist CGRP8-37

or GABAA receptor blocker gabazine had no significant effect on the CSAR response to IMD. AM22-52, L-NAME and CGP-35348

in the PVN could increase CSAR in Sham and 2K1C rats. These data indicate that IMD in the PVN inhibits CSAR via AM receptor,

and both NO and GABA in the PVN involve in the effect of IMD on CSAR in Sham and renovascular hypertensive rats.
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Introduction

Intermedin (IMD), a member of the calcitonin gene-related

peptide (CGRP) superfamily, is widely distributed in per-

ipheral organs and central nervous system (CNS).1–4 The

receptor system consisting of calcitonin receptor-like recep-

tor (CRLR) and receptor activity-modifying proteins

(RAMPs) is shared by IMD, adrenomedullin (AM) and

CGRP.2 IMD is a potent, peripherally hypotensive, neuro-

peptide known and shares structural and functional hom-

ology with AM.1 In some cases, the effects of IMD on

cardiovascular function are even more potent than AM in

both periphery and brain.5–7

Sympathetic activity is enhanced in patients with hyper-
tension and various animal hypertensive models.8–12

Sympathetic overdrive contributes to the pathogenesis
and progression of hypertension.13–15 Intervention of the
sympathetic overdrive is viewed as an effective antihyper-
tensive strategy.16–18 Cardiac sympathetic afferent reflex
(CSAR), a positive-feedback, sympathoexcitatory cardio-
vascular reflex, contributes to the sympathetic activation
and hypertension.19,20 Previous studies in our lab have
shown that CSAR is enhanced in renovascular hypertensive
rats and spontaneously hypertensive rats (SHRs).9,21 The
paraventricular nucleus (PVN) of the hypothalamus
involves in the central pathway of CSAR in normal or
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hypertensive rats,22,23 and it is an important integrative site
in the control of cardiovascular activity and sympathetic
outflow. In the CNS, immunoreactive IMD has been
found in the hypothalamus, especially in the PVN.3,24

Although the direct effects of peripheral or central IMD
on cardiovascular function have been documented,5–7 the
site of action, the effect of IMD on CSAR, and its related
mechanism in the PVN have not been explored in the
normal and renovascular hypertensive rats.

Central nitric oxide (NO), a nonconventional neurotrans-
mitter, has been proposed to be involved in the regulation of
cardiovascular functions by affecting sympathetic activity
in hypertension.25–27 IMD increases NO content and NO
synthase (NOS) activity in isolated rat aortas,28 and it pro-
duces vasodilation in an endothelial-dependent manner by
production of NO in rat main pulmonary arterial rings.29

The NOS inhibitor L-NAME reduces IMD-induced renal
vasodilator response.6 NO in the PVN decreases arterial
pressure and heart rate (HR), and its down-regulation in
the PVN was involved in renal-wrap hypertension.30

In addition, g-amino butyric acid (GABA) in the PVN has
a tonic inhibitory effect on the sympathetic nervous
system,31,32 and in the PVN it participates in the regulation
of CSAR.33 Furthermore, GABA and NO involve in AM-
induced depressor effect in the PVN.34 It is unknown
whether NO and GABA in the PVN are involved in the
effect of IMD on CSAR. The present study was designed
to determine whether IMD in the PVN inhibits the
enhanced CSAR, and whether NO and GABA in the PVN
involve in the effect of IMD on CSAR in normal and reno-
vascular hypertensive rats.

Materials and methods

Experiments were carried out in male Sprague–Dawley rats
weighing 160–180 g. The procedures were approved by the
Experimental Animal Care and Use Committee of Nanjing
Medical University and complied with the Guide for the
Care and Use of Laboratory Animals (the 8th edition,
2011). The rats were maintained on a cycle of 12 h light
and 12 h darkness in a temperature-controlled room and
provided free access to laboratory chow and water.

Renovascular hypertensive rat model

Goldblatt two-kidney one-clip (2K1C) method was used to
induce renovascular hypertension in rats as previously
reported.20 Simply, the rat was anesthetized with sodium
pentobarbital (50 mg/kg, intraperitoneal [ip]). The right
renal artery of rat was partly occluded to induce renovas-
cular hypertension by placing a U-shaped silver clip
(internal diameter 0.20 mm). The sham-operated (Sham)
rat received similar surgical process except using silver
clip. Systolic blood pressure (SBP) of tail artery �160 mm
Hg in conscious state is set to meet the criterion of hyper-
tension for experiment.20

SBP measurements

Simply, in order to minimize the effect of stress-induced
SBP fluctuation on rat, SBP measurement was done daily

for at least 10 days before 2K1C or sham operation. A non-
invasive computerized tail-cuff system (NIBP, AD
Instruments, Australia) was used to measure the SBP of
tail artery weekly in conscious rat.20 The SBP was obtained
by averaging 10 measurements.

General procedures of acute experiment

Rat was anesthetized with urethane (800 mg/kg) and a-
chloralose (40 mg/kg) intraperitoneally at the end of the
fourth week after the 2K1C or sham operation and then
ventilated mechanically by using a rodent ventilator
(model 683, Harved Apparatus Inc, USA). For continuous
recording of arterial blood pressure (ABP), mean arterial
pressure (MAP) and heart rate (HR), the right carotid
artery of rat was cannulated and connected with a pressure
transducer (MLT0380, AD Instruments). Bilateral baro-
receptor denervation and vagotomy were carried out and
identified on rat as previously reported.35

Renal sympathetic nerve activity (RSNA) recordings

To isolate the left renal sympathetic nerve, a retroperitoneal
incision was made and then the distal renal nerve was cut to
eliminate its afferent activity. The nerve signals were ampli-
fied with a high pass filter at 10 Hz and a low pass filter at
3000 Hz by a four-channel AC/DC differential amplifier
(DP-304, Warner Instruments, Hamden, CT) and the
RSNA was integrated at a time constant of 100 ms. At the
end of each experiment, the background noise was deter-
mined after section of the central end of the nerve and was
subtracted from the integrated values of the RSNA.36 The
raw and integrated RSNA, ABP, MAP, and HR were rec-
orded by a PowerLab data acquisition system (8/35, AD
Instruments).

Evaluation of CSAR

To expose the heart, a limited left lateral thoracotomy was
performed and then the pericardium was removed. The
CSAR was induced by stimulating cardiac sympathetic
afferents with a piece of filter paper (3 mm� 3 mm) contain-
ing capsaicin (1.0 nmol in 2.0mL) on the anterior wall of the
left ventricle. The filter paper was removed 1 min later, and
the ventricular surface was rinsed three times with normal
saline (10 mL) at 37�C. The CSAR was evaluated by the
RSNA and MAP responses to the epicardial application of
capsaicin.36 The RSNA was expressed as the percent change
from the baseline value. RSNA change (%)¼
(RSNAbefore�RSNAafter)/RSNAbefore� 100.

PVN microinjection

According to Paxinos & Watson’s rat atlas, the stereotaxic
coordinates using stoelting (Chicago, USA) for the PVN are
1.8 mm caudal from bregma, 0.4 mm lateral to the midline
and 7.9 mm ventral to the dorsal surface. The microinjection
volume was 50 nL for each side of the PVN and the bilateral
PVN microinjections were completed within 1 min. At the
end of the experiment, 2% Evans Blue dye (50 nL) was
injected into each site and then the microinjection site was
verified with microscope histologically. The rats were
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excluded from data analysis for the microinjection sites
were outside the PVN.

Chemicals

Rat IMD, CGRP receptor antagonist CGRP8-37 and AM
receptor antagonist AM22-52 were from Bachem AG
(Hauptstrasse, Bubendorf, Switzerland); non-selective
NOS inhibitor NG-nitro-L-arginine methyl ester (L-
NAME), GABAA receptor antagonist gabazine and
GABAB receptor antagonist CGP-35348 were purchased
from Sigma Chemical Co (St. Louis, MO). These chemicals
were dissolved in saline.

Experiment protocol

Experiment 1. Rats were first randomly divided into nine
groups (n¼ 6 for each group), which were subjected to bilat-
eral PVN microinjection of saline, three doses of IMD (0.5, 5
and 25 pmol), CGRP receptor antagonist CGRP8-37
(0.2 nmol), AM receptor antagonist AM22-52 (1 nmol),
non-selective NOS inhibitor NG-nitro-L-arginine methyl
ester (L-NAME) (200 nmol), GABAA receptor antagonist
gabazine (0.1 nmol) or GABAB receptor antagonist CGP-
35348 (10 nmol) in Sham rats and 2K1C rats. The CSAR
was induced 10 min after saline, CGRP8-37, AM22-52, L-
NAME, gabazine or CGP-35348 microinjection into the
PVN and 30 min after IMD microinjection into the PVN.
The changes of RSNA and MAP responses to capsaicin
were determined by averaging 30 s of the maximal
responses (n¼ 6 for each group). To exclude the possibility
that the effect of IMD on the CSAR was caused by diffusion
to other brain area, the effect of microinjection of IMD
(25 pmol) into the anterior hypothalamic area which is adja-
cent to the PVN was determined in 2K1C rats (n¼ 3).

Experiment 2. Effects of PVN pretreatment with CGRP8-
37 (0.2 nmol), AM22-52 (1 nmol), L-NAME (200 nmol), gaba-
zine (0.1 nmol) and CGP-35348 (10 nmol) on the CSAR
response to the PVN microinjection of IMD (25 pmol)
were investigated, respectively, in five groups of Sham
rats and five groups of 2K1C rats (n¼ 6 for each group).
The pretreatment was performed 10 min before IMD treat-
ment in the PVN, and the CSAR was induced 30 min after
IMD.

Statistical analysis

The RSNA and MAP responses to epicardial application of
capsaicin were determined by averaging 30 s of the param-
eters beginning at the 16th second after epicardial applica-
tion of capsaicin. The RSNA change was expressed as the
percent change from the baseline values. All data were
expressed as mean� SE. One-way analysis of variance
(ANOVA), followed by post hoc Bonferroni test, was used
when multiple comparisons were made. Comparisons
between two groups were assessed by Student’s t-test.
A value of P< 0.05 was considered statistically significant.

Results
General data

There was no significant difference in the body weight (BW)
and baseline HR between Sham and 2K1C groups, but SBP,
LVW, LVW/BW and MAP in 2K1C rats were significantly
higher than those in Sham rats (Table 1).

Effects of each chemical on the baseline RSNA
and MAP

Bilateral PVN microinjection of IMD (25 pmol) caused
greater decreases in the baseline RSNA and MAP in 2K1C
rats than in Sham rats, but it had not significant effect on HR
(data not shown). PVN microinjection of AM22-52 (in 2K1C
rats), L-NAME, gabazine or CGP-35348 (in both Sham rats
and 2K1C rats) significantly increased the baseline RSNA
and MAP, but CGRP receptor antagonist CGRP8-37 had no
significant effects on them in Sham and 2K1C rats (Table 2).

Effects of different doses of IMD on the CSAR

Microinjection of three doses of IMD (0.5, 5 and 25 pmol)
into the PVN caused dose-related decreases in the CSAR by
evaluating the RSNA and MAP responses to the epicardial
application of capsaicin in both Sham rats and 2K1C rats.
The effect of IMD on CSAR in 2K1C rats was greater than
that in Sham rats (Figure 1). Representative recordings
showed that PVN microinjection of IMD (25 pmol) attenu-
ated the CSAR in 2K1C rat (Figure 2b). In addition, micro-
injection of IMD (25 pmol) into the anterior hypothalamic
area had no significant effect on the CSAR (data not shown).

Effects of CGRP8-37 and AM22-52 on the CSAR

Microinjection of CGRP receptor antagonist CGRP8-37 into
the PVN had no significant effect on the CSAR in both Sham
and 2K1C rats. However, AM receptor antagonist AM22-52
significantly increased the CSAR in Sham and 2K1C rats
(Figure 3). The CSAR-inhibitory effect of IMD was abol-
ished by the pretreatment with AM22-52 but not CGRP8-
37 in the PVN in both Sham rats and 2K1C rats (Figure 3).

Table 1 General characteristics of rats

Sham 2K1C

Body weight (g) 323� 19 319�18

Left ventricular weight (mg) 520� 27 735�29*

LVW/BW ratio (mg g�1) 1.61� 0.06 2.30�0.09*

SBP (mmHg) 121� 6 198�9*

Baseline MAP (mmHg) 91� 5 140�7*

Baseline HR (beats/min) 364� 25 381�28

Sham: sham operated; 2K1C: 2-kidney 1-clip; LVW: left ventricular weight; BW:

body weight; SBP: systolic blood pressure, which was measured in conscious

state by a noninvasive computerized tail-cuff system; MAP: mean arterial pres-

sure and HR: heart rate. Baseline MAP and HR were measured under anesthesia

with a pressure transducer through a catheter in the right carotid artery. Values

are mean�SE.

*P< 0.05 compared with the Sham. n¼7 for each group.

1354 Experimental Biology and Medicine Volume 239 October 2014
. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .



Effects of L-NAME on the CSAR

Non-selective NOS inhibitor L-NAME application into the
PVN significantly increased the CSAR in both Sham rats
and 2K1C rats (Figure 4). Pretreatment with L-NAME in
the PVN prevented the effect of IMD on CSAR in both
Sham rat and 2K1C rat (Figure 4).

Effects of gabazine and CGP-35348

Microinjection of GABAB receptor antagonist into the PVN
significantly increased the CSAR in both Sham rats and

2K1C rats but not GABAA receptor antagonist gabazine
(Figure 5). In both Sham rats and 2K1C rats, the CSAR-
inhibitory effect of IMD was attenuated by the PVN pre-
treatment with CGP-35348 but not gabazine (Figure 5).

Discussion

Our previous studies have indicated that CSAR is enhanced
in rats with hypertension.20,21 NO and GABA have been
shown to be involved in the regulation of CSAR in
rats.34,37 IMD in the PVN inhibits sympathetic overdrive
and attenuates hypertension in 2K1C rats, which are
mediated by AM receptors.38 We have now shown that
IMD in the PVN decreases the enhanced CSAR and
AM22-52 prevents the effect of IMD on CSAR in 2K1C
rats. Pretreatment with non-selective NOS inhibitor
L-NAME and GABAB receptor antagonist CGP-35348 sig-
nificantly attenuated the CSAR response to IMD but not
GABAA receptor antagonist gabazine in the PVN in both
Sham and 2K1C rats. These results suggest that IMD in the
PVN inhibits the CSAR via AM receptor, NO and GABA in
the PVN involve in the inhibitory effect of IMD on CSAR in
normal and renovascular hypertensive rats.

IMD sits within the CGRP/CT family of peptides, which
includes calcitonin, CGRP, amylin and AM.2,4 In the brain,
IMD involves in controlling the homeostasis of growth and
metabolism. For instance, IMD stimulates prolactin, oxyto-
cin and vasopressin release,28,39,40 induces anti-diuresis and
anti-natriuresis, suppresses food and water intake,5 growth
hormone release and gastric emptying activity.2

Intracerebroventricular administration of IMD causes an
increase in BP,5 which is opposite to its peripheral effect.
These actions suggest that IMD is potentially an important
regulatory factor in cardiovascular activities via central and
peripheral actions. It is interesting that AM has different
effects on BP depending on where it is applied in the
brain.34,41 AM administration into the PVN decreases
BP,34 whereas in the lateral ventricle or NTS, AM increases
BP.42,43 Similar to AM, IMD microinjection into the lateral
ventricle and NTS can cause an increase in BP,5,7,44 but PVN
microinjection of IMD decreases RSNA and BP in normal
and renovascular hypertensive rats.38 These results indicate
that IMD may have effect on the CSAR in the PVN. In the
present study, IMD in the PVN significantly inhibited the
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Figure 1 Effect of PVN microinjection of saline and three doses of IMD (0.5, 5

or 25 pmol) on the CSAR in sham-operated (Sham) and 2-kidney-1-clip (2K1C)

rats. The CSAR induced by epicardial application of capsaicin (1 nmol) was

evaluated by the RSNA and MAP responses to capsaicin. CSAR: cardiac sym-

pathetic afferent reflex; RSNA: renal sympathetic nerve activity; MAP: mean

arterial pressure. Values are mean�SE. *P<0.05 vs. Sham; #P<0.05 vs. saline.

n¼6 for each group

Table 2 Changes of the baseline RSNA and MAP caused by PVN microinjection of saline, IMD (25 pmol), CGRP8-37 (0.2 nmol), AM22-52 (1 nmol),

L-NAME (200 nmol), gabazine (0.1 nmol) or CGP-35348 (10 nmol) in Sham and 2K1C rats

Groups Sham RSNA change (%) MAP change (mmHg) 2K1C RSNA change (%) MAP change M (mmHg)

Saline �0.43� 1.07 �0.93� 0.84 0.68� 0.76 0.18�0.60

IMD �8.16� 1.24* �3.73� 1.57* �19.86� 1.52*#
�17.95�1.56*#

CGRP8-37 0.74� 1.83 1.15� 1.29 1.18� 1.19 1.21�1.16

AM22-52 2.39� 0.68 2.85� 0.30 6.82� 0.66*# 6.59�0.95*#

L-NAME 10.66� 1.29* 9.46� 1.94* 7.33� 1.05* 5.00�1.81*#

Gabazine 22.67� 3.36* 21.61� 2.14* 20.20� 2.39* 19.84�2.15*

CGP-35348 12.27� 1.90* 4.85� 0.95* 13.61� 2.12* 5.34�0.82*

Sham: sham operated; 2K1C: 2-kidney 1-clip; RSNA: renal sympathetic nerve activity; MAP: mean arterial pressure. Values are mean�SE.

*P<0.05 compared with saline. n¼6 for each group.
#P<0.05 compared with Sham. n¼6 for each group.
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enhanced CSAR and the baseline RSNA and MAP in 2K1C
rats, which suggests that the inhibition of CSAR by IMD in
the PVN is an important mechanism involved in the inhibi-
tory effects of IMD on sympathetic nerve activity in reno-
vascular hypertension.

In the present, no unique receptor has been identified for
IMD which shares the receptor system consisting of CRLR
and RAMPs with CGRP and AM. The CRLR/RAMP1 com-
plex forms the CGRP receptor, CRLR/RAMP2 or CRLR/
RAMP3 forms the AM receptor, IMD can non-selectively

bind to the three CRLR/RAMP complexes.2 In this study,
IMD microinjection into the PVN caused greater decrease in
the CSAR, but it did not affect the CSAR outside the PVN
microinjection, which suggests that the effect of IMD on
CSAR is specific for the PVN. The inhibitory of IMD on
CSAR was stronger in 2K1C rats than in Sham rats. PVN
AM receptor antagonist AM22-52 increased the CSAR and
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Figure 2 Tracing showing the effect of microinjection of IMD (25 pmol) into the PVN on CSAR in 2-kidney-1-clip (2K1C) rats. The CSAR induced by epicardial

application of capsaicin (1 nmol) was evaluated by the RSNA and MAP responses to capsaicin. The enhanced CSAR in 2K1C rats (a) was attenuated by IMD in the PVN

(b). CSAR: cardiac sympathetic afferent reflex; RSNA: renal sympathetic nerve activity; ABP: arterial blood pressure; MAP: mean arterial pressure. (A color version of

this figure is available in the online journal.)
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Figure 3 The effect of PVN microinjection of saline, CGRP receptor antagonist

CGRP8-37 (0.2 nmol), AM receptor antagonist AM22-52 (1 nmol) or IMD (25 pmol)

on CSAR and the effect of PVN microinjection of IMD on CSAR after pretreatment

with CGRP8-37 or AM22-52 in both Sham rats and 2-kidney-1-clip (2K1C) rats.

IMD was administered 10 min after the microinjection of CGRP8-37 or AM22-52.

Values are mean�SE. *P< 0.05 compared with saline; #P<0.05 compared with

IMD; þP<0.05 compared with Sham. n¼6 for each group
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its pretreatment in the PVN attenuated the effects of IMD on
CSAR in both Sham and 2K1C rats. However, CGRP recep-
tor antagonist CGRP8-37 had no significant effects. These
results indicate that exogenous IMD in the PVN inhibits the
CSAR partially via AM receptor rather than CGRP receptor.
Activation of the AM receptor by endogenous ligands in the
PVN is involved in the regulation of CSAR in physiological
state, and plays a tonic role in attenuating the CSAR in
renovascular hypertensive rats. Furthermore, PVN CRLR,
RAMP2 and RAMP3 protein expressions are significantly
increased, but IMD is decreased in 2K1C rats,38 which sug-
gests that the AM receptor (CRLR/RAMP2 or CRLR/
RAMP3) rather than CGRP receptors (CRLR/RAMP1) are
mainly involved in the enhanced CSAR in 2K1C rats. The
higher AM receptor expression and lower IMD expression
in the PVN may be important in the regulation of CSAR in
renal hypertensive rats.

NO is an atypical neurotransmitter that elicits inhibitory
effects on cardiovascular function. In the PVN, NO inhibits
the RSNA response to angiotensin II and its level is down-
regulated in renal hypertension.30,45 NO mediates the
effects of IMD in the PVN on the RSNA and MAP in
2K1C rats and peripheral vasodilatation.6,28,29,38 In this
study, our results showed that non-selective NOS inhibitor
L-NAME prevented IMD-induced decrease in the CSAR
and IMD microinjection into the PVN significantly
increased NO content in 2K1C,38 which indicates that
IMD may activate NO-producing neurons and increase
NO production in the PVN, and that NO, in turn, decreases
the CSAR.

GABA exerts a tonic inhibitory effect on the sympathetic
nervous system at the level of the PVN,31,32 the GABAergic
activity is increased because of the result of an increase in
GABA release in the PVN in chronic renal-wrap hyperten-
sion. Selective GABAA receptor antagonist, bicuculline,
abolishes AM-induced hyperpolarization of magnocellular
neurons and hypotensive effect in the PVN.34,46 Moreover,
endogenous GABA in the PVN has an important role in
regulating the CSAR.33 In the present study, the effect of
IMD on CSAR was attenuated by GABAB receptor blocker
CGP-35348 not GABAA receptor blocker gabazine, and
CGP-35348 strengthened the CSAR in both Sham rats and
2K1C rats, while gabazine had no significant effect on the
CSAR. These results indicate that PVN GABA involved in
the effect of IMD on CSAR in both Sham rats and 2K1C rats,
and GABAB receptor in the PVN could mediate the effect of
GABA on CSAR in renal hypertensive rats.

PVN integrates signals from a wide variety of neurons,
these include presynaptic neurons projecting to the PVN
from other important integrative centers including subfor-
nical organ, arcuate nucleus, NTS and so on. Neurons ori-
ginating within the PVN project to rostral ventrolateral
medulla and intermediolateral column of spinal cord. The
molecular and neuroanatomical mechanisms by which IMD
acts on the neural circuits within the autonomic system
remain unclear. In this study, the action of PVN microinjec-
tion of IMD on CSAR is mediated by the AM receptor
CRLR/RAMP2 or CRLR/RAMP3. Alternatively, it is pos-
sible that IMD interacts with an as yet unidentified receptor.
In the rat brain, the abundant IMD-like immunopositive
cells were distributed in PVN including both parvocellular
and magnocellular neurons. It is possible that IMD induces
suppression of CSAR mainly by the activation of NO and
GABAergic neurons via AM receptor or unidentified recep-
tor, all leading to the attenuation of CSAR, and resulting in
the decrease in sympathetic outflow. Indeed, we found that
the effects of IMD microinjection into the PVN were attenu-
ated by pretreatment of NOS inhibitor or GABA receptor
antagonist. To truly demonstrate the important role of IMD
in pathophysiology of hypertension, it will be necessary to
create animal models by embryonic knockout, antisense or
small interfering RNA, etc. If so, IMD’s production or action
has been involved.

The sympathoinhibitory actions of NO are mediated by
GABA within the PVN.47–49 IMD in the PVN may first acti-
vate NO-producing cells to increase the production and
release of NO which stimulates GABAergic neurons or
IMD may simultaneously activate NO-producing cells
and GABAergic neurons, which needs us to further explore
in future study.

In conclusion, IMD in the PVN effectively attenuated the
CSAR in the PVN in 2K1C rats. The PVN is a key site for the
IMD-induced inhibition of CSAR. The CSAR-inhibitory role
of IMD may be an important mechanism for the decrease of
excessive sympathetic activation in 2K1C rats. Therefore,
long-term application of IMD in the PVN may effectively
attenuate the excessive sympathetic activation by inhibiting
the enhanced CSAR, thereby decrease blood pressure,
reduce pressure load on the heart and improves myocardial
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Figure 5 The effect of PVN microinjection of saline, IMD (25 pmol), gabazine

(0.1 nmol) or CGP-35348 (10 nmol) on CSAR and the effect of PVN microinjection

of IMD on CSAR after pretreatment with gabazine or CGP-35348 in both Sham

rats and 2-kidney-1-clip (2K1C) rats. IMD was administered 10 min after the

microinjection gabazine or CGP-35348. Values are mean�SE. *P<0.05 com-

pared with saline; #P<0.05 compared with IMD; þP<0.05 compared with Sham.

n¼6 for each group
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remodeling and ventricular dysfunction in renovascular
hypertension.
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