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Effects of moxonidine injected into rostral ventrolateral medulla on
blood pressure, heart rate, and renal sympathetic nerve activity in rats
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{ Department of Physiology, Hebei Medical University, Shijiachuang 050017, China )
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AIM: To examine the effects of moxonidine ( Mox)
injected into the rostral ventrolateral medulla (RVIM)
on blood pressure (BP), heart rate (HR)}, and the
renal sympathetic nperve activity ( RSNA ) in
anesthetized nommotensive rats. METHODS: BP,
HR, and RSNA were simultaneously recorded after 1
pL Mox 1, 10, and 100 umol*L~! was injected into
RVLM. RESULTS: Mox 1, 10, and 100 pmol -
L~ reduced BP from 13.9+ 1.0 kPa 10 13.0+ 1.7
kPa(P<0.05),13.8+1.8kPatw 11.4+1.5 kPa
(P<0.01), and 13.9+1.9kPat0 9.4+ 1.7 kPa ( P
<0.01), respectively. Mox did not influence HR.
RSNA varied with the doses: Mox 1 pmol - L~!
increased RSNA by 50 % { P <0.05), 10 pmol-L™!
insignificantly influenced RSNA (P > 0.05), and 100
pmol’L™! reduced RSNA by 23 % (P <0.05). In
sinosortic barodenervated mts, Mox 10 pmol - L~!
inhibited RSNA by 50 % (P < 0.05}, which
substantially differed from that in buffer nerve intact
rats { P < 0.01). CONCLUSION: Mox injected
! Comespondence 1o Prof HE Rui-Rong.

Phn: 86-311-604~4121, ext 5566. Fax: 96-311-604-8177.
Received 1997-01-10 Accepied 1997-04-22

into RVIM decreased BP, but did not influence HR.
The changes of RSNA did not parallel with the
depressor effect of Mox,

Mozonidine (Mox), an imidazoline, Tepresents a
new gepneration of clonidine-like centrally acting
antihypertensive drugs, which acts via I;-imidazoline
receptor!’.  Mox injected into the rostral ventrolateral
medulla (RVLM; decreased blood pressute ( BP)} and
heart rate ( HR) in conscious or anesthetized
hyperensive rats’>"*).  Neurons in RVIM send
excitatory input directly to the spinal sympathetic
preganglionic neurons. It is assumed that Mox
produces its depressor effect by decreasing peripheral
sympathetic tone. But there was no report about the
effect of Mox directly applied into the RVLM on
sympathetic nerve outflow. The renal sympathetic
perve activity ( RSNA) is mostly used to evaluate
peripheral sympathetic tone. Intravencus injection of
Mox in the doses inducing hypotension inhibited RSNA
in anesthetized cats™ and in conscious rabbits'®, but
it was thought that the decrease of RSNA induced by iv
Mox was due to its central action as well as peripheral
presynaptic iphibition. The aim of the present study
was to investigate the effects of injection of Mox into
RVIM on BP, HR, and RSNA in anesthetized
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notmotensive rats as well as effects of Mox in some
sinoaortic barodenervated rats.

MATERIALS AND METHODS

Rats Sprague-Dawley rais, 3, weighing 315+ 5 30 g
were ancsthetized with ip sodium pentobarbital 60 mg - kg~',
additional doses when required. The femoral artery and vein
were canmulated for recording BP by a pressure transducer
(MPU-0.5) and for saline infusion or drug administration,
respectively. HR was monitored by a Heart Raie Counter
{ AT-601G).

RSNA The left kidoey was exposed via a retroperitoneat
approach. Omne branch of the repal sympathetic nerves around
the renal vessels was clamped distally to eliminate the afferent
activity. The nerve was placed on a bipolar platinum electrode
for potential recording, and immersed in liquid paraffin, The
nerve activity was amplified by a biophysical amplifier { AB-
620G, Nihon Kohden). The amplified signals were integrated
with an integrator (EI-600G ). with integrated time 5 5. The
integrated RSNA was recorded along with BP and HR on a
polygraph system (RM 6000. Nihon Kolxden). Upon the end
of the experiment, the proximal end of the nerve was clamped to
get the noise level of RSNA, the data were expressed as %
change from values before injection.

Injection Anesthetized rats were fixed on a stereotaxic
frame (Model 1C, Jiangwan) in supine posiion. The trachea
and esophagus were transected in the lower neck and reflected
rostrally. The distal trachea was cannulated for ventilation.
After retraction of the bilateral longus capitis muscles, the basilar
partion of the occipital bone was removed. The veniral surface
of the medulla was exposed by incising the dura and the
arachnoid .

An outer stainless steel tbe ( diameter 1 mm) was fixed on
stereotaxic frame. an inper mbe (diameter 0.5 mm) filled with
sodium glutamate K0 mmol* L~! was connected by polyethylene
tubing to a microsyringe {10 pL). According to coordinates'” ,
1 pL. sodium ghtamate was slowly injected into RVLM (2.8 —
3.6 mm caudal to the interaoral line, 1.2 — 2.0 mm lateral o the
midline, 0.5— 1.0 mm dorsal to the ventral sirface)} to identify
the maximal pressor zone, Je, glulamsde sensitive area.
Another inner twbe filled with saline or Mox was used for
injection in 1 min.

Bilateral buffer nerve section Carotid sinus areas
were fully exposed.  Sternchyoiders muscles and  superior
laryngeal nerves were cut. The aortic depresscr nerves and the
carotid sinus nerves were sectioned under microscope. The
superior cervical sympathetic tunk and recurrent laryngeal nerves
were also cut.  Completeness of barodenervation was ensured by
the absence of decrease in HR when hypertension was initiated by
iv injection of phenylephrine.

Protocols Rats were divided in five groups, one of

which received 1 pL saline and three received one of 3 doses of
Mox (1, 10, and 100 umol-L~!). BP, HR, and RSNA were
simultaneously recorded for 60 min. Only one dose was tested
in each rat. To stdy the effects of Mox in sincaortic denervated
rats, one group were injected Mox 10 punol- L7 ar least 2 h
after sinoacrtic denervation, by which time BP, HR and RSNA
had retumed to the baseline levels.

Drugs Mox (puity 99 %, Kali-Chemde, Hamover,
Germany) was dissolved in saline. Sodium glutamate (Sigma)
was also dissolved in saline,

Statistics Data were expressed as ¥ + 5 and compared
with ¢ test, while the difference between before and afier
medication was done with paired ¢ est. The effect of drug on
RSMA was analyzed by Wilconon kest,

RESULTS

BP and HR The glutamate sensitive area was
identified just candal to the trapezoid bodies, lateral to
the pyramids, and rostral to the rootlets of the XIth
nerve. Applying 1 pL glutamate 10 mmol-L™! into
this area increased BP by 3.7 £ 0.8 kPa ( P <0.01)
and RSNA by 40 % +6 % ( P <0.05) in 6 rats.

BP and HR showed no change after injection of 1
pL saline into RVLM.

The injection of Mox into RVLM dose-
dependently decreased BP, stating within 1 min,
reaching its nadir within 10 — 15 min, and lasting 30 -
60 min. The nadir depressor responses of Mox 1, 10,
and 100 pmol-L~! were from 13.9+ 1.0 kPa to 13.0
+1.7kPa(P<0.05),13.8x1.8kPato11.4+1.5
kPa(P <0.01), and 13.9+ 1.9 kPa to 9.4 + 1.7
kPa ( P < 0.01), respectively. There was no
substantial change of HR before and after injection of
Mox 1, 10, and 100 pmol L~ {7 >0.05) (Tab 1).

RSNA Injection of 1 pL saline into RVLM had
no effect on RSNA. Mox 1 pmol - L™! increased
RSNA by 51 % (P < 0.05), 10 pmel-L"!
insignificantly affected RSNA ( 7 >0.05), while, 100
pmol + L™' reduced RSNA by 23 % (P <0.05)
{(Tab 1).

In sinoaottic denervated rats, the baselines of BP
and HR were similar to those in buffer nerve intact
rats. Mox 10 pmol-L~! inhibited RSNA to 50 % (P
<0.05), which differed from that in buffer nerve
intact rats {( P < 0.01). However, BP and HR afier
injection of Mox were not different from those in buffer
nerve intact cats { 7 >0.05) (Tab 2).
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Tab 1. Etfects of 1 pL Mox injected into RVLM on BP,
HR, and RSNA in anesthetzed normeotensive rats.
n=8, £ + 5. %P>0.05, "P<0.05, P<0.01 wus
before; P>0.05 vs Mox [ pmol-L-!; "P<0.05 vs
Mox 10 pmol-L-1.

Moxcnidine, pumol - L~
Saline 1 10 100

BP/kPa
Before 13.4x1.2 139x1.0 13.8x1.8 13.9x1.9
After  13.5+1.1° 13.02£1.7" 11.4x1.59 94«17

HRbeats-min~"

Before 34023 350221  340+46  330x33

After M 40P 35034 34051 351 2 40P
RSNA- %

Before 1000 1000 1000 100x0

After 110+£31* 150158 120+ 55° TTx23"

Tab 2. Effects of 1 pL Mox 10 pmol - L-! inject into
RVLM on BP, HR, and RSNA in buffer perve intact
(A, n = 8] and barodenervated (B, n = 6} rats.
Zts. P>0.05, "P<0.05, P<0.01 vs before;
ip>0.05, P<0.050s A,

A B

BP/kPa Before 13.8+1.8 14.3+3.8

After 11.421.5  11.0x3.0¢
HR/beats-min~'  Before 340 + 46 340+ 144

After 340 + 512 340 = 16*
RSNA/ % Before 100 +0 00 +0

After 120+ 55° 50 + 10%
DISCUSSION

It was well known that RVLM was main target
site for clonidine-like antibypertensive drugs'® . The
resolis of the present study showed that Mox injected
into the pressor area of RVLM clicited a significant
depressor effect in apesthetized normotensive rats.
This is accordance with the results that Mox injectesl
into RVLM effectively normalized the blood pressure in
hypertensive rats'**) . For the first time, this study
demonstrated ‘effects of Mox directly administrated into
RVLM on RSNA. The results showed that RSNA
varied with the doses of Mox although Mox dose-
dependently decreased BP.  Mox 1 pmol-L ! induced
hypotensive action accompanied with increase in
RSNA, 100 ymol-L~! with decrease in RSNA, 10
pmol - L™ did not influence RSNA. These were

obviously different from the previous results that RSNA
was constantly inhibited by iv Mox!>®' . Here, there
are (wo possibilides concerning the effects of
moxonidine on RSNA in our study. One is its direct
inhibitory effect on the neurons of RVLM, another is
indirect excitatory effect secondary to baroreflex. In
sinpaortic denervated rats, RSNA was significantly
reduced as compared with that in buffer nerve imtact
animals, suggesting that sinogortic baroreflex was
acting so as to mask its direct action. The result that
Mox 100 pmol » L~! inhibited RSNA indicated the
direct effect of Mox overmmode the buffering action of
baroreflex.  Also, the results showed that the
depressor effect of Mox 1, 10 gmol*L~! was not due
to its inhibition on RSNA. What is the underlying
mechanism responsive for hypotension? There was
evidence that different regional sympathetic outflows
varied in their sensitivity to the sympathoinhibitory
actions of some centrally acting hypotensive drugs'® .
So, it is possible that RSNA is not sensitive to
sympathoinhibition of Mox and the depressor effect of
Mox 1, 10 pmol - L™! may mainly result from
inhibition of other sympathetic nerves.

The study indicated that hypotensive doses of Mox
did not decrease heart rate, an effect which was
different from studies in hypertensive animals®* . Tt
is penerally believed that bradycandia produced by
clonidine-like dmgs is a comsequence of op-
adrenoceptor stimulation! . Mox has highly selective
affinity for I;-imidazoline receptor over oo
adrenoceptor ™.  So, the fact that Mox had no
influence on heart rate in anesthetized nonmotensive rats
might be attributed to weak og-adrenoceptor activation
of Mox.

In summary. the study provided the evidence that
sympathetic nerve outflow was modulated by
imidazoline-agonist Mox applied into RVIM. Mox
adminijstrated into RVLM decreased blood pressure and
did not infloence heart rate. The depressor effect of
Mox does not always parallel with the change of RSNA
which may be masked by sinoaortic baroreflex in buffer
nerve intact animals.
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