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Moxonidine-induced transient pressor response is mediated by both
I,-imidazoline receptors and o,-adrenoceptors in anesthetized spontane-
ously hypertensive rats

MA Xiu-juan'?, LIU Ai-jun' ,SHEN Fu-ming' , WU Ming-yue' , WU Ying-liang” , SU Ding-feng'* (1. Department of Pharmacol-
ogy, School of Pharmacy, Second Military Medical University, Shanghai 200433, China; 2. School of Pharmacy, Shenyang
Pharmaceutical University, Shenyang 110016)
[ABSTRACT] Objective: Clonidine, by activating peripheral a-adrenoceptors. produces transient pressor response after i. v.
injection in anesthetized animals. Moxonidine, with at least 40-fold higher affinity to I;-imidazoline receptors than to a;-adreno-
ceptors, produces also a transient pressor response. This work was designed to investigate whether I;-imidazoline receptors are
involved in this pressor effect of moxonidine. Methods: Female spontaneously hypertensive rats (SHRs, aged 14-16 weeks)
were anesthetized with urethane. To observe the transient pressor responses, moxonidine 0. 1, 0.3, 1.0 mg/kg (intravenous,
i.v.), 2.0 pg (intracerebroventricular, 7. c. v.) and 1. 0, 10. 0 mg/kg (intragastric, 7. g.) were administrated in different
groups of rats. To evaluate the roles of a;-adrenoceptors, az-adrenoceptors and I;-imidazoline receptors in the transient pressor
responses to moxonidine, prazosin (10.0 pg/kg) s yohimbine (2. 0 mg/kg) s phentolamine (0. 2 mg/kg) , idazoxan (1.0 mg/kg)
or yohimbine + idazoxan (2.0 mg/kg + 1.0 mg/kg) were intravenously given to the animals before moxonidine 0. 3 mg/kg
(i.v.). Results; It was found that 7. v. moxonidine produced a greater pressor response than clonidine when producing a similar
reduction of blood pressure. This effect of moxonidine was not influenced by prazosin, but was partly inhibited by yohimbine,
phentolamine or idazoxan, and completely blocked by the combination of yohimbine and idzaxon. Neither i. c¢. v. injection nor i.
g. administration of moxonidine induced transient pressor responses. Conclusion: The transient pressor response of 7. v. mox-
onidine is mediated by both peripheral I,-imidazoline receptors and az-adrenoceptors.
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Most of centrally acting antihypertensive duced by peripheral a-adrenoceptor However,

drugs. such as clonidine and related imidazoline de- little is available about the mechanisms of moxoni-

rivatives, moxonidine, mediate peripheral sympa-
thoinhibition and reductions in blood pressure by
central nervous system" ™. It is well known that
intravenous (7. v.) clonidine elicits usually a bipha-
sic blood pressure response, i. e. a transient pres-
sure increase followed by a long lasting de-
crease’”®. Moxonidine, a second-generation cen-
tral hypotensive agent, was also demonstrated to
produce similar response when injected intrave-

[’J Both moxonidine

nously into conscious rabbits
and clonidine are I,-imidazoline receptor agonists
and possess different affinities for az-adrenoceptor.
Moxonidine shows at least a 40 times higher affini-
ty to I-receptor than to as-adrenoceptor, while
there are only a few folds preferences for binding at
the imidazoline I,-receptor for clonidine, which has
much higher affinity for o,-adrenergic receptors

than moxonidine. The transient pressor response

of clonidine was ascribed to vasoconstriction in-

dine involved in transient pressor response. In view
of the fact that moxonidine has lower affinity for
az-adrenoceptors and higher affinity for I,-imidazo-
line receptors, we assumed that I,-receptors might
contribute to the pressor response of moxonidine.
The present study was therefore designed to eluci-
date the role of I,-imidazoline receptors and a-adre-
noceptors in the pressor response of moxonidine in

anesthetized SHRs.
1 MATERIALS AND METHODS

Female SHRs, aged 14-
16 weeks, provided by the Animal Center of the

1.1 Animals and drugs
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Second Military Medical University ( Shanghai,
China), were used in this study. The rats were
housed with controlled temperature (23-25°C) and
lighting (8:00-20:00 light, 20:00-8.00 dark) with
free access to food and water. All the animals used
in the experiment received humane care in compli-
ance with institutional guidelines for health and
care of experimental animals.

Moxonidine hydrochloride ( Ya-Hu Pharm
Ltd, Shanghai); clonidine hydrochloride, prazosin
hydrochloride, yohimbine hydrochloride, phento-
lamine hydrochloride and idazoxan hydrochloride
(Sigma Chemical Co., St Louis, MO, U. S, A.).
All of them were dissolved with sterile saline and
stored at 0-4°C. The antagonists were prepared
fresh daily.
1.2  Surgical procedure
with urethane (1.3-1.5 g/kg, i. p.). The level of

anesthesia was determined by monitoring the re-

Rats were anesthetized

sponse to toe or tail pinch, and further injections of
the anesthetic were administered when necessary to
guarantee an anesthetic state during the whole ex-
perimental procedure"** .

To investigate the transient pressor response in-
duced by i. v. injection, a floating polyethylene cathe-
ter was inserted into the lower abdominal aorta via the
femoral artery for blood pressure measurement; anoth-
er catheter was placed into the femoral vein for drug
administration. Instead of the femoral venous catheter,
a stomach catheter was inserted when intragastric (i.
g.) administration was given"'").

For intracerebroventricular (7. c. v. ) injection,
a stainless steel cannula (0.7 mm O. D. ) was ster-
eotaxically (coordinate; 1.0 mm posterior to breg-
ma; 1.6 mm lateral from the midline; 4. 0 mm be-
low the surface of the skull) implanted into the lat-
eral cerebral ventricle of the rat after the implanta-
tion of femoral arterious catheter. The cannula was
secured to the skull with two jeweler’s screws and
dental cement. At the end of the experiment, the
animals were killed with aeroembolism and 2 pl Ev-
ans blue solution was injected wia the stainless
steel cannula. The brains were removed for verifi-
cation of the placement of the 7. c. v. cannula. Only

data from animals with the dye distributed in the

lateral, third, and fourth ventricles were
used™" ",
1.3 Groups and determination of pressor response
Totally 83 SHRs, randomly divided into 14
groups, were used in this study. That is, 11
groups of 7. v. injection; moxonidine (0. 1, 0.3 and
1.0 mg/kg); clonidine (3.0, 10. 0 and 30. 0 pg/
kg) ; moxonidine (0. 3 mg/kg) after pretreatment

[13]

with either 10. 0 pg/kg prazosin'"', or 2. 0 mg/kg

[14]

5

yohimbine''"', or 0. 2 mg/kg phentolamine'™™', or
1.0 mg/kg idazoxan''"’, or 2. 0 mg/kg yohimbine
plus 1. 0 mg/kg idazoxan. Two groups of i. g. ad-
ministration: moxonidine (1. 0 and 10. 0 mg/kg).
One group of 7. c. v. injection: moxonidine (2 pg/2
pD. There were 5 rats in 7. ¢. v. injection group
and 6 rats in the other groups. The i. v. doses of
moxonidine (0.1, 0.3 and 1. 0 mg/kg) and cloni-
dine (3.0, 10. 0 and 30. 0 pg/kg) were chosen in
order to achieve a similar blood pressure reduction.

After the surgery, blood pressure was contin-
uously recorded using a technique described previ-

HSI Briefly, the aortic catheter was con-

ously
nected to a blood pressure transducer. After about
1h habituation, blood pressure was continuously
recorded for 30 min and digitized by a microcom-
puter. Systolic blood pressure (SBP), diastolic
blood pressure (DBP) and heart period (HP) dur-
ing the last 10 min were calculated and served as
Then drugs

were administered as designed groups. The antago-

values of pre-drug administration.

nists were given 10 min (prazosin) or 5 min (the
other antagonists) before moxonidine was adminis-
tered intravenously. In all cases, a small 7. v. vol-
ume (0.5 ml/kg) of drug solution was given to a-
void the influence of blood volume increase induced
by i. v. injection to pressor response. Pressor re-
sponse was observed and blood pressure was con-
tinuously recorded for over 2 h or 6 h (i. g. admin-
istration) until a stable hypotensive state was
reached. Pressor area, selected as the index to e-
valuate the transient pressor response, was calcu-
lated with analysis software (MPA 2000, Shang-
hai, China). The mean values of SBP, DBP and
HP during a period of 10 min with the maximal

blood pressure reduction after moxonidine or cloni-
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dine injection were calculated and served as values
of post-drug administration. To determine the
effect of antagonists on blood pressure and HP, the
mean values of SBP, DBP and HP during a period
of 10 min (prazosin) or 5 min (the other antago-
nists) after the antagonists administration were
calculated.

1.4 Statistical analysis All data were expressed
Differences in SBP, DBP and HP before

and after drug administration were tested for sig-

as Tts.

nificance by paired Student’s z-test. In all cases,

P<C0. 05 was considered statistically significant.

2 RESULTS

2.1

clonidine or moxonidine

Transient pressor response induced by i. v.
i. v. clonidine (3.0, 10.0
and 30. 0 pg/kg) produced pressor responses im-
mediately after injections of clonidine; the pressor
areas were 1. 34+0.3, 2. 1+0.6 and 5. 6= 1. 3
mmHg ¢« ks, respectively (Fig 1). Both SBP and
DBP were significantly decreased (SBP. —11+£3,
—19+10, —34+12 mmHg;DBP; —9+4, —13+
4, —20%12 mmHg), and HP was significantly
prolonged dose-dependently.
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Fig 1 Transient pressor responses and the subsequent depressor effects of intravenous clonidine in anesthetized SHRs

A1-A3;Effects of clonidine on SBP, DBP and HP; B1-B3:Representative tracings of SBP showing the transient pressor effects induced by intra-

venous clonidine. SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HP: Heart period; PA:Pressor area (mmHg ¢« ks). 1 mmHg=

0.133 kPa. * P<C0.05, ** P<C0.01 wvs pre-clonidine administration (n=6 in each group)

Compared with clonidine, moxonidine (0. 1,
0.3,and 1. 0 mg * kg ') produced much stronger
pressor responses when inducing a similar reduc-
tion of blood pressure (Fig 2). The pressor areas
of the three doses were 4. 3+0.8, 26.4+4.6 and
97.1+12. 6 mmHg * ks, respectively, which were
about 3, 13 and 17 times of those induced by cloni-
dine. The pressor amplitude was increased and
pressor duration was prolonged when a larger dose
was administrated. After the pressor phase, mox-
onidine produced significant and dose-dependent

SBP reductions (—13+£12,—18+9 and —33£13
mmHg). Moxonidine 0. 1 mg/kg did not change

DBP and HP. However, both moxonidine 0. 3 and
1.0 mg/kg significantly decreased DBP (— 7 £ 4
and —17+7 mmHg) and prolonged HP (21% +
14% and 35% £10%0).

2.2 Effects of different receptor blockers on transi-
ent pressor response to moxonidine Fig 3 illustra-
ted the influences of 4 antagonists on the transient
pressor response induced by i. v. moxonidine (0. 3
mg/kg) in anesthetized SHRs. Transient pressor
response of moxonidine was not affected by prior
injection of prazosin. The pressor area of prazosin-
pretreated group (25. 6 =7. 1 mmHg * ks) was
without prazosin pretreatment

similar to that
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(26.4%+4.6 mmHg * ks, Fig 2). Transient pressor
response to moxonidine was attenuated by yohim-
bine, phentolamine or idazoxan; the pressor areas

were 7.7+1.2, 12.34+2.7 and 8. 1+1. 3 mmHg -

blocked the transient pressor response of 7. v. mox-
onidine. These results indicated that both I ;-imid-
azoline receptors and o:-adrenoceptors were in-

volved in the transient pressor response of i. v.

ks, respectively. However, pretreatment with the moxonidine.
combination of yohimbine and idazoxan completely
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Fig 2 Transient pressor responses and the subsequent depressor

effects of intravenous moxonidine in anesthetized SHRs

A1-A3; Effects of moxonidine on SBP, DBP and HP; B1-B3:Representative tracings of SBP showing the transient pressor effects induced by in-

travenous moxonidine. SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HP: Heart period; PA: Pressor area (mmHg * ks).

1 mmHg=0. 133 kPa.

Effects of the 4 antagonists on blood pressure
and HP were shown in Fig 4. SBP and DBP were
significantly decreased by all the injections of an-
tagonists. HP was significantly shortened by i. v.
yohimbine and not influenced by other antagonists.
2.3 Transient pressor response induced by i.c.v. or i.
g. moxonidine  Effects of 7. c. v. moxonidine were
shown in Fig 5 A. Compared with . v. injection of 0. 3
mg/kg moxonidine, i. c. v. injection (2 pg) caused a
similar blood pressure reduction. HP was also pro-
longed significantly. However, i. c. v. moxonidine did
not produced transient pressor response.

Effects of i. g. moxonidine on blood pressure
and HP in anesthetized SHRs were shown in Fig. 5
B and Fig 5 C. Moxonidine at 1. 0 mg/kg did not
produce significant effects on blood pressure and
HP. But 10 mg/kg moxonidine significantly de-

creased blood pressure (SBP:. 25 * 13 mmHg;

*P<C0.05, ** P<C0.01 vs preemoxonidine administration (=6 in each group)

DBP: 21410 mmHg) and prolonged HP. Howev-
er, neither dose of moxonidine caused transient

pressor response after i. g. administration.
3 DISCUSSION

The main finding of this work was that transi-
ent pressor response induced by i. v. injection of
moxonidine was mediated by both peripheral I,-imi-
dazoline and a,-adrenoceptors.

From the first suggestion of the existence of
imidazoline receptors, there has been a continuing
debate over the hypotensive mechanism of clonidine
and moxonidine, which were originally exclusively
attributed to activation of central a;-adrenoceptors
and subsequent decrease of sympathetic nerve ac-
tivity'®®. It is now widely recognized that both
moxonidine and clonidine exerted their antihyper-

tensive effects not only via activation of centralner-
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vous az-adrenoceptors but also wia Ii-imidazoline

190 Studies also suggested that peripheral

receptors
presynaptic inhibition contributed to the overall re-
duction in sympathetic tone produced by these
drugs and that the central action was perhaps not
sufficient for the blood pressure decrease ™. Be-
sides the hypotensive effect, there are interesting
phenomena after moxonidine or clonidine injection,
i. e. the biphasic blood pressure responses, which

d"*. However, up to

were extensively confirme
now, no special researches focused on the transient

pressor response itself.
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Fig 3 Representative tracings of SBP showing the
effects of 4 antagonists on the transient pressor responses
induced by moxonidine (0.3 mg/kg) in anesthetized SHRs

A Effect of prazosin; B: Effect of yohimbine; C: Effect of phento-
lamine; D: Effect of idazoxan; D:Effect of yohimbine+idazoxan. The
doses were 10. 0 pg/kg for prazosin, 2.0 mg/kg for yohimbine, 0. 2
mg/kg for phentolamine and 1. 0 mg/kg for idazoxan. All drugs were

given intravenously. PA:Pressor area (mmHg + ks)
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Fig 4 Effects of different antagonists and moxonidine

on SBP(A),DBP(B) and HP(C) in anesthetized SHRs
The doses were 10. 0 pg/kg for prazosin, 2.0 mg/kg for yohimbine,
0. 2 mg/kg for phentolamine, 1.0 mg/kg for idazoxan and 0. 3 mg/
kg for moxonidine. All drugs were given intravenously. Pra:Prazos-
in; Yoh: Yohimbine; Phe: Phentolamine; Ida:Idazoxan; SBP: Sys-
tolic blood pressure; DBP:Diastolic blood pressure; HP: Heart peri-
od. * P<C0.05, ** P<C0.01 vs basal values (#=6 in each group)

In the present study, it was found that 7. w.
injection of moxonidine in anesthetized SHRs pro-
duced transient pressor response in a dose-depend-
ent manner, which lasted 0. 5-9. 0 min with the
magnitude from 20 to 80 mmHg. This pressor re-
sponse of moxonidine was much obvious than that
induced by clonidine, which lasted about 30 s with
the magnitude from 10 to 35 mmHg. As far as we
know, this is the first report to describe in detail
the characteristics of transient pressor response by
7. v. moxonidine. 7. c. v. moxonidine did not pro-
duce transient pressor response, indicating that
central mechanism was not involved in this effect.
Transient pressor responses were also not found af-
ter intragastric administrations of moxonidine (1.0

mg/kg and 10. 0 mg/kg). Clinically, moxonidine is
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mostly administered orally. As moxonidine has a

greater pressor effect, it should not be adminis-
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Fig 5 Intracerebroventricular (i.c.v.) and intragastric (i. g. ) moxonidine

did not produce transient pressor response in anesthetized SHRs

Al1-A3: i.c.v. moxonidine (2 pg; 2 pb); B1-B3: i. g. moxonidine (1.0 mg/kg); C1-C3: i. g. moxonidine (10. 0 mg/kg) ; SBP: Systolic blood

pressure; DBP:Diastolic blood pressure; HP: Heart period. * P<C0. 05 vs pre-moxomdine administration (n=5 in A1-A3; n=26 in B1-B3 and

C1-C3)

Considering the higher affinity for I,-imidazo-
line receptors and the larger pressor response of
moxonidine than those of clonidine, we assumed
that I,-imidazoline receptor might be involved in
the transient pressor response induced by moxoni-
dine. The results that, prior injection of selective
a;-adrenoceptor antagonist prazosin did not affect
the transient pressor response produced by i. w.
moxonidine and pretreatment of «,/az-adrenergic
receptor antagonist phentolamine partly blocked it,
indicated that it was a;-adrenoceptors but not ;-
adrenoceptors that were involved in the pressor re-
sponse. The findings that, prior injection of either
az-adrenoceptor antagonist yohimbine or I,-imid-
azoline receptor antagonist idazoxan partly blocked

the transient pressor response of 7. v. moxonidine

and pretreatment with yohimbine plus idazoxan
completely blocked this response, implicated that
both I,-imidazoline receptors and as-adrenoceptors
were involved in this response. Furthermore, the
result that 7. ¢c. v. moxonidine did not produce pres-
sor response suggested that central I,-imidazoline
receptors or as;-adrenoceptors were not involved in
this response. These results indicated that transi-
ent pressor response induced by i. v. moxonidine in
anesthetized SHRs was mediated by both peripher-
al 1,-imidazoline receptor and ay-adrenoceptor.
Information about the effects of moxonidine on
blood vessels is still inadequate. Zhu et al verified
that moxonidine acted on a;-adrenoceptors to medi-
ate contraction of dog saphenous veins and «;-adre-

noceptors were not involved in the contractile re-
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3! In contrast, other studies have reported

sponse
ai1-adrenoceptors contributed to the contractile re-
sponse of rat-tail artery to moxonidine**’. In the
present work, it was demonstrated that peripheral
az-adrenoceptors were involved in the transient
pressor response induced by 7. v. moxonidine in an-
esthetized SHRs and ai-adrenoceptors did not par-
ticipate in this effect. This was not consistent with
previous reports that activation of ai-adrenoceptors
contributes to vasoconstrictive effects of moxoni-
dine. The possible reasons may be: (1) these pre-
vious reports were in vitro studies and aimed on a
certain organ or tissue; the present study was an in
vivo experiment. (2) the difference at receptor lev-
el caused by different species. Langer et al demon-
strated that az-adrenoceptors in smooth muscle me-
diated vasoconstrictor responses to a greater extent
in SHRs than in the corresponding normotensive
Wystar-Kyoto rats™®'. The present study was car-
ried out in SHRs, and previous studies were per-
formed with normotensive Sprague-Dawley rats.
(3) the transient pressor response of moxonidine
might be mediated by the contraction of small ar-
teries. It was reported that in small arteries con-
tractile responses were mediated by as-adrenocep-
tors, whereas in large arteries this effect was medi-
ated more by «i-adrenoceptorst™.

I,-imidazoline receptors are mainly found in

which

plays an important role in the antihypertensive

brainstem rostro-ventrolateral medulla,

[28-29]

effect of clonidine-like agents In peripheral
organs relevant to the blood pressure control, such
as kidney and heart, the distribution of I;-imidazo-
Mukaddam-Daher

and Gutkowska demonstrated that injections of

line receptors was also found"*".

moxonidine increased sodium and water excretion
by selective activation of imidazoline receptors™!,
which may help to decrease blood pressure. So it is
not clear from which organ or organs, the activa-
tion of I;-imidazoline receptors produces transient
pressor response. Most probably, there is the dis-
tribution of I,-imidazoline receptors in blood ves-
sels, especially in small arteries, and activation of

these receptors may produce vasoconstriction. This

hypothesis remains to be confirmed.

In this study, pressor area but not pressor
magnitude was used. These two parameters were
consistent in evaluation of the transient pressor re-
sponse. When pressor area was used, not only
pressor amplitude but also pressor duration was
considered.

In conclusion, this study demonstrated the transi-
ent pressor response induced by i. v. moxonidine in an-
esthetized SHRs was mediated by both peripheral I;-

imidazoline receptors and a--adrenoceptors.

[REFERENCES]

[1] Gorzalczany S B, Opezzo J A, del Carmen Garcia M, et al.
Effects of clonidine on the experimental hypertension by ab-
dominal aortic coarctation in rats[ J]. Pharmacol Res, 2003,
48.17-24.

[2] Chan C K, Head G A. Relative importance of central imidazo-
line receptors for the antihypertensive effects of moxonidine
and rilmenidine[ J]. ] Hypertens, 1996,14 . 855-864.

[3] Ernsberger P, Friedman J E, Koletsky R J. The I;-imidazoline
receptor: {rom binding site to therapeutic target in cardiovas-
cular disease[ J]. J Hypertens, 1997,15 (Suppl 1) S9-S23.

[4] Ernsberger P, Haxhiu M A. The I;-imidazoline-binding site is
a functional receptor mediating vasodepression via the ventral
medulla[ J]. Am ] Physiol,1997,273(5 Pt 2): R1572-R1579.

[5] Pompermayer K, Salgado M C, Feldman J, et al. Cardiovascu-
lar effects of clonidine-like drugs in pithed rabbits[ J]. Hyper-
tension,1999,34 (4 Pt 2):1012-1015.

[6] Bousquet P, Gaertner M, Feldman J. et al. Variations in the
effect of clonidine on arterial pressure in rats in the presence of
various anesthetics[ J]. C R Seances Soc Biol Fil,1977,171.
1129-1133.

[7] Szabo B, Urban R. Mechanism of sympathoinhibition by imid-
azolines[J]. Ann N Y Acad Sci,1995,763: 552-565.

[8] Al-awadi M, Pavlik A, Al-sarraf H. Increased brain uptake
and brain to blood efflux transport of *C-GABA in spontane-
ously hypertensive rats[J]. Life Sci, 2006, 79 847-853.

[9] Miyakubo H, Hayashi Y, Tanaka J. Enhanced response of
subfornical organ neurons projecting to the hypothalamic para-
ventricular nucleus to angiotensin [[ in spontaneously hyper-
tensive rats[J]. Autono Neurosci,2002,95(1-2): 131-136.

[10] Xie H H, Miao C Y, Jiang Y Y, et al. Synergism of atenolol and
nitrendipine on hemodynamic amelioration and organ protection in
hypertensive rats[J]. ] Hypertens,2005,23:193-201.

[11] Sutoo D, Akiyama K. Effect of dopamine receptor antagonists
on the calcium-dependent central function that reduces blood
pressure in spontaneously hypertensive rats[ J]. Neurosci Lett,
1999.269:133-136.

[12] Seto S, Kitamura S, Nagao S, et al. Contribution of central
amiloride-sensitive transport systems to the development of hy-

pertension in spontaneously hypertensive rats[]J]. Brain Res,



- 588 - B RE KRR 2007 6 L 28 %

2001,906(1-2): 164-169. tral effects of clonidine, yohimbine and rauwolscine on the

[13] Hashimoto H, Kanda A, Hubo H, et al. Features of the acute sympathetic nervous system in rabbits[J]. Naunyn Schmiede-
hypotensive action of carvedilol and its ameliorating effect on bergs Arch Pharmacol,1989,340.648-657.
myocardial ischemia [ J]. ] Cardiovasc Pharmacol, 1991, 18 [23] Zhu Q M, Lesnick J D, Jasper J R, et al. Cardiovascular
(Suppl 4) :S22-S28. effects of rilmenidine, moxonidine and clonidine in conscious

[14] Roegel J] C, De Jong W, Monassier L, et al. Comparative wild-type and D79N az2a-adrenoceptor transgenic mice[ J]. Br ]
effects of idazoxan, prazosin, and yohimbine on coronary liga- Pharmacol,1999,126.1522-1530.
tion-induced arrhythmias in spontaneously hypertensive rats [24] George O, Gonzalez R, Edwards L. Moxonidine, a selective
[J].] Cardiovasc Pharmacol,1996,27:226-234. az-adrenergic and imidazoline receptor agonist, is permissive to

[15] Yu Y, Koss M C. Functional characterization of alpha-adreno- a1-adrenergic receptor pathway in the rat-tail artery[J].J Car-
ceptors mediating pupillary dilation in rats[J]. Eur ] Pharma- diovasc Pharmacol,2004,43.:306-311.
col,2003,471:135-140. [25] Kennedy W B, Crane L., Gonzalez R R, et al. Centrally acting imi-

[16] Gu X W, Xie H H, Wang J, et al. Arterial baroreflex is not dazolines stimulate vascular alpha 1A-adrenergic receptors in rat-
involved in salt preference in rats[J]. Clin Exp Pharmacol tail artery[ J]. Cell Mol Neurobiol, 2006,26(4-6); 645-657.
Physiol,2006,33:607-611. [26] Langer S Z, Hicks P E. Alpha-adrenoceptors subtypes in blood

[17] Wang J, Shen F M, Wang M W, et al. Effects of nine antihy- vessels: Physiology and pharmacology[]J]. ] Cardiovasc Phar-
pertensive drugs on blood pressure variability in sinoaortic- macol,1984,6(Suppl 4) ;. S547-S558.
denervated rats[J]. Acta Pharmacol Sin, 2006,27:1013-1017. [27] Leech C J, Faber J E. Different aq-adrenoceptor subtype medi-

[18] Armah B 1, Hofferber E, Stenzel W. General pharmacology of ates constriction of arterioles and venules[ J]. Am ] Physiol,
the novel centrally acting antihypertensive agent moxonidine 1996,270(2 Pt 2). H710-H722.

[J]. Arzneimittel-Forsch,1988,38: 1426-1434. [28] Reis D J. Neurons and receptors in the rostroventrolateral me-

[19] Buccafusco] J, Lapp C A, Westbrooks K L, et al. Role of me- dulla mediating the antihypertensive actions of drugs acting at
dullary I;-imidazoline and az-adrenergic receptors in the anti- imidazoline receptors[J]. ] Cardiovasc Pharmacol, 1996, 27
hypertensive responses evoked by central administration of (Suppl 3): S11-S18.
clonidine analogs in conscious spontaneous hypertensive rats [29] Reis D J, Piletz ] E. The imidazoline receptor in control of
[J].J Pharmacol Exp Ther,1995,273:1162-1171. blood pressure by clonidine and allied drugs[J]. Am J Physiol,

[20] Raasch W, Jungbluth B, Schafer U, et al. Modification of no- 1997,273(5 Pt 2) : R1569-R1571.
radrenaline release in pithed spontaneously hypertensive rats [30] El-ayoubi R, Gutkowska J, Regunathan S, et al. Imidazoline
by 1;-binding sites in addition to alphas-adrenoceptors[]J]. J receptors in the heart: characterization, distribution and regu-
Pharmacol Exp Ther,2003,304:1063-1071. lation[ ] ]. J Cardiovasc Pharmacol,2002, 39. 875-883.

[21] Urban R, Szabo B, Starke K. Involvement of peripheral pres- [31] Mukaddam-Daher S, Gutkowska J. Atrial natriuretic peptide is
ynaptic inhibition in the reduction of sympathetic tone by mox- involved in renal actions of moxonidine [ J]. Hypertension,
onidine, rilmenidine and UK 14304 []J]. Eur J Pharmacol, 2000,35:1215-1220.
1995,282(1-3): 29-37. [Received ] 2007-04-28 [Accepted] 2007-05-18

[22] Szabo B, Hedler L, Starke K. Peripheral presynaptic and cen- [Editor] SUN Yan, YU Dang-hui

I -DRAE IR 2R F0 o, 24K 97 5 K R ER Bk 5T B 2 Je /e B9 Wi B 7 R 4E F

i’a’f‘&‘él'z,i'li%f?l,%fﬁﬂfll,%ﬂf]ﬂ%%%E"J,%Eiﬂa”
(5 = FE R e 25 B2 2 F ==, LU 2004335 2. PR FHZG R R 222524 B¢, PR FH 110016)

(RE] AQ:ZEBLIERS5TERRAMBHAEER., Fa EIXY mEkﬁ(SHR)%Jﬁ—%ﬁigWﬁio 2
HZw M %T R EG, 10, 30 pg/kg ) EE R E (0.1, 0.3, .Omg/kg) LMW EAL THEAR TR L EEL THERE

(1.0,1o.omg/kg>,%%§ﬂﬁﬂﬁﬁ)¥_f}f&%é’vii%%;%%EE(O.3mg/kgﬁ%ﬂa‘wﬂéfHu%ﬁy‘f%ﬁﬂfw%(m.o#g/kg)‘%%ﬁ
(2.0 mg/kg) Bt F 4 1 (0. 2 mg/kg) .2k 7% £ (1.0 mg/kg) R E T E+ %% % 4 (2.0 mg/kg+1.0 mg/kg) , WE K F R % %
MAEFEAGEMER AT o o ZHEML- LRI EE R ERHAEPNERN., SR - EREREM LN
T BHREHEREENGHAEEALTRERABS, EXLENBHAREALTIRLENPH, AT RET E B
ZA Ak e BT E FE R A RA N, i‘(%ﬁamﬁ’lﬁ”é?ﬁj CHHETFFEARHAEAL, Sk H#

FESREZRET RN AR ZHIE @ ZEM -k ZERERNFH,
[X@EiR] EZRE; VAL skoh; i E; o /E
[(FESES] RI972.4 [Ei#RiIREE] A [XEHS] 0258-879X(2007)06-0581-08



