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ABSTRACT

The possible inolvement of central opiate system in the control of cardiovascular function and
in the antihypertensive action of clonidine has been examined in unanesthetized rats with sham-
operated or 2-kidney, 1-clip (2KIC) renal hypertension. In both groups of rats, intraventricular
clonidine (3-30 ug/kg) produced hypotension and bradycardia.

Hypotensive action of clonidine was more potent in the hypertensive rats than in the normotensive
sham-operated rats. Yohimbine (30 xg/kg, i.v.t.) inhibited the hypotension and bradycardia prod-
uced by clonidine. Naloxone (50 xg/kg, i.v.t) inhibited the action of clonidine in 2K1C hypertensive
rats but not influenced in the sham-operated rats. Intraventricular morphine (10-100 pg/kg) also
reduced rats. Intraventricular morphine (10-100 ug/kg) also reduced blood pressure and heart rate
in both groups of rats. But these effects were not affected by yohimbine, but antagonized by naloxone
(50 pg/kg, i.v.t.). Chronic treatment of 2K1C rats with clonidine (3X20 ug/kg, p.o., for 14 days
from 1 day after 2K1C operation) suppressed the development of hypertension and maintained the
blood pressure in normal level and this errect of clonidine was abolished by naloxone (2 mg/kg, i.
p.)-

In the 2K1C hypertensive rats, immunoreactive g-endorphin content was significantly decreased,
but maximum binding (Bmax) of (®H)-naloxone was significantly increased in brain of 2KI1C
hypertensive rats. However, Kd value was not changed.

These results suggest that the opioidergic component might be involved in the antihypertensive
action of clonidine only in hypertensive and that central opiate system might play important roles

in pathophysiology of development and maintenance of hypertension.
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INTRODUCTION

It is well established that the central sympa-
thetic nervous system plays an important role in
the control of blood pressure and heart rate.
Antihypertensive action of clonidine is believed to
be mediated by activation of g-adrenoceptors in
the medulla oblongata (van Zwieten and Timmer-
mans, 1971a; 1983b). Morphine and some opioid
peptides can also cause similar cardiovas cular
effects that can be antagonized by naloxone
(Laubie et al, 1974; Bolmen et al, 1978).

There are much evidence that indicate an

interaction between the central adrenergic and
opiate receptor system. Naloxone has been to
antagonize clonidine-induced depression of blood
pressure in spontaneously hypertensive rats
(SHR) (Farsang et al., 1980). Clonidine has been
shown to have antinociceptive effects (Chance,
1983; Hirst et al, 1983). Furthermore, clonidine
increase the release of immunoreactive 3-endor-
phin from superfused slices of brainstem of SHR
and clonidine administration to the SHR can
increase the plasma concentration of g-endorphin
(Kunos and Farsang, 1981). Central blood pres-
sure and pain regulatory mechanisms might be
closely associated. Considerable evidence to sup-
port this contention has accumulated over the past
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several years. Both in genetic (Sisten and de Jong,
1984) and various forms of experimentally-
induced hypertensive rats (Zamir and Segal,
1979a; 1980b; Naranzo et al, 1986; Fuentes et al,
1984), a decreased sensitivity to noxious stimuli
has been reported. The concentration of met-
enkephalin in the adrenal glands, sympathetic
ganglia, and salivary glands of SHR is reduced
(Di Giullio and yang, 1979). In addition, opiate
receptor numbers in particulate fractions from the
brains of young hypertensive SHR has been
reported (Martucci and Hahn, 1979). These facts
support the involvement of endogenous opioids in
the development of hypertension.

The objective of the present study was to
investigate whether development of effects of clo-
nidine and morphine, in the content of immuno-
reactive Z-endorphin, and in the characteristics of
specific opiate receptor binding.

MATERIAL AND METHOD

Animals: Experiments were performed in con-
scious male Sprague-Dawley rats weighing about
200 g. The animals were housed in plastic cages
with water and food supplied ad libitum.

Operation: Renal hypertension was induced by
applying a silver clip with an internal diameter of
0.20 mm on the left renal artery, leaving the right
kidney untouched. Control animals were subject-
ed to the same procedure without a clip on the
artery.

Drug administration: For cannulation of the
lateral ventricle, rats were anesthetized with
pentobarbital (30 mg/kg), and the head was fixed
in a stereotaxic apparatus (DKI). A 10 mm-long
stainless steel guide cannula (0.65 mm in dia.) was
implanted into the lateral ventricle of rat using
following coordinates: AP 0.0, L 1.7, H 3.5 mm
according to the atlas of Pellegrino er al, (1979).
The cannula was to the skull with dental cement.
ivt Injections were done by briefly restraining the
conscious rat and using a injection cannula (0.25
mm in dia). Adequate placement of the cannula
was verified by gross morphological inspection of
the brain, when animals were killed 1 hr afir the
injection of 1% methylene blue.

In the experiment for the chronic effects of
clonidine, clonidine (20 pg/kg/day, tid, p.0.) was
administered for 14 days from the day after the
2K 1C operation.

Measurement of blood pressure and heart rate:

Systolic blood pressure and heart rate of
unanesthetized rats were measured by the tail cuff
method. The rat was placed in a restrainer
maintained at 37°C and were allowed to settle
down. Pulsations of the tail artery, detected by
pneumatic sensor (narcol1058) were monitored by
a physiograph (Narco, MK-IV).

Specific opiate receptor binding assay: The
maximum binding (Bmax) and affinity constant
(Kd) of the opiate receptor were determined by
the method of Bardo et al, (1982). For determin-
ing the specific (*H)-naloxone binding, tissue was
homogenized (Polytron, setting 7, 10s) in 200 vols.
of ice-cold 50 mM Tris-HCl buffer (pH 7.4)
containing 100 mM NaCl. Portions (0.95 ml) of
the tissue homogenate was incubated at 0°C for
180 min with 1nM (3H)-naloxone in the presence
of various concentrations of naloxone (0-10 nM,
10 uM). Incubation was terminated by filtration
under vacuum pressure over glass fiber filter (GF/
B) and washed with 5 ml of ice-cold Tris buffer.
The specific binding of (3H)-naloxone bindings
was calcurated by the method of Akera and
Cheng (1977).

B-endorphin radioimmunoassay: 8-Endorphin
immunoreactivity was quantitated by radioim-
munoassay. Brain tissue was placed in an inverted
petri dish on salted ice at —5 to —10°C. The
preparation was homogenized in 9 ml of 1N acetic
acid for 1g of wet tissue. The homogenate was
centrifuged at 10,000 X g for 30 minutes. The su-
pernate was resuspended with equal volume of 1
N acetone. The final suspension was evaporated at
20°C and submitted to radioimmunoassay proce-
dure by using NEN kit (NEK-0.03).

Protein was assayed by the method of Lowry
et al, (1951).

Data were analyzed by paired or unpaired
student’s t-test.

Drugs used were clonidine HCI (Sigma), yo-
himbine HCI (Sigma), morphine HC1 (Samsung
Pharm.) and naloxone HCI (Sigma).

RESULTS

The average systolic blood pressure for the
control and 2K1C-operated groups is shown in
Figure 1. The blood pressure of the control group
showed little change throughout the 4 week after
sham-operation. In 2K1C-operated animals, there
was a significant increase in blood pressure as
early as 1 week after the operation (p <0.05); the
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Changes in blood pressure of 2-kidney, 1-cli-

pped hypertensive rats. Each point with vertical

bar denotes the mean with SEM from 8 experi-

ments.

* Significantly different from corresponding
sham-operated group (p < 0.05).
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Time course of the effect of intraventricular
administered clonidine in 2K1C hypertensive
rats (upper panel) and sham-operated rats
(lower panel). Each point with vertical bar
represents the mean with SEM from 6 experi-
ments.

*  Significantly different from the value of

saline-treated group (p < 0.05).

blood pressure continued to rise progressively
during the following weeks, to reach a mean level
of 169.4 mmHg at the end of 4 weeks.

Effects of intracerebroventricular clonidine

The icv clonidine caused initial transient
(approximately 10 min) rise (+4—9 mmHg), foll-
owed by longer-lasting fall (—5—12 mmHg) of
blood pressure in the unanesthetized norn:oten-
sive rats in dose dependent manner. The peak
effect was shown at about 30 min after the icv
injection. This hypotensive effect of icv clonidine
was more prominent (—16-33 mmHg) in the
2K1C hypertensive rats (Fig. 2 and 3).

Influence of yohimbine: Icv yohimbine (30 y
g/kg) caused transient mild elevation (+10+3.4
mmHg) of blood pressure and increase (+26+ 3.
2 bpm) of heart rate, and then normalized after
about 10 min of drug administration. Cardiovas-
cular effect of icv clonidine were significantly
attenuated by yohimbine pretreatment in the nor-
motensive and the 2K1C hypertensive rats (Fig.
4).

Influence of naloxone: icv Naloxone (50 ug/
kg) did not caused any changes in blood pressure

01

2 10
E
o
o
2
vy
4 -204 *
o
a
2
o
= -301 *
=
é *
© -40 1 O Sham-operated group
w
< ® 2KIC hypertensive group

_50 J | - A 3

3 10 30

Dose of Clonidine(ug/kg)
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traventricular clonidine in 2K1C hypertensive
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the administration of clonidine. Each point
with vertical bar represents the mean with
SEM from 6 experiments,

*  Significantly different from sham-operated
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Fig. 3.
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Fig. 4. The influence of yohimbine (30 pefkg, iv.t)
on the hypotensive and bradycardiac effect of
intraventricular clonidine in 2K1C hypertensive
(right panel) and sham-operated {left panel) rats,
Each point with vertical bar represents the
mean with SEM from 6 experiments.

* Significantly different from corresponding
saline-pretreated control value (p < 0.05).

or heart rate. The hypotensive and the bradycar-
diac effect of clonidine were almost not changed
in the normotensive rats, but significantly inhib-
ited in the 2K1C hypertensive rats (Fig. 5).

Effects of intracerebroventricular morphine

The icv morphine caused initial transient (ap-
proximatery 1-2min) rise (+5-10mmHg) of
blood presure and increase (+ 14-36 bpm) of
heart rate, and then followed by decrease of blood
pressure and heart rate from 20 min after the icv
injection in the unanesthetized normotensive and
2K1C hypertensive rats in dose dependent man-
ner. The peak effect was shown at about 50 min
after the icv injection. This hypotensive effect of
icv morphine was more prominent in the 2K1C
hypertensive (—8.4—49.2 mmHg) than in the
normotensive (—9.5—27.3 mmHg) rats (Fig. 7.).

Influence of yohimbine: The cardiovascular
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The influence of naloxone (50 pg/kg, i.v.t.) on
the hypotensive and bradycardiac effect of in-
traventricular clonidine in 2K1C hypertensive
(right panel) and sham-operated (left panel) rats.
Other legends are same as in Fig, 4.
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Fig. 7. Changes in hypotensive effect of intraventri-
cular morphine in 2K1C hypertensive rats and
sham-operated rats at 50 min after the admini-
stration of morphine. Each point with vertical
bar represents the mean with SEM from 6 ex-
periments,

*  Significantly different from sham-operated
group (p < 0.05).

effects of icv morphine were not influenced by icv
yohimbine (30 pg/kg) pretreatment in both con-
trol and the 2K 1C hypertensive rats (Fig. 8.).

Influence of naloxone: The above car-
diovascular effects were severely inhibited by icv
naloxone (50 ug/kg) pretreatment in the nor-
motensive and the 2K1C hypertensive rats (Fig.
9.

Influence of naloxone on the chronic effect of
clonidine

Effective treatment of hypertension involves
chronic administration of antihypertensive drugs.
Under such conditions the mode of action of some
drugs may be different from that after their acute
administration. We therefore tested the effect of
naloxone on blood pressure of 2K 1C hypertensive
rats chronically treated with clonidine.

Chronic clonidine treatment almost complete-
ly suppressed the development of hypertension in
2K1C-operated rats, but the antihypertensive ef-
fect of clonidine was reversed by single intraper-
itoneal injection of naloxone (2 mg/kg) (Fig. 10.).
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Fig. 8. The influence of yohimbine (30 pg/kg, i.v.t.) on
the hypotensive and bradycardiac effect of in-
traventricular morphine in 2K1C hypertensive
(right panet) and sham-operated {left panel)
rats, Other legends are same as in Fig. 4.
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Fig. 9. The influence of naloxone (50 pg/kg, i.v.t.} on
the hypotensive and bardycardiac effect of in-
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rats. Other legends are same as in Fig. 4.
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Fig. 10. The influence of naloxone (2 mg/kg, i.p.) on
the chronic antihypertensive effect of cloni-
dine (3 x 20 pg/kg/day, p.o., for 14 days) in
2K1C hypertensive (upper panel) and sham-
operated (lower panel) rats. Each point with
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Fig. 11. Contents of immunoreactive $-endorphin in
brain of 2K1C or sham-operated rats. Rats
were sacrificed at 1 or 2 weeks (s) after
operation. Values are mean * SEM from 6
experiments.

* Significantly different from the value of
corresponding sham-operated control (p
<0.05).

Table 1. Specific binding of [*H] naloxone in two
kidney one clip (2K1C) Goldblatt hyperten-
sive rats and in sham-operated controls

Specific [*H) naloxone binding

Groups
Bmax (Pmol/mg protein) K4 (nM)

Naive 68.81+7.3 7.8%0.9
1 wk after op.

Sham 62.5*7.6 7.210.9

2KIC 97249950 6176
2 wks after op.

Sham 64.3+6.8 8.4+0.8

2KIC 106.5 +11.3%® 8.0£0.9

Each value represents the mean with SEM from 6
midbrain preparations. a Significantly different
from the non-operated naive group (p < 0.05).

b ; Significantly different from the sham-operated
control group (p < 0.05).

B-Endorphin immunoreactivity in brain of 2K1C
hypertensive rats.

In this tudy we observed the changes of con-
tent of B-endorphin immunoreactivity in the con-
trol and the 2K 1C hypertensive rats. There was no
difference in the contents of B-endorphin im-
munoreactivity between the non-operated (38.4+
4.1 ng/mg tissue) and sham-operated group. But
the content of B-endorphin was significantly de-
creased after 2K1C operation compared with the
non-operated or the sham-operated group (p<0.
05) (Figure 11).

Specific [*H]-naloxone binding in brain of the
2K1C hypertensive rats.

Table 1 represents the change of the specific
(®*H)-naloxone binding in the non-operated, sham-
operated and 2K1C-operated groups. At | and 2
weeks after 2K1C operation, maximum binding of
specific opiate receptor were significantly incre-
ased compared with non-operated normal or
sham-operated groups (p<0.05). But Kd values
were not changed in all preparations.

DISCUSSION

In the present study icv clonidine produced
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transient hypertension followed by long-lasting
hypertension in dose dependent manner in the
unanesthetized 2K1C and the normotensive rats.
The hypertensive effect of icv clonidine was
significantly attenuated by icv yohimbine pretre-
atment. This well-known cardiovascular effect of
clonidine have been observed in several species of
unanesthetized (Beckett and Finch, 1982) and
anesthetized (Kellar et al, 1984; Anden et al,
1976) animals by numerous workers. It is widely
recognized that the hypotensive effect of clonidine
is the result of activation of central g@-adreno-
ceptors in the medulla oblongata that lead to
decrease of sympathetic tone. And also, the hyper-
tensive effect of clonidine was more prominent in
the 2K 1C hypertensive rats than in the normoten-
sive one. Similar findings observed in SHR (Lok-
handwala and Eikenberg, 1983; Yarbrough et al,
1982), renal hypertensive dog and cat (Zeigler et
al, 1984), and these reports together with our
present observation, indicate an increment of
cardiovascular responsiveness in hypertensive sta-
tes to clonidine.

In our results icv naloxone pretreatment signi-
ficantly inhibited the hypertensive effect of cloni-
dine in the 2K 1C hypertensive rats but not in the
normotensive rats. Naloxone-reversible hypoten-
sion induced by clonidine was also observed in
SHR (Ramirez-Gonzales et al, 1983), but there
has not been reported in arbitrarily-induced hy-
pertensive animals.

And we observed that chronic treatment of
2K1C hypertensive rat with clonidine reduced
blood pressure and this effect was acutely reversed
by a single injection of naloxone. Clonidine was
shown to have antinociceptive effects (Chance,
1983; Hirst et al, 1983) and to reverse opiate
withdrawal symptoms (Thoolen et al, 1981).
Moreover, the symptoms of withdrawal of opiate
and clonidine are remarkably similar (Engberg
and Svenson, 1981).

These similarities suggest some interactions
between central opiate system and the g-adre-
noceptors. Clonidine and naloxone did not cross-
react with each other’s binding sites in the brain
(Glombiowska-Nikitin ez al, 1980) and clonidine
was shown to increase the release of f-endorphin
immunoreactivity in brain slice preparations
obtained from SHR (Kunos and Farsang, 1981).
Our results, with above metioned obserbations,
strongly suggest that the release of an endogenous
opiate from the area that participate in the central
control of blood pressure contributes to the

antihypertensive action of central g-adrenoceptor
stimulants not only in the SHR but also in the
2K1C hypertensive rat. And it is possible that a
similar mechanism is either not stimulated or
inactive in the normotensive rats.

Opiate receptors have been indentified in the
brain (Pert, and snyder 1973), and later, in the
pituitary sympathetic ganglia, kidney, liver,
gastrointestinal tract, and heart (Kuhar and Pert
1973). Subsequently a series of compounds that
exhibited specific binding to these receptors were
isolated from various tissues, including the brain,
and were named enkephalins and endorphins
(Hughes, 1975). These opiate receptors are dis-
tributed in corresponding area that major sites of
action of the opiates in the processing of pain
stimuli, ie; the substantia gelatinosa, the per-
iventricular grey matter, and the medial thalamus.
On the other hand, opiate receptors are also found
at sites that are not primarily concerned with pain
sensation, including infundibulum of the hypoth-
alamus, the area postrema of the medulla, the
locus coeruleus, and the caudate nucleus (Pert and
Kuhar, 1976). It has been proposed that these
receptors are important in respiration and car-
diovascular control. Recently, considerable evi-
dences are cumulated that suggest the important
roles in the control of cardiovascular function.
ICV narcotic analgesics, including morphine and
B-endorphin, decreased blood pressure and
antagonized by naloxone in the cat and the rat
(Feldberg and Wei, 1977, Laubie er al., 1974;
Bolme et al., 1978)

In our study the Bmax of specific opiate recep-
tor binding was increased in brain of 2KIC
hypertensive rats.

These results indicate the possibility that the
opioidergic component can be altered by hyper-
tension itself. These results were partialy agrees
with the findings that decreased sensitivity to
noxious stimuli in the spontaneously (Zamir et
al., 1980; Sisten and de Jong, 1984) or experimen-
tally induced hypertensive animals (Zamir and
Segal, 1979; Naranzo et al., 1986; Fuentes et al.,
1984).
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