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Summary: The role of opioidergic system in the antihypertensive effect of clonidine was

investigated in albino normotensive and renal-DOCA - salt hypertensive models of rats. CJonidine

(25. 5 and 10.0 !J.'Jlkg. iv) produced a dose-related depressor response. Yohimbine (2

mg/kg. ip) blocked the cl::>nidine-induced responses in both normotensive and hypertensive rats.

:-laloxone (2 fT'q/kg. iv) blockod the clonidine-induced depressor r~sponses in hypertensive rats.

but not in normotensive animals. Morphine (0.11 mo/kg. iv) produced a depressor response in

both normo(ensive and hypertensive rats. Yuhimbine (1 mg/kg. iv) did not affect the hypOten •

si\e effE'ct of mcrphine in normotensive or hypertensive rdts. whereas pretreatment with

naloxone significantly brocked the hypotensive effect of morphine in both groups of animals.

It is concluded that the hypotensive effect of clonidine i n hypotensive rats could be due to an

opioide:gic mecranism since it is blocked by both naloxons and yohimbine.
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INTRODUCTION

The central regulation of sympathetic tone plays an important role in the
physiological control of arteria I blood pressure (B. P.) and heart rate. Stimulation of alpha­
adrenoceptors in the vasomOtor centre results in inhibition of peripheral sympathetic acti­
Vity; when these receptors are blocked. there is increased peripheral sympathetic outflow
(11). Several different experimental approaches have localized the antihypertensive effect

of clonidine to sites in the central nervous system (4.8.9.10). Activation of opiate
receptors in the medulla oblongata can alsO decrease the sympathetic tOne and B.P. (3.6).
Similarities between the effects of central opiate and alp'ha-adrenoceptOr stimulation and
interaction between the two receptor systems have been reported (1). It has been shown
that in the superfused slices of brain-stemof spontaneously hypertensive rats (SHR)
clonidine and alpha-methylnoradrenaline rele<:lse a substance with beta-endorphin-like
immunoreactivity which was inhibited by yohimbine. However. in brain-stem slices
from Wistar Kyoto /(WKY) nOromtensive rats. clonidine did not induce release of beta­

endorphin (5).
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Farsang et al. (2) have shown the existence of an opioidergic component in the
antihypertensive action of clonidine in spontaneously hypertensive models of rat; a
similar mechanism is either absent or inactive in the normotensive Wistar Kyoto rats.

The objective of the present study was to investigate the role of opioidergic compo­
nent in the antihypertensive action of clonidine in albino normotensive and DOCA-salt
hypertensive models of rats.

MATERIAL AND METHODS

Female albino rats weighing 200-300 9 were used.

Preparation of hypertensive models (renal DOCA-salt hypertensive model) :
Under ether anaesthesia the capsule of left kidney was removed carefully without disturbing
the suprarenal gland and the kidney was exposed. The renal artery was ligated and
the left kidney was cut off.

The incision was closed by Michael clip. To prevent infection, ampicillin was
administered intramuscularly (50 mg/day for G days). The unilaterally nephrectomized
rats were given deoxycorticosterone acetate (DOCA) subcutaneously 10 mg/Week fOr
5 weeks and 1% sodium chloride solution for drinking purposes

Renal DOCA-salt hypertensive and nOrmotensive rats were anaesthetized with
sodium pentobarbitOne (40 mg/kg, ip). Tracheostcmy was done. Jugular vein and the
common carotid artery of reft side were exposed. POlyethylene cannula was inserted
into the jugular vein, Herarin (500 IV/kg) was administered intravenously. The
common carotid artery was connected to Statham Pressure Transducer (model P 23 AA)
recording on Sanborn Twin VisO Recorder (model 160-1300 B).

Agonists were injected through the jugular vein in a volume of 0.5 ml and flushed
with 0.05 ml of normal saline. The antagonists were injected jntraperitoneally. The
agonists were administered 5 min after ip injection of nalOxone or GO min after ip injection
of yohimbine. The results have been expressed as mean ±S.E.M. The data were -analysed
by paired Or unpaired student's 't' test for significance.

Drugs used

Heparin (Gland Chemicals, Hyderabad), deoxycorticosterone acet-ate (Organon,
Calcutta), ampicillin (Unique Pharmaceutical Lab., Bombay) clonidine (Sarabh-ai
Chemicals, Baroda). morphine (Alembic Chemical WOrks, Baroda), yohimbine
(Sigma. St. Louis) naloxone HCI (Endo Laboratories, New York) and Sodium pentobarbi­
tone (Apetho Research Chemicals, Bombay).
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RESULTS
Normotensive rats :

The mean arterial pressure of normotensive rats was 135±5.2 mmHg
(n = 1.2). At stable pressure intravenous administration of clonidine produced e
biphasic effect. an initial transient pressor response which was not consistent but was
occasionally seen with larger doses of clonidine. This was fOllowed by a sustained
depressor response which lasted for about 1 hr. The depressor response was dose­
related. Clonidine administered at intervals of 1 hr in doses of 2.5. 5.0 and 10.0 P-glkg
produced a decrease in B.P.

Yohimbine (2 mg/kg. ip) or naloxone (2 mg/kg. ip) did not have any effect on the
B.P.

Naloxone (2 mg/kg ) did not modify the hypotensive effect of clonidine. How­
ever. yohimbine (2 mg/kg) significantly blocked the responses to clonidine (Fig. 1).
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Fig. 1 : Effect of yohi mbine and naloxone on
cbnidine-induced fall in blood pressure
(B.P.). in a'1aesthetized normJt~nsive rats.
Blacl< histograms depict responses to
cl'Jnidi'1e. Stippled and open histograms
depict the hyp'Jte:lsive responses to clonidine
in the prese-'1ce of YJhimbi1e and nalOXOne
rtnpectively. Vertical lines indicate S.E.M.
Cn=6). LE~veJ of significance (P<O.OO1) is
denoted by asterisk (0).

Fi.g. 2 Efte<:t of yohimbine and naloxone on mor­
phine-induced fal! in blood pressure (B.P.)
in anaesthetized normotensive rats. Black
histograms depict hypotensive responses to
morphine. Hatched histograms depict hypo­
tensive responses to morphine in the
presence of naloxone while stippled histo­
grams depict the hypotensive effect of
morphine in the presence Of vrJhimbine.
V9rt;c~llines indicate S.E.M. Cn=6). Level
of s'gnificance (P<O.05) is denoted by
asterisk CO).
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At stable pressure morphine (0.11 mgjkg) injected every 20 min produced a
reproducible and significant decrease in B.P. Administered 5 min after naloxone (2
mg/kg). the hypotensive effect of mOfphine was significantly reduced. Yohimbine
(1 mp/kg) did not modify the hypotensive effect of morphine (Fig. 2).

DOCA-salt hypertensive rats

The mean arterial pressure of hypertensive rats was 161.0±18.95 mm Hg. At
stable pressure. intravenous administration of clonidine produced a biphasic response.
an initial pressor response which was not dose-dependent or consistent. This was followed
by a sustained depressor response. The depressor response was dose-dependent and
was significantly greater than that observed in normotensive fats.

Yohimbine (1 mgjkg) or naloxone (2 mg/kg) significantly reduced the hypoten­
sive effects of 2.5. 5 and to pg/kg clonidine (Fig. 3).

DOCA-SALT HYPERTENSIVE RATS DOCA -SALT HYPERTENSNE RATS

_ CLONIOINE

[2J "YOHIMBINE (t.mS/KS i.P.)+CLONlOINE
o NALDXDNE(2mg/Kg i.P.)+CL.ONIO/NE

~

_MORPHINE
mNALOXONE(2mJl/KJI i.p)+MORPHINE
mJ YOHIMBINE(I mg/Kg i.p)+MORPHINE
100

20 -

0./1 D·N

MORPHINE ("'Jl / I<fl)

.......
~
I: 80

1~
~

q$ /50
~
ltJ

40 1,U)

~
~ 20,
~

~*
~~

2·5 5'0 10'0

CLDNIDINE().J.S /KS)

llJ
III
'( 40­
llJ
ex:
~
Q

I'ig. 3 Effect of yohimbine and nalOXOne on
cl'lnidine-induced fall in blood pressure
(B.P.) in anaesthetized renal DOCA-salt
hypertensive rats. Black histograms depict
resp,nses to clonidine. Stippled and open
hiit'lgrams depict resp'lnses to clonidine in
the preSEnce of y,himbine and naloxone
re,oectively. Vertical lin~ indicate S.E.M.
(n-6). Level of siqnificance (i"< 0.001)
is denoted by asterisk (0).

Fig. 4 Effect of yohimbine and naloxone on the
hypotensive effect of morphine in renal
OOCA·salt hypert~nsive r::tts. Black histo­
grams depict hypotensive responses to
mn'phine. Hatched histogrClm depicts r~­

p:)n5~S to morphine in the presence of
naloxone and stippled histogram depicts
r~ponses to morphine in the presence of
ychimbine. Vertical lines indicate S.E.M.
(r.=5). The level of significance (P<O.05)
is denoted by asterisk (0).
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Morphine (0.11 mglkg, ip) reduced the B.P. which was significantly blocked by
naloxone. Yohimbine did not modify the hypotensive effect of mOfphire (Fig. 4).

DISCUSSION

In the present study clonidine produced a hypotensive effect in renai/DOCA­
salt induced hypertensive rats. The effect of clonidine was blocked either by naloxone
Or yohimbine. Morphine also produced a 'hypotensive effect. This may partly be due
to peripheral vasodi latation and partly due to activation of central opiate receptOrs
(3,6). The effect of mOrphine was blocked by naloxone but not by yohimbine. NalOxone
is a selective opioid-receptor antagonist. free of pharmacological actions of its own
(also confirmed in the present study).

It is concluded that in the sequence of clonidine-inducEd hypotension activation
of opiate-receptors occurs distal to the activation of alpha-adrenoceptors. It is likely
that activation of opiate receptOrs through release of an endogenous opioid contributes
to the centrally mediated hypotensive action of clonidine.

Nc:loxone did not modify the hypotensive effect of clonidine in the normotensive
rats. This indicates that in the normotensive contrOl rats, the opioidergic component
postulated above, is either absent Or inactive. Our results ere in egreement with those of
Farsang et al. (2) who have shown that in conscious and anaesthetized normotensive
WKY rats, the reduction in B.P. <Jnd heart rate by clonidine were not influenced by nalOXOne,
Rockhold <Jnd Caldwell (7) h<Jve shown that the destruction of nuc'leus tractus SOlitarius
(NTS). abolishes the hypotensive and bradyc<Jrdiac effects of clonidine in SHR but did not
affect the hypOtension <Jnd only pmtially reduced the bradycardia in normotensive WKY
rats. Possibly a similar difference is present in animals used in the present study;
this could suggest that the possible site of cIIonidine-induced opiate release is in a descend­
ing pathway originating in the NTS.

Physiological mechanisms controlling p<Jin sensitivity and those involved in the
regulation of B.P. are probably closely related as indicated by an opiate mediated decre<Jse
in pain sensitivity in various forms of hypertension (12). Thus the physiological control
mechanisms involving endogenous opioids m<Jy be inactive under normal cOnditions but
may become activated by the hypertensive prOcess.
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