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Summary-Opioid peptide involvement in the fall in blood pressure resulting from stimulation of 
alpha-receptors in the brainstem has been investigated in the urethane-anaesthetised rat. Unilateral 
microinjection of alpha-methylnoradrenahne into the nucleus tractus sohtarii (NTS) induced a dose- 
related fall in blood pressure and heart rate. The depressor response induced by the amine was prevented 
by pretreatment with naloxone, administered either subcutaneously or directly into the nucleus. 
Pretreatment with antiserum to beta-endorphin, applied locally, also blocked the depressor response, 
however a similar dilution of antiserum to met-enkephalin was ineffective in this respect. The local 
application of phentolamine into the n. tractus solitarii caused an initial fall in both blood pressure and 
heart rate, and blocked the cardiovascular changes induced by alpha-methylnoradrenaline for at least 
90 min. Pretreatment with the alpha-receptor antagonist attenuated the fall in blood pressure produced 
by microinjection of beta-endorphin. These results suggest that the fall in blood pressure observed after 
administration of alpha-methylnoradrenaline involves a beta-endorphin-like peptide, a probable site of 
this interaction being the n. tractus solitarii. 

Key words: nucleus tractus solitarii, alpha-methylnoradrenaline, blood pressure, opioid peptides, 
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Clonidine, analogous to morphine and endogenous 
opioids, has been reported to induce analgesia (Pa- 
alzow and Paalzow, 1976) and its withdrawal elicits 
symptoms similar to those of opiate withdrawal 
(Reid, Dargie, Davies, Wing, Hamilton and Dollery, 
1977). Furthermore, clonidine inhibits the clinical 
symptoms of opiate withdrawal in addicts (Gold, 
Redmond and Kleber, 1978) and the associated in- 
crease in metabolites of noradrenaline in brain 
(Crawley, Laverty and Roth, 1979). Morphine sup- 
presses the blood pressure response to withdrawal of 
clonidine in spontaneously hypertensive rats (SHR) 
(Thoolen, Timmermans and Van Zwieten, 1981). 
These similarities suggest some interaction between 
central opioid and alpha-adrenoceptor systems. In 
fact, Pettibone and Meuller (1981a, b) have reported 
that an alpha-adrenergic mechanism influences the 
release of pituitary beta-endorphin in the rat, partic- 
ularly from the anterior lobe. 

In conscious rats, the decrease in blood pressure 
and heart rate induced by i.v. injection of clonidine 
and alpha-methyldopa is reversed by naloxone (Far- 
sang and Kunos, 1979), indicating that alpha- 
adrenoceptor stimulation involves the activation of 
opiate receptors. Since naloxone and clonidine ap- 
pear not to interact with the same receptor site, it was 
suggested that clonidine and alpha-methyldopa in- 
duce the release of an endogenous opioid peptide, 
which is involved in the central control of sym- 
pathetic tone (Farsang, Ramirez-Gonzalez, Mucci 
and Kunos, 1980). More recently it has been reported 

that clonidine and alpha-methylnoradrenaline, a 
probable active metabolite of alpha-methyldopa, in- 
duce the release of a peptide with beta-endorphin-like 
immunoreactivity from brainstem slices of spontane- 
ously hypertensive rats, but not from their nor- 
motensive, genetically matched, Wistar Kyoto con- 
trols (Kunos, Farsang and Ramirez-Gonzalez, 1981). 
This response is specific for the active L-isomer of 
alpha-methylnoradrenaline and is reduced by yo- 
himbine. On the basis of these findings, Kunos et al. 

(198 1) speculated that the release of beta-endorphin- 
like material in the brainstem contributes to the 
antihypertensive action of central alpha-adreno- 
ceptor stimulants in the hypertensive rat. 

Beta-endorphin-containing perikarya appear to be 
predominantly located in the medial basal hypo- 
thalamus, with axons widely distributed throughout 
the brain (Watson, Akil, Berger and Barchas, 1979). 
Both beta-endorphin nerve fibres and terminals have 
been demonstrated in the nucleus tractus solitarii 
(NTS) in the brainstem (Finley, Lindstriim and 
Petrusz, 1981; Palkovits, ‘*1981), which is the first 
synapse in the baroreceptor reflex arc. Beta- 
endorphin binding sites have been located in many 
brainstem areas (Law, Loh and Li, 1979; Akil, Hew- 
lett, Barchas and Li, 1980). Unilateral microinjection 
of the peptide into the nucleus tractus solitarii of the 
urethane-anaesthetised rat results in a dose-related 
fall in blood pressure and heart rate (Petty, De Jong 
and De Wied, 1982; Petty and De Jong, 1982). The 
hypotensive effects, which are naloxone reversible are 
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anatomically specific and restricted to the inter- 
mediate third of the n. tractus solitarii. The local 
application of antiserum to beta-endorphin causes a 
rise in both blood pressure and heart rate. 

There is a dense catecholaminergic innervation of 
the n. tractus solitarii and the noradrenaline- 
containing perikarya (A, region) are located close to 
the region of the baroreceptor terminals (Palkovits 
and Zaborsky, 1977; Palkovits, Mezey and Zaborsky, 
1979; Palkovits, 1980), where they appear to modu- 
late the tonic inhibitory control and reflex regulation 
of cardiovascular function. Microinjection studies 
have revealed that the medio-caudal area, corre- 
sponding to the A, region, of the n. tractus solitarii 
is the most sensitive to applied catecholamines (Zan- 
dberg and De Jong, 1977), where they induce a 
decrease in blood pressure and heart rate. The n. 
tractus solitarii also appears to be a site of action of 
the centrally acting hypotensive agents, including 
clonidine and alpha-methyldopa (Haeusler, 1973; De 
Jong, 1974; Nijkamp and De Jong, 1975; Rockhold 
and Caldwell, 1980; Schmitt, Schmitt and Fenard, 
1971; Zandberg, De Jong and De Wied, 1979). The 
medio-caudal part of the n. tractus solitarii appears 
therefore to mediate some cardiovascular changes 
induced by both beta-endorphin and the cate- 
cholamines, and for this reason a possible interaction 
at the level of this nucleus has been examined. 

METHODS 

Experiments were carried out in urethane- 
anaesthetised (1.4 g/kg), normotensive, male Wistar 
rats (CPB-TNO, Zeist, The Netherlands), weighing 
200-250g. A carotid artery was catheterised for 
direct measurement of mean arterial pressure (MAP), 
which was recorded by means of a Statham P23-AC 
gauge transducer and displayed on a Grass poly- 
graph. Heart rate (HR) was calculated from the 
arterial pressure recording. 

The rat was placed in a stereotaxic head holder, 
and the head fixed to an angle of 45” downward. A 
limited occipital craniotomy was carried out to ex- 
pose the dorsal surface of the lower brainstem. The 
caudal tip of the area postrema in the midline was 
used as a rostro-caudal zero, corresponding to p 
7.4mm of the atlas of Palkovits and Jacobowitz 

(1974). Microinjections into the n. tractus solitarii 
were made on the right side of the medulla oblongata 
(0.5 mm lateral of the midline and 0.9 mm below the 
dorsal surface of the medulla oblongata), by means 
of a glass cannula (outer diameter 60 pm) in a volume 
of 0.4 ~1 which was delivered in 10 set (Zandberg et 
al., 1979). Control rats received an equivalent volume 
of vehicle. After the experiment the correct position 
of the injection site was confirmed by histology. 

Drugs and chemicals 

The following drugs were used: *alpha- 
methylnoradrenaline-HCI (Cobefrin, Sterling-Win- 
throp Research Institute, Rensselaer, New York, 
U.S.A.); naloxone-HCI (Endo Laboratories, New 
York, U.S.A.); beta-endorphin (beta-LPH 61-91) 
(Organon International B.V., Oss, The Netherlands); 
antiserum to beta-endorphin and antiserum to met- 
enkephalin (kindly given by Dr V. M. Wiegant); 
control rabbit serum; phentolamine (Regitine, 
Ciba-Geigy B. V., Arnhem, The Netherlands). All 
agents were dissolved in or diluted with 0.9% NaCl 
(saline). 

Statistics 

All values used in the analysis represent the 
mean + SD of 68 determinations. The significance 
of differences between test animals and their controls 
were calculated by means of a Student’s t-test for 
unpaired data, or where appropriate an Analysis of 
Variance with application of the Neuman-Keuls test. 

RESULTS 

Unilateral administration of alpha-methyl- 
noradrenaline into the n. tractus solitarii caused a 
dose-dependent decrease in blood pressure and heart 
rate (Table I). The fall in arterial pressure was 
apparent with a dose of 1.1 fig, although it was not 
accompanied by a decrease in heart rate. With larger 
doses (11 and 33 /*g) the decrease in arterial pressure 
was more pronounced and prolonged, however it did 
not become evident until 2-5 min after adminis- 
tration. The fall in arterial pressure which occurred 
with these larger doses was always accompanied by 
bradycardia. 

Table I. The change in mean arterial pressure (MAP) and heart rate (HR) induced by various doses of (i) alpha-methylnoradrenaline 
after administration into the nucleus tractus solitarii of the urethane-anaesthetised rat 

Basal blood 
pressure (mmHg) 

AMAP and HR 

Doses and heart rate (bpm) 2 5 10 15 30 60 min 

Saline 124 f 12 -1+1 -1*3 Ok2 252 6k6 2*7 
424 + 33 -453 -11*10 -10+9 -9+1 2+8 4* 13 

k Alpha-methylnoradrenaline 

1.1 fig 113_t6 -9+6 -15k6 -17rfI4 -13+5 -5+5 2*5 
428 f 17 -5k4 -Ilk 10 -8&6 -8k6 -7*11 -3*9 

Ilvg 123f7 2i 16 -17+12 -25k9 -2Ok9 -7*5 -3*4 
430 * 30 -9i15 -27f22 -3O+ 18 -38 f 17 -39k 17 -22 f 19 

331rg 125+11 12+ 11 -3k16 -28 f 12 -35 f 12 -25+7 -15+4 
423 f 24 7k 18 -17+21 -55f26 -64 + 18 -63 k 22 -47 * 19 

Results are expressed as the mean f SD, n = 6. 
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Fig. 1. The effect of pretreatment with naloxone (1 and 10 ng) (10 min) into the nucleus tractus solitarii 
on the fall in mean arterial pressure induced by the microinjection of *alpha-methylnoradrenaline (11 pg) 
in the urethane-anaesthetised rat. (0-n) Saline and alpha-methylnoradrenaline; (0-a) 1 ng 
naloxone and alpha-methylnoradrenaline; ( x - x ) 10 ng naloxone and alpha-methylnoradrenaline. 
Results are expressed as the mean k SD of 6 animals in each group and were compared by an analysis 
of variance with application of the Neuman-Keuls test. From 15 min onward, the mean arterial pressure 
of each group was significantly different (**P < 0.01) from the other two groups. However, at 45 min when 
the arterial pressure of the groups given 1 ng naloxone and alpha-methylnoradrenaline, 10 ng naloxone 
and alpha-methylnoradrenaline and control groups were not significantly different, the arterial pressure 
of the groups given saline and alpha-methylnoradrenaline was, in this instance, still reduced 

(P < 0.01). 

Effect of the opiate receptor antagonist naloxone 

Naloxone (1 mg/kg, s.c.), administered 15 min be- 
fore an injection of saline into the n. tractus solitarii, 
caused a rise in arterial pressure, which reached a 
maximum of 8 k 4 mmHg 50-60 min after the injec- 

tion (P < 0.001 when compared to - 2 + 2 mmHg in 
saline-treated controls). When administered 15 min 
prior to alpha-methylnoradrenaline (11 pg) into the 
n. tractus solitarii, naloxone (1 mg/kg, SC.) blocked 
the fall in blood pressure and reduced the bra- 
dycardia induced by the catecholamine. At the time 
of the maximum change in both arterial pressure 
and heart rate these values were 2 f 5 and 
-22f3mmHg (P~O.001) and -18f16 and 
- 38 + 12 bpm after pretreatment with naloxone and 
saline, respectively. The local application of naloxone 
(1 and 10 ng) into the n. tractus solitarii did not affect 
arterial pressure or heart rate, but 1 ng administered 
10 min prior to alpha-methylnoradrenaline (11 pg), 
partially antagonised the fall in arterial pressure, 
although it had no effect on the bradycardia induced 
by the amine. However, a larger dose of the opiate 
receptor antagonist (10 ng) completely blocked both 
the fall in arterial pressure (Fig. 1) and heart rate, 
resulting in the values for arterial pressure and heart 
rate not being significantly different from those of 
naloxone- and saline-treated controls. 

EfSect of the alpha-adrenoceptor antagonist phen- 
tolamine 

The local application of phentolamine (1.4 pg) 
caused a rapid fall in both arterial pressure and heart 
rate which reached a maximum of - 15 + 5 mmHg 
and - 76 &- 23 bpm 15 min after administration. Al- 
though these cardiovascular changes gradually re- 

turned to control values, the alpha-adrenoceptor 
blocking properties of phentolamine were effective 
for at least 90min after injection. This was evident 
from its ability to completely block the fall in arterial 
pressure and heart rate induced by alpha- 
methylnoradrenaline (11 pg) during this period, for 
example, when administered 60 min before the amine, 
the maximum changes in arterial pressure and heart 
rate were -2 & 2 mmHg and 6 f 2 bpm as compared 
to -30 f 4 mmHg and -45 &- 15 bpm after pre- 
treatment with saline (P < 0.001). Phentolamine 
(1.4 pg) administered 20 min before beta-endorphin 
(1 ng) into the n. tractus solitarius, significantly an- 
tagonised the prolonged fall in arterial pressure in- 
duced by the peptide (Fig. 2). At all times tested, the 
arterial pressure of the group of animals treated with 
saline and beta-endorphin was significantly lower 
than that of the group treated with phentolamine and 
beta-endorphin, the group treated with phentolamine 
and saline (data not shown) and the saline-treated 
controls (Fig. 2). There was no significant difference 
between the values for arterial pressure of the latter 
three groups of animals. 

Effect of pretreatment with antiserum 

In Table 2 the effect of pretreatment (10 min) with 
0.4 ~1 of a 1:50 dilution of antiserum to beta- 
endorphin on the decrease in blood pressure induced 
by alpha-methylnoradrenaline, as compared to the 
same dilution of normal rabbit serum, can be seen. 
Beta-endorphin antiserum blocked the fall in arterial 
pressure induced by the amine, however although the 
bradycardia was reduced, this did not achieve statis- 
tical significance. It has already been reported that 
this particular antiserum blocks the fall in blood 
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Fig. 2. The effect of pretreatment with phentolamine (1.4 pg) (20 min) on the fall in blood pressure induced 
by the local application of beta-endorphin (1 ng) into the nucleus tractus solitarii of the urethane- 
anaesthetised rat. (0-O) Saline control; (O-0) phentolamine and beta-endorphin; (x-x) 
saline and beta-endorphin. Results are expressed as the mean + SD of 6 animals in each group. The data 
were compared by an analysis of variance with application of the Neuman-Keuls test, *P i 0.05, 

**p < 0.01. 

pressure and heart rate resulting from the micro- 
injection of beta-endorphin into the n. tractus 
solitarii, and causes a delayed rise in pressure when 
administered alone (Petty and De Jong, 1982). 

The local application of 0.4 ~1 of a 1: 50 dilution of 
antiserum to met-enkephalin 20min prior to the 
administration of alpha-methylnoradrenaline (11 p g) 
did not affect the blood pressure lowering properties 
of the amine, which had a tendency to be prolonged, 
returning to control values after 30min (Table 2). 
The antiserum did not affect the bradycardia induced 
by alpha-methylnoradrenaline. In a previous publica- 
tion it has been reported that the local application of 
this antiserum, which blocked the cardiovascular 
changes induced by the local injection of 
D-Ala’ Mets-enkephalin, caused a rapid fall in arterial 
pressure which reached a maximum at 10 min, when 
administered alone (Petty and De Jong, 1982). There- 
fore, in this study, alpha-methylnoradrenaline was 
administered 20min after the antiserum to prevent 
interference arising from this depressor response. 

DISCUSSION 

In this study the possible involvement of an opioid 
peptide in the hypotension resulting from activation 
of central alpha-receptors has been investigated. It 
has been indicated that the antihypertensive action of 
clonidine and alpha-methyldopa in unanaesthetised 

hypertensive rats, is mediated by a beta-endorphin- 
like peptide, wliich is released by these centrally 
acting alpha-agonists (Farsang et al., 1980; Kunos et 

al., 1981). Since the n. tractus solitarii, containing the 
first synapse in the baroreflex arc, appears to be a 
site of action of biogenic amines (De Jong, 1974; 
Zandberg et al., 1979) and beta- and alpha-endorphin 
(Petty and De Jong, 1982; De Jong, Petty and Sitsen, 
1982) in mediating their hypotensive effects, this 
particular area was investigated as a possible site of 
such an interaction. Microinjection of alpha- 
methylnoradrenaline into the n. tractus solitarii pro- 
duced a dose-dependent fall in blood pressure, which 
was accompanied by bradycardia. Similarly it has 
been reported that administration of beta-endorphin 
into the n. tractus solitarii induces a dose-related fall 
in blood pressure and heart rate. The depressor 
responses in both cases are anatomically specific and 
restricted to the intermediate third of the n. tractus 
solitarii (Petty and De Jong, 1982; Zandberg and De 
Jong, 1977). This area corresponds to the A2 region 
at the level of the caudal part of the area postrema 
and is densely innervated by catecholaminergic nerve 
terminals and contains catecholaminergic cell bodies 
(Palkovits and ZBborsky, 1977). 

Analogous to the naloxone-reversible depressor 
response and fall in heart rate induced by beta- 

endorphin, the decrease in both arterial pressure and 
heart rate produced by alpha-methylnoradrenaline 

Table 2. The change in mean arterial pressure (MAP) resulting from the administration of + alpha-methylnoradrenaline 
(11 pg) into the nucleus tractus solitarii after pretreatment with a 1:50 dilution of rabbit serum, or antiserum to 

beta-endorphin or antiserum to met-enkephalin 

AMAP 

Pretreatment 2 5 10 15 30 60 min 

Rabbit serum -10*11 -19*5 -26&5 -24+6 -14+14 2&S 
Beta-endorphin antiserum 1*7* 0 f 9t -4+ 111 -6+ 14t -1*5* -2+6 
Rabbit serum -1*14 -13+9 -20+6 -15k6 -5+13 1+9 
Met-enkephalin antiserum 10 f 13 -6k 11 -17+ 17 -19k 16 -18516 -8.3 k 9 

Results are expressed as the mean + SD, n = 6. The significance of differences between test animals and their appropriate 
controls was calculated by means of a Student’s f-test for unpaired data. *P < 0.05; tP < 0.01; tP < 0.001. 
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was attenuated by naloxone, the opiate receptor 
antagonist being administered subcutaneously or 
directly into the n. tractus solitarii. These findings 
suggest that the activation of alpha-receptors in the 
n. tractus solitarii by alpha-methylnoradrenaline, to 
induce a fall in arterial pressure, requires the stimu- 
lation of opiate receptors. However these opiate 
receptors do not appear to be an integral part of the 
baroreflex pathway, but may be involved in a neu- 
romodulator system. This seems likely since adminis- 
tration of naloxone into the n. tractus solitarii did not 
affect the depressor response induced by L-glutamate, 
which has been proposed to be a neurotransmitter of 
baroreceptor afferent nerve fibres in the n. tractus 
solitarii (Talman, Perrone and Reis, 1980). The 
change in arterial pressure induced by L-glutamate 
(1 pg) being - 19 + 4 and - 17 f 9 mmHg after pre- 
treatment with saline and naloxone (10 ng) re- 
spectively. 

The finding that opiate-receptor blockade with 
naloxone reversed the effects of alpha- 
methylnoradrenaline in urethane-anaesthetised nor- 
motensive rats of the Wistar strain, is at variance with 
the results of Farsang and Kunos (1979) who could 
only demonstrate this effect in spontaneously hyper- 
tensive rats and not in their genetically-matched 
Wistar Kyoto normotensive controls. However Ben- 
nett, Defeo, Elko and La1 (1982) were able to 
show that naloxone antagonised clonidine-induced 
hypotension in normotensive Sprague-Dawley and 
Long-Evans rats. These authors questioned whether 
Wistar Kyoto normotensive controls. However 
Bennett, Defeo, Elko and La1 (1982) were able to 
show that naloxone antagonised clonidine-induced 
the study of Farsang and Kunos (1979) differed from 
the present experiments, since unanaesthetised ani- 
mals were used and were given alpha-methyldopa 
intraperitoneally. 

The type of alpha-receptor in the n. tractus soli- 
tarii, which is involved in the hypotensive action of 
alpha-methylnoradrenaline is still a matter of conjec- 
ture (De Jong and Petty, 1982). For this reason the 
alpha-adrenoceptor antagonist, phentolamine, was 
used in the present study. Pretreatment with phen- 
tolamine blocked both the decrease in arterial pres- 
sure and heart rate induced by alpha- 
methylnoradrenaline, confirming the findings of 
Zandberg et al. (1979). However, pretreatment with 
phentolamine also antagonised the decrease in arte- 
rial pressure induced by the local application of 
beta-endorphin. The possiblility therefore arises that 
phentolamine is also blocking the action of a further 
neuroregulator, which may in turn be released to 
produce the fall in blood pressure seen after micro- 
injection of beta-endorphin. Of the neurotransmitters 
which have been shown to cause a depressor response 
upon local application into the n. tractus solitarii, 
only adrenaline, noradrenaline and dopamine have 
been reported to induce a fall in arterial pressure 
which can be antagonised by phentolamine (Zan- 

N P. 23,&D 

dberg et al., 1979; Kubo and Misu, 1981; Smith, Egle 
and Adams, 1982). 

Pretreatment with antiserum to met-enkephalin, 
which has negliable cross-reactivity with leu- 
enkephalin, or any of the beta-endorphin fragments 
(Dr V. M. Wiegant, personal communication), did 
not inhibit the lowering of the blood pressure by 
alpha-methylnoradrenaline. In fact, the decrease in 
blood pressure had a tendancy to be prolonged when 
compared to control animals which had been pre- 
treated with normal rabbit serum. It has been pro- 
posed that the enkephalins have a pressor role in the 
n. tractus solitarii (Petty and De Jong, 1982) and 
although the concentration of met- and leu- 
enkephalin do vary, depending on the species and the 
particular area of the central nervous sytem, the 
concentration of met-enkephalin is greater in a ratio 
of 3:l or even more (Yang, Hong and Costa, 1977; 
Kobayashi, Palkovits, Miller, Chang and Cua- 
trecasas, 1978; Hughes, Kosterlitz and Smith, 1977). 
Therefore, this prolonged depressor response, in- 
duced by alpha-methylnoradrenaline in the presence 
of met-enkephalin antiserum, may be explained on 
the basis that there is no met-enkephalin available to 
reverse the hypotensive action. 

The local administration of antiserum to beta- 
endorphin blocked the depressor response and re- 
duced the bradycardia resulting from injection of 
alpha-methylnoradrenaline. It seems possible there- 
fore that the catecholamine is releasing an endorphin- 
like peptide to induce the fall in arterial pressure. 
However, the decrease in blood pressure and heart 
rate seen after microinjection of beta-endorphin was 
slower than that caused by alpha- 
methylnoradrenaline (Figs 1 and 2; Petty and De 
Jong, 1982). Perhaps a shorter fragment of beta- 
endorphin is involved with which the antiserum 
cross-reacts. A possible candidate is alpha-endorphin 
[beta-endorphin-(i-16)], which also causes a dose- 
related fall in blood pressure and heart rate upon 
local application, with a shorter duration of action 
(De Jong et al., 1982). 

In conclusion, it appears that a beta-endorphin-like 
peptide is involved in the hypotension resulting from 
central alpha-receptor stimulation in the nor- 
motensive animal. A site of this interaction is the n. 
tractus solitarii in the brain stem. 
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