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Different distributions of opioid receptors in spontaneously hypertensive

rats and Wistar-Kyoto rats'
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AIM. To compare the densities of opioid re-
ceptors 1n spontanecusly hypertensive rats
(SHR) with those of normotensive Wistar-
Evoto {WKY ) rats in central nervous system
which are related to the regulation of BP.
METHODS . "*H ] Etorphine . a nonspecific
opiord ligand. was used to determine the dis-
tributions of opioid receprors in 18-wk-old
SHR and WKY rats by guantitative autora-
diography . RESULTS : The densities of
[’H]etorphine in hippocampus (P < 0.017,
periagueductal gray, nucleus of the solitary
tract, and thoracic ¢ T4 — §) spinal cord
t <C0.05) of SHR were lower than those of
"WKY rats. But in basolateral amygdaloid
nueleus (P < - 01). habenular nuclei (P
<Z{.05). and hypothalamic nuelei including
arcuate nucleus ( P<C0.01. higher densities
of opioid receptors were found in SHR. No
difference existed 1n interpeduncular nuclei be-
CONCLUSION: The
difference in distributions of opioid receptors

tween the 2 groups.

is related to the hypertension in SHR.
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Plenty of evidences suggested that the en-
dogenous opwidergic system of both central

and peripheral origin was involved in the regu-
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lation of blood pressure (BP)""'*'. Decreased
dynorphin A (183" and leucine-enkephalin
concentrations'' were found in several brain
regions of SHR. Question arises as to the
relationship between the opioid receptors and
the elevated BP of essential hypertension.
SHE is a much better model than the nor-
motensive WKY rat for human essential hy-
pertension .  The activity of opioid receptor
system during altered BP has previously been
determmed in brain membranes of SHRY"%,
but there were great variations, The sat-
urable binding of [*H]naltrexone in brain of
SHR was about twice that in WKY rat''®”, but
lower ['H]naloxone binding'®’ and dynorphin
receptor binding sites'”” were found in the hip-
pocampus of SHR. In order to elucidate the
difference in the distributions of opioid recep-
tors in SHR and WKY rat, the present inves-
tigation was carried out to compare the densi-
ties of opicid receptors in SHR to those of
WKY rat in the structures of the central ner-
vous systern {CINS)Y which are related to the
regulation of BF. The quantitative autoradio-
graphy was used to visualize the dynamic

pictures of receptor density changes.
MATERIALS AND METHODS

Rats SHR. 1., 16-wk-old and age-matrched
WKY rats were chtained from Department of Pharma-
colugy, the Second Military Medical Unpiversity, and
housed individually for at least 7 d before the experi-
ment.

Measurement of BP Svstolic BP (SBI') of SHR

and WKY rats were mooitored by tail cuff method in
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conscious restrained rats using a BP recorder MRS- I
rShanghbai Insutute of Hypertension!. To reduce the
influence of stress, the Bl was measured 3 times on
separate days. The data reported here were those
taken just belore the rats were killed.

Drugs ['H]Ertorphine (1.11 PBg mol™' ) and
nonlabeled etorphine were synthesized and labeled by
the School of Pharmacy. Shanghai Medical Univer-
sity,

Tissue preparation The rats were killed by de-
capitation. The brains and thoracic spinal cords were
quickly mounted on chucks using 4 % carhoxymethyl
cellulose (CMC ) and frozen by dry ice. Correspanded
ta the stereotaxic atlas of Paxinas and Watson (1986),
5 levels of brain and spinal cord were sectioned at 20
pm in a crypstat at —18 . The sections were thaw-
mounted on gelatin/chrome alum-coated slides. and
stored at —20 T for up o 24 h before use.

Radiobinding assay
were incubated with ["H]etorphine 12 nmol L7 in
Tris-HCI 50 mmol L™ '{pH 7- 4} at 25 T {or 45 min as

total binding. and nonspecific binding was determined

Tissue sections on slides

in the presence of unlabeled etorphine 20 pmol LY.
Sections were washed sequentially through 6 rinses of
ice-cold Tris-HC1 50 mmaol L™"¢pH 7.4) and 0.5 Y
hovine serum albumin (BSA} and 5 rinses of cold dis-
tilled water. then dried rapidly under a stream of hat
air, and stored at 20 .

Autoradiography The sections were tightly jux-
laposed against rritium-sensitive films (Hypecfilm-"H.
Amersham} exposed at 4 T lor 35 d , developed in
Kodak D19 at 1% € for 4 min. and fixed lor 10 min.
A computetized microdensitometer was used to deter-
mine the oplical density {OD?Y of each brain region and
the standard of tricium microscale.  Specific binding
was determined by subtraction of background film den-
sity as well as the nonspecilic binding from total bind-
ing. 0D values for brain regions were converted to
receptor densities according to the standard curve
which was delivered from a series of H standards
exposed to each film,

Statistical analyses Data were analyzed by ¢ test.

RESULTS

The SBP of SHR (28. 245 0. 9 kPa) was
higher than that of WKY rat (14.5+5s 1.4
kPad (P <C0.01%, while the body weight of

SHR (28247 g was lower than that of WKY
rat (331411 g) (P<C0.01).

Twenty brain areas of SHR were exam-
ined. and showed the highest [°H ]etorphine
binding sites in the basolateral amygdalcid nu-
cleus (2. 87 nmol/g tissue? and posterior hy-
pothalamic area {2.77) relatively: high bind-
ing (2.0—2.5) existed in habenular nuclei,
hippocampus . posterior cingulate cortex. ven-
trolateral part of periaqueductal gray (PAG)H
and intermediclateral cell column of thoracic
spinal cord {IML): intermediate level of bind-
ing (1.0— 2. 0) was found in 12 of 20 areas
examined. including caudate nucleus, hy-
pothalamus nuclei (except for posterior area) ,
interpeduncular nuclei. dersal PAG, substan-
tia nigra. superior collicul. nucleus of the
solitary tract (N'TS?, dorsal and ventral horns
of thoracic spinal cord; low density was in
striated cortex (Str 17, 181 where opioid
receptor density was only 6 nmol/g tissue
{Tab 11.

Compared with WKY rat. SHR had few-
er binding sites of [*H ]etorphine in mesen-

cephalic  hippocampus (— 30 %), PAG
(dorsal — 18.9 % and wentrolateral part
~— 39.3 %). posterior cingulate cortex

(—26.2 %). striated cortex {(—66.7 %",
substantia nigra ( — 48.7 %), NTS
{(—23.9 %), ventral {—19.2 %) and dorsal
{ —20.6 %) horn of thoracic spinal cord.
Controversial results were obtained in basolat-
eral amygdaloid nucleus (++22.3 %%, habe-
nular nuclei (-+28.3 %, arcuate nucleus
{4+ 15.2 %), lateral (+14.2 %) and medial
{ + 11.1 %) preoptic arca . lateral
(+15.5 %) and posterior (+17.0 %) hy-
pothalamic area. where higher levels of opioid
receptors were found in SHR. But in caudate
nucleus, interpeducular nuclei. superior col-
licul. and IML ., there were no significant dif-
ferences between SHR and WKY rat ¢{Tab 1,
Fig 1. Flate 2).
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Tab 1. Receptor densities ( nmol /g tissne ) from
autoradiograms of brain sections from SHR and WKY
rat. a=5rats. T1s.

*P-D. 05, "P<70.05. “P<70.01 v5 WKY.

Anactomical reglons WEKY SHR
Telencephalon
Caudate nucleus .23t 27 L.17x0013
Posterior cingulate cortex 2.604+0.43 2,060, 10°

Diencephalon
Basolateral amygdalowd fucleus 2,230,233 2.871£0.33

Habenular nuclei 1.704£0.30  2.374£0.56°
Hypothalamus
Arcuate nucleus La0£0. 17 1.77E0.10
Lateral hypothalamic area 1.3+0. 10 1.9310.13
Lateral preoptic area 1.2040.07  1.40%0.17°
Medial preoptic area LEu£0.13 1.803%0,07
Posterior area 2.30£0.27 2774033
Mesencephalon
Hippocampus 2.73£0.27  2.1040, 30
Interpeduncular nuclei LE8TE0. 20 1.5310. 20"
Penaqueductal gray
Porsal part 1.683£0.20 1,37=0.10%
Ventrolateral part 2.93+0.33 2. 10=0. 30°
Striated cortex 1.00£0.23 Q. 6010, 10°
Substantia nigra 2.87£0.43 1.9340.17
Superior colliculus 1.50E0.27 1.60+0.17"
Medulla oblongata
MNucleus of the solitary 1ract 207=0.17 1.67xN0.30%
Theracic (T4—6) spinal cord
Dorsal horn 1.934+0.30  Losoto 17
Intermediolareral cell column 2.4010.10 2434027
Ventral horn 2.30£0.33  1.93%0.13°
DISCUSSION

Hypothalamus is a critical region for
modulation of BP. Increased opioid receptors
in SHR hypothalamus in our study were in
harmony with other cbservation®. These
changes could be due to the up-regulation of
opioid receptors in response to the low levels
of opioid peptides in SHR hypothalamus®™.
It seemed also possible that there might be

ather umdentified mechanisms of the increased -

receptor densityv. However, high level of hy-
pothalamic opioid receptors was thought to be
responsible for the hypertension in SHR.
When taken together with previous results
which showed lower density of dynorphin re-
ceptor*” in the hippocampus of SHR. the de-
creased apioid receptor in SHR hippocampus
in the present report suggested that fluctua-
tion in the level of hippacampal opioid recep-
tors might be significant in the emotional com-
ponents of central cardiovascular control.
However. there existed a difference be-
tween Martucci's report The dif-
ferences might result from the homogenation
of whole brain which diminished the differ-
ences of receptor densities among discrete
On the other hand, etorphine,

UM and ours.

brain region.
a non-specific opioid agonist, binds to all
types of oproid receptors, it is hard to deter-
mine that in certain brain regions which type
af opioid receptor predominates. Further in-
vestigation 1s needed to clarify the changes of
each subtype of opioid receptors in SHR.

In summary. SHR showed a higher bind-
ing dénsity in hypothalamus and amygdala,
and a lower one in hippocampus and PAG us
WEKY rat.

these regions involved in cardiovascular regu-

Fluctuations of apicid receptors in

lation suggested that opioid receptors might be
critical ta hypertension in SHR.
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