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ABSTRACT

The present studies were carried out to determine if antinociceptive action of morphine and 5
endorphin administered intraventricularly was changed in pentobarbital anesthetized spontaneously
hypertensive rats (SHR) and Wistar-Kyoto (WKY) rats. Antinociception was assessed by the tail-flick
test. The EDsx values of antinociception for morphine administered intraventricularly were 1.9 and 1.2
nmol for WKY and SHR rats, respectively. The EDx values of antinociception for S-endorphin
administered intraventricularly were 040 and 0.12 nmol for WKY and SHR rats, respectively. The
[Met"]-enkephalin (ME) and proenkephalin mRNA levels in midbrain, pons and medulla, or lumbar
section of the spinal cord in WKY and SHR rats were measured by the radioimmunoassay and North-
ern blot assay, respectively. There were no differences of ME and proenkephalin mRNA levels in
these tissues between WKY and SHR rats. The results suggest that S-endorphin but not morphine
administered intraventricularly produces a greater antinociception in SHR rats. This increased
antinociceptive effect of S-endorphin in SHR rats may be not, at least, due to the alterations of ME
and proenkephalin mRNA levels in the midbrain, pons and medulla, or spinal cord.

Key Words: Morphine, S-endorphin, Antinociception, [Met’l-enkephalin, Proenkephalin mRNA,
Brain, Spinal cord

INTRODUCTION

The antinociceptive effects induced by §5-
endorphin and morphine are mediated by the
activation of different neural mechanism. We
have previously proposed that the antino-
ciception induced by S-endorphin and morphine
given intracerebroventricularly is mediated by

stimulating specific e-and u-opioid receptors,
respectively (Suh and Tseng, 1988, 1990, a and b;
Suh et al., 1988, 1989). This hypothesis is based on
the findings that S-endorphin (1-27) administered
intracerebroventricularly selectively antagonizes
antinociception induced by f-endorphin but not
morphine injected intracerebroventricularly (Suh
et al., 1988). f-Funaltrexamine, CTOP (D-Phe-Cys-
Tyr-D-Tyr-Orn-Thr-Pen-Thr-NH,;, or naloxone
administered intracerebroventricularly effectively
antagonizes antinociception induced by mor-



phine, but not S-endorphin (Suh and Tseng, 1988,
1990a; Suh et al, 1989). Furthermore, one
intracerebroventricular injection of morphine or
B-endorphin induces acute antinociceptive toler-
ance to its own distinctive opioid receptor and
does not cross-tolerance to other opioid agonist
with different opioid receptor specificities (Suh
and Tseng, 1990b).

Recent studies have demonstrated that the
antinociceptive effect induced by morphine or
other /-opioid receptor agonists administered
systemically or supraspinally was equal or greater
in SHR rats (Bhargava, 1982; Widy-Tyszkiewicz
and Czlonkowski, 1989) while supraspinally
administered f-endorphin-induced antinocicep-
tion is SHR and WKY rats has not been charac-
terized. Since several evidence have demonstrated
that the antinociceptive action of S-endorphin
administered supraspinally is mediated by differ-
ent system from that of morphine, it is expected
that the antinociceptive effects of S-endorphin
and morphine administered supraspinally may be
different between SHR and WKY rats. Therefore,
the present study was designed to characterize the
antinociception induced by S-endorphin and mor-
phine administered intraventricularly in SHR and
WKY rats. In addition, to reveal the mechanisms
involved in opioid-induced response in SHR rats,
[Met"}-enkephalin (ME) and proenkephalin
mRNA levels were examined in midbrain, pons
and medulla, or spinal cord, which are important
regions for the production of antinociception by
opioids.

MATERIALS AND METHODS

Subjects

Male SHR and WKY rats were used. Animals
were housed 2 per group in a room maintained at
22+0.5°C with an alternating 12-hr light-dark
cycle. Food and water were available ad libitum.
Each animal was used only once.

Determination of blood pressure

Before estimation of the antinociceptive
activity of opioids, systolic blood pressure of both
strains of rats was measured between 9:00-12:00
AM using a tail-cuff method.

Antinociception test

The experiments were carried out in pentobar-
bital-anesthetized rats. Rats were anesthetized
with pentobarbital sodium (40 mg/kg, ip.) and
were mounted in a stereotaxic apparatus (David
Korf Instruments, Tujunga, CA). Pentobarbital
but not urethane was used as an anesthetic agent
in the tail-flick test because urethane at an anes-
thetic dose inhibits the tail-flick response. The an-
esthetic state was maintained by injecting 6 to
10 mg/kg of pentobarbital sodium every 45 min or
as needed. An injection cannula made of 30-gauge
stainless-steel tubing connected to a 10 Hamil-
ton microsyringe with a segment of PE-10 tubing
was prefilled with morphine or S-endorphin solu-
tion and were inserted stereotaxically into the 3rd
ventricle. A Cummulative dosing schedule was
used for morphine and S-endorphin. Morphine
and B-endorphin at the dose of 0.5 and 0.25 g,
respectively, for the first injection and doubling
the doses for subsequent injection, was injected
into the 3rd ventricle every 20 min. The
antinociceptive response induced by morphine
were assessed by the tail-flick test (D’ Amour and
Smith, 1941; Dewey and Harris, 1975). The intensi-
ty of the radiant heat for the tail-flick response
was adjusted so that the animal flicked the tail in
4~6 sec before intraventricular injection of mor-
phine or S-endorphin. The tail-flick response was
measured before and 20 min after intraventricular
injection. Changes of latency of the tail-flick
responses were expressed as percentage antino-
ciception, which was calculated [T.—To)/(T:-To)]
X 100, where T, and T: were the tail-flick laten-
cies before and after the injection of opioid ago-
nist and T, was the cutoff time which was set at 10
sec for the tail-flick test.

Radioimmunoassay

The level of ME-like immunoreactivity was de-
termined by radioimmunoassay (RIA) as de-
scribed (Hong et al., 1978). After decapitation,
brain regions and lumbar section of the spinal
cord of the rats were immediately diffested and
frozed on dry-ice. Tissue was homogenized in 2M
acetic acid at 4°C. Homogenates were heated in
boiling water for 5 min and centrifuged at 15,000
x g for 20 min. Supernatant were lyophilized to



dryness. The residues were reconstituted in RIA
buffer and incubated with “IME. The ME level
was determined in duplicate for each sample.
Iodinated ME (10,000 cpm) was incubated over-
night at 4°C with various concentrations of ME as
the standard or extracts from tissues, and the rab-
bit antiserum against ME in a final volume of 0.
5ml. Separation of bound ME from free ME was
accomplished by incubation with 0.2 ml of a char-
coal slurry containing 1.35% bovine serum albu-
min (BSA) in RIA solution for 20 min followed by
centrifugation at 4,000 x g for 10 min. Five hun-
dred 4l of the supernatant was counted for
radioactivity. The antiserum to ME was raised by
immunization of rabbits with ME conjugated to
thyroglobulin antigen and had the following cross
reactivities to the opioid peptides: ME, 100%;
[Met-O"] enkephalin, 80%; [Met°] enkephalin-Arg
*-Phe’, <0.4%; [Leu’]-enkephalin, <1%; dynorphin
(1-8), <0.06%; and S-endorphin, <0.2%.

Isolation of RNA and Northern blot analysis

Total RNA was extracted from brain and spinal
cord tissues in a single step by a guanidinium
isothiocyanate/phenol/chloroform gradient pro-
cedure (Chomczynski and Sacchi, 1987) and the
cellular RNA in the aqueous phase was precipi-
tated with an equal volume of ice-cold isopropa-
nol. The concentration of RNA was determined
spectrophotometrically at 260 nm. The relative
abundance of proENK mRNA was assayed by
Northern blot analysis as described (Chomczynski
and Sacchi, 1987). Ten ug of RNA were denatured
and electrophoresed on a 1.2% agarose gel and
then transferred to a nylon hybond-N hybri-
dization filter sheet (Amersham Co. Arlington
Heights, IL). After baking for 2 hr at 80°C, transfer
membranes were prehybridized in a buffer for at
least 4 hr at 42°C. The radiolabeled proENK
probe (5"-GCC GAG CGC CAG CAG CCA AGT
GCA GAG TCC CAG GAA CCG CGC-3’) was
added at a specific activity of | X 10’ cpm/ml
and the membrane was incubated overnight (> 14
hr) at 42°C. Following hybridization, the mem-
branes were washed three times in 2X SSC (1X=
0.015 M sodium citrate and 0.15 M NaCl) contain-
ing 0.1% SDS (sodium dodecyl sulfate) at 42°C for
20 min. The membranes were then dried and ex-
posed to Kodak XAR-5 film for 1~3 days at —
70°C.

Statistical analysis

A unpaired Student’s t-test was used to compare
the contents of ME in various regions of the brain
and spinal cord. In antinociception study, the me-
dian effective dose (EDy) and 95% confidence in-
tervals were determined by the method of
Litchfield and Wilcoxon (1949) with the aid of a
computer program described by Tallarida and
Murray (1981).

Drugs used

The drugs used were S-endorphin (Peninnsula
Laboratories, Ind.,, Belmont, CA), morphine HCI
{Sam-Sung Pharmaceutical Comp., Seoul,, Korea).
All drugs used were dissolved in a sterile saline
(0.9% NaCl).

RESULTS

Effect of morphine and B-endorphin-administered
intraventricularly on inhibition of the tail-flick
response in WKY and SHR rats

Table 1 gives mean values for body weights and
systolic blood pressures for SHR and WKY rats
aged 8, 18 and 32 weeks. Arterial pressure in-
creased gradually with age in each of these

Table 1. Body weights and blood pressure of rats of
various ages

Age, weeks SHR WKY
Body weight, g.
8 185.3+10.5 1855+ 8.3
18 276.0£10.2 378.0+12.7
32 303.8+113 3850+ 8.2
Systolic blood pressure, mmHg
8 1490+ 44 1200+ 2.3
18 190.0x 9.5 138.0x 6.4
32 1960+ 5.0 1280% 5.4

Male SHR and their normotensive control WKY
rats, 8, 18, and 32 weeks old, were used in this study.
The arterial systolic pressure was measured in con-
scious restrained rats between 9:00~12:00 AM, 3 days
prior to sacrifice, using a tail-cuff method. Values list-
ed above are means =SEM of 9~10 rats.
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Fig. 1. Effect of morphine administered intraven-
tricularly (i. vt.) on the inhibition of the tail-
flick response. Morphine at increasing doses
(0.5~82g) was injected into the 3rd ventricle
every 20 min. The inhibition of the tail-flick
response was measured before and after each
intraventricular injection of morphine. % MPE
denotes the maximal possible effect. The verti-
cal bars indicate the standard error of the
mean. The number of animals used for each
curve was 6.

Table 2. Effect of intraventricular injection of mor-
phine or S-endorphin on inhibition of the tail-
flick response in SHR and WKY rats

EDs(nmol/rat)"
Drug
SHR WKY
Morphine 1.20 1.90
(0.62~0.21)° (0.81~2.91)
B-endorphin 0.12° 0.40
(0.05~0.21) (0.23~0.78)

°, EDs values were calculated according to the meth-
od described by Litchfield and Wilcoxon (1949).

®, Numbers in the parentheses indicate the 95% confi-
dence interval.

°, Significantly different from WHY rats at P<0.05.

groups, with the mean levels of SHR being slightly
higher than normotensive WKY rats at 8 weeks of
age and significantly higher at 18 and 32 weeks of
age.

The antinociceptive effects of morphine and 5-
endorphin were tested in 18-week-old SHR and
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Fig. 2. Effect of S-endorphin administered intraven-
tricularly (i. vt) on the inhibition of the tail-
flick response. A-Endorphin at increasing doses
(0.25~8 ug) was injected into the 3rd ventricle
every 20 min. The inhibition of the tail-flick
response was measured before and after each
intraventricular injection of A-endorphin. %
MPE denotes the maximal possible effect. The
vertical bars indicate the standard error of the
mean. The number of animal used was 6.
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Fig. 3. The level of [Met*]-enkephalin (ME)-like im-
munoreactivity in midbrain, pons-meduila, and
the lumbar section of the spinal cord in SHR
and WKY rats. ME levels were measured by
radioimmunoassay. The vertical bars indicate
the standard error of the means. n=9-10 rat
brains or spinal cords.

WKY rats. As shown in Fig. | and 2, intraventric-
ular injection of morphine or S-endorphin caused
a dose-related increase of inhibition of the tail-
flick response in WKY rats. The dose-response
line for antinociception induced by intraventric-
ular injection of morphine were shifted to the left
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Fig. 4. The proenkephalin A mRNA levels in mid-
brain, pons-medulla, and the lumbar section of
the spinal cord in SHR and WKY rats. Ten ug
of total RNA were used for the determination
of proenkephalin mRNA levels by a Northern
blot assay, as described under “Materials and
Methods”.

slightly (Fig. 1, Table 2). However, the dose-
response line for antinociception induced by
intraventricular injection of S-endorphin were sig-
nificantly shifted to the left, without altering the
curve of the dose-response line (Fig. 1, Table 2).

ME and proenkephalin A mRNA levels in mid-
brain, pons and medulla, or spinal cord

Fig. 3 presents mean data for ME-like im-
munoreactivity in midbrain, pons and medulla,
or spinal cord of - 18-week-old SHR and WKY
rats, when hypertension is fully developed in
SHR. None of the differences between SHR and
WKY brains and the spinal cord were statistically
significant. Similarly, there were no differences in

proenkephalin A mRNa levels in midbrain, pons
and medulla, or spinal crod between SHR and
WKY rats(Fig, 4).

DISCUSSION

The results of the present studies demonstrate
that S-endorphin administered intraventricularly
produces a greater antinociceptive effect in SHR
than that in WKY rats. However, the antinoci-
ceptive effect of morphine administered intra-
ventricularly was slightly, but not significantly,
greater in SHR than that in WKY rats. The
results support our previous hypothesis that the
antinociceptive actions of morphine and f-
endorphin administered supraspinally are medi-
ated by different neuronal mechanisms.

Our previous findings have suggested that S-
endorphin administered supraspinally produces
antinociception by releasing ME from the spinal
cord. The midbrain, brainstem and the spinal
cord are important regions for the regulation of
antinociception by opioids. These regions con-
tains enkephalin inter-neurons and enkephalin
neurons project to the spinal cord. Therefore, we
examined the level of ME and proenkephalin A
mRNA levels in these regions and found that no
differences of ME and proenkephalin A mRNA
levels in midbrain, medulla and pons, and the spi-
nal cord between SHR and WKY rats, suggesting
that the enhancement of antinociception induced
by S-endorphin in SHR was not due to the chang-
es of ME and proenkephalin biosynthesis in re-
gions of the brain and the spinal cord. Our finding
on ME level in SHR and WKY rats were in line
with those reported by several other groups
(Bhargava et al., 1988; Li et al, 1992). However,
Hoegler er al (1989) have reported that, at 12-
weeks, proenkephalin A mRNA levels were in-
creased in midbrain and spinal cord of SHR rela-
tive WKY rats, while proenkephalin mRNA level
was significantly reduced in the pons-medulla of
SHR relative to WKY rats. These differences are
not clear now.

In order studies, it was found that the basal
concentration of f-endorphin in plasma was simi-
lar in SHR and WKY rats (Bucher et al., 1987). -
Endorphin cell bodies are primarily located in ar-



cuate nucelus in hypothalamus. These en-
dorphinergic neurons project to the midbrain and
brainstem regions. The contents of S-endorphin in
the hypothalamus, midbrain, and brainstem were
also similar in SHR and WKY rats (Gaida et al.,
1984; Bharagava et al, 1988). To delineate the
antinociceptive mechanisms of S-endorphin, fur-
ther studies, such as a biochemical S-endorphin
receptor binding study and releasibility of ME
from the spinal cord by supraspinally admini-
stered S-endorphin, need to be investigated.

In contrast to the action of S-endorphin, the
antinociceptive effect induced by morphine
administered intraventricularly was slightly, but
not significantly, enhanced in SHR. This result
was in part in line with finding by Widy-
Tyszkiewicz and Czlonkowski (1989) in that they
have shown that the antinociceptive effect of
morphiceptin, a # agonist, was not differ between
both strains of the rats. However, Bharagava
(1982) has reported that a greater antinociceptive
response to systemically injected morphine was
observed in SHR than in WKY rats. We have pre-
viously reported that morphine produces anti-
nociception by stimulating u-opioid receptors at
supraspinal level (Suh and Tseng, 1988, 1990, a
and b; Suh ef al., 1988, 1989). Radioligand binding
studies have recently shown that the Kq and B
values for opioid receptors in midbrain, pons-me-
dulla, and spinal cord were not altered when
naltrexone was used as a radioligand (Rahmani er
al., 1991). However, when 'DAMGOQ], a specific
p-opioid receptor agonist, was used as a ligand,
Brax value was increased in midbrain but not in
ponsmedulla and spinal cord, without altering
the K. value in these regions (Gulati, 1990). Fur-
thermore, there was no change in the p-receptor
binding activity in the central gray matter regions
(Kujirai et al, 1991). In the present study, the
slight enhancement of antinociceptive effect in-
duced by morphine administered intraven-
tricularly in SHR might be due to the increased
number of 1-opioid receptors in the midbrain re-
gion.

We and other have demonstrated that morphine
administered supraspinally produces antino-
ciception by releasing norepinephrine or seroto-
nin from the spinal cord (Kuraishi et al., 1978,
1979; 1983; Jung et al., 1994). Between 8 and 16
weeks, increased norepinephrine levels were ob-

served in the nucleus reticularis gigantocellularis,
which is a region sensitive to morphine for pro-
ducing antinociception, of SHR compared with
WKY rats (yao et al., 1989). It would be interesting
to examine whether microinjection of morphine
into the nucleus reticularis gigantocellularis caus-
es the release of greater amount of norepineph-
rine in SHR.

Evidence have been accumulated that f-
endorphin and morphine stimulate different types
of opioid receptors for antinociception at
supraspinal sites. S-Funaltrexamine and naloxone,
selective mu-opioid receptor antagonists, given
intracerebroventricularly effectively antagonize
the antinociception induced by morphine
administered intracerebroventricularly but are
not effective or less effective in antagonizing the
antinociception induced by S-endorphin admini-
stered intracerebroventricularly (Suh and Tseng,
1988; Suh ef al., 1989). S-Endorphin-(1-27) injected
intracerebroventricularly antagonizes the anti-
nociception induced by S-endorphin admi-
nistered intracerebroventricularly but does not
affect the antinociceptive effects of morphine
(Suh et al., 1988; Hammonds et al., 1984; Nicholas
and Li, 1985), suggesting that the differential ef-
fects of morphine and S-endorphin administered
intraventricularly on the inhibition of the tail-
flick response in SHR and WKY rats may be at-
tributed to the stimulation of different opioid re-
ceptors at supraspinal sites; ¢#-opioid receptors for
morphine and e-receptors for S-endorphin.

Other studies have further demonstrated that 5-
endorphin and morphine produce their anti-
nociception by activating separate descending
systems. We have previously demonstrated that 8-
endorphin administered supraspinally causes a
release of immunoreactive Met-enkephalin from
the spinal cord in urethane anesthetized rats
(Tseng et al., 1985, 1986, a and b; Suh and Tseng,
1990c, 1992a). In addition, we found that pretreat-
ment of mice intrathecally with thiorphan and
bestatin effectively potentiated inhibition of the
tailflick response induced by pS-endorphin
administered intracerebroventricularly (Suh and
Tseng, 1990, ¢ and d). Furthermore, we have re-
cently found that thiorphan and bestatin added
into the perfusate for intrathecal perfusion in-
creased markedly the Met-enkephalin content in
the spinal perfusate released by S-endorphin in-



Jjected supraspinally (Suh and Tseng, 1990c). The
involvement of Met-enkephalin in S-endorphin-in-
duced antinociception is also supported by other
studies. @ Blockade of opioid receptors by
intrathecal injection of naloxone or other opioid
antagonists effectively antagonizes inhibition of
the tailflick response induced by S-endorphin
given supraspinally (Tseng and Fujimoto, 1984,
1985; Suh and Tseng, 1988; suh ef al, 1989). @ A
single intracerebroventricular injection of §A-
endorphin produces an acute tolerance to J-
opioid receptor activity for antinociception in the
spinal cord (Suh and Tseng, 1990b). 3 Intrathecal
injection of antibody to Met-enkephalin but not
antibodies to Leu-enkephalin, dynorphins and A-
endorphin antagonizes inhibition of the tail-flick
response induced by f-endorphin given intra-
cerebroventricularly in mice (Tseng and Suh,
1989). @ Intrathecal injection of Met-enkephalin
and other opioids produce antinociception
(Schmauss and Yaksh, 1984; Yaksh, 1983). The ev-
idences described above give support to the con-
tention that Met-enkephalin is the mediator for -
endorphin-induced antinociception.

We have previously found that O morphine
given intracerebroventricularly does not release
Met-enkephalin from the spinal cord (Tseng et al.,
1985). @ Intrathecal injection of naloxone or
other opioid receptor blockers does not antago-
nize inhibtion of the tail-flick response induced
by morphine given intracerebroventricularly
(Tseng and Fujimoto, 1984; Suh and Tseng, 1988;
Suh ef al, 1989). @ Intrathecal injection of anti-
body to Met-enkephalin does not antagonize inhi-
bition of the tail-flick response induced by mor-
phine given intracerebroventricularly (Tseng and
Suh, 1989). @ inhibition of the degradation of
Met-enkephalin by intrathecal injection of
thiorphan or bestatin did not potentiate inhibition
of the tailflick response induced by morphine
given intracerebroventricularly (Suh and Tseng,
1990c). These informations indicate that Met-
enkephalin and its associated opioid receptors in
the spinal cord are not involved in supraspinally
administered morphine-induced inhibition of the
tail-flick response.

Several lines of evidence have further di-
monstrated that S-endorphin and morphine
procuce their antinociception by activating sepa-
rate descending systems. @ Blockade of the spi-

nal serotonergic receptors by methysergide effec-
tively antagonized the inhibition of the tail-flick
response in duced by morphine but not that in-
duced by pS-endorphin administered into pe-
riaquenductal gray, rostroventral medulla, or
intracerebroventricularly (Suh et al, 1989; Yaksh,
1978, 1979; Jensen and Yaksh, 1984, 1986;
Kuraishi et al., 1978, 1979, 1983; Wigdor and Wil-
cox, 1987). @ The inhibition of serotonin
reuptake by fluoxetine selectively potentiated
inhibtion of the tail-flick response induced by
morphine but not that induced by S-endorphin
administered intracerebroventricularly (Suh and
Tseng, 1990, ¢ and d). @ Intrathecal injection of
serotonin produce antinociception (Reddy er al.,
1980; Yaksh and Wilson, 1979; Howe et al., 1983).
@ Depletion of serotonin in the spinal cord by
intrathecal injection of a neurotoxic drug, 5,7-
dihydroxytryptamine, antagonizes the antino-
ciceptive effects of morphine administered intra-
cerebroventricularly or systemically (Suh et al.,
1992b; Sawynok and Reid, 1987, Mohrland and
Gebhart, 1980). However, degeneration of sero-
tonergic neurons produced by 5,7-dihydroxy-
tryptamine was ineffective in altering the inhibi-
tion of the tail-flick response induced by intra-
cerebroventricularly administered S-endorphin
(Suh et al., 1992b). The findings indicate that de-
scending serotonergic pain inhibitory systems are
involved in supraspinally administered morphine-
induced antinociception.
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