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Analgesic effect of endomorphin-1
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ABSTRACT

AIM. To swdy the analgesic effect of endomorphin-1
(EM-1). METHODS: The experiment was performed
in rats and mice to study the analgesic effect of intraperi-
wneal (ip) injection of EM-1 with tail stimulation-
vocalization test, writhing test, adjuvant arthritis, and
neuropathic pain model and to compare it with the anal-
gesic effects produced by intracerebroventricular (icv )
and intrathecal (it} administrations. RESULTS; 1)
EM-1 raised the pain threshold dose-dependently in tail
stimulation-vocalization test in rats and inhibited the
writhing responses induced by ip acetic acid in mice.
EM-1 also decreased the hyperalgesia in both adjuvant
arthritis and neuropathic pain model.  2) The analgesic
effect induced by central {icv and it} administration of
EM-1 was faster and more powerful than that induced by
peripheral (ip) administration. 3) The analgesic effect
of EM-1 was reversed by naloxone (opioid receptor an-
tagonist} . as well as by cyprodime { u-opioid receptor se-
lective antagonist) . Repeated administrations of EM-1 in-
duced wlerance. CONCLUSION: EM-1 had a definite
analgesic effect and the analgesic effect of EM-1 was me-
diated hy central 1-opioid receptor,

INTRODUCTION

Two potent endogenous opiod peptides. endomor-
phin-1 {EM-1} and endomorphin-2 (EM-2), which are
selective agonists for the p-opioid receptor, have been re-
cently isolated from bovine'' and human'>’ brain. These
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endomorphins have been shown to produce analgesia and
inhibit the electric stimulation-induced contraction of
guinea pig illeum, which is consistent with the action of
ji-opioid receptor agonists!) . Immunoreactivity of EM-1
and EM-2 has been found in the central nervous system
(CNS). in regions rich in p-opioid receptor!' %',
Furthermore, both the peptides bound with high affinity
10 the ;-opioid receptor'’ and displayed no activity in
p-opioid receptor knock-out mice'® , which suggests that
these peptides
receptor-specific mechanism.

Until now the analgesic effect of EM was measured
principally with tail-flick test, when administered tn-
trathecally (it) or intracerebroventricularly (icv) 1
mice 7).
elicits analgesic effect not only by central (icv. it) ad-
ministration, but also by peripheral ( intravenous or in-
traperitoneal } administration. The present study was,
therefore, undertaken to investigate the analgestc effect of
intraperitoneal (ip} administration of EM-1 with different
nociceptive tests and compare it with that induced by it
and icv administrations, and the mechanism of analgesia

induce antinociception via p-opioid

However, it is well known that morphine

was analyzed.

MATERIALS AND METHODS

Animals and drugs  All experiments were car-
ried out on male Wistar rats weighing 180 — 250 g and
Kunming mice weighing 18 - 22 g, which were provided
by the Experimental Animal Center, School of Medicine
Soochow University (Grade Il , Certificate No 98001).

Endomorphin-1 { Tyr-Pro-Trp-Phe-NH; ) was syn-
thesized by Peptide Instimte Co, Japan. Naloxone hy-
drochloride (ot 990627) was produced in Hunan Yigiao
Pharmaceutical Co, morphine hydrochloride (lot 991203)
from Shenyang First Pharmaceutical Factory, Killed
Mycobacterium tuberculosis {lot 980601 ) was purchased
from Shanghai Institute of Biological Products.
Cyprodime was purchased from Sigma Chemical Co.
All the drugs, when necessary, were dissolved in 0.9 %
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normal saline.

Nociceptive tests  Analgesic effect of EM-1 for
the acute somatic pain was measured using tail stimula-
tion-vocalization test in rats'® . The tail was stimulated
with an incremental current (mA) until the vocalization
{1aken as threshold) was elicited.  To minimize the po-
tential tissue damage, a cui-off current of 1.0 mA was
employed. The measurements were taken 3 times at 5
min intervals and their mean was used for calculation.

The effect of EM-1 was estimated in a time-course
profile.  Measurements were taken before the EM-1 ad-
minjstration and again at 15, 30, 60, 90, and 120 min
after injection. Normal saline was injected as negative
conwol and morphine as posilive control. The experi-
ments were also designed to find out whether the non-
selective antagonist of opioid receptor, naloxone, and the
selective antagonist of p-opioid receptor, cyprodime,
could reverse the analgesic effect of EM-1.  Naloxone (1
mg/kg, ip) and cyprodime (30 pg in 10 pL, icv) were
injected, respectively, 10 min before EM-1 administra-
tion.

The analgesic effect of EM-1 for visceral pain was
examined with writhing test in mice®’, which was carried
out at 13, 30, 60, 9, and 120 min after injection of
EM-1. The effect was evaluated by counting the number
of writhing responses during 10 min after ip 0.2 ml of
0.06 % acetic acid, and the inhibition rate was
calculated as compared with control group.

The analgesic effect of EM-1 on inflammatory pain
was studied with adjuvant arthritis in ras""” . Freund's
complete adjuvant 0. 1 mlL with killed Mvcobacterium
ruberculosis (10 g/L) was injected subcutaneously in the
right ankle. Rats injected with Freund's adjuvant dis-
played impaired motor activity and local inflammation in
the ankle, and the hyperalgesia was observed by radiant
heat-withdrawal test. The analgesic effect of EM-1 was
examined 1 week (acute phase) and 4 weeks (chronic
phase) thereafter.

Neuropathic pain model was also used to evaluate
the analgesic effect of EM-t. The rats were anesthetized
and the right sciatic nerve was partly (1/3 — 1/2) tied ac-
cording to the method of Seltzer ef al'"").  The observa-
tion of the analgesic effect of EM-1 was similar to the
protocol used in the case of adjuvant arthritis, eg, at 1
week (acute phase) and 4 weeks (chromic phase) after
operation.

Injection techniques  Intraperitoneal injection
was carried out conventionally.  Intrathecal injection was
performed through catheter inserted 7 d before using the

method of Yaksh and Rudy!™,  An incision was made
at the base of the skull to expose the atlanto-occipital
membrane. A slit was made in the membrane to insert a
PE-10 tubing catheter, which was then passed caudally
7.5 cm in the subarachnoid space to lie at the lumbar en-
largement. Animals exhibiting any signs of neurological
motor deficit were discarded. Intracerebroventricular in-
jection was performed through cannula, targeted to the
left ventricle, implanted 3 d before experiment.

Observation of tolerance  To observe the de-
velopment of tolerance of EM-1-induced analgesia, rais
were given intraperitoneally at a dose of 25 pg-kg™!-
d~!, once a day, for9d. Ond®, 1,3,5,7,and 9
after the beginning of injection and on d 3, 0, 9, and 12
after the cessation of injection. the analgesia effect of
EM-1 was evaluated ysing tail stimulation-vocalization
test in order (o observe the development and the recovery
of tolerance.

Statistical analysis
X & s and compared by 1 test.

Data were expressed as

RESULTS

Analgesic effect of EM-1 as revealed by tail
stimulation-vocalization test  Intraperitoneal injec-
tion of EM-1 at different doses (12.5, 25, and 50 pg/
kg) resulted in a dose-dependent increase of vocalization
threshold, with a peak effect at 30 min after injection.
The time-course study indicated that the duration of effect
was prolonged as the dose of EM-1 increased. The anal-
gesia persisted for 120 min in the case of 50 nig/kg.
showing the similar time course of morphine (3 mg/kg),
while no analgesic effect was observed afier mjection of
normal saline {Fig 1).

A similar dose-dependent analgesic effect was ob-
served when EM-1 was injected intrathecally or intracere-
broventricularly, but the pesk effect was advanced and
appeared at 15 min after injection and the intensity of
analgesia was greater than that observed in the case of in-
traperitoneal injection and reached statistical significance
(P<0.01) at dose of 50 pg/kg (Fig 2).

The analgesic effect of EM-1 was effectively re-
versed by opioid receptor antagonist, naloxone, as well
as by p-opioid receptor selective antagonist, cyprodime
(Tab 1).

Analgesic effect of EM-1 in writhing test
After injection of EM-1 the number of writhing responses
during 10 min after acetic acid injection was inhibited and
the mhibition rate was 40.1 %, 26.8 %, and 23.9 %
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at 13, 30, and 60 min, respectively (Tab 2).
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Fig 1. Amalgesic effect of intraperitoneal injection of

EM-1 in tail stimulaton-vocalization test. n=7-9
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Fig 2, Comparison of peak analgesic effect of EM-1

among three different routes of injection in tail stimala-
tionr vocalization test. A: Time course comparison; B:
Intensity comparison. n = 6 - 9 Tats. X * s.
¥P <0.05, P <0.01 vs ip group.

The analgesic effect of EM-1 on adjuvant

arthritis rats One week (acute phase} and 4 weeks
(chronic phase) after tnoculation of adjuvant, local ther-
mal hyperalgesia was observed as usual. At these time
points intraperitoneal injection of EM-1 (50 pg/kg) pro-
longed withdrawal latencies (Tab 3).

The analgesic effect of EM-1 on neuropathic
pain inrats  Just as in adjuvant arthrinis, afier ligation
of sciatic nerve thermal hyperalgesia developed at | week
and 4 weeks after operation.
intraperitoneal injection of EM-1 {50 pg/kg) prolonged
withdrawal latencies greatly (Tab 3).

Tolerance development  Repeated injections of
EM-1 resulted in a gradual reduction of analgesic effect.
At first day of injection the pain threshold was increased
by 72 % £14 %, while on 3, 5, 7, and 9 d of repeated
injections the increase of pain threshold was decreased
gradually (Fig 3). The results indicated that the ioler-
ance was developed.
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Fig 3. Development of tolerance of analgesia induced

by EM-1 (25 pg-kg~!-d7?, ip) and its recovery in tail
stimylation-vocalization test. =2 = 6 rats. ¥ * s.
‘P<0.01 vs1d.

DISCUSSION

In the majority of previous studies the analgesia of
EM-1 was demonstrated principally in tail-flick test by
central (icv and it) administration=*"*1*=%)  In the pre-
sent study, the similar dose-dependent analgesia was also
obtained by peripheral {ip) administration, but the peak
analgesic effect appeared later in time course and less in
intensity than that induced by central {icv and it} admin-
istration.  Both the later appearance and more weak in-
tensity of peak analgesic effect by peripheral administra-
tion suggest that the analgesia induced by EM-1 is central
in nature.
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Tab 1. Reversal of EM-1(50 pg/kg)-induced analgesia by naloxone {1 mg/kg, ip) and cyprodime (30 pg, icv) in tail

stimulation-vocalization test. n=6rats., xzs. "P<0,

05, “P<0.01 vs N5. P <0.05, ‘P <0.01 vs EM-1+NS.

Before: injection

Pain threshold/mA
After injection/min

15 30 [£)] o) 120
NS 0.24+0.011 0.225+0.018 0.217x0.021 0. 19%+0.007 0.197+0.012 0.207 £0.009
Naloxone 0.192+0.010 0.200+0.013 0.179+0.008 0.18+0.009 0. 1M+£0.005 0.203x0.011
Emrl+ NS 0.209 £0.010 0.332+0.020° 0.42+0.03 0.379+0.022° 0.31020.019" 0.305+0.006°
Em-1 + Naloxone 0.21+0.03 0.27+0.07 0.26+0.05"  0.261x0.0177  0.2320.03° 0.28+0.06
NS 0.177£0.005 0.236+0.019 0.22+0.03 0.214+£0.021 0.207+0.012 0.24+0.010
Cyprodime 0.183+0.014 0.201£0.007 0.190£0.005 0.187x0.010 0.183+0.009 0.192+0.008
Em-1+N§ 0. 19120011 0.51+0.06° 0.37+0.04 0.35+0.06" 0.33+0.05° 0.30+0.04°
En-1 + Cyprodime G 198+0.021  0.221£0.0160 0.215£0.017 0.19£0.010° 0.200£0.010° 0.215=0.006°
Tab 2. [Inhibitory effect of EM-1 (50 pg/kg, ip} on writhing responses in mice. n=10. xzs. P<0.05, P<0.01
vs NS control group.
] ) NS EM-1 Morphine
Time, min Writhing number Writhing number Inhibition % Writhing nurmber Tnhibition” %
i3 207421 17.820.8° 4.1 15.5+£2.0° 17.8
30 25.7£2.: 18.821.4° 2.8 13.0+1.6° 9.4
o0 27.6%1. 21.0£2.3° 23.9 13.5£1.3 51.1
%0 27.4£1.8 23.5+1.3 14.2 15.5£1.5° 43.4
120 26.4x1.4 25.1%2.5 4.9 16.1+1.5° 39.0
Tab 3. Analgesic effect of EM-1 (50 ug/kg, ip) on hyperalgesia in adjuvant arthritis test and in neuropathic pain
model. n=6rats. xzxs. P<0.01 vs contrel.
Latency/s
) Acutc phasc Chronic phase
Baselin Before injection After injection Before injection~ After injection
Adjuvant arthritis
Control 14.5x0.8 3.2+0.8 5.4+0.5 4.5x1.0 1.3+1.0
EM-1 14.95£0.12 3.820.7 9.4+].4 4.5+0.6 9.1x0.9
Neuropathic pain
Control 15.00+0.00 3.27+£0.20 3.42+0.16 3.49£0.27 3.77+£0.20
EM-1 15.0020.00 3.06+£0.17 7.1+0.4° 3.41£0.18 7.220.5°
In the field of analgesia study, it is recognized that  writhing test. In arthritis and neuropathic pain the pain

the results of experiments vary with the nociceptive meth-
ods®~1% | and it would be reasonable to use different
nociceptive tests in order to obtain a full aspect of evalua-
tion. In the present experiment, the analgesia of EM-1
was observed in different nociceptive tests. The tail
stimulation-vocalization test represents acute skin pain,
while writhing test, the visceral pain. Adjuvant arthritis
is one kind of inflammatory pain. Ligation of sciatic
nerve elicits neuropathic pain.  We used electric stimulus
in tail stimulation and chemical stimulus (acetic acid ) in

threshold was measured with thermal stimulation.  There-
fore, experimental results indicated that EM-1 induced
analgesic effects, not only on acute somatic and visceral
pain induced by different physico-chemical stimulations,
but also on the acute and chronic hyperalgesia in inflam-
mation and neuropathic pain as well.

It was often mentioned that the analgesia induced by
EM was naloxone-reversible!'¥ . In the present study,
the analgesia of EM-1 was reversed not only by opioid re-

ceptor antagonist, naloxone, but also by selective
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n-opioid receptor antagonist, cyprodime. This result is

concordant with the reversal of EM-induced analgesia by

another p-opioid receptor antagonist, B-funaltrexam-
i

ine’ Moreover, repeated injections of EM-1 could re-

sult in tolerance. All these results suggested that the
analgesia of EM-1 was mediated by p-opioid receptor.
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