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Potentiation of cyclo(N-methyl-Tyr-Arg)-induced antinociceptive
activity by thyrotropin-releasing hormone in mice
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The effect of thyrotropin-releasing hormone (TRH) and its
metabolite, cyclo(His-Pro) (C.HP), on cyclo(N-methyl-
Tyr-Arg) (C NMTA)-induced antinociception as measured
by the tail-pressure test in mice has been examined.
C.NMTA-induced antinociception was significantly poten-
tiated by simultaneously intracerebroventricular or
intraperitoneal injection of TRH (approximately 20-50%)
in a dose-dependent manner, whereas the effect of mor-
phine was not influenced significantly by TRH. C.HP had
no significant effect on the antinociceptive response
induced by C.NMTA or morphine. It is concluded that the
mechanism of C.NMTA-induced antinociception may be
involved in TRH neuronal system in the brain.

Thyrotropin-releasing hormone (TRH - pGlu-His-Pro-
NH,) which stimulates thyrotropin (Bowers et al 1971)
and prolactin (Fleischer et al 1970) release from the
anterior pituitary is isolated from the hypothalamus and
has subsequently been shown to be distributed in
extrahypothalamic areas of brain and gastrointestinal
tract (Morley et al 1977). TRH and its metabolite,
cyclo(His-Pro) (C.HP), are known to act on the central
nervous system independently of their endocrine effects
on the pituitary (Prange et al 1974; Prasad et al 1977).
TRH or C.HP has been shown to antagonize the
antinociception induced by A9-tetrahydrocannabinol
(THC) and neurotensin, whereas pretreatment with
naloxone is without effect (Bhargava & Matwyshyn
1980; Osbahr et al 1981).

On the other hand, cyclo(N-methyl-Tyr-Arg)
(C.NMTA), which is an analogue of kyotorphin and
one of the diketopiperazine derivatives, has potent
antinociceptive activity as measured by the tail-pressure
test in mice (Sakurada et al 1982). Recently, we have
observed that C.NMTA injected into the 3rd ventricle
produced naloxone-irreversible antinociceptive activity
as measured by the tail-flick test in rats (Kawamura et al
1983).

The present investigation was carried out to study the
involvement of TRH and its metabolite, C.HP on
C.NMTA-induced antinociception in mice.

* Correspondence.

Materials and methods

Male ddY mice, 20-24 g, were housed 22 + 2 °C at least
two days before their use for one experiment only. Food
and water were freely available. A standard light-dark
cycle was maintained with a timer-regulated light period
from 9 a.m. to 9 p.m. All drugs for intracerebroventric-
ular (i.c.v.) injection were freshly prepared in Ringer
solution. The technique for i.c.v. injection was as
described by Orikasa et al (1980). For intraperitoneal
(i.p.) injection, TRH was dissolved in 0.9% NaCl
(saline). The drugs used for injection were: morphine
hydrochloride (Takeda); TRH (Peptide Research
Foundation); C.NMTA; C.HP. The synthesis of dipep-
tides has been partially discussed elsewhere (Sasaki et al
1981).

Mice were evaluated for responsiveness to noxious
stimuli, using the tail-pressure test which was slightly
modified from the original method (Green et al 1951);
the base of the tail was pressed mechanically and the
level of pressure in mmHg (10 mmHg s-!) that evoked
biting or struggling behaviour was noted. The respon-
sive pressure before drug injection was 439 +
0-4 mmHg (N = 100). A value of 100 mmHg was used as
the cut-off pressure to avoid damage of the tail. The
antinociceptive activity for each mouse was calculated
according to the following formula:

% of antinociception = (P, — P,/100 — P;) x 100
Where P; is the responsive pressure before drug
injection (mmHg) and P, is the responsive pressure
after drug injection. The data are expressed as mean %
of antinociceptive response + s.e. At 5, 15, 30 and
60 min following injection, tail-pressure thresholds
were redetermined. Student’s r-test was used for com-
parison of several treatment groups with a control

group.

Results

Table 1 shows the effect of simultaneously i.c.v.
administered TRH on C.NMTA- and morphine-
induced antinoceptive activity as measured by the
tail-pressure test. The antinociceptive response of
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Table 1. The effect of i.c.v. administered TRH on C.NMTA- and morphine (Mor)-induced antinociceptive activity in mice
in the tail-pressure test. The doses (nmol/mouse) used are shown in parentheses.

Time after injection (min)

Treatments n 5
Ringer 10 15+ 31
C.NMTA (28 20 532+ 7-0t++
C.NMTA (28) + TRH (2 10 762+ 89
C.NMTA (28) + TRH (4 10 82-1+ 8:2*
C.NMTA (28) + TRH (8 10 91-5+ S5.7**
C.NMTA (28) + TRH (10) 10 94.3+ 3.8***
Mor (2 20 380t S-6ttf
Mor (2) + TRH (2 10 510+ 94
Mor (2) + TRH (4 10 597+ 9.9%
Mor (2) + TRH (8 10 69-1 + 10-61¢
Mor (2) + TRH (16) 10 69-8+ 9-1%%
TRH (2 20 11.1x 4.0
TRH (4 20 18-8 + 3-3+t
TRH (8 20 18-5+ 3-6tt
TRH (16) 20 23:3+ 5.01%
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Each value was expressed as % of antinociception.

*P < 0-05, **P < 0:01, ***P < 0-001 when compared with C.NMTA (28 nmol/mouse) alone.
tP < 0-05, 1P < 0-01 when compared with morphine (2 nmol/mouse) alone.
1P < 0-01, +¥1P < 0-001 when compared with Ringer solution.

C.NMTA was significantly potentiated by simultaneous
injection of TRH (4, 8 and 16 nmol/mouse, i.c.v.) ina
dose-dependent manner. This potentiating effect lasted
for 30 min post-injection. The inhibition of the tail-
pressure response induced by morphine and TRH (4, 8
and 16 nmol/mouse, i.c.v.) was observed in an additive
manner at Smin post-injection. TRH alone had a
significant (P < 0-01) antinociceptive activity of approx-
imately 11 to 23% at Smin post-injection compared
with the Ringer control. Although the antinociceptive
activity of TRH disappeared 15 min after injection,
C.NMTA-induced antinociception was significantly
potentiated by TRH (approximately 20-50%), whereas
the effect of morphine was not influenced significantly
by TRH. Likewise, the antinociceptive activity of i.c.v.
injected C.NMTA immediately after peripheral injec-
tion of TRH (2-5, 5 and 10 mgkg~! i.p.) was signifi-

cantly potentiated by TRH (approximately 20-45%) for
30 min post-injection (Table 2).

Table 3 shows the effect of simultaneously i.c.v.
administered C.HP, which is known to be an active
metabolite of TRH, or one of diketopiperazine deriva-
tives, on C.NMTA- and morphine-induced antinocicep-
tive activity as measured by the tail-pressure test in
mice. C.HP (2, 4, 8 and 16 nmol/mouse, i.c.v.) had no
significant effect on the antinociceptive response
induced by C.NMTA or morphine.

Discussion

The findings clearly indicate C.NMTA-induced anti-
nociception to be significantly potentiated by i.c.v. or
i.p. injection of TRH which itself produced a slight
effect. Though the half life of TRH is short (Redding &
Schally 1972), TRH potentiated C.NMTA-induced

Table 2. The effect of i.p. administered TRH on C.NMTA-induced antinociceptive activity in mice in the tail-pressure test.
The doses of TRH (mg kg~') and C.NMTA (nmol/mouse, i.c.v.) are shown in parentheses.

Time after injection (min)

Treatment n 5
Ringer + saline 10 2:1+2-1
C.NMTA (28 + saline 20 51-0 £ 5-1+++
C.NMTA (28)+TRH (2:5) 10 561+ 64
C.NMTA (28) + TRH 55) 10 68-5 + 8-0
C.NMTA (28) + TRH(10) 10 922 + 4.9%**
Ringer + TRH (2-5) 10 3.3+25
Ringer + TRH (5) 10 7-9+3.1
Ringer + TRH (10) 10 12:2 £2.9*

15 30 60

0-8+£1.7 1-1£1-6 2:1+£24
25-2 £ 3-8t -11%2:0 2724
34071 20:7 £ 5-0*** 03+£25
48-7 + 4.3*>* 20-9 £ 4.8*** 3625
70-6 £ 8-1*** 36-8 +4-5*** 6-8 + 3.0*

11223 0-8+1-6 -1-5-2-0
-04£22 -1-1+14 -1.9+21

39+2:0 -0-3x£25 -25+13

Each value was expressed as % of antinociception.

*P < 0-05, **P < 0-01, ***P < 0-001 when compared with C.NMTA (28) plus saline control.
tP < 0-05, +11P < 0-001 when compared with Ringer plus saline control.
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Tabie 3. The effect of i.c.v. administered C.HP on C.NMTA- and morphine {Mor)-induced antinociceptive activity in mice
in the tail-pressure test. The doses (nmol/mouse) used are shown in parentheses.

Time after injection (min)

Treatments n 5
Ringer 10 1.5+3-1
C.NMTA (28 20 532 £ 7.0ttt
C.NMTA (28) + C.HP (2 10 554 £ 85
C.NMTA (28) + C.HP (4 10 55-0x7-6
C.NMTA (28) + C.HP (8 10 56-4 £5-9
C.NMTA (28) + C.HP(16) 10 55-8 +£8-1
Mor (2 20 34-7 £ 5-317+
Mor (2) + C.HP (2 10 39-6 +3.7
Mor (2) + C.HP (4 10 344 £ 50
Mor (2) + C.HP (8 10 40-3+4.9
Mor (2) + C.HP (16) 10 40-2 £ 4-1
C.HP(2 10 3.8+23
C.HP (4 10 23119
C.HP (8 10 -09+19
C.HP (16) i0 5-8+13

15 30 60
1-3+2.9 0-1£2-9 ~0-8%+2:0
27-1 £ 571 4.0%2-6 -2:0£22
30-5£7-1 2:0x3-1 -1.3+2:6
32:2+66 2:9%+2:0 ~03%+18
32:4 61 3-3+£1-8 -0-8x14
30-6 £ 5-9 2:7£32 -02%x14
59-3 £ 9-01+7 48-0 £ 6- 111+ 251 £ 6-277
54-0+7-6 41-6 £ 6-4 20-5+5-0
54-6+7-5 45-5+5-3 21-5+3-0
53:0£7-1 42-1+5-3 227438
55-5+£6-6 38-0+5-2 29-2+5.4
0228 1-8+17 0422
1:7£2-0 -06+1-8 0-6+2-0
-11x26 -2:2+23 -1-8+£27
0-7+2-0 31x11 -1-1%x22

Each value was expressed as % of antinociception,

+1P < 0-01, T1+P < 0-001 when compared with Ringer solution.

antinociception even at 30 min post-injection. On the
other hand, C.NMTA was unaffected by C.HP which is
known as an active metabolite of TRH. It is, therefore,
inferred that potentiation of C.NMTA-induced anti-
nociception by TRH may not be mediated by TRH
conversion to an active metabolite C.HP in the brain.
The inhibitory response of morphine on mechanically
applied noxious stimuli was slightly increased by simul-
taneous treatment with TRH at 5 min post-injection.
This increased threshold must be raised by TRH, since
TRH itself produced a weak antinociceptive effect.
From these results morphine appears to have acted in an
additive manner in contrast to C.NMTA. Moreover,
the results indicate that the mode of antinociceptive
activity of C.NMTA is different from that of morphine.

It has been reported that the antinociceptive response
of THC which is not reversed by naloxone, an opiate
antagonist, is antagonized by TRH and C.HP (Bhar-
gava & Matwyshyn 1980). Subsequently, TRH adminis-
tered centrally and peripherally antagonized
neurotensin-induced non-narcotic antinociceptive activ-
ity in three analgesic tests (Osbahr et al 1981). Sakurada
et al (1983) have already reported that C_NMTA has
potent antinociceptive activity which is incompletely
reversed by naloxone (2 mg kg~! i.p.) in mice in three
antinociceptive tests. In the present experiment,
C.NMTA-induced antinociception was not reversed,
but potentiated, by TRH. It is therefore suggested that
the features of C.NMTA-induced antinociception may
be different from those of THC or neurotensin. It also
seems that C.NMTA may have a unique central
mechanism of antinociception unlike opioid analgesics.

In summary, C.NMTA has been demonstrated to
produce a much more TRH-potentiated antinociception
than morphine. It is concluded that the mechanism of
C.NMTA-induced antinociception may be involved in
TRH neuronal system in the brain.

This work has been supported by a research grant No
57570081 from the Japanese Ministry of Education,
Science and Culture.
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