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on morphine analgesia in mice and rats
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ABSTRACT

AIM: To study the effect of agmatine on pain
METHODS: The
effect of agmatine on pain was ohserved in mouse
heat radiant tail-flick test,
writhing test, and rat 4 ¢ saline test. lis
enhancing effect on analgesia of morphine and
clonidine was assessed in rat and mouse heat
radiant tail-flick tests. RESULTS: Agmatine
did not significantly prolong tail-flick latency of
mice, but reduced the number of acetic acid-
induced writhing of mice and inhibited writhing

and morphine analgesia.

mouse  acetic acid

responses lo saline completely. Tt potentiated
the analgesic effects of morphine and clormdine in
dose-dependent and decreased the
analgesic EDsp of morphine and clonidine by more
than 75 % in mouse heal radiant tail-flick test.
These effects of agmatine were antagonized by
idazoxan. CONCLUSION: Agmatine has weak
analgesic effects and potentiates morphine and
by activativation  of

manner

clonidine  analgesia

imidazoline receptors.

INTRODUCTION
Agmatine is

imidazoline receptors ( IF-R), and is biologically

an endogenous ligand of

active in nervous system and many other tissues
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in mammale'’*>. It stimulates the release of
catecholamines from adrenal chromaffin cells,
increases in arferial blood pressure when injected
intracisternally in rats, stimulates the release of
insulin from J-cells of pancreatic islet, and
increases the release of gonadorelin  from
h},-‘pothalamusts]. Agmatine potentiates opioid
analgesia and prevents the tolerance induced by
upioidsu]. The aim of this study was to observe
the effects of agmatine and clonidine on pain and
morphine analgesia, and to analyze the receptor

mechanism( s} of agmatine and clonidine.

Agmatine [4-(aminobutyl) guanidine ]

MATERIALS AND METHODS

Male and female (1:1) mice {20+ s 2 g,
Certificate No 01-3023) and Wistar rats (220 + s
11 g, Certificate No 01-3039 ) were used.
Agmatine and vohimbine were purchased from
Sigma Co; idazoxan and clonidine were products
of Research Biochemicals International and
Changzhou Pharmaceutical Factory, respectively:
morphine and acetic acid were produced by
Qinghai Pharmaceutical Factory and Beijing
Chemical Plant, respectively. All drugs were
given subcutaneously {sc) except idazoxan was
In analgesic

clonidine, or morphine was

injected intraperiioneally {ip).
agmatine ,
injected 30 min prior to determination of pain
threshold. In the test to observate the effect of
agmatine on morphine or clonidine analgesia, it

test,
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was injected 15 min prior to administration of
morphine or clonidine. ldazoxan or yohimhine
was injected 10 min prior to agmatine or
clonidine. At least 10 animals were emploved in
each group. At least 3 doses of each drugs were
injected and ED;, were evaluated by Bliss
program.  Fisher
determine the significance of difference between
the analgesic effects of single dose of drugs which

were expressed as analgesic % and f-test was

exact test was used to

used to determine the significance of difference
between analgesic effects of single dose of drugs
which were expressed as possible maximal
analgesic % (PMAP),

In analgesia test, the effect of agmatine was
radiant tail-flick
test'> . mouse acetic acid writhing test'6) . or rat
4 % saline wrthing test. In the tail-flick test,
the latency to withdraw tail from a focused light
stimius was measured by a radiant apparatus
(type 7360; made in Ugo Bosile Co, ltaly).
Analgesia was defined as prolongation of latency
to twice as long as baseline ¥ in the group or
even longer. Animals in acetic acid writhing test
were injected 0.6 % acetic acid (20 mL-kg™ !,
ip), 30 min after sc of agmatine. The number
wave of

determined 1n mouse heat

of writhing, characterized by a
contractions of the belly followed by extension of
the hind limhs. was counted in 15 min after ip
acetic acid. Analgesia was defined as decrease
in number of writhing to half of the x obtained
from all mice in normal saline group or even less.
In rat saline test, ip of 4 9% saline (2 mL-kg™!)
induced writhing response of rats. The post-
treatment response to stimulation of 4 % saline
was observed 30 min after sc agmatine. The
analgesia was determined by the disappearance of
the writhing response after 4 9% saline. All
results were expressed as analgesic % .

The effect
analgesia was observed in mouse and rat heat
tail-flick tests.  The results were

of agmatine on morphine

radiant

expressed as PMAP, PMAP = (latency after
medication of drug — basline latency )/( 10 -
basline latency }. The enhancing effect of
agmatine on the analgesic effects of morphine was
determined by the comparison of PMAP between
normal
influence of agmatine on analgesic EDsy of

saline and agmatine groups.  The

morphine or clonidine was observed in mouse heat
radiant tail-flick test, in which agmatine was
injected by sc, intrathecal (IT}. or intracere-
broventrieular (ICV) injections'’*® .

The influence of agmatine on analgesic time
of morphine 10 mg-kg™'(EDgs ) was examined in
mouse heat radiant tail-flick test. The mice
were divided into normal saline and agmatine
groups. FEach group was further divided into 30,
60, 120. and 240 min groups.
tine were respectively given to animals 13 min
prior 1o morphine. The pain thresholds were
determined at 30, 60, 120, and 240 min after sc
The results were expressed as

Saline or agma-

morphine.
PMAP,

RESULTS

In the mouse tail-flick test, agmatine (0.1
-62,5 mg-kg™"') did not significantly prolong
the latency of pain as compared with baseline.
Clonidine prolonged the latency and its EDsy was
0.13 (0.10 - 0.17) mg - kg™ '. Agmatine
rediced the number of writhing of mice induced
by ip 0.6 % acetic acid and caused disapperance
of writhing response of rats induced by ip 4 %
saline in a dose-dependent manner.  The
analgesic EDsy of agmatine obtained in mice and
rats were 10.1 (6.8 - 15.4} and 14.1 (8.4 -
23,8 ) mg-kg™'. respectively. In mouse acetic
acid idazoxan inhibited the
analgesic effect of agmatine in a dose-dependent
manner, but yohimbine had no effect on the
action of agmatine. Yohimbine blocked the
analgesic effect of clonidine completely (Tab 1).

Agmatine enhanced analgesia of morphine

writhing  test,


http://www.cqvip.com

[N 02539756 Acta Phamacalugea Soea

E-ma] apst® servrer, showw ae . cn

FEGFFE 1999 fan;, 01N
Phns Fan §6-21-6474-2620 - 43 -

Influence of drugs on writhing in 15 min in
n = 10 mice in each

Tab 1.
inouse HAc writhing test.

group. xxs. "P<0.05, P <0.01 vs saline.
Prugs mge ke Fr@Ppcx' of  Analgesia

writhiry £

Mormal saline 49+ 13 (
Morphine 2. § 1+ 10 90
4pmatme 10 A1 107 L)
Chnntdine 0,13 1£2 100
Indazosan 1 5 + agnaume 10 K12 1]
Indazoxan 3.0+ agnatine 10 Mgk 10
Yohmbine 2.3 + agrnatue 10 A+ 0
Yohimlune 2.5 + clonidine 1. 13 R E- S 0

and clonidine in a dose-dependent manner. In
mouse and ral tail-flick test, with increasing
doses of agmatine sc 15 min prior to morphine,
PMAP of morphine at an unchanged dose was
increased as compared with those of normal saline

group (Tab 2).

Tab 2. Enhancement effects of drugs on morphine
analgesia in mouse and rat heat radiant tail-flick
test. nm =10 animals. X + 5.

bp <0.05, °P <0.01 vs morphine.

Possthle maximal analpesia-’ %

Drugs/mg ke Mouse Rat
Morphine 5 36+ 17 3910
Agmatme O 1 + morphine 5 47+ 24 -
Apmaline 0.5 + morphine 3 35+ 49 1 12
Agmatine 2.5 + morphine 3 65 + 2P 53+ 13"
Agmatme 12.5 + morpbine 5 92+ 17 71+ 220
Clundine 0.04 + morphine 5 77+ M -

Agmatine potentiated analgesic effects of
morphine and cloridine in a dose-dependent man-
ner. In the presence of agmatine . the analgesic
EDs, of morphine and clonidine were respectively
decreased by over 75 % as compared with those
obtained in nommal saline group (Tab 3).

ICV or TT ecoadministration of agmatine
( 12.5 pg for each animal } with morphine
polentiated analgesic effect of morphine, but the

Tab 3. Influence of drugs on analgesic EDg of
morphine or clonidine in mouse heat radiant tail-
flick test. ‘P <0.01 vs morphine or clonidine,
respectively, Bliss Program.

_ EDy” 95 4 confidence  Ellg

Dhugs. ' mp- kg : mgekg ™! limts akio
Morphine 7.1 S.6-4.2 -

Agmatine 4.3 + morphine 5.3 Jd-6.4 1.36

Agmatine 2. 5 + morphine 2.4 1.4-3.2 3.m

Apmatne 12,5 = marphine l1.6° 1.2-2.0 4.4
Clonidine 0.2 B15-0 4 -

Agamatine 1.0 + clomdine 0.1° 0.03-0.11 4.78

potencies of the effects between ICV and IT
apmatine were rather different. [T agmatne
decreased analgesic EDsy of morphine by over
94 % (from 680.7 to 46.0 ng), while ICV
agmatine only decreased Elsg of morphine by
75 % (from 200.7 to 30.6 ng). Clonidine also
potentiated the analgesic effects of morphine in a
dose-dependent manner in mouse tail-flick test

(Tab 4).

Tab 4. Enhancement effecl of clonidine on
morphine analgesia in mouse heat radiant tail-flick
test, 7 =10 mice. ¥ +5.

P <0.05 vs Morphine.

ol Possble maxamal
Drugs/mg- ke analpesia’ %

Maorphine 3 39+12
Clonidine .02 5213
Clonidine (3. (4 7£5

Clonidine §. 08 &+ 10
Cloniding 0.02 + morphine 3 55+ 19
Clonidine 0.04 + morphine 5 75010
Clonidine . 08 + worphine 5 77+ 18"

In mouse tail-flick test, idazoxan sc alone
did not inflnence morphine or clonidine analgesia
and lacked any analgesic activity, but yohimbine
(2.5 mg - kg™'. sc) completely blocked the
analgesic effect of morphire (data not shown!.
Both idazoxan and yohimbine inhibited the
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enhancing effects of agmatine and clonidine on
morphine analgesia in a dose-dependent manner

(Tab 5).

Tab 5. Influence of drugs in the enhancement
effects of agmatine on morphine analgesia in monse
heat radiant tail-flick test. 2 = 10 mice. ¥ = 5.
‘P <0.01 vs morphine. 'P <0.01 vs agmatine +

morphine. ‘P <0.01 vs clonidine + morphine.,
Dhrug-/mgkg ™' PU:;:;;::&/%
Morphine 3 47+ 27
Apmatine 2.5 + morpiine 5 85 ¢ 24°
Clanidine (. U3 + morphine 3 IR 26
Yolumbine 2.3 + morphine 5 10+ 9°
ldazovan 1.5+ morplune § 49+ 28
Tdazoxan 1.5 ~ agmatine 2.5 ~ morphine 5 4414 16
Yotumbine 2.3 + agmatine 2.3 + murphine 5 17+ 4
Idazonan 1.3 + clomdme .05 + morphine § 18+ 15

Tolumbine 2.5 + rlonidine Q.03 + morphine 5 4223

Although agmatine 10 mg * kg ! enhanced
morphine analgesia, it did not prolong the
analgesic time in mouse heat radiant tail-flick
At 240 rin after sc of nommal saline +
morphine or agmatine + morphine, PMAP were
<20 % and showed no significant difference

between them (Fig 1).
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Fig 1. Influence of aymatine 10 mg-kg™'{:)} and
normal saline (@ }on aualgesic time of morphine 10
mg-kg~! in mouse heat tail-flick test. » = 10 mice.
¥x&. ‘P<G 4 ys normal saline.

DISCUSSION

Endogenous ligand of I-R agmatine shows
analgesic effects in mouse acetic acid writhing
test and rat 4 % saline test. but has no analgesic
effect in much stronger nociceplive model. mouse
heat radiant tail-flick test.
has strong analgesic effect not only i the acetic
acid and saline tests, but also in heat radiant
The effects of agmatine can be blocked by

However, clonidine

test,
selective I-R antagonist idazoxan. buf can not be
antagonized by antagonist
yohimbine.  In to agmatine, the
clonidine analgesia is antagonized by yohimbine,

an-adrefnceplor

confrast

but not by idazoxan. These results suggest that
agmatine has a weak analgesic effect, the
wechanism of the effect 1s different from that of
clonidine and might be related to activation of I-
R. The analgesic effect of clonidine is much
stronger than that of agmatine and the mechanism
of the effect might be related to activalion of ea-
These resulis
contradictionr 1o the view-point which considers

adrenoceptors. seem (o be

both agmaline and clonidine as agonists of either
In fact.

accumulated results show that despite recognition

IFR or o-adrenoceptors. recently
al ax-adrenaceptor binding sifes, agmatine failed
to produce functional e;-adrencceplor activities
not only in the izclated guinea pig ileum but also
in other functional models of az—adrenoceplors[q] .

Clonidine is an antihypertensive drug. the
effect of which is related to activation of I-R and

(0] " The current study deron-

ay-adrenoceptors
strates that both agmatine and clonidine enhance
the analgesic effect of morphine, which 1s
sensitive to both 1dazoxan and yohimbine.
Idazoxan does not influence tail-flick latency
when administered alone and does not mhibit the
analgesic effect of morphine.
lacking effect on morphine analgesia differs
dramatically from yohimbine, which actively
blocks morphine analgesia.  This distinction
between yohimbine and idazoxan suggests that the

The property of
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enhancing effect of agmatine and clonidine might
be mediated through [-R.
analgesia,  but

Agmatine not only
also

enhances analgesic effect of clonidine in mouse

putentiates  morphine

heat radiant tail-flick test. The results suggest
that the mechanism of the action of agmatine
nught be not related to specialized receptor{ s},
such as oplum receptors or ag-adrenofeptom.
The ability of agmatine given by 1T to potentiate
morphine analgesia is much greater than that
given hy ICV, indicating that the main action site
of agmatine in enhancing morphine analgesia is at
spinal cord.  Although  agmatine  potentiates
morphine analgesia. it does not prolong the

The data

demonstrate that the action of agmatine wight be

analgesic  time of rorphine.
performed by pharmacodynamics.

In conclusion, agmatine has weak analgesic
effect, and potentiates the analgesic effect of
morphine and clonidine by activation of I-R. but
can not prolong the analgesic time of morphine.

The main site of the latter action of agmatine is at
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