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Effects of Naloxone on Morphine Analgesia and Spinal
c-fos Expression in Rat Formalin Test

Sun Ok Song, M.D., Je Hong Seok, M.D., Deok Hee Lee, MD Dae Pal Park, M.D,,
Seong Yong Kim, M.D.*, Jeong Sook Lim, B.S.*, Sun Kye Song, M. D.", and Nam Hyuk Lee, MD."

Departments of Anesthesiology and Pain Medicine, *Biochemistry & Molecular Biology
and TSurgery, College of Medicine, Yeungnam University, Daegu, Korea

Background: This study was performed to evaluate the dose-related effects of naloxone on morphine analgesia in the rat formalin
test, and observe the correlation of pain behavior and spinal c-fos expression induced by a formalin injection.

Methods: Fifty rats were divided into five groups; control, morphine (morphine pre-treated, intra-peritoneal injection of 0.1
mg of morphine 5 min prior to formalin injection), and three naloxone groups, which were divided according to the administered
dose-ratio of naloxone to morphine; 20 : 1 (5 z2g), 10 : 1 (10 #g), and 1 : 1 (100 pg) representing the low-, medium-, and high-dose
naloxone groups, respectively, were injected intra-petitoneally 16 min after a formalin. A fifty ul of 5% formalin was injected
into the right hind paw. All rats were observed for their pain behavior according to the number of flinches during phases 1
(2—3, 5—6 min) and 2 (1 min per every 5 min from 10 to 61 min). The spinal c-fos expression was quantitatively analyzed
at 1 and 2 hours after the formalin injection using a real-time PCR.

Results: The morphine pre-treated (morphine and three naloxone) groups during phase 1, and the morphine, low- and
medium-dose naloxone groups during phase 2, showed significantly less flinches compared to those of the control (P < 0.05).
In the three naloxone groups, the numbers of flinches were transiently reduced following the naloxone injection in the low- and
medium-dose groups compared to those of the morphine group (P < 0.05). The duration of the reduced flinches was longer
in the medium-dose group (P < 0.05). The high-dose group revealed immediate increases in flinches immediately after the naloxone
injection compared to those of the morphine, low- and medium-dose groups (P < 0.05 for each). The spinal c-fos expression
showed no significant patterns between the experimental groups.

Conclusions: Our data suggest that relatively low-dose naloxone (1/20 to 1/10 dose-ratio of morphine) transiently potentiates
morphine analgesia; whereas, high-dose (equal dose-ratio of morphine) reverses the analgesia, and the spinal c-fos expression does
not always correlate with pain behavior in the rat formalin test. (Korean J Pain 2005; 18: 124 —132)

Key Words: analgesia, c-fos expression, formalin test, morphine, naloxone, pain behavior.
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Anesthesia (2% enflurane & 50% N,O)

l Formalin inj. (5%, 50 pl) & pull out

-15 -10 -5 025 10

15 20 25 30

60 min

[+ 4 4

Injection
site P SC P
Groups
Control NS 02ml F NS 0.2 mi
Morphine Mor 0.1mg F NS 0.2 mi
Low N Mor O1mg F Nal 5 pg/0.2 ml (Mor: Nal=20:1)
Med. N Mor 01mg F Nal 10 pg/0.2 ml (Mor : Nal =10:1)
High N Mor O1mg F Nal 100 pug/0.2 ml (Mor : Nal=1:1)

Fig. 1. The time schedule of procedures in experimental groups for formalin test animals.

All animals received inhalation

anesthesia for 15 min before the formalin injection. Experimental groups were divided into five; control (IP injection of 0.2 ml
of normal saline 5 min prior to the formalin injection), morphine (IP injection of 0.1 mg/0.2 ml of morphine 5 min prior to
the formalin injection) and three naloxone groups (IP injection of 5 g, 10 g, and 100 ug of naloxone for low-, medium-,
and high-dose groups, respectively, 16 min after formalin injection in morphine pre-treated rats). Under enflurane anesthesia, all
were injected with an agent according to their allocated groups followed by the SC injection of 50 gl of 5% formalin in the

distal plantar area of the right hind paw. After recovery from anesthesia, all animals were observed for the number of flinches

during phase 1 (2—3 min,

5S—6 min) and 2 (every 1 min from 10 to 61 min) after the formalin injection. IP:

intraperitoneal, SC: subcutaneous, NS: normal saline, F: formalin, Mor: morphine, Nal (N): naloxone.
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Fig. 2. Mean number of flinches per min (mean * SD) plotted as a
time after formalin injection. Experimental groups were same as Fig.
1. Morphine pre-treated (morphine and three naloxone) groups in
phase 1,
phase 2, were significantly less flinches compared with those of the
control (P < 0.05). In three naloxone groups, the numbers of
flinches were transiently reduced after intraperitoneal (IP) injection of
naloxone in low- and medium-dose groups (P < 0.05). The duration
of the reduced flinches were longer in medium-dose group. High-dose
group revealed immediate increases of flinches just after IP injection
of naloxone compared than those of morphine, low- and medium-dose
naloxone groups (P < 005) *P < 0.05: significantly different from
the morphine group. P < 00s:
high-dose naloxone group.
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Fig. 3. The mean number (mean =+

Mean flinches/min

SD) of flinches during phases 1 and 2. Experimental groups were same as Fig.

Phase 2

Low

Control

High

 —
Morphine

1. (Left) Morphine

pre-treated (morphine and three naloxone) groups were significantly less flinches compared with those of the control in phase 1 (P < 0.05).

(Right) Morphine, low- and medium-dose naloxone groups were sngmﬁcantly less flinches compared with those of the high-dose naloxone group in

phase 2 (P < 0.05). *P < 0.05: significantly different from the control.

, 305, 358 2 408 7}A] morphinetel] H] & FEEgE X}o]
BAmP < 005 Fig. 2), &0 ALFFHT} 30
L3539 d0%e] B finch 47} felab o} ¥ A%

o0
198
A

HATKP < 0.05). 100pgS FoI8 gL
naloxone o] ZFZRE HH flinch F7F F28HA
3l morphinew ¥ A& #H 9 F8& % naloxone™Eo| B
sHA BewP < 005, HRTIHE Fo3 e ¢l
Y 22 9he S Y
N17| & 271 €3 “F% A% A27) whgoz
“?‘ro]'oi A flinch F5 v w3 A3, A17] S =
%3t flinch 7} mOfPhifWo] A FodH morphines™ I} *] &3

o

lo

_%:(o_\,'djzmr{mmm e
i e

nz
}

¢

T, FEEFT 9 LS HFTO naloxone AT EC] 47 41
+ 548i2350i26w44t15ﬂirﬁz4g
9.6 £ 5.3 3Fof ws] FelstA AATKP < 0.05, Fig. 3). A

27] \"B‘Oﬂ}\i% Bt flinch 47} morphine©} 104 £ 1.5

382 gz 181 + 53 Fo v8] FelsiA Adoke <
0.05). Naloxonewr 52 & %u]o] wa} zolrt U =d, A&

s 5]

gty Z2gekno zhzh 128 + 24, 96 + 15 B E =
B e Aol Ao
morphme:rLJJrh x]— 17} il 5 & Apold] EAA oo
A CHFig. 3). 18 E B3 flinch 57} 173 + 15 32
5, ASE 3 2 E4TEY £ sk
(P < 0.05, Fig. 3) q]i = zlol7} ¢k

o 4e] formalin % WET THA B AU WS
morphine©] A T E morphiner# A 7§€] naloxone & T
EdA ZF A5 morphineo] A17] wHEE A TS
o 4 et A27] w8 morphineo] thE ol
P ¥ obet A2vl 8hg A flinch FIE
(Fig. 2, 3). Naloxone HATF+EL AL
naloxone ¢ A% morphine 2.t} 55 i

1

TEERE S PRI

naloxoney 3} &=

>

HE rlo

g A= naloxone £

Formalin FA} &

T3 ZF8&% naloxonetol| H]sl

AgdFT o 5% dF #Havt o
==
=

sz
£% 12 7 29 98 P58 uw
chos A W Pgol eksgin

TP < 0.05: significantly different from the high-dose naloxone group.

A% el
morphine 7} ¢l o1t
2ol 7 ¢l ThFig. 3
A T EE] morphineol] ol&] ¢
Z Whgo] 9AE ] naloxone T 3 A7 o

FONE AE BF weol et

-

%+ cfos RER YH

A7 9 oA 7 AR e Fn
Z Ao A real-time PCRZ W ZT9] cfos #7442 T 3
24 A7, Advie

2t Afole] =g
B 4 Q19 thFig. 4, Lef. RT-PCR 489 79 %
I ocfos SR FEL Fold Axp, dH d& 14
gz 88 9

BN

387 naloxone©] morphine

A 2Eol SFEalaL,

2417 Zof] 283 naloxonesto] HZRTI A&H 3 n&

naloxonetol] H &l c-fos A A}

= [oXe]
wol H&&

THFig. 4, Right). 1211} RT-PCRE o1& G4z oA

=

2
T

ARstele) Aol7k ob 7 # i TR AFE B

A

i &

B Ao A naloxone®] morphine AE g T o] w|X & T
< 7] A8 01 mg9 morphined Fo{d Fof
e

S93l= formalins 7—/\}'3]-5_'_ for-



1 hour (real-time PCR)

3 -
E 2
3
Pl
g
5
< 1

0 T N T

Control Morphine Low N Med. N High N
45- 2 hours (real-time PCR)

Arbitrary unit

Control Morphine Low N

Med. N High N

ofy

A Naloxone®] B FHY 24 cfos A 129

1 hour (RT-PCR)

Med. N

Control Morphine Low N

High N

c-fos
B-2M
2 hours (RT-PCR)
Control Morphine Low N Med. N High N
c-fos
B-2M

Fig. 4. Expression of spinal c-fos mRNA on 1 and 2 hours after formalin injection. Experimental groups were same as Fig. 1. (Left) Mean values
(mean * SD) of c-fos expression compared to the value of control group on real-time PCR. There were no significant differences between the
groups on 1 (upper) and 2 (lower) hours after formalin injection. (Right) Samples of c-fos expression on RT-PCR. They showed that spinal c-fos
expression was less in morphine and medium-dose naloxone groups compared to those of control, low- and high-dose naloxone groups on 1
(upper), and 2 (lower) hours after formalin injection. However, there was much variability between individual rats.
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