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Spinal c-fos Expression in a Rat Model of Incisional Pain

Hak Song Kim, M.D., Myung Ha Yoon, M.D.
Jeong Il Choi, M.D. and Choon Sang Bae, M.D.*

Department of Anesthesiology and Pain Medicine, *Department of Anatomy,
Medical School, Chonnam National University, Gwangju, Korea

Background: The expression of the proto-oncogene c-fos in spinal cord neurons following various
noxious stimuli has been demonstrated in numerous studies. However, the pattern of expression of c-fos
after incisional stimulus has not been evaluated. This study was designed to examine c-fos expression
in an incisional pain model of rats.

Methods: A 1 cm longitudinal incision was made through the skin, fascia and muscle of the plantar
aspect of the hindpaw in enflurane-anesthetized rats. Withdrawal responses were measured using von
Frey filaments at areas around the wound before surgery and for the next 48 hours. The expression
of c-fos protein in the lumbar spinal cord was examined by immunohistochemistry.

Results: After incision, c-fos was strongly expressed within laminae I, II, III, IV, V and VI ipsilateral
to the incision. C-fos positive neurons were detected in the controlateral site, as well.

Conclusions: These studies suggest that spinal c-fos protein may not be used as a specific marker
for spinal nociceptive processing in an incisional pain model.
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Table 1. Change of Von Frey Filaments Number after Incision

Time (k) BI 1 2 6 24 48
Incisional site 53 + 01 34 + 02V 40 x 017 42 +x 01t 46 + 01* 49 + 0.0%
Controlateral site 53 + 0.1 53 + 01 52 + 01 52 +01% 52+ 01f 52 + 017

Values are mean £ SD (n = 20).
BI: before incision.

*P < 001, TP < 0001 compared to preoperative value. P < 001, P < 0001 compared to controlateral site.



kg 2] 39 AN EZRE A ofos WE 145

Fig. 1. Photomicrographs illustrating the c-fos expression following incision of plantar surface of rat hindpaw. C-fos
expressed until 48 hours after surgery. C-fos positive neurons appeared not only in incisional site (figure A,
Cy E and G) but also in controlateral site (figure B, D, F and H). Figure A and B represent the control states
(before incision). Figure C and D correspond to 1 hour after operation, figure E and F correspond to 24 hours
after operation, figure G and H correspond to 48 hours after operation, respectively. Scale bar = 250 zm
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Table 2. Number of c-fos Positive Neurons in the L5 Superficial Dorsal Horn

Time (h) BI 1 2 6 24 48

Incisional site 1126 + 3.35 12594 + 4.19* 113.56 + 5.42* 107.52 + 4.64* 102.00 *+ 2.55*7 93.00 + 2.22*
Controlateral site 16.00 + 6.98 112.10 + 9.86* 102.25 + 4.18* 98.50 + 7.56* 87.00 + 3.46* 81.89 X 5.78*

Values are mean + SD (n = 5—8 in each time).
BI: before incision.
*P < 0.001 compared to preoperative value. P < 0.05 compared to controlateral site.

Table 3. Number of c-fos Positive Neurons in the LS Deep Dorsal Hom

Time (h) BI 1 2 6 24 48
Incisional NP 147 +095 113.17 + 680" 103.37 + 32777 88.08 + 437" 89.57 + 292" 77.83 + 5.50"
site N 621 +431 8428 +508" 8268 +458" 77545297 75542297 7240 + 2427
Controlateral NP 1.76 + 131 9876 + 823" 9025 + 4737 8700 + 3.017 8933 + 4.18% 7475 + 1337
site N  30+207 7468 +3817 7887+ 558" 7450+ 5217 72.17 £ 4047 70.13 = 3547

Values are mean + SD (n = 5—8 in each time).
BI: before incision, NP: nucleus propeius, N: neck.
*P < 005, TP < 0001 compared to preoperative value. TP < 005 compared to controlateral site.

AZHToNA cfos DY RGNS B AAL & F 2074 AsHgden HG FAAA ofos W
£ AN F 14760 A2 bRl 3 olF A B4 4499 FE S Aol v ¢ F 29
ole A gashe P4E HthTable 2). A F7hEel Ygich E4, ofos 4 A4 FE
He ¥4 4% FolA IL IV (euclens proprivs- /A% 2 obe} HohSelAE F7hsigi
NP)S} V, VI (neck-N) SRl A cfos Y WA AT ofos WU E Wz Bkte
& Y AFY FE $E A NS NPold Feshs Aol AMEslo] AEFI? cofes
HE 147 + 0957, Nollq BT 621 % 43170el3l WAL $5 S AFEIE AReE oo
3 UEe] NPolld BE 176 + 1310, Nl 3 2 488 & Aol dalAE ofd Fusha o
30 = 20702 vebdch A ¥ A% 34 4 o cfost 9FRFRA@roto-onco gene)2) v-fos]
Fold AN cfos DY G ALY b ALTIAZA RV AFALER 9 5
A3 SAE YU A F el A A B ol Thkg Yelsl ATl BgsEG
1 & AR Fahe e BOoh oS Willams $20U2x AsATel sRA A A4
Cofos DA Y ARYL FE AGRETOl vlsl F4 AFLNA cfos A} cfose] BHEHY
BE AN EARHE fo8 FUE B Fos @de] WWsEE MG 2o A=
oh Al Wet FEel ofos GHA P A7 BAE FHAS) AN cfos mRNAS AR cofos
4] #8 viZHRY ¢ F 2478 At DA Yo Bt WzANBIYE ALt

SAIE Aol YKick(Table 3). ek ol HxAA 1t oA FF KA
7 AE FhoA e cfos WH2] FRA] e A
o & Tt s>

1987 Hunt 527 FaAFo) A4 2 A3A
B AR AN $25Y oA EZE % 9 cfos mRNAS MHAFL 2 247 FollE cfos



o] wrEsn] o|F wWozARTH whow
AN ¢ givar Easigich ol o] sk
o8 Q% cfos mRNAS #A3te Aol 7R
T W AFEe] ik 30-40% FE Fol cfos
mRNA2| Aol 27t ATk cfos A& oF 2
=3A7E Foll wHsE o] shA WolxEdl ol
A Aol ol Hxo] Azhe] 227 wlEQ
Aoz FZsgrh'® AlFoa ¥ cfos mRNA
v e Bebdste] " F & ol adenineo)
AAS ] 2L Williams S| A Fo) 9
s AT F Ay F7he HFoAE 24
7+ Foll cfos iAo o] Huz Folelgln
A ko) Aol whel X zh4sle] 847 Folle A
o) Aoz Fobe Wi, AFoAe 8AZ FHE
cfos Do) WEs 7] Aztste] 2447 FAAE
Wdo] A&Hgtn Bistgich oj9d 50 A
BHEN BERYe A ofos iHo] HE Kl
ZA A3 oo ALEY, &4 MZedE
A3tA| cfos DA o] FrlElo] Yrim B
e ole F4AFe] Us A Aol A
o] A7 Yol EABESH Wizt dojuid, oy
HIbE AZbo] AFslHA My F7o) Aoz ¥
FH7] WEd AR &9t

Fzoll FsiAFe] shA o olol wiyt ARE
AsSE C Afell o3l Mo MERZ ASsA "l
AaiA=ol 7HiAl F cfos7} MERE 2 Fzhe)
AZY EEE A% Y s RolAl sled A94
28 olgd Hy ARHAEEL F2 A 3749
laminae 138} Ilo (119] 2]&), 1&li laminae V&) VI
o Xz LEA Yot'® HE F74o] Rexed
laminge Z 1% I =7k AE28E 493" FAE
weon], zg Ao Ax FAA ARE =g
el d] Erdet f¢ X A4 A4 E3) laminae 1
# el £ A FAlel]l Fodstes HpoLy
B 2 A4EE o 2ol AXN U lamina Vo
Fow EARG. #9A, o wx AAR AT
o] 7HA & FFY FaAF) g f=
o]7 c-fos W9 FZF HE XA Zpol ofF
e walA YA ok siveld o2k Xelzt
ANAF2] A(quality)ol| o] Hpolet Atslol e
A ol A5 AiA ZEollA ] Xo)g} it
o] JEeAE AA L 4R ol el wd,

‘f O

Horgk oy R

r

ont rio

AtE 939 AN FZRYIAY cfos B 147

Aol i whgo 2 Yehde cfoss] M4 4
€ TlAFHte e EEE HolA 2
M ASARE ARE ol WAY
(=]

ok gk Aol tiue A 2 FgAE(actle sti-
mulation)el] et WSO R cfos WHlo] He I
laminae T4l IVZERgbsl Baislo] @eb® ey
olggt EFwol F dAete AL obvrh oAlF
ol sl g HYo T4 EF FozH FI4
71 7hel$5chye A4 F7h] laminae 13} ofl 4]
c-fos WH-S S5l ol#]3t cfos WE-2 morphine
S AAx Fozy FEAL F 9P a2y F
& do7A gv AAAF duAE Ay 4
NA cfos7} AR ghecke BaE Yok
g, cfosoll oyt oiF-E-9 oA cfos W
& AAFl gt whge g vehe o Wi
ol 1 WHATE FPritezy FZAHEE It
T ¢ T el HA 37 ATEHI den A
25 QAT cfos LAFHS] JAE sl
w2 Ayl AFse] gk AHolA Hsll(nocice-
ption)9} c-fos W zte] Aelof] AAAAZE Svhe
AL cfos Wheoll AL 9 B0 A9E o7
WEEo] HIME F 4 vk Al o3 sukgs
FoASAARNA AAT e $EH cfos
ul8).2. morphine, indomethacin®} ketoprofeng X33t
ZEAY Foioll sliA] ¥ otz noradrenatine, N-me-
thyl-D-aspartate (NMDA) =822} 7+, nitric oxide
9l §A AAAAYH HF FFAA Al AL =
Aol ofAle] Fojel] A AAA ey,
2 Aol w2y 257 cfos WEde Mo
Ba% 9ich Presley $-'% thekeo] morphined Fo
uhe HollA slAE 2avelg Fe] slhubetel] &
e o F53 ped AEe WA A
ub Ag=o) A Fola AedEke] cfos WH-E P3G
va Basigier wpebd] HeoAel cfos WES
E2Z3E #AP g Al Aol ofd vE
HAel Ao FE viAE e Audrh
el AZAE 7o) it AT EFEA
cfos WE-E o] Fsle A o] 7HA] AA el St
A, ohE Folel) vl s Aol i WEe
2 vehde AEYEe AXE § o ZgsA g

a



148 55184 Al 147 A2 E 2001

org 4= rf. 54, c-fos WS in situ hybridization
of 2]3} cfos mRNA ¥ FosE g4stod Yehts
A7 & JE5gezH H4A ¢ 5 Uk dA,
Kol gt AV )&= 2@ cfos 7)Y
< 3l AFo] sMeiAE 59 v E Pag A
gkoenw Zg4ddelA Hal #Ee FHY + 9
th o] JA A Aol i dAF EFEA cfos
UE AEE BEsle AL o8 7kA o] A
T oody JEA FAAE QA AV ek A, cfos
18 fov A7 EE 7156 g3l doiRe A
st A FHAE gk A, cfosE
AAstEEl golA = obE FAlE ofos7h 8413
g ol & ARAES} cfos ¥hAL WEHAF|R
s Aojd? Aoz A7AMH Y=
7154 EARZA cfosE o)A 2 wole 9L
Aoz ZXH g g Aol 9& B oY
2 & Hekel AYPAE EAlsiA At skl
W cfos HARAE LHAF = ol Aol &
BAJEAE AE3] ot Aol vhg ofFH7] wiE
o oj2{dt FAlFe] LA Hr} dlE Sof fl
A=Y AHRZA JeUs cfos AL dypHo g
AzhslRo] s AT} [AYL 9ls Aoz Azt
At & FFo o8] 4" AEHS b o
ot #de]l g 5 dany 4ol = whalet
ZE Aoz JAZY A& & 7] dlFolh®

B dAEol wEd FaRSe] A E3 F
Q) Hg 745 AgToeg 4a A AFe) 7}
A F7 WdE HF F74S gzFos st
k. ey A AFeo] ol AzEQ fAH A
o F7l FE3 wHEA kg AuolA FFo)
ZtA S A8 dFoliE whdE A4S gizzte
2 Agse AL AASA gt ksl olg} 7
< At AalzFo] AR A g wiE K
A Yl A% c-fos o] Frletr] o]t o)
A HlF He AHYANAE o]= HEQ) cfos
13e] doluhs AL F7l &4 e uhigg B
357 A% BFoE uinlS wuldte) o B2 A
5 /BlHA wdFezHe ARHY 7 AT
o] Eoloy] wifoletz 3t metd B Ado)
AAY Qg HgolA] cfos Wie] Yehde AL
AR e dubetell 2@ Azt slelA ot e)
FAASAY U= e Ao Ausdg. B

]

14

e
2
-

|

14

A9AS ANS Be] FZo] 22 B AT
22 w3 do) T ASHoz s e A
o= A7Ed. azee ATl AR ke
% H5 47QeNA9 cfos WHo] ZrhgckR HA
ol2l W4e A AT A YAY Ao
o AsAFo] WoiE7A FAHUTGE AE Wel
£ A AWeA Foje

Aol AN ¥ cfos SR 4 AFAY
471 H3ol o2 AL AFH AF ZFolA 2
A F 1 AAelg s e FAAZNA A 29
cfos WH 27} £AE HolA gho} BE AT
£ Aold A#E HYE® zeh} olHG Kol
WA 2 AgemE I o4E ¢ 7 alsleh
A ¥ Aol Aol wel M FrolA 2

E ofos A 4 ARAY S} gasilE
ol AN ¥ AME FFol Azte] Aol we}
a3y Aoz Az
Agdoz ¥ A¥adTol whzel wuie A

X

5
Zuyol A% AAFT HU A 53 US A%
2 ohieh ASOIAE cfos Qo] WA
HuZ cfes A £F JES ASHAE 44
dt Bold EARZ Afsrlel: AARA e
Aoz Azt
42 8

1. Brodner G, Van Aken H, Hertle L, Fobker M, Von
Eckardstein A, Goeters C, et al: Multimodal perio-
perative management-combining thoracic epidural
analgesia, forced mobilization, and oral nutrition-
reduces hormonal and metabolic stress and improves
convalescence after major urologic surgery. Anesth
Analg 2001; 92: 1594-600.

2. Litz R}, Bleyl JU, Frank M, Albrecht DM: Combined
anesthesia procedures. Anaesthesist 1999; 48: 359-72.

3. Fung BK, Gislefoss AJ, Ho ES: Continuous epidural
morphine and lidocaine for postoperative pain control
in obstetric and gynecologic operation. Acta Ana-
esthesiol Sin 1994; 32: 247-50.

4. Mogensen T, Eliasen K, Ejlersen E, Vegger P, Nielsen
IK, Kehlet H: Epidural clonidine enhances posto-
perative analgesia from a combined low-dose epidural
bupivacaine and morphine regimen. Anesth Analg
1992; 75: 607-10.

5. Johansson B, Glise H, Hallerback B, Dalman P, Kris-



10.

11

12

13.

14.

15.

16.

17.

tofferson A: Preoperative local anesthetic infiltration
with ropivacaine for postoperative pain relief after
cholecystectomy. Anesth Analg 1994; 78: 210-4,

. Brennan TJ, Vandermeulen EP, Gebhart GF: Chara-

cterization of a rat model of incisional pain. Pain
1996; 64: 493-501.

. Abbadie C, Besson IM, Calvino B: C-fos expression

in the spinal cord and pain-related symptoms induced
by chronic arthritis in the rat are prevented by
pretreatment with Freund adjuvant. J Neurosci 1994,
14: 5865-71.

. Williams S, Evan G, Hunt SP: Spinal c-fos induction

by sensory stimulation in neonatal rats. Neurosci Lett
1990; 109: 309-14.

. Williams S, Evan GI, Hunt SP: Changing patterns of

¢-fos induction in spinal neurons following thermal
cutaneous stimulation in the rat. Neuroscience 1990;
36: 73-81.

Williams S, Pini A, Evan G, Hunt SP: Processing of
sensory information in the superficial dorsal homn of
the spinal cord. Molecular events in the spinal cord
following sensory stimulation, Edited by Cervero F,
Bennett GL, Headley PM, New York. Plenum Press.
1989, 273-84.

Munglani R, Hunt SP: Molecular biology of pain. Br
J Anaesth 1995; 75: 186-92.

Tsuda M, Koizumi S, Inoue K: Role of endogenous
ATP at the incision area in a rat model of posto-
perative pain. Neuroreport 2001; 12: 1701-4.
Abbadie C, Besson JM: Effect of morphine and na-
loxone on basal and evoked Fos-like immunoreactivity
in lumbar spinal cord neurons of arthritic rats. Pain
1993; 52: 29-39.

Greenberg ME, Greene LA, Ziff EB: Nerve growth
factor and epidermal growth factor induce rapid
transient changes in proto-oncogene transcription in
PC12 cells. J Biol Chem 1985; 260: 14101-10.
Birder LA, de Groat WC: Increased c-fos expression
in spinal neurons after irritation of the lower urinary
tract in the rat, J Neurosci 1992; 12: 4878-89.
Presley RW, Menetrey D, Levine JD, Basbaum Al:
Systemic morphine suppresses noxious stimulus-evo-
ked Fos protein-like immunoreactivity in the rat spinal
cord. J Neurosci 1990; 10: 323-35.

Hunt SP, Pini A, Evan G: Induction of ¢-fos like pro-
tein in spinal cord neurons following sensory stimu-
lation. Nature 1987; 328: 632-4.

At 9] 39

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29,

A B2R¥ A ofos W 149

Sagar SM, Sharp FR, Curran T: Expression of c-fos
protein in brain: metabolic mapping at the cellular
level. Science 1988; 240: 1328-31.

Greenberg ME, Shyu AB, Belasco JG: Deadenylation:
a mechanism controlling c-fos mRNA decay. Enzyme
1990; 44: 189-92.

ol g, &R, A7F, ol ¥, wiHok F&AA &4
o] AA T fd NAe NP L AF $2
) AZAIES] Hesh wstol Tk AT vlghl il
| 1997; 30: 495-510.

Lima D, Avelino A, Coimbra A: Differential activation

of c-fos in spinal neurones by distinct classes of noxi-
ous stimuli. Neuroreport 1993; 4: 747-50.

Jasmin L, Gogas KR, Ahlgren SC, Levine, JD, Ba-
sbaum Al: Walking evokes a distinct pattern of Fos-
like immunoreactivity in the caudal brainstem and
spinal cord of the rat. Neuroscience 1994; 58: 275-86.
Yao GL, Tohyama M, Senba E: Histamine-caused itch
induces Fos-like immunoreactivity in dorsal homn neu-
rons: effect of morphine pretreatment. Brain Res
1992; 599: 333-7.

Zahn PK, Brennan TJ: Intrathecal metabotropic gluta-
mate receptor antagonists do not decrease mechanical
hyperalgesia in a rat model of postoperative pain.
Anesth Analg 1998; 87. 1354-9.

Zahn PK, Brennan TI: Lack of effect of intrathecally
administered N-methyl-D-aspartate receptor antagonists
in a rat model for postoperative pain. Anesthesiology
1998; 88: 143-56.

Zahn PK, Brennan TJ: Primary and secondary hypera-
lgesia in a rat model for human postoperative pain.
Anesthesiology 1999; 90: 863-72.

Dragunow M, Faull R: The use of c-fos as a metabolic
marker in neuronal pathway tracing. J Neurosci Me-
thods 1989; 29: 261-5.

Grassi-Zucconi G, Menegazzi M, De Prati AC, Basse-
tti A, Montagnese P, Cosi C, et al: C-fos mRNA is
spontaneously induced in the rat brain during the
activity period of the circadian cycle. Eur J Neurosci
1993; 5: 1071-8.

Honore P, Catheline G, Le Guen S, Besson JM: Chro-
nic treatment with systemic morphine induced tolera-
nce to the systemic and peripheral antinociceptive effe-
cts of morphine on both carrageenin induced mecha-
nical hyperalgesia and spinal c-Fos expression in a-
wake rats. Pain 1997; 71: 99-108.



