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Mechanism of Hyperalgesia Following Cutaneous Inflammation
by Complete Freund Adjuvant
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Yun Suk Kim, M.D., Duck Mi Yoon, M.D.T, Taick Sang Nam, M.D.
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Departments of Physiology, *Neurology and TAncsthwiology,
Yonsei University College of Medicine, Seoul, Korea

Background: After an injury to tissue such as the skin, hyperalgesia develops. Hyperalgesia is
characterized by an increase in the magnitude of pain evoked by noxious stimuli. It has been postulated
that in the mechanism of hyperalgesia (especially secondary hyperalgesia) and allodynia, a sensitization
of central nervous system such as spinal dorsal horn may contribute to development of hyperalgesia.
However, the precise mechanism is still unclear. In the present study, we investigated the roles of
N-methyl-D-aspartate (NMDA) receptor and nitric oxide (NO) system in the mechanism of hyperalgesia,
and their relations with c-fos expression

Methods: Inflammation was induced by injection of complete Freund adjuvant (CFA) into unilateral
hindpaw of Sprague-Dawley rat. Behavioral studies measuring paw withdrawal responses by von Frey
filaments and paw withdrawal latencies by radiant heat stimuli and stainings of nicotinamide adenine
dinucleotide phosphate (NADPH)-diaphorase and c-fos immunoreactivity were performed. The effects of
MK-801, an NMDA receptor blocker and N‘“nitro-L-arginine (L-NNA), a nitric oxide synthase (NOS)
inhibitor were evaluated.

Results: 1) Injection of CFA induced mechanical allodynia, mechanical hyperalgesia and thermal
hyperalgesia. And it increased the number of NADPH-diaphorase positive neurons and c-fos expression
neurons. 2) MK-801 inhibited mechanical hyperalgesia and thermal hyperalgesia induced by CFA and
reduced the number of NADPH-diaphorase positive neurons and c-fos expression neurons. 3) L-NNA
inhibited the thermal hyperalgesia and reduced the number of NADPH-diaphorase positive neurons, but
did not affect the number of c-fos expression neurons.

Conclusions: These results suggest that in the mechanism of mechanical hyperalgesia, NMDA receptor
but not NO-system is involved and in the case of thermal hyperalgesia both NMDA receptor and NO
system are involved. NO system did not affect the expression of c-fos, but c-fos expression and NOS
activity were dependent on the activity of NMDA receptor.

Key Words: Complete freund adjuvant. NMDA receptor. Nitric oxide. c-fos.

Azt Y, AEA HHET AR 134, dANGZ ooy} Yelgzd, $HHE: 120752

Tel: 02-361-5202, Fax: 02-393-0203
164



A £ %] 69] : Complete Freund Adjuvantol] 2|3t ) HojZFold B4 711 165

M =

5 Fo Hx=zF &4 45 fisz oldl
ulg} EFol fuEch olEdt ASE AF4 55
olg} stm AFA §59 A+ AEHA Al
553 g8 $ZEEde] vehde 43U
42 AAAEQ FFATA Al B BeiA 55
Lol hyperalgesia®t F-al4 Aol e U4

& allodynia I ABIZ FHHAE Beh =4 o
o WA el $Fo) ol TS, £4 9l
792 37 297} g B

$7oe 20 WHE Ao o2 29l
4 W37} Yolut vhehdoka dHA Aok $74
g Wgol &4 Helol Uehte F9E 14 $2
%l(primary hyperalgesiaje]e} sledl £4% Tx =
Z)o}|A] bradykinin, prostaglandin, K= o] Z& HF
$ 209 feld $F Sol g% Ux FA5E
A ez Awel rhssheh zehd ol AEE
Tl FZo] &4 B9 Fol et 24 %
7ta} ) (secondary hyperalgesia)?] 7% F3473A19|
M3l e F29 ¥ s Ao YA 9
0 & Q4" $360 o8 58 AYHE AU
C A FAY A% TRl FEA obulnat
(excitatory amino acid)® A7 sjele] =7} Fls
o] 59 gl ol HFFHAEe] FEAl F7

£ kA H3Kplastic change)7t WERA] F o]
Szguloly 1A FFo2 olslAl A

A Eg4s dogly] A AdHes 3%E
g o) g3k uhlEo] A85|2 i1 complete Freu-
nd adjuvant {CFA), carrageenan, capsaicin, formalin g
& Amel wuieel FAsH ¥, ¥, $As
o B3 PI el Fuslo] WEAHE ¥
AzRe] vehtbn @Fol fud AzyE U9
g WE ASFHALL FEAel Frheet

A&He F3AT o 1) F7HAE ‘wind-
upolzt TP FATUUNE dF windup WY
olgt & # glow FHAA WellA of Al Fod
stelet AZElE Aol F8A obxt 84 T
3lt}Ql N-methyl-D-aspartate (NMDA) 832 A3z}l
I gl

3 NMDA &A1 843 o 2244 dh8 3

lo

9} #h}e nitric oxide (NO)S] F7lolm ol F44
ZAANA ME Aolg] AlwAdol] Fad g &
P NoE B4R 71A Helel EFZA NMDA
A9 4ol 2 578 calciumel] 2}3) #A3}
¥ nitric oxide synthase (NOS)oll &j&fl c}& Rz 9
A5E ol-83te] Larginine2 258 P4}

NOS7} &gl o] z22F AR Al EAs=
NOS (neuronal NOS)7} Helsli EAo] FHEUE
ul®, ol9] FAE o] 4% A4 Ul BEE ¥YY
Az HeRAzelle EA8A %3 He-xdst 4%
(central canal)F-$oll £2 ERsle] FAHAIAAR &
3 B Aol Fodeieiet Azskn Y. NOs
AAMA Fo A AAHA 53" LB /=
B 53" A5AE-S ebdctn 23t

B AEHY FFoht FAAR A immediate
early genegl c-fos7} WEHtT ¢4z Ut o
I EBFAS & &5, 34, aeElx JAF 53
Ao o8 $7H& Adsle 14 {0t F2 AW
28he 37t lamina 1, 09 V A ARPAE
o cfos7} Wéige] E1nd v v Ager
adjuvantel] 213 A G| Fulolr} formalinel] 23
£2o S H% Woll L BHo] FARIT c-fose]
w82 HAAHQ FHlAE JehtA g 53 |
A A&H 5o g F3ue] 7AF A vl
Rez g#A Ut cfos FRARN 28 FA =
£ Fos 2t Fo] ojuidt A¥E stex F&siA ¥
HAAE ggoy &L Tl g3 AFHE &
Aol AxEZ AL} cfose Fos B EE HA
B X, cjunoZRE] Fed Jun AR o Eol
Fos-Jun ©)FH¥AE H4ste AAQAZA o E
FARe] wHe 2Ase AoE gAHA UG

A28 ulgl Zo] A&H WAETF A FulEe
A4 5 1o U3 7|22 NMDA & ¥4
5, NOS #AE, cfos9] Hd Fof sl o2 A=
O& $Z2dold Hdee Hug v gk o
Ut o] 57+ A% AfAol it AT el 7]
AR g 9F ATl g F4HR 7172 Kol
of g Bae wil$- viv)3t deloldt

B dFellae CFA Fololl ojat $2aha]l 2rdef|A
NMDA $=£-x|¢} NO system Z8]3l cfos W Sof
4% od Angel YeA zeln AAA A%
34 2ol Rt $2ANe Aol ofw ol



166 tiS+ES%3A - A 13 P A2E 2000

Aol YEAE FUY ZRelA AAHoz wz 2
Asted] 28e B2aA o

CHat 9 2y

D JdEHSE JdET, HEY 839 RUY o
=9 XX

B AddlAE M5 200~300 gme] 43 Sprague-
Dawley#] =8 AH2-31%1ct.

A5 5 ¢ Hyldense] WS wysl
o Ageigich oBIZE WA wHHAD F 26 G
ZAANE olfstel Ate] 9% whpetol oilsaline
1 : D2) §-Al(emulsion) complete Freund adjuvant (CFA,
B84 3}%1 Mycobacterium tuberculosis, Sigma, St.
Louis, MO, USA) 0.15~0.20 ml (75~100 xg Myco-
bacterium) & W2 FA 19}

NMDA &9 XNdAZe &9 phency-
clidine (PCP) ZARF-9oll w7 Aoz HYsled NM
DA F&A9 &g Adsle Aoz 4#3 MK-
801 hydrogen maleate (RBI, Natick, MA, USA)E A
2519100 35 mgkge] $F02 Aol ol o
2 382 1973 CFA 34 147 ol 37 W=
Eoj3glch. NOS2] ®A|AZE Nnitro-L-arginine (L-
NNA; Sigma, MO, St. Louis, USA)S A+83}9.cni
25 mg/kge] B-Fo 2 Adaol] Ko 3T 337 1Y
75 CEA 24 LA7H Aol 37 W2 Fosigirh
T HFATES 2 wol ARFE 27 W Fo
Sleh Fol 892 Aol FE BF 10 mikgE
sl et

A2 F4F(ControlH)H HF FHHHCFAT),
MK-801 A x| ¥ F {47 (MK-8017), L-NNA
A XA F AdF FUFLNNADLE FE85

2) #ssE HA

M) 71HF X300 et wEo] AL FFol w3
B AAE 7 TolA 4F ST W, 42 ¥
3974 o8] Aol ZAX Al AF5E F
W whiletol A4 AFE M o 2ol B Bg
(withdrawal response)S 27] 93] AYFES Ho
2 3 cageoll $A FAAIN F AP A3
=€ von Frey filamentE o]83}e] AJ#Psigo
ASE FLAFA %L B el HAA A 3

()

ko] A9 Yol G ZE(12 gm)9} o
A= 9 yhgol dolue AE@8 gmyE o) &3}
ek F 2 PFHeg vl 208 AFele] o
who] 3ujub3o] 5 Aol WEEE FAs9
%739 AEE Kruscal-Wallis testg A|3§3to] §-2]4
s 2 pghel 0.05 muk A] o8 Ao
A5t

@ 9 X300 o 8ol AHAL 4HEEE A
0.7 mme] feld ol 22 TAHH Y 1087
H$A1 At Projection lampE o] §3to] f2lHg
sto] 4FS F33 whuletell A AFE Thste 3
Hub-ge] Aol FE7IE FAHL F 38 7
Aoz 334 AAsgen] =2z &£48 xRy
A8 152 o4 A AFL sIelA st FAH
A&+ Kruscal-Wallis testE A]88s}le] §-2]AS AA
sl9lem pgol 0.05 =vk A {28 Aoz @A)
Art

) 45 299 I AN, cfos0] BYEX|SHE}
% NADPH-diaphorase X% A4

o

ARETEY 332 95 U8 F 347 Fll
Al spstgt). AlgE-EollA] sodium pentobarbital (50
mg/kg)S H7 FAs AuiHAY ¥ F2E dn
ARl HE-E B AAHAR ABste]  peristaltic
pumpZE -§3lod 0.05 M phosphate buffered saline (PBS,
0.1 M, pH 7.4, 4°C) 100 mlZ FFAA 4L AA
#}11, 4% paraformaldehydef0.1% glutaraldehyde (in 0.1
M phosphate buffer, pH 7.4, 40°C) A Y 400 mlE
BFAZe, BE AN AF $ALE FoAsed
wde 58Utk 13 F HEFTEAES A
o] A 4, 5845 =FAA HEHHAT 2 Hol
12~16A17F T F AL F 20% sucrose (in 0.1 M
phosphate buffer) £-§ol] Yol 4°CojlA 2~5U7F
XA BP3Ach EF AFE U b B
9g 2stel HAE A4 Aetsich U= Tw
2 JWEdA 7] (cryostat, Reichert-Jung, Germany)Z
—23°Coll A 30 pm FA| AERFAANE A2
2 AE 22 of 209w & e skl PBS
WollA] free floating ¥ ® wie =z 3}dted S
Al ststet.

Wl ZANGIYS cfosel HE PAE A4S
ABC (avidin-biotin peroxidase complex) o2 X



3 & 96y

ik =FAHL HA =2 el EAlale W
A4 peroxidaseE wlEAA3}HA|7]7] S8l PBSol| 34
8 1% HO00A 1587 wh3AI7) o3 1084 33 P
BSZ A8 3 X rabbit anti c-fos ¥A|(Oncogene Sci-
NY, USAYE 1:1,0000% 343
8219} 0.05% bovine serum albumin, 1.5% goat serum
agl3 0.3% Triton X-1000] Bo] A& 1x 344 &
Nol| A 484)7F FF 4°CellA] Hb-SAIFct 1A A
o i3 Whge] B =Ag PBSE 1084 33
ARG F, 224 3§ Y (Vectastatin-Elite kit®] bio-
inylated anti-rabbit IgGE 1: 20022 34, 0.3% Tri-
ton X-100)oll A 147 5t A-ollA] HE-gA R
22} kA fH3 wkS %o PBSE 1084 33
AA g F avidin-peroxidase complex -8-§(Vectastatin-
Elite kite] A £ 1:100, B £ 1:100 0.3% Tri-
ton X-100)o14 1412k FF AZellA wh-gAIF
Wt A 25 3, 3-«diaminobenzidine tetrahydrochloride (D
AB; Aldrich, Milwaukee, WI, USA)E 0.05 M Tris ¢
ZNol] Fo] Agslgler] nickel chlorideE H7}sl
wAg gt 0.2% HO 0003%% AHg-3lich
uhagES-o AF2olld 3~5E7F Ao, yhgel
U ¥ 278 PBSE 1084 32) AHelsich
Nicotinamide adenine dinucleotide phosphate (NADPH)
-diaphorase Z#H 33t Qg sl =HAHURE 0.1%

ence, Uniondale,

: Complete Freund Adjuvantel] 2]3t 3] RodZoly F4agIi®4e] 7|4 167

B-NAD, 0.01% nitroblue tetrazolium, 0.3% Triton X-
100§ 0.1 M phosphate bufferel] =91 t
Yol 37°C 3 oHo4 45~6087
A% x4 dEgo] YehiH =
ARste o o]4ge] wh4E HAA|Zch ‘%—I’QM =
J zZ A HE gelatin-chrominium 2.2 coating® -F2l
selolze] $71 F 247 B¢ Ageld A=A
I xylene22 H@aAgg A% F polymontE 59
AR}

JA=E AAAEE v Vel A e,
AR4AH 55 FHgvuFelA B FEH
n] 7 slol|4] NADPH-diaphorase ¥4 9 c-fos W8
ARAEL] +E Ades Y AEE ANOVA
testg AlPste] foAE AL pkol 005
ulgk A fo ez #AEA)

r“ olo
FI‘*
=
£
2

< o
) 4EY 839 FUY YSHH AHA

(1) CFA FAlo ot F=o #ol: 4HFEd
CFAS ZA3x 347 ¥ #% 24sigien] Wt
o 2ol 2Ag 28] HXE 4L AWsiict =
A 2744 FFoz A5 =277 YoiAx ¥
BFS el AFAELY F4 T (neutrophil)7} Eo glof

Fig. 1. Histologic changes following intraplantar injection of complete Freund adjuvant (CFA). Plantar
skin tissue showed ‘the early inflmmatory phase in which interstitial space was widened and
neutrophils were infiltrated around blood vessels (H&E stain, A: X 100, B: x400).
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Fig. 2. Effects of MK-801 and L-NNA on mechanical
allodynia. Y axis shows the percentage of with-
drawal responses induced by 20 repetitive me-
chanical stimulations using 1.2 gm von Frey
filament (n=16). X axis shows the time course
before and after the injection of CFA (arrow) into
the plantar surface of the hindpaw. *: p<0.05;
compaired to Control group, T p<0.05; com-
paired to CFA treated group.
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Fig. 3. Effects of MK-801 and L-NNA on mechanical
hyperalgesia. Y axis shows the percentage of with-
drawal responses induced by 20 repetitive me-
chanical stimulations using 4.8 gm von Frey
filament (n=16). X axis shows the time course
before and after the injection of CFA (arrow) into
the plantar surface of the hindpaw. *: p<0.05;
compaired to Control group, t p<0.05; com-
paired to CFA treated group.
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Fig. 4. Effects of MK-801 and L-NNA on thermal hy-
peralgesia. Y axis shows the latency of with-
drawal responses induced by thermal stimuli using
projection lamp. X axis shows the time course
before and after the injection of CFA (arrow) into
the plantar surface of the hindpaw. *: p<0.05;
compaired to Control group, t. p<0.05; com-
paired to CFA treated group.
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AAE 7t 4SS Fg. S5, 6).

Fig. 5. An example of the distribution of NADPH-diaphorase positive neuronal cell in the dorsal homn of lumbar spinal
cord. A: Control group, B: CFA group, C: MK-801 group, D: L-NNA group. In CFA group, NADPH-diaphorase
positive cell was identified in the superficial layer of spinal cord. This NADPH-diaphorase positivity was decreased

by treatment of MK-801 and L-NNA.
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Fig. 6. Comparision of the number of NADPH-diaphorase

positive neuronal cell in the lamina I, II of lumbar
dorsal hom. *: p<{0.05; compaired to control
group, T p<0.05; compaired to CFA treated group.
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Fig. 8. Comparision of the number of c-fos expressed neu-
ronal cell in the lamina I, IT of lumbar dorsal homn
(n=24). *: p<0.05; compaired to control group, T

p<0.05; compaired to CFA treated group.

Fig. 7. An example of the distribution of c-fos expressed neuronal cells in the dorsal horn of lumbar spinal cord. A:

control group, B: CFA group, C: MK-801 group, D: L-NNA group. In CFA group, c-fos positive cell was
identified in the superficial layer of spinal cord. This c-fos expressed cell was decreased by treatment of MK-801

but not by treatment of L-NNA.
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mal hyperalgesiatz= % Al$}L} mechanical hyperalgesia
£ AAsA Eooha oo 2&40] opd A7
3% % Z(neuropathic pain)oll 2]4F thermal hyperalge-
siaol 1 £ NO7} #od51m'", thermal hyperalgesia g4t
Al NOS wde] ZFrlgtrixn e meld thermal
hyperalgesia 7] oll&= NO7} #edsh} mechanical hy-
peralgesiaZ] A olly= o} & 7]A, & NO7} obyd carbon
monoxide (CO)7} -8 7hgAol ANHYF?, of
A3 Hngd £ AY AjdsEn 3gEE ez
Azt 8 NO& ¥ #fjul-9lellA] long-term
potentiationo] A Al YA HFE At Aoz &
HA ded’™? AFdE o2& s|-e] Eaict
i gHA e 2z3n AReE ol A
ol Beietelzt 22,

NOS¢] 84 #¥2 NADPH-diaphorase ZZ oA
A48ttt NADPH-diaphorasey= NADPH Zxai #}ol|
nitroblue tetrazolium satE FggPnjAA} F& AR S
W= nitroblue tetrazolium formazano & F-YA)71}*.
NADPH-diaphorase #A)2 wj=zZ]-& Alelas A
73 9 a2 9] 23 A NOS HgAdz AxHo| &
Aoz d#iA ol HAY AFx2 AL sHgskAt
Soldel AEE ol Aoz A A,

NADPH-diaphorase A AN E£E MK-8013 L-NNA
9 A ARl ol ZasUETl MK-801-2 NMDA
FEA Aoz Ca'7 ol F717} oAl NOS
9 #A4e 434 o Aeg A7, LNNAE 3
H NOSE Alsi4 vehd Rz Azt

g MK-8010l 2J#fl c-fose] WHE JAF o] of
o] W¥X NMDA +8Ae 4o 93 vehis
Aoz A7t o g A7) HFolAE c-fose]
3ol NMDA 4827} Stolshs ez izl
-fost= 'immediate early gene0 2 RE %Z {4 30
% olljol] ¥ o] Fof 247ke]H Fos shiiFo] #A
3] Z7bebAl o, cfose] Aol disiNE olF
A dA QA g 3 AFEAE AL F
23 2AY o4 FAR) WY 24¢ Ao
PR

2 AYIH CFA FAdl g% cfoss] wHe
L-NNAS] A xx]of] o)) 3-& wkA] gkl uwlet
A NO Ael Azeh cfose] Wle] ExH A=

<

aQ

ahd

2 gAY A28 cfos] Wdo] NO ¢4
ol $43led Pojutalel A= ey, A&
71418 F% ASoll 2% Fos W¥o] o & NOS o
A A L-NAMEel| & sk Ras Qe
i ol Rol& opulE FF Fuhdle] Holut
AqA A EAoll 7IAets Aeg F=H

NMDA &xls} sty B4l /A & 2
3544 Fojstelzl A= 7)He] HER FH
A NEEY 53] qAA FHA7 9 Egoltk NM
DA Al A&EHY FEoz AF AFY G
ol 229 #HEY Frle MTol FEA EzbL(excito-
toxicity) 2 LHERHAl etk oJ7]ell= NOXE Frojsies
ol #tdk NOT peroxynitrites AJste] MEZA
& UG, AAA F3AA 4kl old o
A 719 £4Z HFFZAE 3ERo] Uol
U E743qle] dojuAl Hrke 7Y 1d 2
i & AEATI 4718 713 o8 a4 E )
AY 4 9t

gH 7)Ao g5 MK-8017 L-NNAoj of#] <
A=A ot chE 71H-o] odstelel Azbsict. hyper-
Igesia®} allodyniay= H§ 43 og ol Jeh}r] off
Toll A2 ulg ELEIE sh) PEEHez o
£ "goltt. o]AFL FHllY AFE 558 e
Aoz Fag AFe] AR FRAt FA4E
AB 71AIF FEAE S493AA Jeht, hyper-
algesiay= FFASoll ¥ Whge] FUtE FE5T
Ao ZFoll whet velhtA "k B dfelA 7]A
Z o] %2 71A el NMDA <&} NO7} A el 2
8514 g Aoz Jeiyod. weby o] 7| He
thalMe gez o] QA77t Haslelel A4

go%sd CFAZ 454 5 % A Jehs=
E7tvlgl 7)Aol 4 1) mechanical hyperalgesiay= NM
DA F£A|7} 12|53 thermal hyperalgesia®& NMDA
249} NO systemo] Zto] odalil, 2) NO system
& ofos) el Qg wIAA) gkevd, 3) NOSS| @
Ax 9 cfose] W NMDA T892 H4H Tl 2
249 ¢ + 9%k T2} NMDA S84 24
Eu NOS #A%E AAe) ol FZ3inle] 3]
AA45A e AL 4718 714 29 & 7]AHe]
B 7HeAdE PAEH ol dide FF ¢
A7t Besielzt A2
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