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Mechanism of Hyperalgesia Following Cutaneous Inflammation
by Complete Freund Adjuvant

Yong Jeong, M.D.*, Joong Woo Leem, Ph.D., Seung Soo Chung, M.D.
Yun Suk Kim, M.D., Duck Mi Yoon, M.D.T, Taick Sang Nam, M.D.
and Kwang Se Paik, MD.

Departments of Physiology, *Neurology and T Anesthesiology,
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

Metheds: 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 mumber 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.
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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: X100, 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, ik 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, ik p<0.05; com-
paired to CFA treated group.
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Bi&}: NOS7} 7}A]+= NADPH-diaphorase #A)-8- o] 8-
o] AAE AR AH} 945 % F NADPH-
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Qch(Fig. 5, 6). NADPH-diaphorase 94 AZAATEE
2 lamina I, 19} Xol| B3 er] 45 74 F
Lamina X 9= w3y} H2 lamina I, I 390l
=3 Z7}319ckFig 5). MK-8017% L-NNAF 25
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Fig. 5. An example of the distribution of NADPH-diaphorase positive neuronal cell in the dorsal hom 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 hormn. *: p<0.05; compaired to control
group, L& p<0.05; compaired to CFA treated group.

Fig. 8. Comparision of the number of c-fos expressed neu-
ronal cell in the lamina I, 1T of lumbar dorsal horn
(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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W X2 (neuropathic pain)o}] 213} thermal hyperalge-
siaoll A1 = NO7} 3teds}m'”, thermal hyperalgesia g4t
Al NOS o] Zrldttm &b, weba] thermal
hyperalgesia 7] & olli= NO7F #od s} mechanicﬁl hy-
peralgesiaZ] Foll3= t}E 7]A, § NO7} oy carbon
monoxide (CO)7t 28 7H5Alol AL o
A Bugd ¥ Ad AdEn e Ao
A7kgck. 3 NOw ¥l #iwli9lell A} long-term
potentiationofj A A|HA ALE el Aew &
AA G My o)y sHo] EAR}
3 GHA glew® Ezuw AAdE ojA% /A
o] Hojelelet FEHch

NOS$9] #A4 2% NADPH-diaphorase ZZd4-2
AL-46190ch. NADPH-diaphoraset= NADPH Ex)| &}oll
nitroblue tetrazolium salt® FEHv}jRB A} FE2 AAS

¥ nitroblue tetrazolium formazan©. & QA
NADPH-diaphorase #4]-2& wzZg A&slae Al
74 9 a9 zAA NOS HeAa dx|Ae] &
Roeg delA glol AR AxE AL sHsstAgt
Fol&ql AXE ol Aoz A Yo

NADPH-diaphorase <A 4| ¥+ MK-8017} L-NNA
2l A Axel o FLENEH MK-801-2 NMDA
FEAe Aoz Cat o] FUhh A=} NOS
o] B48 ¢34 A Aoz A7, LNNAE 3
3 NOSE AAlehA vebd ez Azl

A MK-8010)] 93] cfose] WHE Ao} o]
o] % NMDA F&49] Al 28 vehte
Aoz ARk g A7 NS cfosd)
iHoll NMDA 8471 Stojobe Ao d2izlvl®.
fost= "immediate early geneo ¥ X% FZF {4t 30
olfiell WH¥o] xlof 2X]7ke]wd Fos ghAlo] 3]
| Z7bebAl DY, cfos?] el daiAlE o}
A A JA ghev 3% AGEAE ALl §
3 #AH o8 fAA HEe 23Y A=
A7k =k

2 Aol CFA FAol 28t cfoso] WHL
L-NNAZl 7 Hx]ofl ojaf ofakg W] ofsich. wie}
A NO FA el A29) cfos?] Wle] AU A=

F{g(‘) 124

of

2 FEst SAZ2 R cfos?] Wdle] NO P4
of $4stod Hortelel Azhdet. e, AE3<)
21AR 55 ASol 914 Fos WEo] ohE NOS o
AAQ L-NAME®]] oj#] AA=ivhs ik s
gl o]2ld Aol olulE B fubhye] o}
AAA Y EA] 7iQlsls Ao FE31.

NMDA g9} fAadsled F2papule] 7pd & &

DA F8A|9 A&AH TRoF ¥ AXY Ca
o9 HER Zrhe ATel T E2HEexcito-
toxicity)& veRlAl Hck oJ7lellE NOE Fodsle
ol zhehdk NOE peroxynitrited HAJshed MEFA
& T, A FARe Sl A8 o
A AR 247 AEFAAEE sERo] Yol
U S7sbelel Yol Beke AHEYS weie 2
o) £ AR 4718 1A 8 7R ol
A 5 glrt

T 7)AIE 0] A% MK-8013 L-NNAo) 23 o
AHA ot chE 71Ale] Fodslelel Azbrt. hyper-
Igesiag} allodyniai= HE J4H o2 o] Yehtr] o
Foll 72 oulg 8575 sh} PEAHer o
£ H4golrh oAEL Fallgt ASE $Fe8 wie
Rnog Tyt Ase] A2 St B2
Af 71AF F8AE BA4}AA ehie, hyper-
algesial FFAFol it ub-ge FUtE FHrE
Ae] Aol whe} vehdA fek £ ATl J)A
A o] AE-2] 7Mool NMDA $£A NOvt A9 =
451 g Aoz Jehyel uleba) ole] JAe)
AAAE ez v A7l desielet A

goksbd CFAR 434 55 ¢ A vehte
27t 71A o)A 1) mechanical hyperalgesiay- NM
DA 827} zrelsl thermal hyperalgesia®& NMDA
8¢} NO systemo] Zro] Fosl, 2) NO system
& cfos?] ol dekg ulX]X| gkow, 3) NOSS| #
A gl cfos?] W3S NMDA F8x|2] #A =] 2
£49¢ ¢ ¥ 9k 2@t NMDA F&A| 34
5u NOS BAE Aol ol FZule] w4
&ASA g AL A7 1A sle g8 7)Aol
Bojd A4S FABE ol didE FF T
A7) Pestele A4t
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