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Patterns of the peripheral nerve :injury on expression of brain—derived
neurotrophic factor in dorsal root ganglia and spinal cord in rats

Ha, Sun Ok" and Hong, Hae Sook™

Peripheral nerve injury results in plastic changes in the dorsal ganglia (DRG) and spinal
cord, and is often complicated with neuropathic pain. The mechanisms underlying theses
changes are not known, but these changes seem to be most likely related to the
neurotrophic factors. This study investigated the effects of mechanical peripheral nerve
injury on expression of brain-derived neurctrophic factor(BDNF) in the DRG and spinal cord
in rats.

1) Bennett model and Chung model groups showed significantly increased percentage of
small, medium and large BDNF-immunoreactive neurons in the ipsilateral L4y DRG
compared with those in the contralateral side at 1 and 2 weeks of the injury.

2) In the ipsilateral Ls DRG of the Chung model, percentage of medium and large
BDNF-immunoreactive neurons increased significantly at 1 week, whereas that of large
BDNF-immunoreactive neurons increased, but that of small and medium
BDNF-immunoreactive neurons decreased at 2 week when compared with those in the
contralateral side. The intensity of immunoreactivity of each neuron was lower in the
ipsilateral than in the contralateral DRG.
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in the damaged DRG.

3) In the spinal cord, the Bennett and Chung model groups showed a markedly increased
BDNF-immunocreactivity in axonal fibers of both superficial and deeper laminae.

The present study demonstrates that peripheral nerve injury in neuropathic models altered
the BDNF expression in the DRG and spinal cord. This may suggest important roles of
BDNF in sensory abnormalities after nerve injury and in protecting the large-sized neurons

1. ME

55 AARAY FAYA 2AELFH
de B33 743, ZAH P2 FaFHo|xn
MM H w7 olni(International Association for
the Study of Pain, 1979) %29 &x7} st
 QurHQl Fd9] shteltt, sPdoluv EAls
3 AAHEG & 39 $¢4E, Guillain-Bare &
Fzoltl AR AAZF F dEE ZdE,

s

MBS, AAF, 19%6) AFHFAH T A
Hol 71AAY 0]AF, LEIHVEF ALY,
DN A E(Bonica, 1990) o2 yeh}d,
g Wy AIJol ALBEE ATt HRLH
Q9 AFuAYErE Yeuda ol FFAAAR
gaks)o] u)AAAd F3MES AP

dgt uFAHQ FEdEe] AAHE TR
dge AAPL A= FEFS PHARXA ¥od,
o AIFx FEFLeAT ZEEr] g 2
ZHYe 2R FEL TARANAY BE
S HEENY Ao dAHoR nHAE F
sAY 23 A A5 kst HAFAAA Y
2 W eer $5& @3N F Aekeld
2, Hvol, 1993).

oy A zE ol BxE AT FF
ol o BFEste #APgAHe] MEsHz AA

ol A= FF Ao Ansy] 4z A 2
58 g dAoh

o3 AAYFAH FFLANY Yoz T
A7 &4 F daggrle] st 1A A
PAASHKim# Chung, 1991 ; Hu$} Zhu, 1989) %
= 1 54719 ¥3Na 7, 1992), HFIF2A%
A(dorsal root ganglion ; DRG)ejLt H o)A e]
Zate] opel shaAd WsKMcLachlan 5, 1993
Woolf 5, 1992 ; Koerber 5, 19%4d) 5ol FA 5
3 goew, o F 7taA Aslde AAGEFAA
7} A48 AoF BetHLindsay 5, 19947).

Brain-derived neurotrophic factor(BDNF)+& 4l
Aggatel sz, DRG % 48 FR/e A%
AEY BE TL PP Fdse vzl A7
dgoatz A e ¥ ol (Barde 5, 1982)
FHZde T5FPAE fodte AFAHE
RIFt

Z, Cho 5(1997a, b)e ExZAd 4F5&
w1718 DRGY & A73AMXo|A BDNF ©
A3 BDNF mRNA7ZF Z7hsle  3H5olA
BDNF &#34tswo] 5857 #ddE 3% 1
OoNA w9 27188 Basgcl. =3 BDNFE
Y A7 o FARIE AAMEe] BHEE
JelE c-fost} nitric oxide synthase(NOS)9]
w@o] F715¥(Bennett %, 1996), BDNFol %
o]Fo|x Ao ¥ wkB-IgG #AE F3
®W c-fostt NOSe @ F7l7 AHEHEER
(Shelton &, 1995) BDNF= 55393 sty

ir 12 o

1
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Hygzko) WIE 2UE £ o ALEd.

£%, DRGY BDNF: #42 %450 (Zhou
¢} Rush, 1996) 349 FZtoll= BDNF 4841
trkB mRNA$} trkB HulgE8do| £x&n gl
on(Klein ¥, 1990 ; Zhou %, 1993), ¢l&j¢) &
2QGZ o FEFLVNANA HFo e F5
43 #F}9iuk2(central sensitization)®] ZEIAIR2A
Zz0% 98¢ st Aoz ¢alA YHKer 5,
1999).

ol¢} #o| BDNF/} ¥2943% #dstd %
ZHd 8% e e AL F ¢84 Jo
v 22 &4 SRR 9
sl E A9 €A A w¥H.

olo] ¥ AN TxAZ &4 BDNEY
A golry] Astd #F FIHAAF F
B&E4E 718U (Bennett 24, Seltzer 2H)
(Bennett®} Xie, 1988 ; Seltzerst Shir, 1998), Ls
2 L FIAHE A (Chung EE)(Kimz}
Chung, 1992) Algelr #EHE NAYFHE ¥
23 $A 552 Urhiie 2d FHE o] 834

Fig. 1. Chung model

DRGS} 3 4eol4e] BDNF 28 F4& Hsisl
on o]z2M wxAP &4 BDNFS T3¢
1A% #AE st FEAEIAA AE
ojsigl AFAH FF A9 7|2 AHE ATt
2z @

2. TR X W
1) gEMZEY

(1) Chung &4

A%F 150~200gme] ##(Sprague-Dawley) 12
s (g x2E, HA¥T 1F, 257 4 4vEhE
halothane(1~2%), O: ¥ NO(2: D8 Ejp7t22
wHAN F, 2389 Hi €98 Fan }{F
& uel FFAE NS 5 F9 25& AXn
#Z&e A5 % A6 83FAE(Ls% Le spinal
nerves)&€ 3~0 sik FHAIZ FFAND 9L,
5% ARE A S@EE 2dg HENGY
(Fig. 1).

Spinal Cord

Fig. 2. Bennett model
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(2) Bennett =8
A% o 300gme & F(Sprague-Dawley) 127)
Y(=F, AET 1F, 2F 4 4uehE A9
Z2e oz nFHA ¥ A% FIAA L =3
A7 #F 4~0 chromic gute 2 41L& A” g
o) %1 eH(Fig. 2).

2) MEEX

D) AYP5E] Axeks 4Y

2E YA B8 F 744 3vrse 2
FA1Y, 23 F 15 % 2Fdo FHH 714
A AFe 2z e Fdvige] 84mNe von
Frey Filament2 Z}z} 1094 34 7telo o
9] 3yutg WX &(frequency of withdrawal
response) (29 F¥uks B4/100X100)& &
9z, ¥ Fokkge A A 1Y, 27 F 1§
g 2Fo] &o B3 olAES Siduido] #4275
3¥ 71ste] 2ol IHuk NEg&S TAEAY
(Kim %, 1993 ; Choi 5, 1994).

() =72 &

A2 Y7IEE o8 HdHdMe T
%o sodium pentobarbital2 w}HAZ ¥ HA4
& %39 4T9 Zamboni o2 HANAFE
2% 2L 9. Ly, Ls DRG 2 H$¢E
H&g 5 4T Zamboni Yol 24 ¥ 1A
sl on thA] 4T 9 30% sucrose £ 1Y 7k
T4t

3 ¥ B5EsE o] &3t -20CelA DRG
= 10m FAY 22AHWL A5 daldo] A
Zd sgol=d FRANA oF AT W7tA
-70C%} deep freezero]l WERAIIL A< 40m
Ao A4£=AHH-E 0.1M phosphate buffer €
Hol] F thg AT W71x] 4T ¥Fae} B
B3, o]E& 1Xxphosphate buffered saline
(PBS) €902 FAH g HARAIMNE A
et

(3 Heg=zz o4

ZAdHo] 29 &eol=g WA 1XPBSE
23], 03% H:0:& i3tz 50% ¢age]l E
PBS4 13], 50% <E&o] € PBSHl 23], 28z
1XPBS &9 13] ¢AMZ Z}z} 1583 FAF
g 20% normal horse serum(NHS)o.2 A&
ol A 2A1ZF WA ¥, 0.3% triton¥} 1% NHSS
73 PBS£o) IBDNF 8% (2ue/mi, Amegen)
< MY 1% A2 4TAA 1937 92 A
Ao

3 ¥ Tween-20& #53 1XPBST £9o=
33], Z}2t 1583 ¥g3kA & YHx FAE
FAG o, biotine] H#&2d 23 ¥A|(Vector)2
AZAA 27 ¥HEAIZ F 1XPBST §do=
33], 4z} 1587 FAEA

a8]l3 ABC AleK(Vector) 2.2 2A1ZF #HgAI1Z)
¥ 1Xtris-buffered saline(TBS)(pH 74) #%42.
2 33] A5 nickel sulfate(0.3%)7F &4
ooz LSS A7|Z IXTBS $Hoz
AT O, 4FLE €5 xyleneS® AW
g3 canada balsamo® EYF F Hu|Pozr
RUE 5 R

3) EoEY

D dgzx3] 33tgAy

DRG¥} #H4oA BDNF BgutgASe a3
o2 AR 93 HFEHE o]8F AJAuA
computer-assisted image(Image Pro Plus, Media
Cybemnetics, Silver Spring, USA) Z2I2¥& A}
4%t} DRG# HgolAe dxrt iAol us)
2 AL Ao Ryton AR X ¥
T BE24AA Fd3A FA

BDNF HHu-EA] AAAEL] BEES AN
71 918 & 589 DRGEZHH 539 HHEL A
gt 7oA Zbzt 500708 e NAMNEE #F
A Ls HFH9e €2 F(laminae 13 D9
W& 2/3% 42 3L QAL TAE AHE3Y

-
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A4 4389 PH o= pixel GHE EA AL

Zt DRG# A4 BEge Adstn 2 A3
oMol zzy JYTY & t-test2 HAS
%tk DRG AAMEES 2(<20m), F(0~40
), (> 40m=2 EF3Hh

3.d 1
1) MEESe YSHs

HFARE 43T BFgHe EF e F 1
d ohiol] A¥F &9 FdnielA 71AH FHwl
8+-8-(mechanical hypersensitivity)? ¥ H91¢-g
(cold hypersensitivity)2 et o] wg-& 3
H Z7M8e e F 15 9 2FA L9 e
¥l E-g¢] Bennett E¥(Chronic constriction liga-
tion)l4l von Frey filament& A& W Z2z+
0%} 86%E VELAIL, acetoned AHEHE W
z}z} 85%9) 88%8 Rt

Chung = W(spinal nerve ligation)s]4 von
Frey filament®& AHS-H& W 2z 8&5%9 2%,
acetone AHg A Z+Z} 83%9F 89%°l%itt ¥H 2
2 32 ¥ A2 E oHT N Y
g 4 ik

2) AlZHEY 2uo| ohE DRGS:
H20|Mol Bty

Bennett 294 3% 15 Ls DRG|A BDNF
Hguke A8 LelllE ALES A JAFARY
U7%E AAPeon FL A9 AX 126%, F
r A7)9 AE 106%, & A7le] AEL 14%E
Jehiigiew dizdd u@Egol ud fo4%
Z718 B A tHp<0.05).

2%9] Ls DRGOIA A AAAE] 269%00) A
PAHHES BPoH AL Av)e] AR 116%, F
b A7l ME 140%, & 7|9 AXS} 1.2%E
Uelligln #e, £ & Z7)9 AEESe] 2

3 HjgEzel viE fshA F7hE FIE B
{(p<0.06)(Table 1, Fig. 3).

Chung E@oAE 15l Ls DRG] BDNF
WL dizr BBSFd] v A 2
718} AE 108%, FT 2719 AE 101% & 27|
9 AE 12%2 FsA F7HE U2 (p<0.05),
2% Ly DRGAA = e Z7]e] A¥ 101%,
27t 379 AE 79% 2 =79 AX 09%2
WxFH uaSTd v Fo3A FHEAG
{(p<0.05)(Table 1, Fig 3).

gy 1344 Ls DRGS &2 7] AXojA
W7t goud $% 2719 AE 80%st & 2
71¢] AXE 30%°1A BDNF H9urgAdo] F2siA
Z7}= RHp<0.06).

22 1 DRGAIM = e A7)9 AE 20%, &
7 A7]9) AE 12%2 B2 u@EFel
3y fosA F2EHAoH (<006 & 2719 A
= 16%2 Uz v #&Fo vl# fosiA
F7tete AYE Ron, AXe Mol gz
3 WPEpo] ulE] Aol RFUTHP<0.05)
(Table 1, Fig 4).

9, Hdxe] BDNF HYgulgAde =29
Bennett 2dollA 159} 258 zt A4 Fzhe] &
& 23 38 ZoM BF 4% FU1E Bye
H(p<0.05), Chung 289 3§ 179 &¢& 53
Ze FAH 98 3718 BRYLHp<0.05), 25
9 ZE& FoH F7te 2oy fo3kA &t
(Fig 5, 6).

4.1 &

i &Ade] wlE DRGH 3 gllA ¢l BDNF 9%
A4 B Bennett EAAE DRGY ze
718 AXE, I A7)9 AX, 23 & A3A
¥ R%FdA BDNF A¥gurgAol fstA F7t
"ok #e AZM¥A BDNF Byt-gAe]
Z7hHte AL 224 A &40 A
25te] Z4te] H3A WA (wallerian degeneration)
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Fig. 3. Photomicrographs of BDNF-immunoreactive(IR) neurons in the contralateral(A, C) and ipsilateral(B, D)
L5 DRG(A, B) 1 week after chronic constriction injury(Bennett model) and 14 DRG(C, D) 1 week
after spinal nerve ligation(Chung model). After chronic constriction injury and spinal nerve ligation,
both the number and intensity of small, medium and large BDNF-IR neurons(arrowheads) in the
ipsilateral DRG increased significantly. Asterisks indicate the ipsilateral side. Scale bar = 100um.

Fig. 4. Photomicrographs of BDNF-immunoreactive(IR) neurons in the contralateral(A, C) and ipsilateral(B, D)
15 DRG I(A, B) and 2 weeks(C, D) after spinal nerve ligation(Chung model). 1 week after spinal nerve
ligation, the percentage of medium and large BDNF-IR neurons(arrows) showed significant increase,
while the immunoreactivity of small BDNF-IR neurons showed significant decrease in the ipsilateral
DRG(B). 2 weeks after spinal nerve ligation, the percentage of large BDNF-IR neurons(arrows) still
remained increased(D). Asterisks indicate the ipsilateral side. Scale bar = 100gm
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Fig. 5. Photomicrographs of BDNF-immunoreactive(IR) axonal fibers in the contralateral
(A, O) and ipsilateral(B, D) L5 spinal dorsal hom 1 week after chronic
constriction injury(Bennett modelXA, B) and spinal nerve ligation(Chung model)
(C, D). A considerable increase in the expression of BDNF-IR axonal fibers in
the medial superficial(l and II) and deeper laminae(IV and V)(open arrows) was
induced after chronic constriction injury and spinal nerve ligation. Asterisks
indicate the ipsilateral side. Scale bar = 200im

& Yo7lA =Hu o]EoA NGF(nerve growth
factor)e] £4)7} $7tslo] DRGR ©]5H7| d&
2.2 ¥t Mannion 5, 1999).

=% NGF #8419 trkAs DRG] #& A3
Axo) F2 Sd(Apfel F, 1996 ; Cho &, 1997
oz ze AFEdA BDNF wHgukgAdo] 5
7t AL LRAAMe NGFe ¥ulZ7bd o8
Rog HTh

DRGSl %7t a7|el & =7 AZAARAA
BDNF WYwhgAel F7h= NGFel 93 §x=d
Aol ohd Ao Roled, ol YRR 7
Azje) MEs T AAHAEEC kA FEAE
BHsA] %] WEoltHAverill ¥, Molliver %,
1995).

GxAde PA &N FRAALARE &4
% A Hu, 2 232 DRGY 7 =279 A

¥} 2 :v)e) NAAES BDNFe 28 Z77}
vehd Aoz B}

FEA7E 40w 98 29 &4 F 244
Zivtel & =z NAM XA BDNF7F 2
#lcd, ol &4 U ¥goz BDNFY
EH@Yo] wgo] & Aoz AAANMZhou F,
1999,

E U8 JMeAdeE, &30 Q3 HyF
DAY BulElEs d2izx] ¢ ofw g4
7t 3gRog fEo] & A7y ABFMAEANA
BDNF9] #@& 74 7He4ol Aok

Chung 249 734 L% LS DRGoIA BDNF
HeutgAgdo] M2 thzA dda=Hd. Ly DRGY
A% A& Ay A¥, F3 A7l AX, g8n
£ 319 ARME EF|A BDNF HYHHEA
ol FA%A F/HEAUL ol Ls AFARY &
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Fig. 8. The area of BDNF-immunoreactive(IR) terminals in normal(N), contralateral
(Contra), and ipsilateral(Ipsi) 15 spinal dorsal hom 1 week and 2 weeks
after chronic constriction injury(Bennett model) or spinal nerve ligation
(Chung model). The area of immunoreactive terminals above a standardized
level was quantified using a computer-assisted image analyzer to express in

arbitrary pixel units. Mean =*
from contralateral side. p<0.05.

4 F AT 4Rt By wEE dovid
olof wa} o]EollA NGFel 4Aol ZviH i o
RE& &4k gL F273 2 L 354 E
el $FH o2 Ly DRGE %ol §ds=H7] dE
¢ Rez AYzhgt

Ls DRG9 7% Chung 29 1539 F7 =27
& & 27 AFMAEAA BDNF Bgut-g-Hdo] #

vt

SEM. are shown. *Significant difference

A% F7HE BRIy A2 A9 ARAMEE
BDNF ®g4o] 2ag BATh

2F o)A = BDNF "@¥uhgde] e a7 &
3 arie ABAXANS felstA FaHEn & a
719 ABAMEAAE A% Fo3 F71E veh
Atk olgk 2ol FL =7]9] ANBMEA BDNF

WUl FaE Holt A& TzaRE
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NGF9] fel Add oz Rozd

A7ZAT ¥ BDNFE B2 F3 2719 Axs
& arle AFAEAM F7tE BDNF HAAd&
By, ojle AZEY F AL AAAxe &
AZAZA BDNF #3270 24 gdsE
A& Vel

glutamate =9 B2 249X Ca” YL
#xz3le] BDNFeo 2@ %718 AIFse AL
2 4eix dEd(Timmusks Metsis, 1994 ;
Wetmore %, 1994), &7 &4 ¥ N-methyl-
D-aspartate(NMDA) F8-A¢] o8] AX Uz €
o} £ Ca"°o] cAMP response element binding
protein(CREB) #HAlg4 ¢&4 714(Shieh %,
1998 ; Tao %, 1998)& %8 & =719 ARZAX
o4 BDNF 4384 28& #5288 7FsAol Ut

DxAREL F Aol BDNF Hguk-g4
S A4 T4 d& F B ohE HE FME
F7rtATh A4 3] ¢ & FE 5o 9
Ao 1A FE&719 Fil AFE ddsy 3
& ARBAREAA BRHE F5Ex C-AB3HR
TEEHE Fo2 &4 ¥ DRGY & AZAX
o)A} BDNF7} S7lE 22 o] XM= Al 1 ¥
AubgAdo] F7tEe Aog Bl

EE, Ao P& 3 9 Axe VA F
23 B e Axde oz Fg FT
azigt & @719 DRG ARMEe F44 H+
o] dde] glow, &4 F DRGSO & AAA L
A1 BDNF7} 71522 o|RoAx = BDNF ©Y
g ol F7tEEd, ol FH AFdE F
& w7 HE ol EEY #uYd Aew B
At

YzAAEN22 Q¥ DRGH  FHFoAe]
BDNF BRk&A F771 71%AA "ol ow
WEE dovleAe A4 ¥ 34 e
BDNF &2 okB mRNASH kB W48
Hol BEHol glov(Klein ¥, 1990 ; Zhou ¥,
1993), siuid] ABAHTLE wdY LYAH] 9
3] BDNF¥ glutamated] &3 2¥5= HAHAS
288t n(Jarvis ¥, 1997) NMDA 448 34

3 Qa3 € 4 e H(Suen F, 1997), Yol
Ao F34 FAvitE(Kerr &, 199954 178
B o 4o &4 FolA BDNF dukgA
F7te Hee FZoM SxAAEFo A%
FEFE BEsld Fa¥ J¥L e o=z
At ¥

T, A4 Fzbel P& oA BDNFY 7}
E 2247 &4 A9 ZRAFTA gF o] B9
9] AAEFe FEE AH F2E B U
Ro2 WLtk wetA, olgg Agye dRAAE
4 ¥ A7B¥EY FF AL BDNF7} $a%
L e AL AAEHL

oj4e] ATAHAE nFo] Hol AAHFA F
FRYAA e 2RAZFEFS DRG ARAHEY
Ay FZe F2 3 2 YL FoM BDNF B9Y
HEAE WAANLS ¢ F Utk ol TxAA
&40 A% HIBAAQ el el x:e) BDNF
7t F8% 48E 3t AR BR4AH, olgy
&£48e DRGY & ABAXES Iste R
2 B4

wetA, ol AR ARYFAH S¥AeH T
2% &4 ¥ 3ERAY BUgo WHE oY
F glen, old wel wxAAELLE AT @
A9 ol4¥F HE o F5usE A%
$g ANE F S Aoz 2o

=3, ¥53 @¥d¥ BDNFY 715¢ %
Z olzEy] AN gz ARWFA 2l
BDNF #¥3%o]u BDNF 944 &£& §3F
dxox zzxgd BDNF EHAFEY BDNF
antisense & FYHY FFo) W 3ol
ARAGEAEY H3ls s 2 Aol ¥Ws
& Adde vlojok

5.4 &

2YFENE HeF2407% 4 (dorsal root gang-
lion ; DRG)3+ Aol HAAQA H3E 7P
ol FF ABMFAH FFH dvEd. a4
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oldl W3] W 7jH Y LA UA & A Zoj4| BDNF BH Aol FostA 2

ou, olntE AHYRAAT BAY A0 Hof £9¢ ngo 2 2719 ARATE F9
Az Qe A B7tE nam gz He e @
o] £ dATelAE ABWEH FEFRLAAN & gage et

DRG# HSoll A9 brain-derived neurotrophic 3) Bennett 293 Chung 2d 25 49 &

factor(BDNF) ¥@o] o7 Wgske 718 B & 2% @& Fo14 37h8 BDNF B
zAgEEe ol gt e 2e ARE < $4¢ e
ek,

1) Bennett 299 Ls9 Chung 299 Ls DRG o]del AFAIAER u|Fo] Hol ARFYFA
9 A% Fe 27, F A7) 28 E 27 FEEYAAMY BRUFELES DRG ABAE
o] AAMZANA 159 25 2F BDNF WY HF Fo ¢ 3 ¢4 22 oA BDONF HY
wtg Aol Fo3tA F7HEE Bith A4S WMEAF|T, ol TXAAEA 97

2) Chung 299 Ls DRGAAME 150 7 wFAAHA AZolde % BDNF7I F8%
Ar|e & A7)9 AAAENAT BDNF d  9EE 3= o2 mAAy, oy &4
dutgAel 498 2718 ¥l 283 2 DRGY & ABATEL HIde Aoz A%
F DRGAME e 7], $2+ 2719 A% ok

M-

—-=
EE

NEY AAFA96). 2gHoz fug BH AAEFAH F5 i FEX=S &, dEAY
38|, 20, 16-27.
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