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<Abstract>

Purpose : The purposes of this study were to test the effect of proprioceptive and vestibular
sensory input on expression of BDNF after traumatic brain injury in the rat.

Subject : The control group was sacrificed at 24 hours after traumatic brain injury. The
experimental group I was housed in standard cage for 7 days. The experimental group II was
housed in standard cage after intervention to proprioceptive and vestibular sensory(balance
training) for 7 days.

Method : Traumatic brain injury was induced by weight drop model and after operation they
were housed in individual standard cages for 24 hours. After 7th day, rats were sacrificed and
cryostat coronal sections were processed individually in goat polyclonal anti-BDNF antibody.
The morphologic characteristics and the BDNF expression were investigated in injured
hemisphere section and contralateral brain section from immunohistochemistry using light
MIiCroscope.

Result : The results of this experiment were as follows:

1. In control group, cell bodies in lateral nucleus of cerebellum, superior vestibular nucleus,
purkinje cell layer of cerebellum and pontine nucleus changed morphologically.
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2. The expression of BDNF in contralateral hemisphere of group II were revealed.

3. On 7th day after operation, immunohistochemical response of BDNF in lateral nucleus,

superior vestibular nucleus, purkinje cell layer and pontine nucleus appeared in group IL

Conclusion : The present results revealed that intervention to proprioceptive

and vestibular

sensory input is enhance expression of BDNF and it is useful in neuronal reorganization

improvement after traumatic brain injury.
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3 traumatic
brain injury)< 949 Ay ¥3l AAFY, &
58, BA, T4 A8, F 715 T BlE
Z# 3 cHFinfer ¢} Cohen, 2001; Kelly, 1999;
Scott &, 2004; Umpllred, 1995). £3], &
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Chase, 2001, Bakaya, 1997; Banik &, 1997,
Connor ¥ Dragunow, 1998; Csuka %, 1999;
Green ¥ Simpkins, 2000; Tadeusz <} Karoly,
2006; Kimura =, 1996; Mautes %, 1996). €4+
B A7o] gelgkd 2o Aol dojubr] s
Ae o8 g9 AAsEE WEy doju=d
o] Ao A7HAYUYA AAHneurotrophic factors)
7} Zg3ieh AFGEE A AELY BA, A
ol Bdstar o3 HENES TTE Ho &4 A
3|E-S opjsiH, oeket 7t i AAes 2
et 27 ATl s dEEtar i Connor
I} Dragunow, 1998; Stahel 5, 1998). A17<j%k
4 91z & BDNF (brain-derived neurotrophic
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factor)€ O JAEED B3 E97} Ho A%
g, A7 &4 3 AR, AgRE 9 &5 g%
FFE A= AREN AEEHUHCotman
Berchtold, 2002; Gagne &, 1998, Grace S. G.
5, 2004; Kellry, 1999; Kimura %, 1996; Legutko

%S, 2001, Mattson %, 2001; Schmidt-Kastner
o, 1996).
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neuromuscular facilitation; PNF)-& %Z¥o|
A9 ofEdohe o822 AR X oA
£ f8 15727 A=EE A8k i Tyler 9
Hutton 1986; Birgit 2004). I-f7+ZHproprio-
ceptive sensory)S FZHllA AHAle] <12 57+

7, AW, FH0A, 25% EolRe] Vs,

ZZ¥(proprioceptive

AR71Bo2RE Y A8 Fx3lo AAS} 5
S A3 AHZZH(vestbular sensory)S 37t
Ax A AU FHo| AT Pz} AFES
ob5olal HHsHA Aol H5E HRE #¥S
FAdt 2078E Bsleled olgEH w9 4
Y Aoz AAITHAllum 5, 1998; Kandael 5,
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< A%, A7E 2 #Ho] §A4 9 oS
7 ABH AAE FASAY A

£ Az FastA Aesh
oz ol Qa<le] Aoyt wAE
F AtHAlum 5, 1998 Summway- Cook T
Horack, 1986; Thao T 5, 2004). PNF Et o
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024 ol 7zt A= Yol AAHTH AF
oA o3 7Mooz H7ITIHES dodeA

£ RS H.

#4747
ARGP A

R <]

1. o1 ditd

=
o

1. A&

l]9_

AGF A HEAE o] e AF 7~
8F, A% 200~250ge] WAsl XA FE o]
Ao] gl A%¥ Sprague-DawleyAl 7 3H
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Ao A8 FHE 2cmxbemx80cme] TE
AHA Fo] 30cmell geiFE o 9o HE
SHENS W 20% o) TFE AAE F A
22 Aol AtElE S0 Eopx Bl B
7Fed e AN Adsidnt =3 < A9

AAEH 5 BT A Aest e o] A%
H TEWFAAESFTE vsd AR AFolA A9

A713 7 w8k
2. Al by
D A8 99y Hed ;i

rlllo

AR Qg HEFS Fdty] f Allendt
Chase(2001)2] 37ollA A8-2 Weight drop model
£ W3 AAsidTE it AR (Ketamine HCL,
3k )7 FBE(Rompun, Blo]ld Zgloh& 1:1
2 Aol Az A wFHAE B FAH04~
0.6ml)3te] 317)E w133 & stereotaxic framed]
IQFAY FFRE WE T FF A Aofsia
g =EE AMESte] A¥TA] left lateral
/paravermal region(rostral border: bregma
10.0mm; medial border ; lateral 2.5mm)°l] 273
5mm¥ THE & ¥ A4 13mm9 plexiglas
guide tubeE E3] 12cm ZololA 20g9 &3-S
Hojrea] plexiglas guide tubeo] WAE FH7H
4mme] ol 43 EWHIA 4mm7tA] EoPlESE
AAE ZAE AHEste] oA HEGE ot
¥ &4 3T ANERE Bska shdetel(F9Al
°F) 0.03mg/100mgs FARIAL viA 21 F
:”‘6’7] 3ES Ya) 24x7F AE ARSAA] kA
Jak /K]—,?Jg-_;,]- 37 75k /\]—Iﬁ—ﬂ—o}] ul
AEE ST

AR H o] FH-& White9} F5AT2H2002)
o] AFo|A ALEH tilting plane apparatus®
At A&3HAt) 6lem=24cmx20cm®] WAL
o #EE Z1 8 Yol A HEn A -F -
- g g4 gge s 7jgo Fed|, FHvt v



n#Ad vy F3d7A g 71k =
HollA #8 FdL2 AHAA 1m Fold] HX=
2cmx5emx80cme] = $o HE &8 TIES
AL JAAY AA ke EHolt. 3 W
He YHEJ ZF Icm 749 WS 800m><100
cm 7|12 s RS FHOE Al ), F
o] Mgyt WS T XN F FH7F 22

2 A 9olA ‘Ff'ﬁ‘—-_r FoWuA ZHol gAY
W7 she Edolth. Z4zte] ™ Aleldle &
o& 208 ol FA AE FU 74 FHL 5
24 Hg3gon e 24470 FHE 79 5%
2833tk

.{

}ol
1:::]

3. =AISHN HAt

E3 4% paraformaldehyde® X*-leé%
% 4Rl HE FE3ck A9
4% paraformaldehyde® F13& *]Ziﬁ}. %11%
JE71E o83t XAE -30CE 7% W5z
o2 vlAd ¥E7E o83t 30m FAE WF A
He AZstdt

(1) |9 24384 gk
BDNF| W z#3}ehs od Fge B2
93t 30mm FAL Ao HAZZEHS A
ok WA At FAE 150022 543 5000
mouse polyclonal anti BDNF(Santa Cruse,
USA)9 0.003% Triton X-100¢} 0.02% normal
donkey serume 3 F G go} 2L
BHAA A2dA 244120 Bt vESAIATE dab
A g & HHS 0.01M PB(phospate buffer)
2 1084 33 Mg £ oJ& FAZ anti-mouse
IgG (Vector Lab., USA)¥} 0.03% Trion X-100,
0.02% normal donkey serume E33F {H9
90% Bt Ao ¥ ?"\Xiq oAl 0.01M PBZ
33l9] A AAHE AY F AR HFOZ PBST
(phosphate buffer saline Triton X-100)& 34
3t ABC-kit (Avidine-biotin peroxidase complex)
(Vector Lab., USA)Z 60%3F ¥k8-A171 3 0.01M
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PBZ 33 FA#HEe AXa, 7129 DABB33’
-Diaminobenzidine) £ 10%zF 24 Xgsich
0.0IM PBZ 1084 33], S/FF=2 1084 33

AR F 22 AeiRo] 497 Zejol= 9o &
ok,
@) &ol= A%}

HES AgRoE A3 EHlol=o] FHAIA
cresyl violet® 2 GA3E & 70%, 0%, 90%, 95%
o Z¥z+ 209l dipping 3o 100% I, 100% II
olgkgol] zZ}Z 183 284 29 B2 F 100%
xylen I, 100% xylen 1o Z+2t 108% AX &4
gk o]l& HEH A HAE 98| permanent
mounting mediag ©]&3ld B3Ik

4. XIEXzE| U 2M

HozAsty AAAes AX FHEL e E
Z BZS 93] CCDZM e Toshiba, Japan)7} %
2E 338804 (Olympus BX, Japan)2 AH&3}
i, CCD7Mvztet AFEIZ AZAA A8E A
%34, Yxesld AEE Image-pro plus ver
4.0 for window(Media Cyberetics, USA)Z &
B B S AlYEAh v UERd Al
E FE AAR] S8 93EAE AAEHY 99
HWHZ(0.3072mm?*) S Jehd AE FE A
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m &
1. 2|=8l(lateral nucleus)0ijA{2| BDNF2| &5

23]9)89] left lateral/paravermal region(rostral
border: bregma 10.0mm; medial border; lateral
25mm)o] 914 Heate Qo) F 24x7 Fol
AT vETe A5, AF9e] ALAe] Fo W
37t SE=EReH, A9 ] A7 BDNF



Fig 1. Expression of BDNF at lateral nucleus areas in Control group I(A) and Experimental group II(B). BDNF

labeling was predominantly distributed in lateral
arrows). (x200)

o] YehdA] ekt oA &M & /e S
& F BF ST AT [T 459 9
=3 gogolx BDNF H5}sHa wkgAle] A}
o9 WAY 642171707 FEEYL. A 5
% 19 35 78 3HEL FLS 7S 99 o
A ¥ 12.28+1.797)7} #@A=UcHFig. 1). BDNF

I A A 77 IrelA Zole Btktable 1).
9=doA IF, I ol BDNF 2& AE5d)
g t-testE AAS 2 KIS A7t AT
(p<.05, Table 2).

Table 1. The expression of BDNF in each group

nucleus of proprioceptive sensory input group(B,

2. 2710 M=ZS(purkinje cell layer)oi| A2
MZSEf2} BDNFS| &t&d

0

Tad M EZ0)Ae BDNFo| g g3}
2 whg-o] AxjollM tlEF-e BDNFE #Hdo]

ERA] edorar, AlE Hele] wsirh #EEATh

HH F& T AF AEFAA AT 179 &
= F271¢ AEZ)4 BDNF HH3sH vk
o Ax ) W3 g 357097707 EEAFATk
A & 1Y FHE ¥ FAL LS IFe
@9l |AT 6144134707 EAHA e AZA7}

KR

L

control group group 1 group II
Lateral nucleus - + T+t
Purkinje cell - + T+
Superior vestibular nucleus - + T+t
Pontine nucleus - + T

group I : inactive, group II : balance training

Table 2. Comparison of BDNF expression Between Group | and Group Il

area group Mean + SD t
lateral nucleus I =7 6.42+1.71 12.28+1.79 ~6.228+
I (n=7)
I (=7) 357+0.97 4,094+
purkinje cell layer ~ 6.14+1.34 ’
I (n=7)
I (=7 8.14+2.26 7 495
superior vestibular nucleus ~ 17.14+2.26 ’
I (n=7)
- 3.14%1.06
tin nucleus I n=7) 6.00+1.41 ~4.264x
ponti 1 (n=7) 001,

* p < 0.05
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Fig 2. Expression of BDNF at cerebellar purkinje cells i

n Control group I(A) and Experimental group Hi(B).

Sensory intervention-dependent BDNF upregulation was significantly observed in experimental group ]

purkinje cells (B, arrows). (x200)

g5l FEEHFig. 2). BDNF &8 Jx 94|
129 oA xpol& BtKtable 1). I3, I
bl F=70d) AEZolA BDNF @ AEo
et t-testS AAZ AR Fof3 Zolrt AT
(p<.05, Table 2).

3. A& 8i(superior vestibular nucleus)ol A
o| M= EEH2} BDNFe| &l

FAR A A2l BDNFo| tigh Hslsha whg-
o] AneA] 2T 41704 BDNFO] &l
VEh A @ka AEAY e st R
2y &4 8 Fe T ORFE ASFAA AT
Fo] BDNF #W3sisha whgAde] 27 o9 w3
2 814+2.267F HAHAUT, 4HH F= 19 FH
H 78 $4< F83 I3 @9 W3 3 1714
226717} H&A=EYHFig 3). BDNF #d AT
A 127 IFolA FolE BEHcktable 1). 33

Fig 3. Expression of BDNF at superior vestibular nucleus in Control group (A) and Experimental group I(B).

AN iz IF, I 2l B
F5o) t-testE AAT A} Fofst
(p<.05, Table 2)

DNF &3 Al
Ao] 7k AT

4. mk|s(pontine nucleus)OiA{2] M= SHEH2}
BDNF2e| &t&d

s8] Ae] BDNFo| e Bejaisrsl wg
AnolN dEPe =99 473944 BDNFe]

uhE o] Yehx] okm A o] Wit 9
3tk HA & F EFE ARRFA AR T
o] BDNF ®W81814 whg4de] 2 @)

o 3.14+1.77/07F 2EFP T, 933

HE 78 38 S FES A8
HAY 6,00+1.41707F L@ AHFig. 4). BDNF
Wy Ax 9A] 177 HEolA 2elE BArHtable
1). ¥ 3AolA thxFy I, I+ 1ol BDNF &
& NE et t-testE AT A FoAF 2}

Experimental group ll-rats, that were exercised for 7 days, shows a significant correlation between
sensory intervention and BDNF expression(B, arrows). (X200)

56



Fig 4. Expression of BDNF at pontin nucleus
intervention resulted in qualitative increase of BDNF expression(B, arrows). (x200)

o7} UATHP<.05, Table 2)

v. 11 &t

Allen¥} Chase(2001)9] A7olA A" ¥3}
93} 2 d(weight drop model)S W3l IS
doz o HESS 4ol T oA He
del lEo| ufAAT AR €S Hd n
¢tel #8 F¥o] BDNF 2o v]xe= 932 &
olwy] 98 AFsATE ade g4 HENE
7] A Fojoln, &y &4 Al EXSA 17t
2 A7 £3o] FEEJAA o2 A3 7

¥} Hel AlA ofF ol 7153} == E(Fukuda
% 1996; Mautes &, 1996) & Ao 44
HEAS Aaxd A8 oz dogch FH Ade
F& F 78 FEE FLS 7] T AF
A Exe FAE WA & [¥ET BDNF &3
At 33 FENESFE BUTH

FE 24ATE Fol| &F BETFH HAE AAE
A}, a¥Ed 57 A A, Az, Bk
Baal FEAALTY 4Y £48 RIS F A4
oA 30cm Eololl AX" 2cmx2cmx150cme]
T 9o 8 FHE ks W 20 oY &
& fAS AWM BHejo] 7bsd HE A
sto] A7 LEWE AR 2 o el BA
7 folio] gle 871 &4 ATt Hiss
MAE + w8k

ARG gaplglel] o] 797k AT A
Azt AFL 9% TAE AH83 312 BDNF7F
&4 2719 go)] wddte M A

in Control group I(A) and Experimental group II(B). Sensory
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ole APAT ARE =RES Al shd &
TS A8 4%, 69 AFANTH 25705
Srg S7PF YERthe B3 22 she
AstHAllen 5, 2000; Anna 5, 2002).

™ o xo

HhE R = O3t 252 83414 (angiogenesis)
< do7 AR A3 A-F AW (synaptogenesis) &

x| gethe A3y Had o3 15732
I AFAAE gFEA ASst JEE F U=
& A Ay F4, 499 FH L 9 78 &4
o B #¥ FHE 74E 3 HAmna F,
2002; Churchill &, 2002; Kleim &, 2002).

e FAe A kAR IIwre] i3+
AR dEE Jg dPFES Ue T AF
2t meElg Fa olsdte Y dWEH o =
EY2E [oME s H&3) 7] 93f 3t
F oF 158 AR WEHE AFIAT

o A £ 24N7E Foll FAGE tET Y
ZAAZE B AxEERE ojUg}l wxe] AAME
M= MzFe WHslr} dojxton BDNFS
< UEhA etk

AR &M &4 N F, E45 M9 v
9] 4y JZAYE vwg A HEqAz A
X gob FaAE Aol JAAT BDNFS 2
go] #AFAL ol& diaschisisZ2 AW F 3
a1, diaschisis®t 9] 3 Folx dojd &Fo
2 Q3 ¥ tE AAY Ue ddel &l

TEEI o2 JIF JeNE s AL ¢
3, ole W2 54 dooxe] HE:gez <
3 A7trdem Aol dojue A FA
OE 98] &4 FHelM A7 Aol dojd F



Aok Ae SEa 4% 94, a7
A BA9] §AA wEo] &4 S8t ol)g}t vy
Zo] WipoM= o] BuErkJoyal et al, 2001;
Risedal &, 2002; Zappoli, R. &, 2002).

2x9] ARG MeFoz EFATIAY 4
AR gdg AR F EEs F£F FE

(morris water maze)E /‘]‘9‘3}04 A A7 9
o] &Ato] Aol Avlzle] §Ro| wE Tzh

AAPE g 5 s A 2 4l o
2 2% ¥ mXe 939 &5 ¥ey I
@-ﬂ(oﬁentation)ql B3 FIge JEFoEH A
R 7)5g BEske A4FEC] A (Joyal

5, 2001 Joyal %, 1996). AEH o= w4
I AgbEQl ARl &S Ut A, d¥FG
Hye] 75 &40 FFHUL FTAY A1AH
Q1 Anlg] glo] EXEAHE Fople TEE Ha
B dtore o] €53l BDNF9
%%Q?iq(Flg 1). ©]2|3 BDNFe| &3
g 3ES Ui F gleH, &
Fa7lo MEe} HphH=E,
guidz gSWIHoZRE 4 4y FR
WolSols AFARHY AMYOE AlgEHI, ©]

Gl
ARZ AT HPoz RUYFoTH FIFY

e

o

JE r°(' mlm mlo

B3 %5 7l sed 87 s &¥9ddd
271d MZo] gk HPidfr(parallel fiber)
°17§-4 FE TV RuHdE, &
"\34—4 Fdg HARA FEZA ARt 3
’d-f-(parallel fiber)9Fe] A7AHe] S7PF B
3 FHYcHAnna 5, 2002; Giaquinta %, 1998;
Kleim %, 1998; Klintsova %, 2000). m“ﬂ@%“:
HPEF Axe] F2o] o3 FAEo] F274
Azel FdEver Aoz vhi o] Rl 4
E7]) 7}A(dendritic spine)$} AIHAE o]ETH 9]
Qe wAol 1996). ¥ ATolME O] F=271
o MXEolx BDNFe] o] #AEUcHFig. 2).
o]l8]dt BDNFY 232 F=3ld AE 715 3
B oud 4= Qlu, M FEEVIe FE2704
Axe] A APFAEE vt HPE AFENA
Y Y Aot dFe ZFUE YujEleE AL
2 Als"ch

o) Hde] AR HEFE Yo Matthew

(>~
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(1998)59] A7elA die 2de] &4 £8 7]
X @& Ay AR &7 4] AR
HAJo] FAF AL AFAELS olgt WAde] u
o x9] anterograde transsynaptic mechanism
oY} Ao zHE]S]  retrograde transynaptic
extension® 2 Q1% WAo] ozt tix A &
< F7] 98] $4e 71 W, 2 FZ0] Hely
o] AWy} Ruglozy FHabe] &3 4 99
Ae] #4E o ot wAgolgta AEsiAth 2
ATFAME HFAQN 38 A FRAT &
w9} AAEH AZE dta e wHe I A
A7 wxse] 217 UolA] BDNF] Hdo] &z
HAtKFig. 3). 44 I AA A-i(primary
vestibular fiber)$} 4¢] Elef2d(flocculonodular
lobe)ollX] FAERE wor YAdRE 529
221738 (trochlear nucleus) % @& B4l
74 (oculomotor nucleus)¥ WEEH(MLF)S &
3 AZdxo] YriBarmack %, 2003). nHH&
g mdeAx FAERE ol A¥TEdE HeEs|
FE 9% ZA(relay nucled) 2E2 YAEH O
Fito] vhjg oz malsle] AMudR Solvt 2
H(nodulus)E A3 2T dY AL o
, TAl APES B3 diEedE s o
WHA@*EH@?—ZD—H— 1d-ti=9d sz 34
g} o] FEe A" 8§ 5 FAT W, di
7h axo] AFEo] e A I8 BEY AdH
of Uigt HEE 2731A olg &M uixzA
2 BYFE 7Is S AAEHL Joh o)He
ARE B txgde 5 s A (motor
plan)< 3tx, AFe] w} I =Z(pyramidal
tract)E B3 5% A Hi, 5] AR
HH aMdAs 55 3t ' I5olA Eof
2+ H49 AR (feedback information)E 2
HZE 53 ol A& AgE U= APy ¢
=5 wgs FE 9% grha grioldd
7ol 1996; Ghilardi 5, 2000; Solowska %,
2002). olgigt 71%E 3he AT m A
OﬂA] ol 4 BDNFO] o] #E5Ack(Fig. 3,
AR wesoxe] BDNFe| &3
7-}7431} A2 d=s -?‘]55} i‘ﬁé
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dego] mE 9 d- w8 -4x- AP 9
3|29 ARgoZ 13 Aol FXHAL Aolgkn
Alg 9t

£ ATdA A weo)xe] BDNFS]
&L stereotaxic plated] FE 1AL TS
71E #ZA 2" FAE WollA Lol
7¥A 3L o] FA o3l ¥ 7|A] FAE
7t RYglogx ol E4o] FrdEIUA,
Ho] &9 388 ©] F3IAAH BDNE7ZF
tda 7188 § Stk ol &4 24Xz
1gey weEs A A7 AE FH
a7l el ke AH(Fig. 3, 493 59
st ATolA QIF A A
~49
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mechanism®|u} retrograde transsynaptic extension
o2 s AEAY] WAolgae BY] oHi &
¥ &4 Al 7BBIR F40] wHE Ho|EaL ofzd
goll Al A7k ©gk 3502 BDNF7L
HE AoE FAETKAllen 5, 2000; Matthew
1998). ©]&= Kleim 5(1998)¢] A7elA A&
‘54 5 a7l o3 At WskE 5 Aoy
L} oju]7} AdEgtial AZE
ZHA9F Bage T 7EA] gdlolA xZstE e
A WAe 1HA9E S A3AAe 49 2A
ste] o ZFo] WA FEHT AUA ] g AE
I A& gk 2Asto|n, F WAl 17
I AR T dERadEed 24 tE
Aol HeEE F Je TS A%t xFsglont
(Allum 5, 1998). 2#¥EE 48 Ho| Fo
ol 77t UL &£4E HE ASsia 43
A A7 AA #AF Ho|).
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Zxol| A A7 QIARl
723, oA wddE AAIYH
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