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The Effect of Ultrasound Iradiation on the Neural Cell Adhesion
Molecules(NCAM) Expression in Rat Spinal Cord after the Sciatic
Nerve Crush Injury

Hyun-Ae Kim, PT, MS; Jong-Man Han, PT, PhD'

Department of Physical Therapy, Dong-Daegu Orthepedic Clinics; 'Department of Anatomy, School of Medicine,
Kyungsang University

Purpose: This study aimed to compare the effect on nerve regeneration of ultrasound irradiation in rats
with peripheral nerve injury. Methods: To investigate alterations of the NCAM immunoreactivity in
non-crushed part and crushed part of the spinal cord, the unilateral sciatic nerve of the rats were crushed.
The expression of NCAM was used as the marked of peripheral nerve regeneration, and also plays an
important role in developing nerve system. Experimental animals were sacrificed by perfusion fixation at
post-injury 1, 3, 7, 14 days after ultrasound irradiation. The pulsed US was applied at a frequency of
IMHz and a spatial average-temporal average Intensity of 0.5W/of(20% pulse ratio) for 1 mins. The Luxol
fast blue-cresyl violet stain were also done to observe the morphological changes. Results: Alteration of
NCAM immunoreactivity in the crushed part and the non-crushed part of lower lumbar spinal cord were
observed. NCAM-immunoreactivity cells were some increased in the dorsal horn lamina I, II and cell
ventral horn at 1 day after unilateral sciatic nerve injury. However, there was not significant difference in
the relationship between crushed part and non-crushed part. NCAM-inmmunoreactivity was remarkably
increased at 3 days after unilateral sciatic nerve injuryin the gray matter and white matter.
NCAM-immunoreactivity was increased in the ventral horn and post horn of experimental crushed part.
Also, NCAM-immunoreactivity in large motor neutons in ventral homns lamina VI, IX werte increased at 7
days after unilateral sciatic nerve injury. At 14 days after sciatic nerve crushed injury, there was no
significant difference. All group were decreased for 14 days. In the time coutse of NCAM expression, all
groups showed a significant difference at 3day groups(p<0.03). Whereas, CC group was noted a significant
difference between 3day and 7 day group respectively. In NCAM expression, there were significantly
increased in all group. In the relationship between CNC group and ENC group, significant difference was
detected among 3, 7, 14 day group(p<0.05). The difference between CC group and ENC group were noted
in all groups(p<0.05), Conclusion; It is consequently suggested that the effects of the ultrasound
irradiation may increase the NCAM immunoreactive neurons and glial cell in the spinal cord after
unilateral sciatic nerve crushed injury. Therefore, the increased NCAM immunoreactivity in the spinal cord
may reflect the neuronal damage and healing process induced by a ultrasound irradiation after peripheral

nerve injury in rat. (J Kor Soc Phys Ther 2007;19(2):41-55)
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et W (Hama 5, 1994) To] I o5
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3k Woolf =(1990)3} Schreyer$} Skene(1991)2 3
FAZR E4 A ABAEF A #HCAP-43
(growth-associated protein-43)0] Z7}E o] Z2t9]
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(Fercakova, 2001). ®£3, 2 Ad F 49 Al
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F &4 FEsdah 4 4858 dad F
93 A% S4EDE HE37] At XY
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(4% paraformaldehyde)3 % &<=(dehydration),

; 29Ut 879 Z2AA dFeA T H5Y Neural Cell Adhesion Moleculese] g o

A (cleaning) 59 YA AZ HA w} A
AEta, 2F  AHAHEE 9 A E Y 7] (microtome,
BRIGHT 5040)& AM4-31A4 %7 25m2 BYF5ET
Atk ¥ HAgE I &Fol=F AR
A, 40T ZAZ7)(CSLS, Chang Shin Scientific
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o
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ol AwrEQl FREC] sl Annsl A8 B
Aol 4R BRL ANk

) BENZ UH 24 1Y BH Fo 2 2
B NCAM %3 st Hm
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AETH AL 2EHFAE 3
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F AtelE BolA ggon] BAdd Ay
o HorE FNLLEES SALEOE
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A%

o

X

e i
(o=
e

..;_\9,(‘10
_u[lﬂ.£

oh
fo X 2 M

e
38

lamina

(2) &8 & (crushed part)
A4ET FoT 93 Zole ginon ¥
lat. funiculuso] oF3t UL (H)E& BPon A

eEe Az esx 198 A2E 2000d 48

73 AEXE7M LTEE BAT F49 |
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X2 FA5e Axe
Bt (Table 1).

2) HINUFY uH &
W NCAM9 %”ﬂm”ﬂ ]2

(1) HAE (no-crushed part)

AY 3YgTAME B4F 849 NCAMY ©
q g2 WA 3w ZRoN A wd
HAaed, A4S WA (white matter)d] ]S
(dorsolateral funiculus)of A 7+3F WIuFS(+++
S 341 E = (ventromedial funiculus)3} H-2]=
(ventrolateral funiculus) | e YEE FARR
(+4+)& Eon dFd A6 Zn T2 2aY
NCAM-—] d8e & 4 3k

3 d gray matter) A= £ wiF dn
Rexed laminia 1&] W3, &9 4w A9} 1
FHoA AR E o ZFSA (+++) TEHA. I,
VelMe ofstAl ZEHAUTH(+). £F lamina VI
) F7 9129 2R UHOE ok (++4)
HHY AN, lamina VI, X9 GSE A7 A ELej A
AR H oz A (+++) FdH U

3Y izwY A4S aFdqME 39 YzrE9
E£4E533 A TR EYed, JAA A
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(Table 1).
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=3+ v = (dorsomedial funiculus)&] gracilis
oA FE5xo HIRRS(++)& £ F AU
23 A e T2 lamina I, I, I AZF]
FdolA 281 A9 lamian VIZ AA M7
AXAe 44n AT o831 B4 AE F9
AqA =21 FRZF T2 2 e o A
(+4++) FE JFL HYon AFo QAN
ALE BEFE + UAT

AA Ao FzROe g RENAH FHo
Z719 AL Setdez FEE 4 YA 3
d hzF9 £43& 49 NCAMY ¥ ihg
e AF 34T AR 2 AEE EdcH,
3udn W AAd AT WA WS
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2% 2HEH+4H)E E F AJT

Ao e APT RS W FH
lamina 13 Y=z FRA ALHYI Fek
(++)9 2EE RYT FARFRTOE JFFE
9) lamina X9 AXNAE 22)3 lamina VI F¥
M FTE (++)9 HEAFTE 2, BE
Bo| o] €& ¢dE& HoFrh(Table 1).
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()& 2Yed #& 4347 4
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A% 197NN £4% B NCAMS) 2

FEE WS AE2H FAD FF2A 2
L (++) & iﬁolﬂ i]”“%_l*)ﬂ/ﬂ“ lamina [,

An AEAA 3P T8 WS
9 ABAZENH FTZ(+HY VY WEE
Bnon FHgZd HMe @AY F7tE ¥
2 Byt E3] lamina VI X&) SARBALE
o Ada HEe] 794 4%.}5]5’\1‘:}

4 g2 E ST FAS S B
Rew lamina I, Mol &F3}A (+) W53 ]’9&-—17— A
ZRBAMT AA FHAA ‘3}‘3}7‘“(‘*‘) e S
o WA dde FaE HHAHTable 1).

=
et
™
o?.:

4 HINY o4F 24 MU BHX £ 4 2
B NCAMS| ¥aigtito] H[2

(1) AR (no-crushed part)

149 AT 149 AFAFe] NCAM &d %
AL BRHE 9, T ZFAAN AY MY
S (£) € HolAY SANI()E BIeH, ¥
7}+o] lamina M9 W& A7 4173 AEAA
28n AT NEL AFEVAA FEHATY
(Table 1).

(2) &M&E (crushed part)

Hyas 58 FAE HolAT £ 4
Au AXE #AE £ g%, 4R d7d
A o ol wEHUN, HE vlefsAU(=)
st FA W (H)E o £ & UUTHTable 1).

Table 1. The expression of NCAM after ultrasound
irradiation in rat crushed injury sciatic nerve

Experimental Group  Control Group

NCP CP NCP CP

1 day +, = + +,- = ,+

3day  +++  ++++ +: T4+t

7 day + ++ + +

14day =,- +, * + + -
Control : sham sonication group

Experimental Group : ultrasound irradiation group
NCP : No-Crushed Part
CP : Crushed Part
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2. 2t 29| 7|zZtol MHE NCAMS| &8 W3

29 A F 19, 39, 7Y, 4Yo] BHT
ANAHAA 2 18d9 NCAMe HY Fgurs$
HQ) Aol £& 4o Figure 10 7]E3Ht}.

A7 1L, 7, LT TolE BEF FoT W
B3 (p<0.05) (Figure 2), ENC &+ HA] 3¥TolA
BE F 7o) fel8 WEE BcHp<005) (Figured).
CCRAME 1978 14dT o] 9498 ¢4
& & dx YHAdME 2% FolsA e
WY oh(p<0.05) (Figure 4). CNCZME 3ATNA
BEE T ol froAol AA e THp<0.05)
(Figure 5).

— 800 -

£ 800 ——EC
‘2 400 - wi ENC
5 g —4-CC
g 2007 -»-CNC
g o -#ETT .

& 7day  14day  fime

1day 3day

Figure 1. The time course of NCAM expression.

A:m:m
[
2z
2
-y
9
0
]
g
o
- m
1days Sdays Tdays 14days
fime

Figure 2. One-way ANOVA of NCAM
immunoreactivity of spinal cord at EC

part.

HaEeste) 4197 ALz 20074 44

2888

expression{pixets)
= =
o=

&

o

1day 3day Tday 14day

Figure 3. One-way ANOVA of NCAM

immunoreactivity of spinal cord at ENC

part.

120 7

exprassion{pixels)

time

Figure 4. One-way ANOVA of NCAM
immunoreactivity of spinal cord at CC

part.

expression{pixeis)

time

Figure 5. One-way ANOVA of NCAM
immunoreactivity of spinal cord at CNC

part.
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A8 9 19 : 297} FH FETAA ¢FHEA T Hu Neural Cell Adhesion Molecules®] &
2 a
[¢]

3. &4 50 M2 F O8Z9 HR CCZ# ECEZY f94E& AARNE 23, 3
dFol g 9% Aol Hied, CCleT3
&4 #%d ga ur 2gd Qo] Ay EC 14T E FAHLE FYF Aojg Ho)
NCAMS waokd s doldy] s Zdgk A GA2(p>005 CC 34T} ECIUT Afold]
t-testE AAEET HAH CNCY ENC 2§79 = FAZHoE  #o3  AolE  EHAH
SR e A2 By, 197S AYY FE T (p<0.05) (Figure 6-2). CC 7473 EC 7¢dT 18
Ad S8 o2 BEEW, ONC 197y I CC ULdTH EC 4T e FAFAHLE
ENC 19% Aloloe BATHoZ #23 xlo] F93 #ol3 Holx GTHp>005). T3 HEH
7} gl1.e. 9 (p>0.05), CNC 3g#3} ENC 3¢ & T, 2T o &4 F9E NCAMS #d ¢
Zto)= ENC 304 EAFCZ §9% 2715 B & vimsjE Az CNCe} CCo RE AJZA
A tHp<0.05). T3 CNC 7977 ENC 7¢ Apol F9 % Zo|7t Vbt thp<0.05) (Figure 6-3). 12|
dx FAFHezZ {FIT Aol HPYoH 1 ENC8} ECAAE 3478 74w 5A %
(p<0.05), CNC 14973 ENC 148 #H= & Hog foYg¥ Aolg HUth(p<0.05)(Figure

9]4-g KB Grhp<0.05) Figure 6-1). 6-4).
- 30 _
T %0 2 -
% x &0
X0 4 b3
-g» o ~-CNC 2 %
2 2 ’
§ 0 ~@-ENC § g
g ® 9 w0
@ g " @ 6 . v ) - )
tday Xy Ty aday time 1day Yoy Tday Viday time
1) CNC and ENC groups 2) CC and EC groups
; U : 45
7 0 2
g 07 % :
Z o8 4 ‘a ?13
2 ] —-cNC  E R ~+—ENC
B 19 - CC 20 - EC
2 W o A0
g g 2 1
@ - . time b Qo . ’ time
12y day Tday ey tdday day Tday taday
3} CNC and CC groups 4) ENC and EC groups
Figure 6. The comparison with NCAM expression between groups. (*: p<0.05)
P
V. B & A AReE, el AMelN 71 e Alg

He WS FEA% FFAHA(Yuko F, 2001),
A7 ¢ 42 AE AAE olEsUE [

A 3 ARANE Hrsky) Y J1EH, A
dgAdo]l w2 Aoz ¢HA Jom(Koning F,
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1986) o] wj AAEAY Axe A% WHIgH
(endoneurial tube)®] d&EAHLE FAH WE
2ol &4 F4UBO YA AAE
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A3 A RZL 27 ABAANTY 2 I
2o urge] $IE AL Zae 2R
IE FEAAN S4TSR A2 o
g ARAZE AT &4 BATIEE &
% 3~ 404 Az A3 Ao A7 FEAL &4
oo 25 Y] Aud AF3A4AYE T 2
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o Hgsl $42 TRHE BAAZAD A8
ez LEAAATY ESPU 9F Az
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DxA70l EAHE He FHAUAZAL
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AYsietistE #& sk
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717F ol Ao FZhe] A% wigyl wAEHY
HAzrel A= A" &Aold Ang wgs}
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CGRP(calcitonin gene related peptide) % substance
Po} ko] #AE H1EYth Hama F(1994)&
N4 A7ed A NMDAS FRASAH 2 WY
44 37 whoz Asy B21F 4] o]
g Rolgtn F33H e NMDA &4 w3

B XN 23R A19E A2E 200739 49

Aeg g 2a5de) o4g FAsT
E9 2z A7 &4 Aole 4739 AFe] @
Aot BAt 47 4% AAESY BEE #

WA )=, AAFEFAAEE  NCAM(neuronal
cell adhension molecules)t} N-cardherin Fo] &
el EAFHojz A7 %A R} (neurotrophin) &
BDNF (brain-detived factot), NGF
(nerve growth factor), NT-3(neurotrophin-3), NT4/5
(neurotrophin 4/5) Fo] U}
NAZAS AN Aol Bojshe
tryosine kinease(trk) 4~&-Alo EAH o2 ZAJ
] (Barbacid &, 1991), uk A= NGF¢} Eo]A
7}A 3, ttk B BDNF % neurotrophin 4/53}
Eo|xog AFEY, ok CE neurotrophin 33}
At g8A Ut ol o] TRAUA &
Al ABA R Eojejox BRAE it
AES] F7171 HF WddMe nla A x4 4
FAE A FAo WA He, ABn
AEe dE:og I E7] ofu A E (oligodendricyte)
o A ARuA R &F3e 44n AXE 3
Ade e AAAY A7 FwHe] FRHA
=, I < glutaminF o] ABAE @ oAt
3 3”4?151 AF715E0] GFstA dTHEA
A7 A Aol AFe FoAol EAHI gloh
B NEe FFA3AFY AANGE, 473
AGEAY A}, ARATe] FIAA AF, &
AR ABHES o]F FEE AT A
3 E719 &4 B 3 QY B9 Malhort
5, 1990). AAdm MEe ¥ A Rde
GABA ¥ glatamate®] ZZHo| FH Aoz T3}
+ glutamate synthetaseS} AW HEXE7]9 T4
A E-0] GFAP(glial fibrillary acidc protein)o]tc}.
ARAEY Jrrg ZYste &M= B4
A EY F4 % Hdr dojuvn AIWY F3
Ae7t F78te wrgA AR TA ESF(reactive
astrocytosis) 0] FEE =] AAnAMEL] 7]de
daiA, AFAANEE dF Egde VIS vt
Al UE 18 AT AAZEAN &4 A AX
TEHFE B3 wEAH A4 ARV HH,
Takamiya $(1988)3 (O'Ccallaghan(1991)& Al7

neurotrophin

neurotrophin

o ok rio
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A E3 g9 3o
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F4zAN AAT MEI} oF8 Yrbe B3
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ATk
EF Covas(1988)S 4% %F AD A F
oA wmAE FHol fFEsHed, Z7|de
TN Fldqe AZA © 4Hstn A&HR
T77F vetdaz 23 dfo olAF olegt
HFS-A AW MIZS AlFe Ax U A X-4
B = AR o5 2 JF F

8 AR7 A Boste dEHY B4 A
AE HIFEA (NCAMH ALdE FIAIE

o, A9 e AREe AZA9) 22 3
FAN7R, &4 F AF A4 B Jl5HR
928 F2HTL 5HY UAEARL 34
A,

AZ AT HeHQ PHE NRZIE
NRd AT T2 BAd glo] 4 Bam
A Ao, YA HAY gpe oHT
AL AW 57 2 A slol A 28
g sQez At HFio JAde -\:1}5'
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WAy 5% AAHL N2 e 24 QA
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superfamily, Zr§ &3 MEXT Az A X
28 2% £ bondg A3 MEY o)F
£ ZA3+= cadherin family, A X7 222 AXE
8t cillagen 22 AE}7]d i Azie] RS
TYIL AR BFAHE =PIe
family, }R] 9.2 lymphocyte®} endothelialiumdml
o] F & ZASFIE selectin family2 hyo] Ao}

ARBZHAM HNEY HEE v HAX
A& H A} (cell adhension molecular, CAM)¥& 4173
A BAHAY F & NG ZE Al7o] 23
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r

integrin

287 3y A3 dHEA F Y Neural Cell Adhesion Molecules] 3 4

5= general CAM3} A A A|7¢] AFHE R
doA HHHE restricted CAMOE FEEHT
General CAME Ca++9&FH o2 ANEHIE v
/I8ke  N-cadherin®} r] o) &3 9]
NCAMo] lon], thF 23] restricted CAMO|E=
249 4% & ¥4 7195E AxCAM(Axon
Adse HAFL o=
3l Sac-CAM(sacchride-CAM)o] o3& Yt}
(Rutishauser2} Jessel, 1988).

NCAMS] &A1 75L& 197639 HLo g &
AR, 1 o2 HEH Aol HA 73
=]H A homophilic ligando]™, Ig superfamilyd] <
e WREAY BAE A9 HUH(Van Vactor,
1998; Rutishauser et al., 1976). NCAM<] A ¥ 93
BEL 5719 Ig modules®} 271 9] fibronectine type
Il homology region®2 F4 FAHo gith
(Edelman, 1986). Integral membrane glycoprotein2]
Y% NCAML 26 exonsZ FAE 74 ©uz
2 VSHE Pad Be OUHE AW vY =
2] I Eelo]=(single chain polypeptide) 2 o] F o] A
Rem sea 249 glol 7+ Solg A U
Fof thgF9] sialic acid2 FAE O Ao AAA
of EAste tR-&E4 NCAME AA|&te L-type
22 vy

¥, NCAME A3 Je B4 FA
uetA g2 o2 180kD, 140kD, 120kDE U
o} A m, NCAM-1802 HEA 9 FAE719 dH
A (synaptic spine)o] HYAjsl= AT ZZF vz
olth. AZA S TAFHANA NCAMLS 217 Hof
A Hz2 $EH D (Balak et al, 1987) AAME
gt AR TAEAXE A&Hoz FdHT A
Eo TAFAHNME TEF M TH] Auf
synaptogenesis®l] Tojdcin gelA  ArH(Covault
9} Sanes, 1986; Charlton 5, 2000).
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9] A¢e 129 Zol AU FrtH 1 o]F e
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T ¥HE Hut RE A¥E 79 BN
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dd e b7 AT

ol AYT W ol HEFANE FYUSH
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