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<Abstract>

This study was performed to investigate the effect of ultrasound irradiation on epidermal
growth factor(EGF) expression in rat wound tissue. Skin wounds were created below
5mm to both sides of scapular inferior angle. The right wound was used experimental
side and left was used control side. Ultrasound was irradiated pulse rate 20%, frequency
1MHz, intensity 05W/cm® for 5 minutes during 3days. After sonication during 3 days,
rats were sacrified. The expression of epidermal growth factor evaluated
immunohistochemistry on mouse anti-EGF. In the control side, a little expression of
EGF was observed at epidermis and dermis. In the experimental side, A strong
immunostaining was seen at epidermis and dermis.

This study suggests that ultrasound irradiation is effective on EGF expression in wound

tissue.

e 7%, 293}, 193 §A, A4 A, SolxAe] AT} & BPe AX
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Mg AA9A; transforming growth factor-p), EGF(E3)A4<1A}; epidermal growth
factor), FGF(AFEAME AAA}; fibroblast growth factor), IGF(Q&4d% A&z
insulin-like growth factor) 5°] ¢ ©®(Terranova, 1993; Lynch, 1991; Giannobile, 1996),
ol IFIHAFAZAAE AAATY Z7|d BEAAZFAR & A(epidermal growth factor
receptor; EGF-R)ol A%s) 849 €24 71UA(tyrosin kinase)E A A1 A AL 9
FA% Bag FANNE Aoz g8A dvh(Parkar 5, 2000; Cohen 5, 1982).
A A Fe BHhE FYX 8 HZNA LW F A FAS (high-voltage pulsed galvanic
stimulation; HVPGS)(Cruzz %, 1989), AZ4%= #°]A(Converse %, 2001; Simunovic %,
2000), 223 (Lowe %, 2001; Robert &, 1981), =& 3 (Kallistov, 2000; Korpan, 1994),
&7 M= =B A(Staley?} Richard, 1991; Burke &, 1998)5°] Al&H 31 glow :"EH
o 9M AZE HolAet FEE AT HlwF U] JYPHi e wd, 259
datet A A Fol B AFE vET ddoln, A Wald dig d+= ]-r°17<]
I oy BAYEEH FHoAe] A EI v FET mEA B AFE B
AAX 74 NWEHA AHEH T e NEET F9 U (Roebroeck T, 1998) &
|31, AARAFe 27 2 Bdo| Frtetd AFE FXse EFHAAZAAY] BE A4S
AHEFLZAN 2537t FAXHAFA vAE GEFE dolE A} et
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¢4 Sprague-SawleyA F(HAF 200~250g) 6721 & AJde=z e, 49 7]
tE B AEE FAGeR FFIFGU AASAE 25F 2512 T, F5E 6315 %=
AR, dAT 2x9} FF7] R GFVIE 12ANR FHEIAY.
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%<3 (Sonotens 501, DAEYANG MEDICAL CO, Korea) &A= #4F 4 3% 5 2
B AAgdeon, AFFL Fu4 IMHz, FAM}E 05W/er, W58 20%2 sto] 3% 13
587 H4stga, Avuvjd e 2238 A(Soung Heong Corp.)& AML3stgct tizz&



APTR g 2P0 283 AL AX geA HAgHAY 2o 4L 39
Agstgon, xes A8 ¥ Mg =H4e AA0h

3) 24 AW A%

Z7 AFE 259 AL 3¢9 F AFAF09% NaChet A1 (4% paraformaldehyde,
pH 74)& AAg & A¥TH gz 23& AFsdey, AFAS 223 dHx3 5
AALE 98 FAZ B¢ F14(4% paraformaldehyde, pH 7.4)& A A8t

FuA F z7 A9 AR @5, A9, s oo Ik AFaRA e ure} AAEH
e, v AA 7] (microtome, BRIGHT 5040)& Al-§3to] 10ime]l FA=Z 2l Azahd vl
4) Az A3}y

AZd 27 492 gdtdn d99 A4S AN F ADgE 200w H0: ImE 7L
3 wE L£A05% H0: in methanol)dl 302 B¢ FAFAA dAx FigaErs
(endogenous peroxidase)& A|A3IF Tt 13 A (mouse anti-EGF, 1:50, sigma), 23 A
(goat anti-mouse IgG, 1:25 sigma) ## ¥ Streptoavidin®} ABC(avidine-biotin
peroxidase complex) S Zrz} 6044 A 2o A A ] 8+ ot o]
DAB(3'5' ~diaminobenzidine)ol] 10#3F ¥t-8A71 o Cresyl violet acetate2 ©lZ< Y
g Ay AFE AX FEE0EY BEE 93 B AAGAT

el
T
=

m. 4 3}

1. 34 39 ¥ dzdA F94d3AAe] 23

BF A4 z2Ho d& =T AASY 3Yo] AFdE F 2F o EFHYLAR FA
o g WS AFEA FAHL e By AFF AR BRHJAT v s}
A cHFig. 1).

<Fig. 1> A little expression of EGF was observed at epidermis and dermis(x200).
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2238 H4 2% AFA FAIT Q& EAS A9F AANA
E4AAAe FAol e 2E BN BAHYTHFig. 2).

<Fig. 2> A strong immunostaining was seen at epidermis and dermis(x200).
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e A9 osmH ¥FS AFAL AZHAARE AQAIIE FLE 89F drtel
o =3 HER oy A & B e FRAAA £ #qA i HEA
gy ALY 7 AA4d dHF F9 vEn & 4 JdrHMceKinley F, 2002; Wellard,
2001). ol & Aoy ALE AEd}e WHoezR EIYXE =7V thEEA AHEH U
on, YA AFE Bo] o]Fojx 1 rt.

¢l = A 2 2} 2 (high-voltage pulsed galvanic stimulation; HVPGS)3 43 2] f-o &
AFNA Cruzz 5(1989)& =H A9 3/ R0 RFAFAFAFTS At Ao wE
$53 34X ¥99 AfolAEr TS 895, Mawson 5(1993) £d3 n3&
T3 A71AFel AR "F FUke AAY AFE FAsH, 53 1GAFHFAI(THV,
10Hz)& E 9 ZZ 9] oxygen tension levelsS A4 M2 FEANAZT st

Fxage AdE AFoA Korpan 5(1994)2 E719 Q345 7 d33d 455
293 E F94 37 GHz, 2= 1 W/ ez 308 59 4947 A43 d3 S99 34
Lo F oo o]F AA EW A7} oS #E3H A, Korpan 5(1995)< &

F ARE d&F2d9GE H Lt wE A8 &9 }951‘4.

2595 o83 dFoA Byl 5(1992)2 H Ao Edol 39 F<¢¢ ZS3(1MHz,
05W/cm®, W54 20%, H{AZF 52)8 A84s A3 ¥4 ¥ (mast cel)e] €3 go] F7}
stgom Fepde AFe] FrEs BASAL, 459 F AAY AV FATFE Sge
2% g3y, vlwAEE 9 (heparin), 3] 2EH7 (histamine), 4| 2 E d(serotonin)&
Bujsle, duade F9AHEe] o]F(migration)s AAHAIAN S FATE Rz LA
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AtHDyson &, 1968). T3 1993 Byl 52 279 Axd wE 4X X xS do}
298 LAE 2&H(15W/em®, 45, IMHz, 58)8 AZE 2&905W/em’, €85
7] 20%, IMHz, 5%)& #|A 9 A F oo HEeted vlus] & A, 233 2§ 54 F
gz 23y e o APHE So)=EAZEU(hydroxyproline)°] F & &
FolA Frtst oy ARE 27 TAA o B2 F7E BYow, 108 AHELdAME
SFol=ZANZEAR AX 7] BFAM ARZE 29 A KT HolE RYG. o
#ZA Byl 52 43 AQ 27lde a2} AZE 249 EFE HE4Y & dovH, 2F
ol 2&E ALY AL A= 2Surt k4 AFAH AA AH FXd o &7
2hal A kA ot

AZE dolAZ HZ PAdA ZA AFol Bo] AH&3 glom, Simoes F(2002)2
79 A7 6mme 33 F28d 1047nm 4 LS (neodymium) o)A E 1.0J/cm’2)
BER ZAS A3 AFLAM o wE AFE A3 3 Simunovic F(2000)2 74
ol 3zte] AA H o AE-UlL ¥ o] A (HeNe laser, 632.8nm)¢}t t}o] 2= # o] A (diode
laser, 904nm)& EBgA oz HE3td, do)A XNFE A A AR F9F F7HE 8
stgon FF A4S 7T 359 FHE Rl

A2 BHY ATFNA, Burke 5(1998)& HEAPANAN 4@ BAE 2AANE &
ZF 32 249 & ez =dAdd o] AL (whirpool)& dFol 2087+ HL3 Ay
=yAT L3 F(18%) Bt §o% MAS A en,  Juve Meeker(1998)= E 5

Fee we B3 G3US YRR AYTGIWT GRTEWE ol £ F 6A3to|
Ashe FRE YT AUGL AN FH A% $F Fao Gy ATFE sk
AASE Tl F A, 1587, 39 B¢ A4 sgen, 48 A ANS ASTAA 4
A Af woliel B3 FRAE o 348 BT & Ao, £& F ANLL
HgFon F4%, detd, ¥4 d& L B4 27 B9 Be Q¥ Urkn
Algrat ek

ol Zo] FA 3 &Ko} 24 AN AP EUAEH =T E o]_8F AT ECl Bl

oFol Ax glont, A ATFEL 4XY 27 WHE AWBozA =h9 FysH
We #ANUT & ATNME et WH moks A e 270 Axel 24
3 2otg 2AAE ENRAA AR Fa 2957 A ARl WAE 9%

HHZZ A= 43t (submaxillary gland), %3 (lacrimal gland), #7321 (thyroid gland),
AZ, A oA BEulEs BX%F 6kDaol @@ 2 (Van Setten 5, 1989, Ohashi &,
1989), #3te AHMEEY A LS £ (Cohen 5, 1963), 242 FAAMEY E£E& F
718t (Rhinwald 5, 1977), AEe F27 3& F3AIE= Aoz &34 YH(Parkar
%, 2000; Cohen %, 1982). £ AIX 9| o]F(migration)t B AH, W AR F
3 J8& 3=dl(Chicoine? Silbergeld, 1995), B4 ARAAE ol M X o|Fo =H
g 8-2 gt} (Margaret 5, 1998).
ojg1gt EIAZAATE FA A Fol "R FFL dolry] A% AFES AR,
5(1995)L #F e s o HFAE AAFEH 34 FEAA 71d 484 BHEF
AE =Xt 3FL #FE A ZIYHAAAE =X FAAA AA 279 F% 7
£ #ESH, A Lo E KT, R, aYAe A5 2 AN
7t8 Baustgo
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Eg 2(200D)2 8F Y FA FHA GaAlAs $H=A tho]= HolA R F 34 1000Hz,
#4 830nm, 10mW ZEZ 10823 1Y 138, 493 2A3 23, 39 o]Fo E3F3AA
& 7Hg A dentgol AAPgoz AAT #HolNrt A FE axHYE Budt
ool B A7 ZA fAR AFARA FH AFE T3 A 2R A= A
3t FskARE A AF g Simoes §(2002)7 Simunovic $(2000)0] F1g A A7) €]
HFae ABAA E o, dolArt AA 7] ZHAAAJRY] @S FUF ARLE A
O wWe A AFE BHdvgun 474 5 JS Ao}

B AFAME 2 7I10E F2 AAHY A271E SAHHRAS FRAT 2F90 27
A 2AUe B9340 FEE FUIAA LY, o]2 A Byl §(1992, 1993)9] |
A} vlRItR 2 QA AA A AR A & F Aoy A,

A9 B4 FA 2e9HE HEH EANGRAAY AL AME A% P 2L
2

20 g =dAT AAste 390 AAE F 23 e 294U
A FAc A dgHSS AEA INHT Ae B} AT RN BRHAAR

A, 25371 A3 =AUS BHAQRAA] 2d v 4TS LotrrIAs AF
S F2 F 347 259E HLE 2 MEA FEH e B9 JA9gF A
AlA EAAGFAA FA A FFE Bgutgo] FFHA

3 A A 2700 w@s AL F4% o) B BINYF
2 FANAT, ARHoZ AN AGE FANYE Aoz Azt



< 31 & &>

Buckley A, Davidson JM, Kamerath CD et al : Sustained release of epidermal growth
factor accelerates wound repair, Proc Natl Acad Sci U S A, 82(21):7340-7344, 1985.

Brown GL, Curtsinger L 3rd, Brightwell JR et al : Enhancement of epidermal
regeneration by biosynthetic epidermal growth factor, J Exp Med., 163(5):1319-1324,
1986.

Clark RAF, Henson PM : The molecular and cellular biology of wound repair. Plenum
Press, New York. 1988.

Giannobile WV : The potential role of growth and differentiation factors in periodontal
regeneration. J. Periodontol, 67, 543-553. 1996.

Lynch SE, De Castilla RG, Williams RC et al : The effect of short~-term application of
a combination of platelet derived and insulin-like growth factors on periodontal wound
healing. Periodontology, 62, 458-467, 1991.

Terranova VP : Biologically active factors in the treatment of periodontal disease,
Curr. Opin. Periodontol., 129-135, 1993

Parkar MH, Kuru H, Giouzeli M et al : Expression of growth-factor receptors in
normal and regenerating human periodontal cells, Archives of Oral Biology, 46, 275-284,
2001.

Cohen S, Ushiro H, Stoscheck C et al : A native 170,000 epidermal growth factor
receptor-kinase complex from shed plasma membrane vesicles. J Biol Chem. Feb
10;257(3):1523-1531. 1982.

Simunovic Z, Ivankovich AD, Depolo A : Wound healing of animal and human body
sport and traffic accident injuries using low-level laser therapy treatment: a randomized
clinical study of seventy-four patients with control group, J Clin Laser Med Surg.
Apr;18(2):67-73, 2000.

Converse GM 4th, Ries WR, Reinisch L : Comparison of wound healing using the
CO2 laser at 10.6 microm and 9.55 microm, Laryngoscope, 111(7):1231-1236, 2001.

Lowe AS, Walker MD, Cowan R et al : Therapeutic ultrasound and wound closure:
lack of healing effect on x-ray irradiated wounds in murine skin, Arch Phys Med
Rehabil. 82(11):1507-1511, 2001.

Robert C, Shamberger MD, Thomas L et al : The effect of ultrasonic and thermal
treatment on wound, Plastic and Reconstructive Surgery, 68(6):860-870, 1981.

Kallistov DB : Microwave therapy in gunshot and thermal injuries of soft tissues of
the extremities, Vestn Khir Im I I Grek, 159(5):35-38, 2000.

Korpan NN, Resch KL, Kokoschinegg : Continuous microwave enhances the healing
process of septic and aseptic wounds in rabbits, J Surg Res, 57(6):667-671, 1994.

Staley M, Richard R : Management of the acute burn wound: an overview, Adv
Wound Care, 10(2):39-44, 1997.

Burke DT, Ho CH, Saucier MA et al : Effects of hydrotherapy on pressure ulcer
healing, Am ] Phys Med Rehabil, 77(5):394-398, 1998.



Roebroeck ME, Dekker ], Oostendorp RAB : The use of therapeutic ultrasound in
physical therapy: practice patterns in Dutch primary health care, Physical Therapy,
78:470-478, 1998.

Cruz NI, Bayron FE, Suarez AJ : Accelerated healing of full-thickness burns by the
use of high-voltage pulsed galvanic stimulation in the pig, Ann Plst Surg, 23(1):49-55,
1989.

Mawson AR, Siddiqui FH, Biundo ]J] : Enhancing host resistance to pressure ulcers: a
new approach to prevention, Pre Med, 22(3):433-450, 1993.

Korpan NN, Resch KL, Kokoschinegg P : Continuous microwave enhances the healing
process of septic and aseptic wounds in rabbits, J Surg Res, 57(6):667-671, 1994,

Dyson M, Pond ]B, Joseph J, Warwick R : The stimulation of tissue regeneration by
means of ultrasound. Clin Sci, 35:273-285, 1968.

Byl NN, McKenzie AL, West JM et al : Low-dose untrasound effects on wound
healing: a controlled study with Yucatan pigs. Arch Phys Med Rehabil, 73(7):656-664,
1992.

Byl NN, McKenzie A, Wong T et al : Incisional wound healing: a controlled study of
low and high dose ultrasound. J Orthop Sports.Phys Ther, 19(5):619-628, 1993.

Simoes RM, Teixeira D, Maldonado EP et al : Effects of 1047-nm neodymium laser
radiation on skin wound healing. J Clin Laser Med Surg, 20(1):37-40, 2002.

Simunovic Z, Ivankovich AD, Depolo A : Wound healing of animal and human body
sport and traffic accident injuries using low-level laser therapy treatment: a randomized
clinical study of seventy—four patients with control group. J Clin Laser Med Surg,
18(2):67-73, 2000.

Burke DT, Ho CH, Saucier MA et al : Effects of hydrotherapy on pressure ulcer
healing. Am ] Phys Med Rehabil, 77(5):394-398, 1998.

Van Setten GB, Viinikka L, Tervo T et al : Epidermal growth factor is a constant
component of normal human tear fluid. Graefe’s Arch Exp Ophthalmol, 227:184-187,
1989.

Ohashi Y, Motokura M, Kinoshita Y et al : Presence of epidermal growth factor in
human tears. Invest Ophthalmol Vis Sci, 30:1879-1882, 1989,

Cohen S, Elliett GA : The stimulation of epidermal keratinization by a protein isolated
from the submaxillary gland of the mouse. J Invest Dermatol, 40:1-5, 1963.

Rhinwald JG, Green H : Epidermal growth factor and the multiplication of cultured
human keratinocytes. Nature, 265:421-424, 1977.

WA AxE, oFS 5 EUAZAAY FAAG de xI e RFeHA,
33(1):76-78, 1995.

AEE : GaAlAs #olA ZAE 87 FAEAY FHAEALZAA LI} FFo WA
T 9% AAEAAT=E. 2001

McKinley WO, Gittler MS, Kirshblum SC et al : Spinal cord injury medicine. 2.
Medical complications after spinal cord injury: Identification and management. Arch Phys
Med Rehabil, 83(3 Suppl 1):S58-64, 2002.



Wellard SJ : An Australian experience of managing pressure ulcers in persons with
SCIL SCI Nurs, 18(1):11-17, 2001.

Ware MF, Wells A, Lauffenburger DA '@ Epidermal growth factor alters fibroblast
migration speed and directional persistence reciprocally and in a matrix-dependent
manner. Journal of Cell Science, 111:2423-2432, 1998.

Chicoine MR, Silbergeld DL : The in vitro motility of human gliomass increases with
increasing grade of malignancy. Cancer, 75:290-299, 1995.



