X|DHE 30X =AI} b
o4 5t0]

CHEHR|ZHRZE813IX] : Vol. 22, No. 2, 1997

o™ - Dl

£ X 2ol A3 olel, A&Y ol FYE}
A, Fo}8tA L7 Ao Y3 B2 A7) o] F
I.N 2 o] gton, Az A{HEH A9 4 7“%—4
I. &eifis 3 2 EHoz Algsm gk 11%3 8 o] A F-F-ol
. &8N £ He-Ne (Helium-Neon, 3% 632.8nm, soft
V. &2 % 70t laser, 5mmiF) oA HYM Ga-As
V.2 g (Gallium-Arsenide, %% 904nm, medium laser,

& 0= 35-40mm3 %) ol A7} Aot
Aex= X &9 #o|A e 2gr]Hel vista], Pilikin”
ARG S A48 < ZAY i o3 dadeE %z,
Hansen”& AE3Hoz 2AE A
I.M B B3l Gote} stdon, Kubasova®s A
el gz o]&olFE EIAIe 3},
#ol A& 19608 Maiman'o] g4 =wAA Bosatra" &= AF AUl cytochrome oxidaseE &
< B9 ERBosRY a2 wAsa, T ARA 7P GE0R Olson” e AX i

% 1965u1 McGuff? £o] 128 #o|A
£ AHgEld Hgoz ot ¢
EH »42 AFF oM e FH st AL 54
lew, 2 QA &3 424 BY oy
AzA Agds $451 Ut HolAE o
Z3d g d W duUx7l & AgEoe] =
HAE NN 5 24 FHYR
AEAE Adsle ade} 53
RIAA FAxH o] R&AQ W
37} U
1971 Mester] o8] 422 do|4 2 A4

-LL!

519

E34 Z cytochrome aZ B8 A X9 Q2
of e B3heta 4oz Lam”e "}“‘“E}*éﬂl
g F3iety 8oz Albergel”& RNAY
A4 Q2802 183 Goldman''e DNAd)
g FEAge2 Baug v glov #A7A
T 1 713e 938 waAA ¥3 .
HEH HolAE <l8¥ A=, Dysont
Young,"” Mester 5, Palmieri®} Vecchiati*®
% Kana 57 $E4YE Sdta] 4 Ho
02 & G ths) Bag vk la, AAAE

o]x)E 9ake] #a) Nissan 5% 2 Rochkind



579 B3go] glck Y@ue] AMe] nlHE
ol @A = White S 2 Godlewski 5
o] B3t glev, Alge] g@doly 7 4 F
299 E%& #3Ag7dE  Hansson™
Hansen¥ Thoroe,S) Walker”' ¥ Zakariasen}
Dederich §%'9] ®.37} i}, g4, Algehi 4
o2 BHAZAEE 0|23 Bassleer 5
o] B3zt glon, 51 HHEA T vl o
gl thted Balboni 5, Tocco §,2 Lam
Pol B} 9, &ZIHH FAl OAL ‘3—1 o A A
of MlA& o] BafAE Mester 5, White
=1 Godlewski $%'¢] Bug0) Qu}. o)
Mg A7 27 &8 HolAe gFgyo=
oz Wi 4% &89 F Sl gEAz ¢
o #AG G i AT ZE AAolh
ARG QoM e FAAIHEY Afe] A
AE R FIANFEN 59 EFoz A&Y ¢
olA7t $&F 3 glovt Eaht 7)Ao FEA
€ oFAAA] =39 271 g 7R F
EAE J4F FFo o8 AEY HolAe
AFHAY HEY Ao g FAA R 2 E
H7b JFE R e vl olo] v MEeFe
Ayslerx 2 Bxp AESA apdere] FEgFt
¥Xo] g7dth 2 A& ol RA} A
IRIE FE8tn® mAE R TS WA
7 ® ngde] s 2L fEstn)” 4
FEA LS 4 2AAH P e R
AEY A3Es 2 RNAE S/ TE 5,
A3A T} IRt AT AEe AdRE]
g Bad vk ok, a3y (&8 gojA e
olg3t FEIAL o /X2 FHHT UE
Boln} AR HauE vf$ ¥ Ao

of

53 Aop32y o AR n 1 7IAH, 3
4 9%e 44 2E A2 B Aol A
gl @ A7E FEFI,

e o] A f-FolA fast ¢S
A9 24282308, 7lvH oz Hopa
¥4, 9% A7, £2 L 59 W g s
I Utk X o] A AEL YRt 294 F xR
3 o] NES AXYrIAZ FAHH, AFE

o N o

S

FHSE AEAFORE JOIBAE, HHEA
T % nRHAGAE ol Yok Aol AX

520

A7NA L A XS} HH Aol & A1 de Ba
i'ﬂ w{d7 ‘:}‘i’l!"’* 9 gy &g g3t

I, ol JEEL M EE fAe= 983 o
¥ 2 Eﬂ’\}ﬁé—J FF RAZA Y 75
ol A Aol BA ZE Folrldolgt BEe
55T M3spr1AE A Bolsket, o] Aol
BEAEZE uidA 9oz FAE A/F A
TN B3}, o] FH o Y TR FAE F
o}l YA4etA "k Thesleff 54 o]z
g X o] Aol o] A MES] 71AA
3 Az FaAed] os| oAty 3ty
o}

AAge) AFHAY F ELEL GolRAXE
A7 e A7 L] 719) 8] Torneck,”
Ruch® @ Veis ¥°¢ 249 714 =telo] 44
T A EZX L Fo A FE nlAg & FolRA LI} F
A olEste] Bl %1, Fitzgerald™ ™
9} Yamamura''e @ N2 FANA &4

HAAE A AFEAY, g8 X EL vli
SNFAEE] o] F, T3t 7| AP JAH X
E4E 7 e 3l HolEAEE dUSdrn
At olyF Ay A&, HHAY
9 X FHYA ApA e B3 T8 g3
Al7ledl #lolHZzAbe] o &l Z|tErt

2 dFe dolA 89 V& AL AF
st glolAe Ay ¢8-& A3 stv) A5
o Ga-As WA oA A 28]-& AL Hjdd
AFE X EA Lol ZALSHA #lol A ALY Az
AL AEST, HolA AL F AMxe F4 ¢
e slE fEsle thhe AL A7l
old] HidlE Hfelt},

0. alslzE 9wy
1. A&

1) #o]A X

E Agd AFEE dolA ARe HAol
904nm, A EY o] 35-40mme} A YA Ga-As it
%A @)X Dens-Bio Laser (Frequency: 5
Hz~10,000 Hz Model: SD-101A RCA, US.A)
£ AbR3iTt.



2) A A R ARz JHFEAZY £
U
Ay AFEATe 23 5H0s dAE A
g A ofol| A FFIHE AHT AFEH R
Bl explant culturee] &3 AUt A4z
10% fetal bovine serum (FBS)e] X&¢
Dulbecco’s Modified Eagle Media (DMEM)Z
37C, 5% o] Absteraslol A wjokal] o, A
7} dojAH T3 2t FLI wl g
o F 33 WA nEstAA Adu) st
o}, o)A AL A E A 5] NEE Aol
AH-8-8EA T
T3 ALY A B AT A FEAEE T
zt And 20 AAE A% XL 2347
WP EHoZ WA &FA AFAizea
BE, A¢ AeAxe e Y3 whdol
osle] AU} olE HEE A 5t N EXE A
ol Ap&-3F9At

}

flo 4z o

= =]

2. &g

1%

1) #HolA z=A

X Z2% 4718 dal e, A, AL
A AHEAHAEE 96-well culture plate©l]
welld 1000707k H=&  EF3tx, 10%
FBS-DMEM2. & 24A| 7+ v &F8}e] plate whetol
MEZF BAEE st O F 2A1 HE 2
2 284 13]9A 53] Ho|H & A st} o]
wf Z}zh o2 ol X FHFE o] Lo,
frequency position 7 (P7; 500 Hz, 1nW, 443 2
2 AF9d A 50 ERFHQA F24), frequency
position 9 (P9; 1500 Hz, 3nW, dAZH o2 A&
d, 7Y A8 33 F34), frequency
position 14 (P14; 8000 Hz, 20mW, Y32 0.2 |
FAX g ANAR FHF)E MEstd AL
534=

AE vA 72 HEE #F3] H3 AA
dnld FE2F ¢E7] A8 35 mm culture
dish <toll cover glass®& HA|A17] 1, 500077 <]
AEE B3390, 10% FBS-DMEMA] 24
AlZE v Fste] glassoll M 3E7} RAEE 3%
). 2 & P79 FupoM 247 2HH 08 2%

vl
=

521

A 33]oA 58 FZAFstA

2) AX F2 59 H7t

glo] A AL 24412 F AL F2FE Hot
&t7] 8l MTT assayE Al 38928, Micro-
plate Reader (Model 550, Bio-Rad, US.A)E
H AT E &7t

3) AE oA 7z W3le &

(1) FAEAE A

#lo] A ZAL 24A7F ¥, phosphate buffered
saline (PBS)2.2 23] FA8l1 10% formalinS
2 08T YT F PBSE 23] FAHEY 1%
osmium tetroxide® 1AIHE<t Fugsta, o
deo] ¢3&2 g3t o1 ¥ 9AA A=z
712 ZAZAFI L ion coaterE HEAE W F&
Faste]  FAPAALEVIZ (Hitachi  S-2300,
Japan)2. 2 #siqich.

(2) FHAAE0 Ry &F

Bl o] A A} 24X 2t F, PBSE 23] FAsn
0.1 M cacodylate buffer (pH 7.2)° €321
2.5% glutaraldehyde® 30% i3 A17]i PBSE
A 3 1% osmium tetroxideol] F 14 d 1 1%
uranyl acetate® HAAGMF T dH9 <7 L
2 g4 ¥ Epon EFYoE ¥oj3gnt ¥
m¥ A& RMC MTX 24P ¥ 7] 2 600-900
A 572 Z8 uranyl acetate®} lead citrate 2
olF HAAIM, FHRAAEVZ (JEOL 1010,
Japan)o. 2 @A,

(3) Actin M¥3}e FFFdA F3

#ol A zAL 24Xt ¥ wjgA-E AAsn
PBSZ 23] A& % saponin (50 pg/ml in
PBS)2 2 583 Aejaiith. 2 ¥ tfA PBSE
23] AT & 10% formalin-PBSelA 1087F
1% ¥ PBSE HEA3] MHAct. 2% fluo-
rescein  isothiocyanate(FITC)  conjugated
phalloidin (Sigma), US.A)S.E 3083t ¥h-gA]
713 PBSE M3 ¥ o3 glycerin®E mount-
ing3td FITC ¥ 3 barrier filter’t 3¢ Leica
Micro Star Vo2 &3



. &EMH

1. NESASC

0=

b

Table 17} Fig. 1& A2 T & 342 g9
HE ZAE F Ao ATSA %o W3l
g o 4ud HEgE Jeld daolut
AFMREY 7S, T zoldMe MEF
259 ato]l & Bolx| ggtort, #ojA AL 3
Fol| loiM e, 13801 33| AR & el ¥
& & Aol & Holz| gtout, 48] RA A&
) 23 vl8] 165-174%742) AAH TS5
ol Z7stant.

oo Hla} XL AFRMEE (Table 2, Fig.

2), A AREMEY A5 npzrix 2 F3¢
Folle 9 A Foy. A F 9lof
Ae AF AFEAEe] B9 2o 13 2AF
Al b 2 AE F4%E BYon, 23 o]y
Be dzTiEg ¥e AEFH TS Bk

AFAd A FRA XY 73 ¢ (Table 3. Fig. 3)
= AF YRHEAEY B Zo| Farde
FEE WA Yghou, Ao wepA s, |
3o % dETH A fAl AXFHTE
2o, 23], 33 2A St SIS E A
FATE F7HIA 1, ThAl 48], 53] ZA A
AEFHFo 72T & F AUt

o]’3e] 2FHE FHe B, Al HHRAE
g HlRold A2 AFA HRHrEAEe F

)

Table 1. The effect of laser irradiation on the growth of pulp fibroblasts at various frequency
position. The data represent the relative value to the control group.

\ No of irradiation .

= 3 4 5
Frequency position
P7 10112 106+0.8 104+1.2 16546 9728
PO 101£1.2 104+1.0 108%0.7 170%1.1 10126
P14 106£1.3 107+16 106£0.8 174%6.1 121+38
Unit % (Mean = 8.D.)
—o—P7
—{— P9
5 200 —x—P14
b= .
S 150 .
e
£ 100
)
®
[X]
5 50 .
s
0 1 T 1
1 2 4 5

Times of irradiation

Fig. 1. Growth pattern of the pulp fibroblast after laser irradiation.



Table 2. The effect of laser irradiation on the growth of gingival fibroblasts at various frequency

position. The data represent the relative value to the control group.
No of irradiation -
— 1 2 3 4 5
Frequency posinion
P7 1232 3768 91*+24 RE15 100%1.1
P9 133+1.7 BE2. 8*20 0*E1.2 %HE17
P14 138%1.1 gLl 103+1.2 8707 14+06

No. of cells (% to control)

Unit % (Mean = S.D.)
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2. Growth pattern of the gingival fibroblast after laser
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Table 3. The effect of laser irradiation on the growth of periodontal liga:.:ent fibroblasts at various

frequency position.

The data represent the relative value to the control group.

No of irradiation
. 1 2 3 4 5
Frequency position
P7 98+42 121+£07 14109 107+30 9123
P9 105£83 12113 140£0.8 102+1.2 98+2.2
P14 10639 125107 142£08 10233 10525
Unit % (Mean % S.D.)
—o—P7
——P9
z 200 . —e—P14
€
S 150 .
8
g 100
n
g
« 50
[«
o
2 0 : — , .
1 2 3 4 5
Times of irradiation
Fig. 8. Growth pattern of the periodontal ligament fibroblast
after laser irradiation.
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-ABSTRACT-

THE EFFECTS OF DENTAL LASER ON PULP FIBROBLAST IN VITRO

Hye-Jeon Jeong * Byung-Soon Min

Dept. of Conservative Dentistry, Division of Dentistry, Graduate School, Kyung Hee University

The responses of human pulp fibroblastic cells to Ga-As Semi-Conductor-Dens-Bio Laser (Frequency: 5 Hz~
10,000 Hz Model: SD-101A RCA, U.S.A.)) were examined in vitro using pulp fibroblastic cells obtained from the pulp
tissue of human tooth. The mitogenic effect of soft laser was assessed by measuring the MTT assay. The
morphologic effect for soft laser showed under the scanning and transmission electron microscopy.

The results as follows;

1. The mitogenic response of the soft laser was not observed until 4th time of radiation, while the mitogenic response
at 4th time increased mitogenic effect by as much as 1.7 fold compared to the control value.
2. The mitogenic response of the soft laser on pulp fibroblast differ from the mitogenic response on other fibroblasts.
3. In scanning electron microscopic study, The microvilli of cell surface increased gradually with width and length
after laser radiation, it demonstrate that development of microvilli have close connection with differentiation of cells.
4. Under the transmission electron microscope, The laser-treated cells maintained their elongated shape and a high
degree of cellular polarization. The large cell body containing a well developed Golgi complex, a large number of
profiles of rough endoplasmic reticulum, and great numbers of mitochondria.
. The laser-treated cells maintained the long straight bundles of closely apposed microfilaments .or individual
filaments forming a cross-linked network.
These findings suggest that the laser may have important roles in promotion of pulp healing and consequently may
be useful for clinical application in pulp regenerative procedures.
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EXPLANATION OF FIGURES

Fig. 5. The pulp fibroblast of the control group.

Fig. 6.

a :The cell is smaller than the experimental cell, tends to be spindle- shaped. It has fewer pro-
cesses. (TEM. X 8,000)

b:The fibroblast maintained thin elongated shape with a process. (SEM. X 4.000)

¢:The cytoplasm is poor in rough endoplasmic reticulum. and the Golgi complex is not well
developed. (TEM. X 40.000)

d:The fibroblast contain a few numbers of mitochondria which tend to be near the nucleus.
(TEM, X 40,000)

e.The fibroblast contain a few numbers of actin filament in cytoplasm. (Cytochemical
fluorescent staining, X 400) ’

f:The fibroblast shows irregular arrangement of actin filament along the cytoplasmic process.
(Cytochemical fluorescent staining, X 400)

The laser-treated pulp fibroblast.

a :The nucleus is at one end. the processes at the other end. and a largs cell body containing
a well developed rough endoplasmic reticulum between them. (TEM, X 8.000)

b:The cell has several processes on the surface of cell body containing a well developed
microvilli. (SEM. X 4,000)

¢ A large number of profiles of rough endoplasmic reticulum are located at the periphery of
the cells. A thin bundle of microfilaments is located in cytoplasm. (TEM. X 40,000)

d:The mitochondria have many shelflike cristae in their interiors. Filling the matrix space is a
fine granular material of variable electron density. (TEM. X 60.000)

e:The fibroblast shows more dense and regular arrangement of actin filament. (Cytochemical
fluorescent staining. X 400) A

f:The flbroblast shows more distinct actin filament along the cytoplasmic process.
(Cytochemical fluorescent staining. X 400)
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