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ABSTRACT

The Effect of Light Emitting Diode on The Wound

Healing of Rat.

Mainly regarding 655nm, 785nm, 850nm wave length

Mun Seong Pyo
Advisor: Prof. Yoo Ho Jin
Department of Medicine

Graduate School of Chosun University

Background: Laser diode irradiation has some beneficial effects on
the wound healing. I performed preliminary animal study to get
basic data of laser diode irradiation, because there is no proved
genetic and biochemical mechanism. Methods: 8 months old male
rat (NTacSam:SD, SamtakoBioKorea), weighting 250 ~ 300 g were
used. Round blade, which has 1 cm of diameter, was penetrated
through the subcutaneous level after elevating the skin just above
the thoracic spine. Laser diode of 655 nm, 785 nm and 850 nm
were irradiated to the skin wound for 9 days, 20 minutes in a day.
8 rats were used in 4 group including non-irradiated group.
Complete blood count was calculated. Pan-Cytokeratin, Actin and

v



Masson's trichrome staining was carried to evaluate the cellular
and protein component relating wound healing. Wound size was
measured at 9 th postoperative day with computer system. Result:
Collagen formation was graded as 2+, 3+, 4+ in the order of non-
radiation group, 655 nm and 785 nm groups and 850 nm group
respectively. Myofibroblast, which has important role in wound
healing, were formed more abundantly in laser diode irradiated
group than non-irradiated group. The mean value of PCNA were
67.8+5.0, 84.0*t4.6, 78.0£6.8 and 74.2%4.0 nm in the order of
non-radiation group, 655 nm, 785 nm groups and 850 nm group
respectively. Mean value of defect size were 2,840*124 um,
1,689*125 um, 1,254+94 um, 1,423*113 in the order of non-
radiation group, 655 nm and 785 nm groups and 850 nm group
respectively. Conclusion: Laser diode irradiation has beneficial
effect in the formation of fibroblast and collagen formation and

result in better wound healing.
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1. A 2 H 2ol AxA

A% 8 F% 3F(NTacSam:SD, SamtakoBioKorea) ¥ A%F°] 250
~ 300 g @ A AAE AL AR V1T F A 5 AY AHE
AR B HIE Fo 2EHE 25 FHAFEAY. FE A5
EE 21 ~ 23 T2 A 2EHeH HolAH 2AE APs= AFA9
EF 20 T2 & fA%t 24 A, F AFFTEY AUAA BE3=
A b= Eshd gheEr Z9std BAd] §olsES i

S5 S AREA AFAENES s, AR EF(sevoflurane)
FUHHAE AHEE AR E A F, F FH dE 2 AARA

3z
FAE PASEE 98 A 1 cm o 9F BEE s FRE

o|

A AeH WS 23} 7] 3 A E F 24 AT F EelAzA
glel A3t ATk HelARAEAE  #HelAX R (vle] 2 o}Hl =,
ZAYE, 2F)E AL388 29 655 nm, 785 nm, 850 nm A 749
s Ak Al e delA sAE 2AEE 2ATER HolAE
2AEA] e vlzAFE LR Ure] 4 e FEE 77 8 R Ade
AP sk #HelAxATEE FFe 20 #4 9 4T HelAxAE
APstAck. £ 1 o 2AF AEH oA AY =24E ek 10

9 A Aol 2AE sk gu BARYY =3I Fehie] =3
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£ 1. Aol 2A4ZNA 458 AelH 54

Character

Irradiated groups

Wave Length

Light Intensity
Irradiation
Time

Wave Type

655nm, 785nm, 850nm

3.0 £ 10 % mW/cm?

20 min / day for 9 days

Continuous Wave




(a) After puncturing of the skin (b) 3rd postoperative day

(c) 6th postoperative day (d) 9th postoperative day

Figure 1. Gross findings of the skin wound.

1 cm sized round skin wound is created (a). The size of wound
decrease and thin crust is formed at third postoperative day (b).
The size of wound decrease more and the crust become more thick

and hard at sixth and ninth postoperative day (c, d).
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A A, A R F, odelR 24 3 4, HolAH 24 6 4,

dolA 24 9 dA F2YARAT AWHAT A4 A WYT A7)

3. dg=Asiety Hi
10 495 AAHE AAEAE =Egsd =Hue 10% &5 A

B z2e 24 Atk AL ek zo) 24 4 m A=

fd
[t

A gt X-tra™ &#}o] = (Surgipath, Richmond, U.S.A.)o| ¥z 3}¢]
xylene o & =gt §] 54 €3E, 90%, 75% ¥ 50% Clg-Ze 47
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F7F A% & 50mM Tris
$#5& A (TBS, pH 7.5) 22 FA5HY. 2AAHAUYY] YA FHAksta o
XS AAI7] Y3t 0.3% hydrogen peroxide-methanol ¢ 10 27

e F FFEE ARRT AVLAE ALelA 10 £ AL

)

O

) 2}3}4] pan-Cytokeratin, Actin @ PCNA (3AnvS& 27 1:200)05

45

714

r

LS x| AT}, Tris =R o s A LSAB kit = o]&3}9

dledle] F41 o& FAS ALolA 10 £7 B34
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e
ol
12
|o
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FA8k3L, peroxidase 7} A streptavidin 945 1



Tris gFHe=z Ay F DAB kit =2 LAY, Mayer's

hematoxylin &2 W2 QA5 A3}, universal mount & F 3t}
FHe AR IFAFxFo] A dHxIexr FEF 5 S H

FAHzTLE v gded, &4 dxTeEE YAFA 9 tris

SFAE Ao AR 2G4 PFE Setsr] Akl Masson's
o
u

trichrome g 39t 2AAY SEZF ksl Ystd x4 F9
A5 FHLE A A E 9 3 o A5 Uetd =
A A 23 (Proliferating Cell Nuclear Antigen, PCNA)¢&d e ot

HYzZA3 st JAS Ags FAEGY. Y gGAS YAHe=
5
WHSS Fsle] v Ptl. Pan-Cytokeratin, Actin < AM|XEZ e ZA

4. 55944 o 293 A= F

A RS 2] s golrR7] $8le] Masson's trichrome
A Ao ofgd HYxZE JAS FI Hrlsden, YA
Masson's trichrome @A) ¥ (HFA)E Kot} dde] A4S Ho|B=

Az 719 9 F3E BAT 5 Uk FHA 655 nm EAE, 785



$13te] Masson's trichrome @4 A33gon FF=E = ZUH-L ¢
et AR o2 Hessgiv. &, wdde] Ay HREA g+ AF 0,
2PA Jheto] miAsHA FZEY 1+, wPPe] FL g JAs 2+,
whAol Axm FE s FASE 3+, U] LHEUE  juicy

matrix & FA3H 4+2 A3

5. AAE 27 34
SRR o] WAL sl AW AT Edz AE 399

ar|E

)

Fo 24 ZzaRe olgstd ZAsgn. Fed 49 Fe

r

BHolAS Y WARst WA geb  PrEel e AE

ZA3s 8. SAYH LS SAHAE MagnaFire digital camera system
(Optronics,Goleta,CA,USA)S °]§3td &9 F, o Yxd A&
vl o 2 Visus Image Analysis System (Image & Microscope

Technology, Daejon, Korea)<S £3}¢] Ax 59 AAS A4
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(c) 785 nm irradiation (d) 850 nm irradiation

Figure 2. Light Microscopic findings according to wave length (X
200). Microphotograph showed granulation tissue (white
asterisks) and crust (black asterisks) filled in the skin defect.

Black arrows indicate the defect margins of the punctured wounds.

10



3. Masson's trichrome Moz 713 ZYAFAHA T

go|AH teole = FAFo] u|EART | Hlste] YA FAo| o Wi A

Af =W gol Yo Ao 9 T 4 YTk YW YYAEE PR
Az wzATANE R Thde] 4 thEe YHRT Yol 2+ = B

¥ 9ttt 655 nm EAFEZH 785 nm RAFF A= wYAe] maw F& thit

J

gysted 3+ = $ FYT 850 nm ZAZAAE 4% 2P Aol juicy

matrix & A4St 4+ < FLE 5 dH (@™ 2).
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(c) 785nm irradiation (d) 850nm irradiation

Figure 3. Collagen formation according to wave length.

Collagens appear blue. Non-irradiation group made small collagen
fiber forming bundles, which was graded as 2 + (a). 635 nm and
785 nm irradiation group showed large collagen fiber forming
bundles and graded as 3 + (b, ¢). 850 nm irradiation group showed
juicy matrix and graded as 4 + (d).
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(a) Non-Irradiation group (b) 785 nm irradiation group

Figure 4. Microscopic findings of myofibroblast generation.
Various amount of myofibroblasts is shown ( X 10 ). Small amount
of myofibroblasts and collagen is found in non-irradiation group

(a). Large amount of myofibroblasts and collagen is shown in

irradiation group (b).
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5. PCNA A3}

PCNA o] HFFL  delA wzAZAA  67.8+5.0, 655
nm ZAFFNA 84.0+4.6, 755 nm ZAFFNA 78.0+6.8, 850 nm
ZAREAA 74.214.0 o)l 2AEFH v 2AES] PCNA Hde ojgh

AL 942 ¥t (& 2, 2 4, 39 5).

flo
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E 2. & ¥ PCNA WE&2] HH#Z (Mean £ S.D.)

Mean D
Non irradiation 67.8 = 5.0 > 0.05
655 nm irradiation 84.0 = 4.6 > 0.05
785 nm irradiation 78.0 = 6.8 > 0.05
850 nm irradiation 74.2 £ 4.0 > 0.05
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(a) Low power (10X) (b) High power (20X)

Figure 5. Expression of PCNA

No PCNA expression was found in normal tissue (white asterisk)
but large amount of PCNA was found in wound healing tissue
(black asterisk)(a). High power microscopic finding of wound site

is showning (b).
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(a) Non-irradiation (b) 655nm irradiation

(c) 785nm irradiation (d) 850nm irradiation

Figure 6. Expression of PCNA in non-irradiated group and
irradiated group
Various amount of PCNA were expressed according to the wave

length.

18



6. A 552 Fu|RH =27]

FAEF vEAMEY] AE §He Z7] HIEFS HERAECA
2,840+124 um, 655 nm T4 1,689+125 um, 785 nm A
1,254£94 um, 850 nm °|A 1,423£113 ft}. FAFo] vH|ZRAE
Wael A& Ak AL AT BT 4 dgied FAGes felsl

glejAtol e = A A Al Eve £d= A € F W04 (3™

o

6). dlolm el ME AA 7= FAHD 4294 glel o el
A e B3HE UeA ES AT 5 990
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Az 71AS FHs7] Y3 =4A] S (back)e]l 1 cm X 1 cm 37]¢] 3

el A2 XS W T 337 ZZe] AF-WIE Fo|A, BauEY 24,
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F2AHE AR dolA ZAMFOlA BWEUW A FRAT v]E
19, 3% procollagen mRNA 2 %de] Frkd RAE FU3Y
oAz} FHAFA S FAANGZ Ba 3%t . Lyons 5% ¥el
RE Fol AXE W F AF UL HolAE 1.22 J/em® 22 A3 A
AR e Tl wlE AA FEpAl §F el dHolA =AFNA
453 =¢5S F9sdd O s uR Aol i@ #Held zAE
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72 vs 197 £ 602 38 FAH EFAA FAHe2 {25
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HAEe] Ao o AZYgE Jpd, T2 HITAZV SH=HAS
2A/Y= 712 Tl ZAoY. THFEAEE HAE] 1 ZAAE=
Z7Fd Y9 E (intermediate filament) ol 3|2 = = vlo]wlel (Vimentin) %

d3t FEZa Aol THARAIL FE A3 sl EAsEu)

A% Al e Fastch webd ok 2YHRAEL 285 o
28 A $3¢ 9053 ARHeE o Fe FHE dAGW I
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ZHFEATE 24 A7) 27] AHEAZ} 23E 2Y 5 ons

A4 2700 THAGEAEI} Bo] VT F S Aoz AT, G
2] AA PHo] HW THFEAZE 2% B2 He 2949 F4o|

weoed ZHARFEAEE OF FFFE AE & & 4tk Medrado 52 F 9]

Aol AEAEA A FFo] € WA JFAESVE H2S b FE %
gHAFE 238 weles w= FAsAY. 53] 39 A FHAIA
dzml, ZARFRAZIL FolstA o] A ** ¥, Medeiros 5&
319kE]e] F S 2 cm * 2 cm 37|18 AAE e FE2AHF 655 nm,
30 mW, 12 J/cm?®] X E 7}R]= #Ho|AZAE 2 400-2000 nm, 40
mW, 12 J/cm¥ YRS 7}A] = "3} (Polarized light) RAFFL 2 o]
W 2AE AWE F 0, 7, 14 98 2AFZAE AP A3 7, 149 A
AT ol HEAEL  AAA  FERARE Rl o g€ 9
ZHFEAE Z2AFE FA89 *°. Ribeiro T 2499 F ol

AAE W F 20 J/cme] Avz]g 660 nm 2] |HE 7Y AT F
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89, 149 A =A< ANstel WAz YAE NPT 2% 8Y A
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SA A EA3Y (Proliferating Cell Nuclear Antigen, PCNA)<
APAxe] DNA FEugold] dele]  of¥FS F= DAl
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55 Brhss Ao Aol Rsy] WEoltm AZR) WEelt. 2
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AA7E AwEle 2FAAE FASH AES] SASL e AT
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ok AL o7} "ol & vl gtk

$E 4¥e) AAHS BRAY] AL 5T 2D A A ARA

&4 (critical damage)< Yol A=A AEF 3= Zo] Fadd °F

7}- PCNA &

JIN'

A3 A =27]e Adge] wie FaRo. A4 0.8 cm, 1 cm, 2 cm 2] 272
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