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Effect of 630 nm Light Emitting Diode (ILED) Irradiation on
Wound Healing in Streptozotocin-Induced Diabetic Rats
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The purpose of this study was to clarify the effect of light emitting diode (LED) irradiation on healing of impaired
wound and alteration of mast cells in experimental diabetic rats. Twenty-four male Sprague-Dawley rats were divided
into four groups: excision (Ex), excision-LED irradiation (Ex-LED), diabetes + excision (DM) and diabetes + excision +
LED irradiation (DM-LED). Diabetes was induced in rats by streptozotocin (STZ) injection (70 mg/kg, single dose) and
6 mm punch excision wounds were created on the back after shaving hair. The LED-irradiated rats were treated to a
daily dose of 5 J/em® LED (630 nm) light for 11 days after surgery, and were killed at day 1, 3, 7 and 11. The lesion and
adjacent skin tissues were excised, fixed with 10% buffered formalin and embedded with paraffin. For evaluation of
wound healing, hematoxylin-eosin (HE) and Masson trichrome staining were performed. Mast cells (MCs) were stained
with toluidine blue (pH 0.5) and quantified using a computerized image analysis system. The proliferation activity of
keratinocyte in skin tissues was analyzed on sections immunostained with proliferative cell nuclear antigen (PCNA).
The results showed that wound healing rate, collagen density and neo-epidermis length, number of PCNA-positive cells,
fibroblasts and mast cells were significantly higher in the LED-irradiated rats than in the DM and EX rats throughout the
periods of experiment. Exceptionally, the number of MCs was significantly lower at day 11 compared with day 7 after
surgery in the all groups. These findings suggest that the LED irradiation may promote the tissue repair process by
accelerating keratinocyte and fibroblast proliferation and collagen production in normal rats as well as in diabetic rats,
and MCs may play an important role at an early stage of skin wound healing in normal and diabetic rats.
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1977; Fahey et al., 1991).

A A feh 2APRE O, B, Fokd 84, 4
A3, Fehl g4, 24 ARAe 848 9 28 ¢
Ho] Atro]l x3H g AAow Yug, G,
A E 2 ARGEAE, B} e oY ARE
o] Az kg0 23] o] o]t} (Blakytmy and Jude, 2006;
Brem and Tomic-Canic, 2007). AH 2|+ 342 E57], &
olza HA7] 2 AFE7Ie Fa A A7 ZAEA
APHn, Folxr] A7 E FAFAd AFEAL
o] ol g} FAo] FrtaTh AR AFelA B
i AAAS AN AT AFEA R o]F
9} Z=Alol 8RS vXB] (Trautmann et al., 2000), ©] &
e RrAH o uubfERRE BEH 3|2EHlo] A
FrEAEY HyegA0 28-8bAY (Leibovich and Martin,
2005), HIHA|EEZRE FelSt interleukin-4o] 213k F A

- 365 -



F o]Fo]Z} (Nienartowicz et al, 2006). £3+ o=
AR HZAA S A ES} AEke-S 245}
3, AAEE AR AP FeE (ba et al,
2004; Nienartowicz et al., 2006), A859] IR F AP A
T HIAEZ S WA oA Fel3t chymaseZ} 3]
7Rt ol A FolzA o] FAdw Zepal Ao F8.F
%S o} (Nishikor et al, 1998) AMO] &)X WA
A AR R o] HIRtE Y 7Ee] A At F
7Vysta gk

F AnT 2f AFE ke FH X854 oj&Hu
JE ARV HRY X5 gol 4¥xm gtk F
<+ AR A5E A¢ FY F light emitting diode
(LED) #< o] &3 X5jo] giolr] &8st MY
S7k3he FA40]t} (Barolet, 2008). LED $9& 159
glo] A7t 44K WA JFHow Aashs A% @
g 448 FEEos Yo WA IAEAE Ay
oz AR + v FHE /X2 Y} (Dall Agnol et
al, 2009). LED #92 spgel| ule} AFEi} 22 ol A
M= o2 At whe-g dosled, 9 A9 33
of W& %3t 7o) 400 nm HFe W 1 mm o3},
514 nm 3g2] W& 0.5~2 mm, 630 nm THFe] WL 1~6
mme]™, 700~900 nm 2] W& ] o] IHET 4 9)
t} (Simpson et al., 1998).

LED &j%k 34 X5 2 B9l FA Axy =
2 ) Ao cytochrome ¢ oxidase®t 2 B2
of FrHol Axv 22 W] WA AiF (reactive
oxygen species, ROS)©| 1} adenosine 5'-triphosphate (ATP)
S A AEY UGS FANNE AR
44 T} (Kalka et al, 2000; Hamblin and Demidova,
2006). “4AAf2F #HE LED #€Y E9 630 nm
o] dg Al SlF AREAXY 2AS ¥
prostaglandin B2 $4 & Astd A5E AR LW
(Lim et al., 2007), Lee (2007) &< 721333 2494 o
oo ol sjFate T LED $9e w¥e 2
2 344S F7HA7] 2 matrix metalloproteinase (MMP)<]
F7He QAN = Y-S Hasoh olAF oy A
TAHSo| LED7}F BdzA £EAA e AX Gl &
olgt B} &g Hudta gloy Gl 4
AR A g A5 E A Ge] B3 I}
A e ARtk

£ A7 BdxolA]e] 630 om LED FAko 93k A
AR EHE FEst7] A8 streptozotocin (STZ).L- 5

-

TE Y HFAAM A" A Al g LEDY
x4 gatel vEA ] W3HE ARSI

A FEL R0l gl AT 180~190 g2 Sprague
Dawleyl °720 33 (Korea Animal Tech, Pyungtaek,
Korea) 247t2] & AMg3lGiTh ARS4Ae X+ 23127,
HEF 50~60%% REsIeT, oY FF7]E 1047 2
ATV 14X7te] HES Sglon, 1FPALE (Cargill
Agri Purina. Inc., Seongnam, Korea)$} £-& 24217F 944 =}
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- HA-LEDY, AT 2 FxgAl-LEDT ] 22t
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e

e

1

kg FEAIZI7] S8 A% 0.1 M citrate buffer (pH
4.5)°) 15U 2EFEZEL (Sigma-Aldrich Co, St. Louis,
MO, USA) 70 mgkge 13) 54 U] FAMBIIch @93
+ Accu-Check Advantage glucometer (Boehringer Mannheim
Corp., Indianapolis, IN, USA)E A3t} STZ 5 § 3
AYRE] SA43e] RIS L A= APk
R AL 18T AeolA A9E A BE 3
HAE STZ F4 ¥ 3 oo Fwo] HFH=Yn, &
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X RY

HAFHE Zoletil 50 (VIRBAC Laboratories, Carros, France)
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& 0% LAER IF-E A5 QFA gFo
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A HEdT A F 22 AFE =) H8 27

SR
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FYL LEDE AA AFstd A8 A2 LED
= 502 YERYOE 2000 mede| FEE A, rlm
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Fig. 1. LED irradiation device used in this experiment. The
wavelength of LED was 630 nm. 384 of LED elements are
installed within 120180 mm in size.
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AT (Fig. 1)
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Table 1. Changes of body weight during experimental period in rats (n=6 in each group)

Body weight (g)
Days post-surgery Ex Ex-LED DM DM-LED
1 1924274 192:5.70 191+742 188+10.95
3 19845.70 198+5.70 181£8.94" 191£12.45
7 21244.47 2111742 1662787 182+12.83"
1 226+4.18 2244548 15548.66 176+10.84%

Rats were treated with single dose of STZ (70 mg/kg, L.p. injection} to induce hyperglycemia that was lasted until the end period of the
experiment. Data are expressed as means = standard deviations. The body weight in the DM groups was significantly lower than that of
the Ex groups at the day 3, 7 and 11 groups ("P<0.05, “*P<0.001), whereas the body weight in the DM-LED groups was significantly
higher than that of the DM groups at the day 7 and 11 groups (*P<0.05, #P<0.01).

Ex; excision group, Ex-LED; excision-light emitting diode group, DM; diabetes+excision group, DM-LED; diabetes-+excision+light

emitting diode group.

A dHS AF3ES Polysine™ slide (Thermo Scientific,
Rurncorn, USA)oll Eo]il 58T ¢] &elolx AzxrldA
53] AR T gl 2y, gAY =
o} 3§ The proliferative cell nuclear antigen (PCNA)
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Fig. 2. Changes of wound healing rate after surgery. Data are
expressed as means % standard deviations. The healing rate of the
LED-irradiated groups was significantly higher than that of the
non-LED groups ( P<0.05, " P<0. 01).

Aoz feol Aolrt et FidAwy FrAAl-
LEDwo s AREA F 1958 nd7x gaAl
ool Bl BAA-LEDT A AFol Z7lske AES
el o 397 E A o {8 Zolr) ¢
Aot 7Y o] FHE P Aol vls] Wi dAlLED
9 AFo] FesA FrhetYth (P<0.05, P<001). 11
A 49 AFE SAHE A7 T EAT 2264418 g,
G HA-LEDT 2241547 g, B AT 1554866 g, B
=AALEDT 17611084 g0 2 Aol wle) 3
AAZAA Hgol oF 70g A=rt 78

O

MR8 wel

AREH 119714

vl Aolof S 2 v froldh Afoj & LERN
AT (P<0.001). °1& T AFAAT A 9744 &
1A Sedaatel vls) Se8A-LEDT A

i FrdAlre] vis) GrdA-LEDTAN F-28HA
A frgo] Frlsk o (P<0.01), 3UAREE teA A
ol HE] FrgAlTl A wl- frolshA waEint
(P<0.05). o] TE Afelef Apoli= HRAHA F 11UAA]
AL @& AFE Jeidlod, ndAlE dedATe

R

A LEDT Alojol duk A8 A o7 o8l #o]
7} 1Tt (Fig. 2).
LEDo| 2o| W ZEHE SAls Hsl

£ B E GuAdATe A9 YA Al atoA
gREA T 112 l AR = kot Ao iR
87y A8 ]01 TR 5352 ¥} (Fig 3A).

AAxs) dol= HRAA &
A A-LEDW o] BxAAwel vld] A s fo
Al Z7ksk3) o (P<0.05), B EA-LEDT A= &
o3k Zpolz} giSith HF-AHA T 3UA e} 1A= o)
T BEOA A mu o] dolrh FIFsHA e Al
of Wla| W HA-LEDA A, Z12] 3 Fi Aol B8l
Y dA-LEDw A 242 folg S7HE eIt
(P<0.01, P<0.05). 11dA= ] o B0l A 7479 Hlﬁﬂ
sl AEgS Urb]'LH‘?J\S. , AT wlE] 3
HA-LEDTAN A = fofgh %ﬂ% VR A| ekt (Flg.
3B). 3 FME $45S UElE PONA-FAAE
= AA T 3dAe 1989 gt BlE) v
AALEDel A (P<0.01, P<0.05), 283l P Aol B
& M ALEDTAA 74 F7tet dAA et 52 A
© 7 VeI (P<0.05, P<0.05; Fig. 4). 183 [14A=
794 vla] FiaarS AL BE Tl foshA 7
AT (P<0.05, P<0.01, P<0.05).
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Fig. 3. Hematoxylin and eosin staining of
wound healing process of skin tissues after
surgery (A) and changes of the length of neo-
epidermal tissues (B). Data are expressed as
means T standard deviations. The length of neo-
epidermis in the LED-irradiated groups was
significantly higher than that of the non-LED
groups at the day 3 and 7 groups ("P<0.05,
**P<0.01), whereas the length of neo-epidermis
in the day 11 groups was significantly lower
than that of the day 7 groups ("P<0.05). Original
magnification, <40,

1

P<0.001; Fig. 6B).
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Fig. 4. Immunochemical staining of PCNA-positive cells in the neo-epidermal tissues at day 7 after surgery in respective groups (A)
and changes of the numbers of PCNA-positive cells in neo-cpidermal tissues (B). Data are expressed as means = standard deviations. The
number of PCNA-positive cells in the LED-irradiated groups was significantly higher than that of the non-LED groups at the day 3, 7 and
11 groups ( P<0.05, P<0.01), whereas the number of PCNA-positive cells in the day 11 groups was significantly lower than that of the
day 7 groups ("P<0.05, #P<0.01). The staining intensity of PCNA-positive cells in the LED-irradiated groups appeared stronger than

that of the non-LED groups. Original magnification, X200.

ZHA) (Fig. 7A). HITAIE S 9544 & 198
TI7HA ] & BFellA] F7bsievt 11YA 5 d4st
T A%E UERIATE BREA 3 195 7dA 7]
wed Al vis] 9eEdA-LEDTlA 242 o3 &
7He BAL (P<0.001, P<0.01, P<0.001), G g}t
Hlsf B HALLEDT M Zh2 o3t Z718 vee
(P<0.001, P<0.001, P<0.05), 11LAN = ] &+ BF 7
A Bt Aasig oy g ol Bl Al
Hl8] SeEA-LEDY 3 G AA-LEDTA zHz §-9
g F7FE YERITE (P<0.05, P<0.05; Fig, 7B).

o H
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2 A% LED AP A4 #Aek dw Fe] AR Al
of vjX)i= JEES BHY] 9% Ao A= )
o] F3t5l= 2 Ale] 630 nm LEDE A}&-3}
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A9 B AR & 4w STZE A5l ST
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Fo He 5o T 3AdANE 12018 BT AT
Folo] gastgion A% & AFHF0] Al
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—_

R

250.04

O Ex ok *&
B ExLED
200.04 DM

B DM-LED

150.0

100.0

No. of fibroblasts/mm?

8
2

Days post-surgery

Fig. 5. Changes of the numbers of fibroblasts per mm’. Data
are expressed as means  standard deviations, The number of
fibroblasts in the LED-irradiated groups was significantly higher
than that of the non-LED groups ("P<0.05, " P<0.01).

AT P2 = ANT (Tsuboi et al,, 1992; Connelly et
al.,, 2007).

i AR frol] A B AFe| 5EAL olv] #
gl ot HA o] Fofo] A T Aol &
Tk R Aol A9 A s ikl A
& Bojx Ao F3 gy} flve AddEx Stk
(Allendorf et al., 1997; Petersen et al., 1999; Schlager 2000,
Walker, 2000). #-212] 2% A¥ 630 nm 24 LED XA}
7¢ AR 2 Bl Al $ 195 E A
Af-gol S7HE7] AlEske] 17 A% S
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3 Fig. 6. Masson trichrome staining of collagen
in the granulation tissues of excised skin (A)
and changes of collagen density (B). Data are
expressed as means 1 standard deviations, The
collagen density in the LED-irradiated groups
was significantly hlgher than that_ of the non-
3 7 LED groups ("P<0.05, "P<0.01, ""P<0.001).
Days post-surgery Original magnification, ><40.
7 53] GnALLEDTAAE FAAe HE AF oM F o FRE A 2ag Belge Aget
F7He FEo] FruHAwoAE LED 2AP AR X3} T} (Pessoa et al,, 2004; Rabelo et al., 2006). #]°]4]
R ATHRE AAAE EHE Q4SS AT+ B A5 F 2 95 e GRS o getes
PA. et AAAFE] GEEATY ATl F o $AY] Bojdon F4HAN, LEDE HRE
E AAHY AfrE oldog TrekA fhol BdAl A9 Y o] Pgdo o MU FAld FEAZ
o) 42| LED®] :éi e oAl dE LED A Q] W] tket Asletd wheg fEdte &
F& FA 2 Ao Yy A (Dall Agnol et al,, 2009y Z#H3ICHE 2 F3h= o]
ol#3 At ‘t‘]@%”‘é T LED £ FFA AN ARy 958 Aoz A7k,
golAE 2ARIGE W BT G AdAM dA T 168 FAAAR AL A5, SV, ABA7Y 3gA=
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-372-



©

No. of mast cells/mm?

DM

DM-LED

#i
) ##
30.0 {[1Ex BEx-LED EDM MDM-LED] 4
Kk
25.0 4
2004  FEF ww

15.0 1

10.0 4

5.0 1

0.0+ T

Days post-surgery

Fig, 7. Toluidine blue staining of mast cells m the granulation tissues of excised skin at day 7 after surgery in respective groups (A) and
changes of the numbers of mast cells per mm? (B). Data are expressed as means * standard deviations. The number of mast cells in the

LED-irradiated groups was significantly higher than that of the non-LED groups ((P<0.05, "P<0.01,

" P<<0.001), whereas the number

of mast cells in the day 11 groups was significantly lower than that of the day 7 groups (*P<0.05, % P<0 .01). Original magnification, 200,
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