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The Effect of Wound Healing of Pulsed
Ultrasound and Chitosan in Diabetic Induced Model
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Department of Physical Therapy, College of Oriental Medicine, School of Dong-Shin University

<Abstract>

The studies have been designed to evaluate the effect of wound healing of pulsed
ultrasound and chitosan application in diabetic incisive wound of rats. Mild diabetes mellitus
was induced in rat used 30 mg/kg streptozotocin. Full thickness skin incision was made on the
backs of Sprague-Dawley rats. We used 72 Sprague-Dawley rats which were divided into

4 groups; the subjects were divided into group of 6 rats each 3, 6, and 15 days.

The results were summarized as follows;

The rate of wound length of pulsed ultrasound with chitosan application groups more
decreased than only pulsed ultrasound treatment group. The density of inflammatory cells in
the experimental groups was more significantly decreased than diabetic control group(p<0.05).

Historically, in the ultrasound with chitosan application groups, reepithelized epithelium was
thicker and the collagen fiber were organized in a liner manner and connective tissue was
matured faster those of the diabetic control group(p<0.05).

From the conclusions above, in this study application of pulsed ultrasound and chitosan can be

an effective way of promotion of wound healing in diabetic model.
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2 Ao W fHege F3 1Y A4F 2Eds TR Q) gy 2e A4
S gl W zZtF AP AJAEES FAHNAA dolME Bl Srtsta ' F4
ojth, Wy AR AudeA A or o] AFslE JHE L, ole Yx 1
AR Folvt A4 BAIE Holx] &e FHAAME 32 ol A5 AF/ ALEHE AH
Z ou] el (WHO Study Group, 1985 ; 4 H rf |IE, 1994)

e ToE 3o [T wzt A Dot oY B FERIAY. dAY T

T

(primary diabetes)= 3742l =4 3ta}
VO

71l §d A3 o ok Ao A E FHrElE oA (secondary diabetes) @ixe WA #H Y
o (chronic pancreatitis)¥ #&4<% 3 (postpancreatectomy), T EZEA Z%(hormonal tumors), &
& (corticosteroids) 2 #3142 B(genetic disorder) 5% 2 AAA 3o oldte] WA Hrh
(Robins & 1994). oj¢} Z2 v|AFAQ P2 Gl s Addadg 203 &
A, ded A aga FAAFAA 5o §HEE 2ddds HelA oS ExA HZ AT
T gAY d8o= 53] EAUF He A2 gFd dHFE FHekA gde Aotk ofF
FuIAAEAA A BxHAGN B AAPIRZGAZ A B4 A FF2 dAH F
=3 AR oL, FATL FHe HALA Kotz FAolgte A FaoT AHFT
59 dtveltt. B BFAELS FAAHYD 23 AYTHAG0) FAF RN FAZLH e A
A8 AFAgES Wa dA @chHunt, 1980). Greenhalgh 5(1990)0 o3t Fx FHAE A

2

Bole A4HA HHY] FdL e FERLSANE FEA vede, I vt

S2ENAAN  AEAF] BEI AJAFTFE BTz B 3Edrk. Andressendt

Oxlund(1987)2 2= 2 oAl Ak

°]6}°3‘4 J‘i‘*‘"ﬂ UM BAAfE FEFel &= (tensile strength)
5

o]H(Darby &, 1997).
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Fold £4 we xA0 J53 FuH SHS AN 9 AAe BFHA Wo]
tHWoodley, 1985). %3] A4aALe v§ B3 $4e AA A Avzde 7502 %
s HAohByl &, 1992). Zdx=2dA &

A= oo Aol faEw, Ak sAE
(resolution)9} MEES] #& Hyxze] P4 & S
2 AFANA BEATE Y8 AL EE 7] E A Hchitosan)2 7)€l o] golMEglEe] F3H o
2 FE 0% BAE7l golMdsld 7|E4e] FF& o]F1 gloy, 719
o] golA " o wet o]ydt viFAdY Aolrt = Ao deA I (& T, 1999).
#HaFe AAZRE AzHE 71" (chitin)& ZHWOM AERQx thgor Wol EAseE
AAREA Au2A FHFFEL A A 5o FAFE HRd 2FHG AASEAE o
x =

FrkskAl
e 2AS PA3A "o

q,. nL

% 3= o] gty Hoffimeister 5 (1964)2 49 7189 v‘i'—”a‘ol FAo JEEEE FAANIGR
3921, Yano 5 (1985)2 A7 A 71818 T ¥sle] Ao add F71E FUsiich. 719
Bz ¢hslet "W‘j Aol Al FatElol IRAN TS Fsty, GHE A BulEe A

o=® "1 Hi Qtt (Ohshima 5, 1987). B4 F9 %7
= 3A F AR YFe A, A d1A dAE A5G T oA dAle AARAEE o
Aol th(Scott 5, 1995). AZ A A, AFHIZE & ZF F(neutrophils)7} A&H o JREAES A
AstA =Hed, olu JIEALE AFAEEY HAEE 7FEFAA(Okamoto 5, 1995), AFAFE
A= AR delA vt e EARGgdAE JEAS e AR Ve AAE
o gt FFAFrel e AFE g HIE HAolvh



e R Aol A 2ok Aguel mad pAsL AAY sk Telol wwA A
A AEE & Q7] A g gel o gHE Y As Fulolth(PAEst o137 1990). EE
sel Qg EaEe 2297 AR Faste wgelA plAAEA % AAAY aNE
Fugel o B4R 2g3k Ane) A4 zgue) A, BE, AuAL B &4 F A
204 A7) 5 chEE WES melstelol sul, 14s WS | My EE 3 Wl F35E A
golol AYEE 48 43 FYARE 4T 5 A0 9Byl 5, 1999). Dyson(1987)2
A4AF HY F FEEAC 2384 F 270 FUUDE, AFY 2298 &4zl A§
stolob Enpoletm stgot, AANE JHe 2eute] FES Fopol W@ o7le] thekaia
AN Qe Aol EH oot 2o BeA A BEY F gl 287 5ol ArHE
sk HE 7 RoplA WY FHAR SOz ol§Hu JEAN] HYAR BF ATEL
" E @ 2Aoluh,

Mekd B QFE AEQEZRENCR fud FuRd WA ol &3t Fugld £3] v
e AL HAA7] A WHOE FAGA 2 BIZLAR deiR NEAH TYAL
Bopel WEY 2% AR FYAF AHE Yolrid 2] ok

1. 335 2 4344

o 2H5 = (F) A w-kgh ’;;F%‘ SDA WA 72vle] & AMEER o, BE A EnE U
21 & Ayl wel 490 AEae 2 BHFIGti(Table D). A 12 F4H2 F ofFd
AAE g ggon, 49T D P8 ¥ 7188 228 2xsgon, AYLME 05
W/erh SATA; 54 283 AEE HE&de oy, Jda V& J|EN E2ex 9 05 W
SATA; W53 257 X8 E AEse vz 474 EFIII B8 2487 4 3 189
MRS Ra9 222 Foiol ERAAT. 48AL 12402 WgFsz 2YARe} Yol A

FA FF3AT AP W &xE 522 T2 dAA FAAAG
Table 1. General characteristic of experimental design.

Group Rat NO. Frequency/SATA; dose(W/cr) Chitosan

of tested
I 18 Not application Not application
I 18 Not application Chitosan application
I 18 3 ME/0.5 Not application
v 18 3 ME/0.5 Chitosan application
2. d+44



A P e g Asto] BFEA 7] (Roche Diagnostics GmbH, Germany)&Z & 9ol 200 mn/df ©]
" =) p—

AgotE WAED Ayl ALEstsich Fuy Rdo]l fdE wAMEL F29 FE& T3

AAeas g8 dgEEse i AFde vy Ard g WerE dhEds Aelekan
ok ehHE 29 AR Wasdew, Rompun FAMAE 06 we/kg AHESH] FEES A vhE AR
%, Ketamin 0.5 mg/kgs AH&3te] 2 viHAIZ vi3E dBFEE2 AF8& S AXE 24
Al g, 238 25 F AFE b 502 dxE AYHZ AAFE EAES IAF AF
(full-thickness)7HA] F&5WEZ 30 m A3 Aste F2E FEadc. 2Ad A& 4
28 F AIAAAE o]l &3 10 mm HA 2 BEAF BEAT. & AP AR BE A
A5 99 Wyod FTdsA MAsIG oy, AdHT F 2440 T HAHE FAskA & F
ARE A EEA
3) A5#A

iy A4S BdolA, 239 XNETS 3 M 2STA=AE AMSEte] 74 A" 19 13
1.0 W/emt SATAI (Spacial Average & Temporal Average) %02 X #sgon =53 #HE=
¥ 05 Wars AHgstsion, WEne 152 de8doz AFsAT. J1EMN S22 JEA &
TS AR 1Y 23] 7}z 2xEion, AAdAd 245 WA st A28 EE =X
F ARl RAAFAT 2&9 X289 B4 BUo EXE P YT S WA 259 AR5E
AAE F JEA B2 cxyd 598 BHos (XS gt gFxeve A T Ay F
8 A7HA obF- X mA A X AESA Fokr).

4) =3 AxE R xATA AsaR

AFEgEHoz SN F HFEE 1A B DA L FoR AERNE A5
$ g a2 FAEAE VTR 1 of HolRE 23E& FE5Y BEE 2 39, 6¢ %
159 Ao = A7 gupd FYd wo R gz AEFIAT. AEE AL AEA 10%
F4 r22d o st AFE A7HEs A (autolysis)ol 43 HEF St 1AW
ZA g 24N F 52E B FAE b ARl zAe g4, FY OH2 AFARE
TISSUE-TEX®(Model No. 4640B, Sakura, Japan) 71715 Ab&3}e] 14417+ SoF ] e)alg on,
stelul BZol alxn Wze Embedding Console System(Tissue-Tex®, Sakura, Japan)& Ab&
stttk AARE Helyl B28 3A@4 v AEkE 7 (Rotary Microtome, Sakura 2040, Japan)& AHE
kel 4~5 m FAd MAERE A FAAA HKE AL AASAT #srEeA
(Olympus BX50, Olympus Optical Co., Japan)S AF&38lo] 7zt a9 FAz Ao 31&E3A z1

=g
dgon, Rad xAqLYrE 2 P 2AES FASA FHAA oA FPR 249
| = 3]

] )
zAdEg £33 9 S dEAEe HEARZC wel -(0%), +(slight to mild),



7} 7 AAEAL S }x]l_,] Aol & HF37] Yste] Mann-Whitney's U-testE AF&3}
oA E e vy Y3t BE 249 dal AR (repeated

o APFEHA S Duncan test®Z AAstRoH, BE FATH {9
)
A,

i I‘-I

one-way ANOVA)S 2 A3}
T2 p<0.05 FEolA AF

1. 2o wE A58

A 7(4 AFAMA 3¢ F, 69 F, 1503 o 47 AFE
t}(Table 2, Fig. 1, Fig. 2). 4387 1& 39 & AFoA F
) GA9 BAE Rt 7 B AULER GE FoIbE DA, B
F 6YANA AFo] Hdastrirl 1569 Fol= 48 He AF
FO4e AT AT M 4 F 62 AN AFol Badort 159
g ugod, 4% W) AFoz sl HuPAL wUv AYE NE

IR FAEAD Aol 15¢ Fo vdi IHEHe FEE R

Ropr oo L
o ot 2 apo

Table 2. Change of body weight (g)

Rays PRE 3 6 15

Group

I 257.01+18.24 281.80x8.64  268.15%x12.24 276.00%£6.48
I 263.39£37.39  248.41+13.561 241.40£10.59 289.08%£12.03
il 298.33£16.87  277.61+10.48 266.11+21.41 284.73%14.20

=

284.96£22.05 268.78%£25.38 251.90£15.30 270.44%+11.78
F-value 0.85

All value are showed mean=SD
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Fig. 1. Change of body weight at group 1, I, I, and IV.
All value are showed mean=SD

2. A32o1as%

29 ANLERE 39U F 6%, 159 Fol el FgRelus AwE SAAAHTable 4
Fig. 4. 2893 1< #4473

o F 29.82+546(0.6%) mm, 6 F 28.04+7.01(6.54%) mm, 154
T 2767691(1.77%) m=Z 22} FAA Y Azte] weg g7 ole Wie folstA I
AFT OE 39 3 FA4Zol7t 2875+479(4.17%) mm, 69 F 27.24+521(92%), 152
25.57+4.5(14.77%) mZ ZZt ZAstg e, AP 2o Fddols Fart Aoy Azt
mE FAZdole WIAEE FoA &Eun. AL mMe %“J Aol W3le 39 %
27.71+321(7.64%) mn, 62 ¥ 25.85:4.72(13.84%) mm, 159 % 226+3.04(24.67%) mZ Z2F AL
o, A Zkel]l W& FAgAole] wstE A 159 FolAy FAGH R Fefde] e Aow e
S THpP<0.05). A¥T V& 3Y F 2737+6.24(877%) mm, 64 F 2557+3.12(14.77%) uwm, 15¢ 3
20.6+3.21(31.34%) mzZ R on 2F 159 F ZFAHZAM Azt wE FAg7ole W3y}
SAgHoR F93F a7t UAXTHP<0.05), AT M vlmo)Ale FolAdo] ik



Table 4. Change of length in each diabetic wound. (mm)

Duncan
Group 3 days 6 days 15 days ]
Grouping
I . 29.824546 28.04+7.01 97.67+6.91 i
A B
i 28.75+4.79 27.24+5.21 25.57+4.5 AB
m 27.71+3.21 25.85+4.72 22.6+3.04 AB 9
ABC
. ABC
7.37+ 25.57£3.1% 20.6+3.
IV 27.37+6.24 25.57+£3.12 0.6+3.21 ABC
F-value 3.47"
All value are showed meantSD
" p<0.05
4 ™
35
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Fig. 2 Change of length in each diabetic wound

All value are showed meanzSD

3. A4 wsl

AE Fad T, AR A5 3d F 6Y T, 1569 Foll 2 AFatel A 6ukY s A A
ZA8A 78 AR Table 3).

PEAEe] HEdEe RAERY 2P} s, GG @ JEFED e AEaT 12
349 % moderate’t 16.6%, severe’} 83.3% %29, 64 ¥ moderate 33%, severe 66.6%, 154 &

F

o = mild 16.6%, moderate 50%, severe 33.3% % ztz} e th(Fig. 3). AW« 09 A% 3¢
Zoll= mild 16.6%, moderate 50%, severe 33.3%Few 64 F mild 50%, moderate 33.3%,
severe 16.6%, 159 F-ol= - 16.6%, mild 83.3%, moderate 16.6% % ZAsHE A7 AAFE 1

of Mgl tlh A& Yok (Fig. 4). 2@ M-S 3¢9 A mild 16.6%, moderate 66.6%.



severe 166% 2™, 644 mild 666%, moderate 33.3%% 1, 15¥A - 1669, mild 83.3%,
moderate 166% % A% x= o Wizl 9 9th(Fig. 5).

AEg- V& 39 3 mild 33.3%, moderate 50%, severe 166%3 2w, 64 F - 16.6%, mild
1et= wstrt R EA
(Fig. 6). 49« M¥ AP Ve A8 [ 3 483 DEvhes SA7 BrollA xR A

AEIHRIE e Aew A

e
Rk
i)

N

Table 3. Histopathological in each groups.

Micro lesion' (%)

Group Time(day) S R T T
0 0 0 0 6/6(100)
I 3 0 0 1/6(16.6) 5/6(83.3)
6 0 0 2/6(33.3) 4/6(66.6)
15 0 1/6(16.6) 3/6(50) 2/6(33.3)
0 0 0 0 6/6(100)
I 3 0 1/6(16.6) 3/6(50) 2/6(33.3)
6 0 3/6(50) 2/6(33.3) 1/6(16.6)
15 1/6(16.6) 4/6(66.6) 1/6(16.6) 0
0 0 0 0 6/6(100)
m 3 0 1/6(16.6) 4/6(66.6) 1/6(16.6)
0 4/6(66.6) 2/6(33.3) 0
15 1/6(16.6) 5/6(83.3) 1/6(16.6) 0
0 0 0 0 6/6(100)
v 3 0 2/6(33.3) 3/6(50) 1/6(16.6)
1/6(16.6) 4/6(66.6) 1/6(16.6) 0
15 1/6(16.6) 5/6(83.3) 0 0

B Hemorrhage and hyperemia in capillary and infiltration of inflammation cells; % 0%; *
Slight to mild; *: Moderate; * Severe



Fig. 3. On

diabetic control group I showed severe

day 3 post wounding of

hemorrhage and hyperemia in capillary
and diffuse infiltration of inflammatory

cells.

Fig. 5. On day 15 post wounding of
chitosan powder application group I
dovvel iy g a0l res vies (i ke e vk gh dillpske lomer
anl v ves deselin fe ye deh e dvete dh & deus e lene o
te uper ba: h te bag; te dyh  alopos e beare th
of collagenous tissue became thin.

Fig. 4. On day 3 post wounding of

diabetic control group 1  showed
severe hemorrhage and hyperemia in

incisive wound region.

TR

Fig. 6. On day 3 post wounding of
chitosan application and 05 W/cn
SATA;

inflammatory cells was decreased and

treatment group v, the

width of incisive portion became more

narrow than other group.
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12} (platelet derived growth factor),
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ANAE
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X

A
Al 10]- [s]

AFNME 2EJEZEAN 30 mg/kg

LS

Zol g9 271 200 mg/de o)A E JEY

7}
A Aol T}

5}

(Garvey 5, 1989).

1998).
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o9 AfE U~ & E Al g
Dinno &(1989)e 1+ A% =4 A#& A% 484 dFde &5
ol & AAsdn IRk £F ARG z§IE = 3
w/erl)el F 7HAR ERHcd AZE 2EHARE Y AIH
71y #R-29 kg Tt 22 % bA AAE HAANIL ABE
3 , A4S ddd e Ik (Harr 1999). Byl §(1992)2 7Y
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24 A o] Fo 1 134 15U A&EHoR %
i el gtel oM o3, Amshd, Jdsha Wy
A ARG EHOIAY, 48 A7 AF3FH W did AFE
2 a3 U (Nassbaum %5, 1994). Byl 5(1992)¢] Qo 9ostd 7}
# A (Yuctan mini pig)ell A4S LA 2SHE 39 B¢ 05 wier, 2¥9 TS 1.
w/enZ WEH 1 :4 2 253 A3 B EZ A(partial-thickness incision lesion)dl A &
Za-7 zpel7k gl el A= A (full-thickness incision lesion)ol A= dl A Al 7 o) =
ool @ol UEehU A fe A WolME #f93tdcty it B Ao A%
ool tiEatel His] FAdAe] ®E&o] 3°H 6dAAE Aot UL 129 Foe
15% A9 frog zolEs BATh T3 AFHAEY #Fak dEFTERYG oL HAHJ
Heg Hdd=FEe] 24E5L 2 479 A% Fd&Arh. Taskan (1997)9] AT A =
T4 252 uld 743 58Y 01 w/ar FER AAAF HAEEAS W FH7E 4F
7hA ek ZHARE dzIdrRg FAAFAd o EFAHoUd: B 1At Youngd
Dyson(1990)2 FH o] Z4-& FEdo] 01 w/ewd Z=Z 5] 1 : 4, 3 Mo WEAH 221
2 Agste] AXae dxzad vs] Ao Ay, gy 387 A Ee dFE
A Z7 ol =

o
S
o

o S o

2P op R
de |o

Jpb

2 483y

2 iy

49 oo

9

A= glo] AAolth Lowe 5(2001)2 ml$-28 didoz e Fai0 M9 £ F35(3 W)
E AMESt] AAE A5 259 AEE 5 FUSA AN Ad, 3 AAIE] A2t
o Abolrh fIdthaL st o, ol HelEHe ;A @ AIZEE AT R ALEsFl 7]
a2 oAz & AgeldE e FIFE Aol 05 W/ar SATAS %28 Y
T el A fel A3 AESY BEFAA @A MM EHE FdERoem, 05 W

ANEE AAS 2487 My 28T VoA 3 dole A 2 d43/24
A9 AE Rl on, Ada VoA Bk §o3 ZA2gxE 398 ¢ Added], oe
ZIEA €% =X & HdEa oA, oldg Aie ZAN FAAFA JdolA IR
2597 A¥E zS&uRy a¥Aolgt: Karmer(1984)e] B a9t AA3ch Young¥



Dyson(1990) 2 Taskan 5(1997)2 2 F344E AFES AAE X887 A2V A58 o
Ao axolgta dow, Byl 5(1993)8 AFNME ARE Z2gd a7t FAAFE 7S
shAlZickar Btk B Aol Al el AR AT GaRd WA FAAF A
doll A 05 W/err SATA®l A&ZFor AngE A4S Ay, dFAx] HAE&H nddFe A&
¥ A7 2598 A8EA ¥ dxdtd v EHAIAZE o & UMY BE B
&, ZAA Wg 3o A% iR 71ENS #He Ay dgdelA 253 dE A
ol vis] FAP>0.09)Ue FEAFELAE FAdatd =, ol 2L A= B A=
HoZ 259 AES} TARAAGFTH e AE 71BN HAAEY v 2H44AE 4F3
%

717 & dekaA welA AR o, ook

€ a3 dg jE
g Al °]E7]77P<] gy 0}71] AP vk FdAF 271 T 9
AAEE52 vy MWy F(polymorphonuclear leukocyte; PMN)E ol A &ol o AA=EH

(Scott et al, 1995), oJd 71E4L O FARYFEo] JA{FE 7MEA I E 9 S FYste AL
2 d#HA A (Okamoto 5, 1995, Ueno %, 1999). D] dojA Fate] xAf3e Fa3
gZ Fo Fjolrl. J1¥1& N-acetylglucosamine?] 7|2 727 HEEEH o] o]Folxd EAR

acetyl amide 71¢} amine 7|9 F7FA 7154 718 7FR 2 dtH(Robert 1992). Okamoto 5(1992)
> 71do] H# AAE T Kotz AR AEE9 AAS Frdrta Yk B A4y
2 FFAAME dzTdd vdte] FEANS BEEXS oA & FH3r A=
T Ao, A ndFE AR dFAHC I, A, &4 U WEE F949
ol B3 %S WA Muzzarelli(1992)= 7)€l 2] n-acetyl-glucosamine©] th2] 4]
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