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Aol AHed FafEEFI S A4 458
dog ZAE pH 459 streptozotocin(STZ,
Sigma Chemical Co., U.S.A.)2 24, STZ(70mg/
kg of body weight)E A& WA mzg
o FAREIGoH, dzTode TF9 AAd
F& FAsH.

AP T 32vkE] FolA 4utele STZ FAHE 4
AR FEAEIA L, ol Fde BF AEHUL
vz AA Age AHRE A= g2Fol vl
g Avie], Ag o] WjFE 8elE o dxT
de AAIFE, APl STZE FAES
AR o] FZaetZe] AFFE FAAAFAL
H ol AYPZH 2T 4PEES AE 1
FT, 25T, 3FT, AF T2 YR o] E &
o 7erelR e AT 6riElY e dELY

264

AN E AR T, oS 4 4 15, 2F,
3%, 45l QAT

AE AP 2o WM ZRE &9
otE e 2L BE AR AT ¥ 10%
%4 formalinegYd] nAHANZAL 23E et
T A2FS AAT £, AT A A
Fe o} FAF WSS FHEY] Y& AXAAL
A&#YG < APt AXALAFR & Hitex
HA-80(Hitex Co., Japan)°]lil, AXXTLEe
Fuji X-ray film FR(Fuji Photo Film Co., Ltd,
Japan)ellow, XA AT9 &3] A-le 60
cm, A 30 kVp, BAF 5 mA, XA ZAA| 242
30z AU o] &9E XMIEL
B wet @A AY. 28 23] #F
£ 98 59 wl paraffin Eoiste] 4-6 pm
o] AR ES AUt AFE FELS He-
matoxylin-Eosin 3d43}, 229 FAduhy
£ golry] 3 Toluidine blue 4, LA F
o ZHRE FEE7] 9 Masson's trich-
rome@ S AP F FEAn|F R HA
Az, T2 71AudE € F9 ndde 3
£ FEA3] st AFEv|F L o &3

m. &MY
1. ®ghe| B3}

AET 8rtE] WA HF dste STZ
FAbA dFo] ¥ 100mT 125mgolAE Ao
STZ FAIF A 15T A 368mg, 48 25T
ol A 346mg, A ¥ 35Tl A 3limg, A7 45Tl
A 360mg.2 Bzt A&EH AT

2. AXMARZIAA

I A8 132

Nz2Fe T AAR M= i v ek
T FFA 470 BEHULH, FFAFHAA
F2F9 Eolg vishe #EAHA ¥sich 4
PN E stetaF AR 9o 23 FA}
& o3t 234 Lo FAHUN(Fig. 1-a,
2-a).
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Nz sdIAF AR es 4 15
ol HlEte vlmA FIHT FFAH0 #F
4t ole Feje B s en, F4Fs
AL S 2P, TFARYE R
FHefo 93le] BEE YL BYch AFZ9
T AdRE M g2 vldi B
F3sln vFE FFAadol #EHUoY
ole] Pl FAFo dAL UzTH FAMSH
gon FZARYAME 277 npdsix 2
WALA g o] 93t Reld Fdo] BA
(Fig. 1-b, 2-b).
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dxTe sttaF AdFAdMe 43 2%
Tl Hlgte] Hrp F3g T4 AEY

=4, |9 FH€ Bdd = ol FE= 3l 3
Aom, FaF e Ak A 34
AdA e AP FAN e #EEA dgict A
279 stetaF AdF oM e dzTd B3t
o 493 WFH EFHF FFTHLZA B
qom, TaFe FET Yz vst] A
Ao g WA oY, HAFht e #EHA
2 tcHFig. 1-c, 2-¢).

4 438 4577

=T stetT AR e 48 3F
Tl wlsted wnA HFIFe] Fefo} F2F
FEe Hole 340 BAHAL. 4Y
9| stetatF AR AdAA e A 37T 4]
st 254 799 el FhFe AT A
Bhe Holx] ¥siti(Fig. 1-d, 2-d).

1) 48 1577

stetal o] ddd e o4 BRE s @3
A, FEHoZ HFH T o ZFFA 0
#&E o Masson's trichrome@ Ao A 3
Ao g Az FIFd HHxHog A=
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ANk AdHe A9FH FWAdE Toluidine
blued Aol At o8 FEEH = A dE23
o] Ao, AFUFst AYPHYU 1, A
A FzHL sAHog foUd3t TARE ¥
48tn YU B DI o|H M E =Y
38 FAE UAE S B2E S IS B
oM SHDEE F S dHx2 9 ud
A7 A3l Est e Y Z3o] ) dAd
AYSe ZndAdL ndsA FFHAG
(Fig. 3).

(2) 43 25+ :

stetal el Aawe BRAsg oy vlua
A wEgd HazzFeg sl Yo,
Toluidine blueg ol A F5xo] AL E Ho|
< A NEAE 7t B2 A FolH ¥ B
Z= A Adde 9 FWddle 943y
stoll o8 FAHE ATV NS dEEHY
dNen, Az AAYZo AFHE HR
oA Ertopfzl THGE RN = A
1, TLF Hdde 3dVIHeE sEY 84
stg ot Est 2 wid o] gIgich HWFdq
BoA #FHe AT FAGR i) 4
FZA L BT FPLLFE Bojn F A
o] Ao A Fudde FIsd
t}(Fig. 4, 5).
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stetatFe] Addde dF2AY R By
ZAE B FEHE 44 AFU 2}
ojFARon, AR FF sttt
FAHE A FAE 24 A5 223
o] #AHALL oS HAsn Ye AH2F
% Masson's trichrome§ 43 HPAnABZ
AX EFAsA ASWZE} o] R &= 29
dqres & ETAT iy drzge] #F
HAoY, A3 }FF HHoMes 94223
e HBFAM G EHY GFESNI AR
1, 3 AFde Blud A Aelu AL HH
ZZo] #FHPo, AH AH FWNd
t 2939 dazFe 2243 fdEe A
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o 2ndde e 440 FE Aede 2
A& 2} Fig. 6, 7, 8).

(4) 4% 477

stetatrel AdReM e G AU
gohe B Y P49 A YHE 924
G549 E2AYt FEH JNewH, og
= AN e AF2Ax NLsA a2y
ATk FPE F4F A FolNEE Uy
22 A wigH ANeH, FhFE 4
SH w4 FA BRHAL, A4S0 2
A B85 d550] 5L dhdoz 33
A BRoh deie 4y A= i Hs
H 22F0| AfrzFd B FH=H 3
= &0l AZHAFig. 9, 10).
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1) A8 153

stotal el AYwHe BF¥eqn, H-E ¢
Aol 34407 JAE TR FREYe
o, e JAzF o2 g5 ik o
v A9 o|hee i Zsld o i
E P4 o] M=o, Masson’s trichromes
AoM Ao g JAEE JR2A L YREo)
AAAEAL, 259 HfEute] FAHAY. =
& AFAT AN Uzl s Az A
g ddEve Zugd e vesA Ut
(Fig. 11, 12).

(2) 48 25+

et o AgH e EFEsdoy, A X
e Az oz Hhg9.em, Toluidine blue
AN TR HAEE HolE x4 Al X
A5 Ze B Ao Ert 22H9n, A
HolXe & 3td FSAE7 23 dad
9] 13 ol AT E3te} Thy Z3lof 9
& 49 F4F7 71439 44 e
o, AZ2A L AT (RS FY9 A
TR FRA FEHA T, F4F AQd e B
2 9] oA Lo} Aol X7 BEFHY oY,
F2etA M=o ARt HBA Fo A A4
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29 A7) AR2AL AP T FALYE Hov]
2 3499 e, Ao Zugde
frekotAl A2 E Ak(Fig. 13, 14).

(3) 48 337

atetat o] A} AR Fhe) AA L =8
A BAHAoY, FAF AU S8 93
FHd E2z23og AAHALeH, dRgNE
A2 AFAY FxH o] BRHYY. o]=e
st e AH-ZF2 L Masson's trichrome
AT HFEn AN vlmF FEFo|m XY
A AW, Ao 9F FHdA
wYAg HFr2AF FAF T2H0) N2 &
TE = o] Bt AAZ9 dRM e v
A AstE oM XU} 2AF HAJA BR
HAL Y, RN e 2549 FdEAE Zoldx
gto] Sl 7he E4FVF HRHJY a2 ¥
B A e AU Zaddo] uj$ A4
S8 F2 AR5 ¥ 2 deithFig. 15,
16).
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stetatTol ddiode dFUZdsie B
THE gL I YA A2A AFY
SZAY7E FEH U, ol5E AAs
I e AL AYEY. d4E 4%
HAY] ZotEE dAz dasln 71 Fo
FRA @gton, g2 ¢ FAFE e B
A Ao AMFY] Fudde
Aeso] L& Hi4ez #AHRoY, gz
TolE vAA ZRch(Fig. 17, 18).
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A<«d =3 Type I (insulin-dependent
diabetes mellitus)@ Q1&d B[ EE QA Type I
(noninsulin-dependent diabetes mellitus)2 3
A WA, olejo &y PiH(second-
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A, LeungS¥ ¢ Az A oM Zzt Al EY Amgd
Ao a7t v dH o2 FIME S B
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vindE¥2 alloxan§ % AN Heang
A9 3%t asr = o, 2 A
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F7te BRHAd Jeivde 348 AF23 9
g AFAEFH dF3o] e A 2ohn B
AT B Aol S 33 48 132
23Tl A APZ Y FudAo] uekstA #
AU, AY 3FTRHe Fuddo] ¢4
o] & AFEE B, o9 =7t
Z7ol vlgted AT i vldaiy e,
Hennessey5°& SilA] A¥e vhdo
sho] thet BaolA, wgde g3t FEXH
o Al g Fo, mdA B Fgx9 Fvlet F4
HoAe] wdAe] A4 E Hole 1¥8F F59
Ao ¥ vxe A2 49 udde F7t
d 23l o3 ARt st wetd B A
oM Fmddo] o YR wgt Fa} A4
HAou, dzad vgte APFA i A
«E71 0N AE ol Al oF
Azgn YgEn.

dutx oz F&£A 0 BRE opy|EEe =4
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o|3tAl Fitslo] FE AT AEH £l
o] o] yehin], mdd 4, Sl
45 2 AT FA Tl GAEY] WEelgtn
stk =8 GolubE®' ¢ alloxang4 A
o] X2 ferritin-antiferritin FL-FA B
g FAtetd fdE Y 945E #3829, o
A AezAe] §ad AR Hgo] #hH

A3, LY Aol F3ol ol FaTA Bk
W Re FuuA dfotdEe ngd A%y

o] AU, A& 9L FaANe 4
AR o vlgfaly, G E ma}
Aol Zd mPAo] IFAld FvlE e £3
o dE 23 AIAE 7R g Eolgn
3t9on, T8 Mowat® Baum®, MacCuishS
Do zbzk Al e WY 7o} Yo
Hkgo] £3E 9Tt Huslith A
AQ AT 4R, UZTH 2 lo|glo] A
Foll A2 o] v NLUEE MR 3 8
A= 1 W= e, ol £ Ago] &4 ul
o A H2y s BEAS Ao, BN 7T
i 3 iR vz 23 Aol
7l YEoz yzEY, o] & HFsA TR
W A7z 24 wdde) =9 ugd B
Hasre 2458 gYrlslool & Aoz A}
g9t gt FF 29 F59 3o Bt
B B9 uAR e 2AG Z4)
29 WzlE ME Hlwsle § v a7
Y& 53 o] & 7Rl Ao] ml$ F8F A
2 yZg,
dukA o 2 FZ37 o]
£ 279 ARZ9 66%-8%FE] 471714
2 x5 1, Aldo] Aatg] g Fr]380] A
AWM 57t A= ed?, g88 23l
2H5A nAH IS W SIS
AAA g3 A Z FREo] A FF
Ho] njd4 agALy FAZd s AFA
A9 wgy)e Zo] 49 Wy @3 37|
AL vjAetd ZIAHE 2T goe BEZ
Zo2HE AFo] E3HI A5d AU
a3 5 AFAEY} HEY, 3 258
Qs AU HAEDD, B AdoA
#2d ANFe Adde A 223 Igo
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25E IA4E T 39 gRFo=
5FE 238 d29 9t FAFHJE=, AR
o] dEW I3} o3l AU, AF 2
T30 AXAARI A AekZa AYZ Alo]o
WAMA R 7 BE2EJY AL obF Z3lER
B dExHo] FHIES Y3 AU HE
ol Aoz wdd}

o] FAHE AH A FoATE vlugd
4 G A 2udAA BEAE A sl B8
o® AR R asrr G s P
2X, 0|59 71%5& B2 938ld Weinstock
Ve AP L o] 47 AP ZolER
5H w3 A7EA N Auddoe] e &
¢ proline& J2j7kx]9] ofu]Atzt E3tg o
pro-alpha polypeptide chain z}A| oA &A= 7]
T 33, $A3lE o] peptide-bound hydroxy-
proline® $E71% dchu Hasigich

ojg}Zo] FoEE FugAN EAE A
stz |, E71AS gAste 7133 A
e AEolnz Fuuo] mPAAlY W3}
2 z¥ate AVolgs FAHNN Fuwd
o3 FxA 9 A= F83% A9 U] F
o

olo] ta] Deleews} Abs"@= ZztrZo
T S sttt skl E, Santiago
593 Levins¥2 QA9 d&d AU I
oA 45T B v e, dx
Aol ZztaFe] A7 A thal, GolubE e
HIHAAQ ZolA X 729 7T g8 =
7149 Fgrael 242 + dckx Baag
1, Hough®# Shires5™, Kaneko5¥& 2o}
AxzHEY Sugdn e gz Bt
AA o] FFAe AN YElhte Aol
EAoln, AP AF9 YRR FEFFY
S7I2 3 Rol] Bope 27139 A Z)
2 A3 Aoz Hustd, GFA A F23E ]
ZAEE AL oEA X 93l SEF F
715)7] B Folgtn 1% HausmannEe] ¢
TAde= T 7R o3 347 4"
v} ok 23y SasakiSde DAl Z
oM ZHAR G Yo E wdHA
3, A FHYAE FARE & 2083 44



3o FEAE prolinec] ZEH vjdd A
T, FAE, SHAY FopAxY ANz
A9 FAHA FUAY FAHA &% BE
o FxAaFol Fie 3 FHFol7e A
ok ol 7| A dElM = AN BEX A &
AThE B bk glof, o] o] A AL A3}
A BEA YA £ % sivh & APAM= A
Al sty THAZL FHEY £ Qe
U, AP Fl A thzTol vste FolMEs} §]
ZE A, Sudde] vgstA FAHHAYeH,
24771 7bem #TH ) 945IUE Aoz
Bo} Fxe s FHAEI} 7154NE B
of ZYATH | FHE 2T Ao| opdrt F
et au & A8 AXAANAM Ad
2530 BE S dee] AP S AL 2
A7 2 A0, AY 45T vnE F4
T FAFG FZEE Holv FEo] #EHIL
R AR Zo] RFE FAH, 7150 Foy
of 2437} 7154 e 3l € Aoz #3
H7e A, G5 S53H 5733 € 7]
54 BAE T ATZ o9 FHo| gt
glet AztE.

o] 9 PRl AN xZ ] HEE #F
7] dalde AEsEd F24 glo] A H
A Fug $2AZ F glolok 5|, Ferner™
7t AA S FaAAARH AHEHL e ¥
ol A2 diazoxideWt HFEFS AAEI] 9
gt A} &EE %59 corticosteroid, ke
theophylline, aspirin, isoniazid, nolidixide acid
58 dAHeE n¥FFE FEAE 5 UA
vk streptozotocin® alloxan, rodenticide vacor
o} 2 A7t GTHA GRS FEAIG
P Aol Agksled, B AP e HFY A
A FHF Lo GEE PAA ¥, T2 9
g dad Eujtgdd g 4 VA 7
55 7% streptozotocing AA B}
Agstant. 2y ole] Fofake glolA
Julu$t Mutamba®= #% kg% 65mg, SimonTh
WestP= 32 kg@ FngS B0 A1 b
£ AN e B3R AF ked Ongs 5
AVe A, 54T AFoA 73] Gl i
" Zlol i en, FAMAe HEEEA
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7t EH 100m% 125mgol A Ao A¥E 2+
oA B 368mg, 346mg, 31lmg, 360mgLE T
A7 AEHYA Ao Hol 23 WM& A}
£ B xgo] B o AlsHY

V.28 B8

F23 Af9 Zojdle bt He g
o] &4 sttt X HHPd A= JFE T+
Bl AAEL AF 250gmll 9] Sprague
-DawleyAl 24 @A AF kgD 70mg2] strep-
tozotocins FAFetY B A7l AL
7 B3 A drE FA d2Te] st
FE Adegtt ol & A8 FES AY 1F 25,
3F, 4530 Zt2} B A7) T et E S A &St
o AXAHARR o2 a1t 9 A FHE ) F4F
o] ¥zl #A3t3, Hematoxylin-Eosin 94
3} Toluidine blued & Al sld F22 9] FA
<, Masson's trichrome@ 42 A3l wdH
frot TARE B e AR e, A
Fdu|7o g x4 7|dudE 2 F9 43
of 35 A vh, S 22 dnE &

At

L XA AN & T3] AF 1575 25
Aol AzEHU, 4371del Ao w2t
iz Hstd dPTAN HA B
e APdER ALFE FLFE F3o|
FEHA,

2. A%d sttFFe & T GSsie A
T &stel TR el oot AFY=HA
.

3 ARG EL T 33 AdF9 9F Hd
Z5E AN, ABYE F TN
Tx20 #FHUY

4. B EE thxT 9 Hlsto AFTANA F7}
A1, P = A3 dasts, T2FE EE
a3 7beA B4EU

5. A Ze ZTnPEL FT F3] AFrido
B et dEHod ddTeA o
2 meFeiTh

6. AUE 4T AASE 2L I

=)
-3
d

ol



3] AdstA W= At

2 Q79 23k ZARA Hste] P
A BT A5HA7, LBl nlo
s BYAeH, Ea%7t e BA
A B4R AL BT A5 <

st 2P o] Fol g k7l WEA e

2 Atg"d.
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-ABSTRACT-

REMODELING PROCESS OF THE STREPTOZOTOCIN-INDUCED
DIABETIC RAT’'S RESECTED CONDYLE

Won-Cheol Kim, Eui-Hwan Hwang, Sang-Rae Lee, Jung-Pyo Hong*

*Dept. of Oral and Maxillofacial Radiology, Oral Diagnosis and Oral Medicine, College of Dentistry,. »
Kyung Hee University

The purpose of this study was to investigate the remodeling process of the streptozotocin-induced diabetic rat’s
resected condyle.

This experiment was performed with male Sprague-Dawly strain rats weighing approximately 250 gm, which were
rendered diabetic by an intravenous injection of streptozotocin(70 mg/kg body weight).

After condylectomy, experimental rats were serially terminated on the 1st week, the 2nd week, the 3rd week, and
the 4th week. The following termination, the mandibles were dissected out to make specimens. Each mandibular
condyle was radiographed with Hitex HA-80(Hitex Co., Ltd. Japan). In addition to radiographic observation, the
mandibular condyles, further decalcified and embedded in paraffin, were sectioned and stained with Hematoxylin and
Eosin, Toluidine blue and Masson’s trichrome. They were observed with a light microscope and a polarizing
microscope.

The results were as follows.

1. Soft X-ray radiograms revealed proliferation of bone after 1 week in both groups. Irregularly repaired bones and
dense trabeculae were clearly observed in experimental group.

2. The resected condyles were repaired by intramembraneous and endochondral bone formation in both groups.

3. Bore tissue repair was initiated from the adjacent margin of resected bone, and cartilaginous tissues were observed
at the top of repaired bone in both groups.

4. The number of osteoblasts of experimental group was small, compared with control group. Each osteoblast was
small and flat. The thin trabeculae were irregularly formed.

5. Collagens of bone were gradually matured in both groups, but the degree of maturation was lower in experimental
group.

6. Fibrous tissues covered the upper parts of repaired bone were densely arranged in the both groups.

Conclusively, atrophied osteoblasts, immature collagen of bone, and thin and irregular trabeculae which were

characterized in the diabetes experimental group showed diabetes disturbed osteoblastic function and caused
disturbance of remodeling process of bone,
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Fig. 1. :
Fig. 2. :

Fig. 3. :

Fig. 4.

Fig. 5. :

Fig. 6. :

Fig. 7.

Fig. 8.

Fig. 9. :

Fig.10. :

Fig.11.

Fig.12. :

Al R

Soft X-ray radiograms of the resected mandibular condyle of control group on the 1st week(a),
the 2nd week(b). the 3rd week(c), and the 4th week(d).(x10)

Soft X-ray radiograms of the resected mandibular condyle of experimental group on the 1st
week(a), the 2nd week(b), the 3rd week(c), and the 4th week(d).(x10)

Photomicrograph shows cartilage and newly formed covered on trabecular bone adjacent to
the resected bone.

(normal rat, 1 week after experiment, H-E stain, x40)

: Photomicrograph shows young fibrous tissues covered on the resected bone surface. and en-

dochondral bone formation adjacent to the resected bone.

(normal rat, 2 week experiment, Toluidine blue stain, x40)

Polarizing micrograph shows well arranged collagen fibers on the resected surface of the bone,
and short fine bone collagen fiber in the newly formed bone.

(normal rat, 2 week after experiment, x40)

Photomicrograph shows active endochondral bone formation on the margin of the resected bone.
(normal rat, 3 week after experiment, H-E stain, x40)

: Photomicrograph shows remodeled condyle-like structure covered with dense fibrous collagen

tissues.
(normal rat, 3 week after experiment, Masson’s trichrome stain,x40)

: Polarizing micrograph shows same field of the Fig. 5 with dense collagen fibers on the cover-

ing tissues in the newly formed trabecular bones.

(normal rat, 3 week after experiment, x40)

Photomicrograph shows well remodeled condylar structure with active osteoblasts, which are
lined on the margin of the newly formed trabecular bones and matured thick trabeculae.
(normal rat, 4 week after experiment, Toluidine blue stain, x100)

Photomicrograph shows dense fibrous tissues on the upper part of the remodeled condyle,
and matured muscle bundles attached to the lateral surface of the condyle.

(normal rat, 4 week after experiment, Masson’s trichrome stain, x40)

: Photomicrograph shows necrotic material upon the resected bone, of which margin is degen-

erated and stained homogeneous.

(diabetic rat. 1 week after experiment,H-E stain, x40)

Photomicrograph shows newly formed compensatory trabecular bone, which is intramembra-
nous pattern on the opposite side of the resected surface of the condyle.

(diabetic rat, 2 week after experiment, H-E stain, x40)

Fig.13,14.: Photomicrograph and polarizing micrograph shows endochondral bone formation adjacent

Fig.15. :

Fig.16.

Fig.17.:

Fig.18. :

to the resected condyle, which is encapsulated with well arranged fibrous tissue.

(diabetic rat, 2 week after experiment, Masson’s trichrome stain, polarizing micrograph: 12,
x40)

Photomicrograph shows irregular trabeculae which covered on and arround the resected con-
dyle.

(diabetic rat, 3 week after experiment, Toluidine blue stain, x40)

. Photomicrograph shows trabecular bone lined with flattened osteoblasts, which are small in

size and number.

(diabetic rat, 3 week after experiment, H-E stain, x40)

Photomicrograph shows condyle-like structure on the apex of newly formed bone, but the tra-
becular bone has lack of osteoblasts on the surface.

(diabetic rat, 4 week after experiment, Masson’s trichrome stain, x40)

Polarizing micrograph shows bundied bone collagen in the trabecular bone.

(diabetic rat, 4 week after experiment, x40)
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