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ABSTRACT

Dermal wound healing responses in the skin of the toad, Bombina orienialis, were
examined using transmission electron microscopy. At 12 hours after wounding, debride-
ment and collagenolysis occurred in damaged dermis. Histocyte has a large nucleus and
long cytoplasm process. Phagoc.ytic vesicle and lysosome were observed in the cytoplasm.
Damaged blood cells were transformed spindle to irregular shape. Autolysis was observed
in their cytoplasm. Histocytes are found in poly-band. The irregularly shaped nucleus is
located peripheral region in cytoplasm. At 2 days after wounding, partial aggregation of
blood cells is observed. Phagocytic . activity is observed in histocyte and collagenolytic
collagen fibers are scattered.

Fibroblast is observed in the dermis at 3 days after wounding. Clusters of ribosomes
and some short cisternae of rough-surfaced endoplasmic reticulum are found in the
cytoplasm. In histocyte at 7 days post wounding, various size granules composed of
moderately dense material are found the cytoplasm. In this period histocyte is round to
rod in profile, with slender processes projecting from the surface. At 7 day after injury,
it was observed that formation of connective tissue fibers and amorphous ground

substance in regenerating skin,
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FTEH L 53 AEACAA Aot AXAF
ol AAoeg g Qe AR AMAEE
o] Z]%olvt EAHA N oA 3h5qF FETol vl
d Mg "L AT 917) u) o] =} (Clark,
1981; Huguet and Molinas, 1992).

HA7AA] A9 A3 Ee] #3 JFE) AFE
2 A X ERRFE LR =
74 ZFol 59l Gasterosteus aculeatus® Z1=| Az o)A
AN E, FAZARET, =27, 83T ALSA
WE7E A=A EH, oz WITFEL A=A
M= EZAsAE, AARFE F B2 5o Wy
ol Yoz HE] FATYR ol 57} (Mittal ef
al., 1978). '

XA AAAFHEL FEHoE Y
Az} FuidAd ATZA] dF5e Aoz
(fibroblast) ] ¥3 ¥ FA3 @2 d#A4L AY
I 9lv}(Finkelstein et al., 1988; Hallock et al.,
1988). AMA F-HeAM A& S A S A
e F4Ql wbgel Fl elo], Fuide 7gzA
L2548 7|8 AfetMEe] F4le] o) Adx
Aol AAH F, AuzAe] BijEE 7oz By
9l2} (Longaker et al., 1989), I3 Alx]e] x4
spol Yt Hash chepsr] wEe] WA
B2 A gage] 4 SuG ARl AARA b
Sl Aol

ety 2 WP o
S sl g
A5 Aol o)
AFEA Zaiold B

FAF el f=H AR A
2 Ao dgez 27| A7
of AT A A5ueg 6l
24537 31915,

o

M2 L ey

HAE

ANE ETAF AT bk ddelA 595 =)
Z3r T4 2] (Bombina orvientalis Boulenger)
AAE Agalel A 3Fexle] (264£2°C)eF F ALS-3)
o A¥A g2 AME-skgch

1) ol9x m& £alol R

T3] e dAEAE 70% oL A

nlt

B F AT ABHE B WEBS oS3k 1
x1mm?e] z7]2 A7}sledch

2) AH Agusel gol

Adoz WP 9 ele) fEF AAE 3
& 22 LolA AR A HEANRA A%
3, 4R 299 Ad A4S B 47
AYZA) REF RS IRE A% A2
Azte] AHgsE.

2 £3 HRHOYH By

ARAEE A9 oM siRsted HEe

%, Karnovsky (1967)2] we] wle}l x4 2.5
% paraformaldehyde-glutaraldehyde (4°C, phos-
phate buffer, pH 7.2)¢ll < 1417} ZAs F o
Al S FEn] sl A FE AEsiaeh AE" 7
ZAELE oAl T AN el 1Az Bt T E
& 3143}t Sorenson’s phosphate buffer (4°C,
pH 7.2)2 1024 33 Mg ¥ AAd93 &3
Al e AAARE F7HA1717] 138k 1% 0sO4 (4°C,
phosphate buffer, pH 7.2)3 217} F£114 39
th o]olA FTU AT ERE AEE] FE3F) AF
ste] dRtE TEAS £2E It 99 E
bz 222 propylene oxide® 2]|33}ed Epon &
gt (Polyscience)dl] Xuf3lt %, RAFAZeE
(Yamato, Japan)ellX 60°Cel|A] 4847t &3]
o}

Xvigl A]&%F ultramicrotome (LKB Co., Swe-
den)2 2 F 29N (semi-thin sections)S Az}t
Bted 1% toluidine blue (1% borax) 2 hot plate (60
O 282 dAEEE d49 A TR
2 AAg 5 #Feau]A (Olympus CH30, Japan)
22 AwjgolM LujE7EA] HJAsPoH, oA
2849 (thin sections)S A|4s}e] copper gride]]
H2A 7] o2, uranyl acetate?} lead citrate® o]
Z 94 (Reynolds, 1963)3le] JEM 100 CX-I1g
%3 AA3w|4 (JEOL, Japan)22 80 kVelr
Aot
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z I
1. AEES % o|2F HAH

AA = F 1241708 A6 ME AR A
E7 A A EEe] BUAF AbelolM IAH
Ko (Fig. 1), 2 A3 dAfrbel2 3 955
Wil ol 23571 g AT g2 A
ZA2 fF2E AAFA e, AFS W A
FAole FA L ofgt AYPEF aEEe I
Z= 9o (Fig. 2).

AR AFFE gEeR Fald HYEALS 244
Zko]l ZFspAAM FAFSAE A b poly-
band®] HeE o] FeH, o FAH AFA EA
2 FHyeh AAHE HH vhez fE2d AYTFE
poly-bandWl =& AA FHlelAM Iz AAF
Rez Ao, o FFEL %29 yHE
A ZAe] BfAEA AL, Mz QA
3 A EA M= A7 28l o3 T2 {3
it} (Fig. 3). Poly-band WolA #ad ZAF
o) HFHolE 8~9umeAL, AT HFefolw 9
& W3 ek AEAY] AAYEE AxHez
E9kom  multivesicular vesicleSo] ME2] =
22 XA AHE & el fAEa gld Y, =
AFEo] AEA Yol AAHAYS (Fig. 4). F& 9
o] A7 A gEo2 A QUNL, B

A EAE gl = A2 FES AR s
AA AAERE AEA dele 2lBadsol AR
sl glglen, 2FEE BRIHYG. 3T
e THeE AEAd 277F ErEE I
om, MEAY HFEES AEA 712 FHa

gl9i o} (Figs. 5, 6).
2. nMF 25 f ol MA

5L FEALE AME I,
z2d g3 ygelglent, #&H
2 Azbe] gl wek(2d ) HE9 ¥
W Eo] A JHL ¢FHPYLH, F7)
= YR wWalgdcl, =3, MEe dE oA
SEHo] Hbywoz FAIE AN EFAHAL
Helghd EAL Vel gdch(Figs. 7, 8). AXHE &
AEl 2P E3) (collagenolysis) ¥ 329,
o] HalEAl-L AT oA ZAFH AlEA
Well= IR A9} 2B4E FeiegEol X
dgleon, 9REAE FTAS A3Eq FHALE
7t T2 Hage] #RHAUG (Fig. 9).

A= zA] el HAF 2AFE 7Y = 459
o2 L Az g eSS AR e FAE
EEE et Axe S AR =44d
AehdAg S0l FHHT A (Figs. 10, 11).
Poly-band & we} ¥Fsjos AlAs 2372 A

Ep

De
A)

Ep

De
B)

Fig. 18. Detachment direction of scab (poly-band). Small arrows indicate the-direction of the epidermal cell
movement, Large arrow indicates the direction of removal scab. Ep, epidermis; De, dermis; G,

gland; A), after injury; B), 7 days.
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ZA)E BT 42 E7)5o) HAHG e, ATE
712 o BAE ZAs AZE YYAD, 2 of
Pz PiFo] HFHY o, NTANE 2 AF
A7k AAl=le} glgleh. Poly-bandell A3 AlEAL
HEdow e AEA E5E vges, Az
9 F-#2 poly-band2t Heix A (Figs. 12,
13). A4 % ¥ 394 poly-bandiellH: &
s olBA AARGE s 2ATFTe] BFHA
ony o] JEEL o] 16~17pmE MEAL 3
A AR dglen, N, FHos g
7% W e =3, A5 WelME 2A A%
2 Yz Az el Fue) AR o 2
HAdAY ST AEAY AFESES TS AUz
A%t (Fig. 14). A AN wlmA she =
718 2AF7 BAHgon, o AMEE BFAD
mope] AEAEINE Wo] AEZA AFEL TA)
T e (Fig. 15). ZUAAFEa7t dof = 3
BN BFAG moke] 2ATTo| FAEFow,
o] ME2) MTA Yol Fuie) TYA-Fo} AAH
AW W FPEL Wuspl AT o
(Figs. 16, 17).

A3 F 79 A A5 Wl ME o] BA A AUkl
7R st A AAESe] HEE AAGYS
o, 44 B4l poly-band®) PR 2AFE
ol gaiM AAHG L, WEes F5=Ac(Fig.
18). 24 7= AEA Yo o] 2L vF Tt

AAR TS} 27) 2 TAEL Al AU 9l

AT, Az g g 2g 23 A e FAA 18
T Alx o] . BA= o} (Figs. 19, 20). Poly-band
WellA = o9& e 247 EE e, A
FAL A=} glddel. o] MEE B Al
EEE Y Fue] A2 o] EAL TAIBIE A
Low, HEAE HaFETH FEelZA YAEC]
A H o] gldlet (Figs. 21, 22).

3. degtx=Ee x4

A7t e 2AL 39 ol FHE &Ad z¥
o AAL AYe] T AHHUL, TAAFE
T35 AlfotAdZol fREHLAS. AEA Yol
Zd A3 A9} BBAge] FHEA AAEH U

or, G949 nlEZ=ejel: AFHGYR, TIHF
o) HHFAAL 0.1~0,15 ume] g v} (Figs. 23, 24).

AR A7 AANEE] AWM AL AAH
AR (7D o) F)ollM YAHRTE AREA A o3
A ARE Sk AFEAES] Axd FHE
2t AP A" 2d 2¥A7E FAFHGoH,
AARE ZAAR7E FuAEE Bl EH|EE A
o2 Fol= o} (Figs. 25, 26).

 H

499 olF&EL el HAjAd A AbelelA
AAA QA WS wx g}, AT A ES] TP FE)
w ol R a2Ea EAT] oM A F
229 o]Fel FAdt(Dayan ef al, 1983; Im
and Hoopes, 1983). 3oz <l3t AbAe] 74 3
Bo] oA A, o7 Ao o3t T ¥
a7} 4w o] 52 WHalsl7) w2l (Sciubba ef al.,
1983). FHFFE F WAF Bl &b wjsl4 7
olelMe U] a2 YAHE s} FTER
o] Foixl IHPEA o] HAPY F AMEI} o) F s}
Axd, o] M7= A F 12dHo|n] A Egle]
Z53d A3 1492 #9530} (Jeong and Moon,
1997).

B oAge] Mg FhTele A4S Az
o5 AR e FEY S gl
w3 Anlell A A Egde] 14l A} vy
194)e] o)n] Amle) o5z s} B{Y Ho
2 v Fo] 7lme] FAe] gle AS AHESY o
Fel A" AL o 5 9ok

AR F AgAM delve RS 239 &4
Ao uiel oheksie s dHe e
HAeNE doyy 28] 23| kinin cascade
9} 2 BAZ BAFANAN FAHEFE doH
o)7L He] FAAE WA 7Y (interstitial
flud)® =L F7lsH & F 4508 2SS
Az F7re B o]F3lxE 3} (Casley-Smith and
Vincent, 1980). A-f-olH| X 50| Z4sln nYH&
o} A XA 7IAEA ] dzF FAEE AZY E
A7 A Ze] ANPA P (Castor, 1981; Lacour
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and Ortonne, 1983).

E AR E g5 AAE &4 299
#FoezHy EEH 2N, &
e xSl 3T A9 AL o
Afrol| 25 s8] ZALAF 5 AT B4
Ao AHANT FHTEY] zAFME )
7R Gzl ahAl e Awo Aol o] FoiFH =,
olggt 7]z} AE-2l AAXFubElA FEFA
Hao 2 ALREA G Foll wel Azt X45Y
At apelde] glom, Z7ke] AYHAHL 5]
Aol obd A Aoz o]FolA S
et

FEUEA AAHFHANM F2 FEAFHE HEE
3 #-S Al W T (polymorphonuclear leuko-
cyte, PMNL)e|}(Aho et af., 1983; Hunt et al.,
1984). o] MEEX HAR A5 FHF] H=
TE7H 37 AAAA oz o|F3l] AYxAE Y
gered, Aol AS GRel A7 AHANE ¥
A=A ¢k=r} (Lundberg ef al., 1984). Arz]ollA]
2 7H EAES ¥ 7 & AR S A
=3}, superoxide So]-2 AAN, AL A% 22X
6l datd=te] A 5 AL 84E v
Wit} (Tanabe ef al., 1983). 3}EFAHEAL A
ol = chlAe] RaAbEql ¥ B, leuko-
triene B4, RAZZE 2z]3 v ol 84F
2 ob#jx] ¢lt} (Bessis and Boisefleury-Chavance,
1084). o|2fa LT )% Sy WP Az}
He YT AL Y2 aey 4 I9AEA
9] Fu)of| ©gte} (Lundberg ef al., 1984).

B MEE F 9T oA ol WEdr
o HE=F7E vebdeh o8 8 gd T e A3 249
WA fEe] A Aol ko, oIy F
o] ATFA o]AY 3 AHfolHEe] F3o
E FgAel AL ohe}(Castor, 1981), HFE&
2 BYPAFY F= HelolE, Csa XA, Kalli-
krein 2|3l HEF fxe e 3EFEHaq T
o oM AR frdEs ST FAANE
2 FE AA AHEE AARH, HRFHEE
A53te] AYAFE I B3 A (angiogene

sis) S F=3tHCastor, 1981; Hunt et al., 1984),

=

S ¢ rlo

ol 2d F& EAEH.

B AgM AHE qle] 3 wrez §33 3
73 poly-bandW = AA FHeM FAHA
A 7] deiA e AHE FAHGIL, o]
£9] o982 7] FEIAAANA mulEgch AFA
FrE F 122709 2T AR FEFA
=4, I AFEH Atz 7 4F5E W U
I, MEAE EAZE 7 A2EH 2oFE
o #AFAT. =3I, 2 g =3AFEE
poly-bandjell /| #ZHAL, MEE 73 =& A
A" gyt AEA 271 ErEs Wsidde
o, MM E Lol o3 LEFo| AETE gt 9
Ak glsieh B Ade Az 7HEEY o
B A7 #HA @3, 2T 2299
o]2gt 715 AAel
$717h A AR 22T 2AFE] Aokl
WA YA FAFE Aoz HelHdch

A froth E o} WM E= ¥ A7 Cha, C3a, I
B#Ho| Z7Zhd AME, lymphokines, bacterial pep-
tides 223! endotoxind} -2 3EFAEA )| 93
A fr=5w (Orredson e¢f _al., 1983), u]¥-3g
mesenchymal A E2E53 A 54 E (fibrocyte) 52
AR YA B35} (Aho ef al, 1983). FH=E
2] Z7] Z2ANL A HES FAA7|=
W, 2o ¥ AEHHL FAE A A1t} (Jalkanen
et al., 1983). & AYA A7} =8 23 3
d o] FHE £4kE A=Y o] EA AAL Al
Al AL, o] AlF]ell AfobH Er} HAF
St olAF Ao EE X 7] EHIS
= B AAAer g3 adAfEel 29
Well A QA A7) 7 Fal Hez njfe] A
2 A0 AFESe] AIFWAA A2 A A= oot
A gl F7eHe Aoz Algdd.

4 £

AAH = F 1242099 Aslee 444 2
EEH AAE AES] ZUAH AlololA B3I
Hylom, ARA AfAelz 2 A95S WL sle
Z2) 37} FAF . Poly-band WollA) #3E =
A 7o) FFhelE 8~9uml 3, EFHE F3oln
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FEHez 58 W sUse AEAY AAUE
= AAFez Eorow multivesicular vesicleE
o] A28} qE o2 29-A YAk Uk A
2 £ARUY 2AG e FEHAeH, o] $HE
A2 23 Fof) A A FH )

A % F 394 poly-bandef A= 2a}A
o] EA AAANLEL s XA TFE] HEAEHGLH,
o] MEEL AFo] 16~17Tpm=E M EAL A 4l
Aol Aok ZIAAFENF do] V= RN
EAg 2o AT #AEG oY, Axa
Yol Fule] fal T f9) AR ejgld Aehd
FYEL LA TAHT YU A F 79
7 A7) WM o) EA AAuE) 1 Ehisle
AR AAEEe] AE AAHGeH, A48 2
ol poly-band= A AAH Aefz =)
AA7E FE2E 222 39 o] FNE &Atd zde)
AALL Al FAl AYPEHGL, YRS A
e Aot 2ot HAEGS AHE A7) AAE
ol A AL MAL A (7Y o)A
HARAF7E Aot 2ol i QAT o)
gty Fe Az HEAHANHE B3], o
EA AAE AEE ZAF] YA o] Fog o
), dF] 242 mlulaigdel. =3}, poly-bande
WEE 22T N AAHY ETHFet FAE
9 924 WHAEeE I ¥ 55 3%
7124 A Aoz gl

A 2

o] AT 1997THE HHY 7] Z2e8A dFul o)
A el ok Ay (AN E: BSRI-97-4443),

=L |
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FIGURE LEGENDS

Fig. 1. At 12 hours after wounding,

debridement and collagenolysis occur in damaged dermis,

Amorphous dense (ADM) materials are randomly dispersed in this area. Bar indicates 1 pum.

Fig. 2. Irregular shape histocyte is observed. This cell has a large nucleus and long cytoplasm process.

Phagocytic vesicle and lysosome are seen in the cytoplasm. Bar indicates 2 um.

Fig. 3. Degenerating blood cells (BC) in poly band. Damaged blood cells transform spindle to irregular

shape. Autolysis vesicles are observed in their cytoplasm, Bar indicates 2 um.

Fig. 4. Histocytes are found in poly band. The irregularly shaped nucleus is located peripherally in

cytoplasm, Moderately dense materials are found throughout the cytoplasm. A few multivesi-

cular vesicles (MV) are observed near the nucleus. Bar indicates 2pm,

Fig. 5. TEM image of histocytes in poly band. The nucleus is lobulated,

condensed peripherally, Bar indicates 4 um.

and the chromatin is

Fig. 6. Higher magnification of phagocytic vacuole containing cellular debris in histocyte. Bar indicates 1

pm.

Figs.7,8. Morphological changes are detected in cell shape of the blood cells.

At 2 days after

wounding, partial aggregation of these cells is observed but is not connected to other cells,

Nucleus is shrunken and condensed. Histocyte is seen near the blood cells, Bars indicate 4 um,

Fig. 9. Phagocytic activity is observed in histocyte and collagenolytic collagen fibers is scattered. Large

granules composed of moderately dense material are found near the nucleus. Bar indicates 0.5

pm.,

Figs. 10, 11. Histocytes are found in damaged dermis. Bar of figure 10 indicates 2 pm. Bar of figure 11

indicates 1um.
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Figs. 12, 13. Elongated histocyte is located parallel direction along the poly band. The frontal cell
surface in contact with cellular debris is specialized as a ruffled border. This border is
produced by complex infoldings of the plasma membrane that delimit irregular cytoplasmic
arms (CA). Bar of figure 12 indicates 1um. Bar of figure 13 indicates 0.5 pum.

Fig. 14. Elongated histocyte appears to be actively phagocytosis and debridement. Large vacuole
including melanosome etc, are found in the cytoplasm. Bar indicates 2um.

Fig. 15. Histocyte of a relatively small size show active phagocytosis. Bar indicates 2 pm.

Fig. 16. Histocyte is only a small amount of cytoplasm. Small vesicles, possibly pinocytotic in nature
(arrows), are seen along the cell surface. Bar indicates 2 pum.

Fig. 17. The apical surface of histocyte in contact with cellular debris is specialized by complex
infoldings. The nuclear forms an unusual structure known as the nuclear channel system
(NCS, arrows). This system is located at the periphery of the nucleus adjacent to an
invagination of cytoplasm into the nuclear contour. Bar indicates 4 pm.

Figs. 19,20. TEM images of histocyte at 7 days post wounding. rER and Golgi apparatus (GA) are
found near the nucleus, Various size granules composed of moderately dense material are
found the cytoplasm. The phagocytic vacuoles (PhV) which are relatively larger in size have

Figs. 21, 22. Histocyte is round to rod in profile, with slender processes projecting from the surface.
Free ribosomes are found throughout the cytoplasm. Bar of figure 20 indicates 2 um. Bar of
figure 21 indicates 0.5 um.

Figs. 23, 24. Fibroblast is observed in the dermis at 3 days after wounding. Clusters of ribosomes and
some short cisternae of rough-surfaced endoplasmic reticulum (rER) are found in the
cytoplasm. Bar of figure 22 indicates 1um, Bar of figure 23 indicates 0.4 pum,

Fig. 25. Photomicrograph of regenerating skin at 7 day after injury. Note formation of connective tissue
fibers and amorphous ground substance. Bar indicates 10 um.

Fig. 26. Small Golgi apparatus (GA) and rER are situated near the nucleus. Scattered collagen fibers
(arrows) are seen near the fibroblast, Bar indicates 0.5um.
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