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ABSTRACT

The author has undertaken this study for demonstrating the relationship between
keratinization and proliferation as well as remodeling of epidermis. Healthy ICR strain
male mice, weighing about 20—~25gm, were used as experimental animals. Under the
general anesthesia with ether the skins of experimental animals were subjected to a
dorsal, transverse, full-thickness incision with 0.5cm in length, and removed them on 3rd
day, 7th day and 2nd week after operation. Specimens were prepared for electron
microscopic study.

The results obtained were as follows:

The epidermis of 3rd day group is made up of 7~8 keratinocytes. The new epidermal
cells are grown beneath the necrotic tissue. Keratohyaline granules (KHGs) are visible in
some granular cells, Various sized-KHGs are seen in granular layer cell, and in spinous
cell ribosomes, tonofilaments and lamellar granules are seen.

The epidermis of 7th day group is made up of 7~8 keratinocytes. Numerous KHGs are
seen in granular layer cells. KHGs are located in granular layer cells as well as spinous
layer cells.

The epidermis of 2nd week group is composed of one-layered basal cell and 1~2 layer-
ed superficial cells. Various sized-KHGs are observed in granular layer cells,

The results of the present study suggest that as the epidermis should be keratinized
during proliferation and remodeling process, so keratinization of the epidermis would play

a major role of wound healing process.
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I8 s dod 434S dovx %9
AN #= A=) 3 A 34 (epithelialization) & 7™,
A= AFEAEY F4] 2 wd9A4R9] ALt
A 5E AX HHH o3 AfFIAHede =
712 el 2 957} AHeste] AR 4
A2, AHulgz A HFH7|= 3o}, Robbins %
(1984)o] oJa}m 9|74 Arlest 2o AR ¥
Jge 33 A¥ne YuqE, Ane AP
9 AGEAA TR AAY B Alzke] Az 2
Q7§95 9ieh. Bourne (1981)& o] 2
29 842 I Folshy mAFLel A1
o] AAAfrt AA"GL gL, Alrich %
(1951)2] A-Z3}e] 93P corticosteroidi Y
AP AT SAaAte dAANTIE
A AFubeS A EE AR U A A
ok 3kt Lee (1968) % hake] aspirind 34+
288 A3 Azl R3e T, Devereux &
(1980)-% &zl adriamycing Fei3 27 WA
frol #AAe] Fastgy, WhERYe] =& hydro-
xyprolined] <¢Fo] Z}Adlutar R 1slgd=}. Carpen-
ter @ Cohen (1979)2 X 3)A A A} (epidermal
growth factor)”} £3|¢] $A= 24 3E A7
o sl

oln

oAbz Rl 3 &4 AfAPelE B A
A7t B e ¢ 4+ AUk ol YHHoz

AR Ea AERE Se el Be e
AfH4E B9T FHOE AFehuA B AYL
Ay stgiet.

ME o

¥ A¥dME AF 20~25gm Hele ICRA =
72 AAE AHEEAI, AYFTES ether w3}
A Wi E S Fof A Fe ste] Ao R 0.5cm
Ae|2 AFE st IF A FA AA A
& 7etal, shbeE AR F FA4 el
ARTEL A7 oet 19 A7, 34 A

T+, 59 AHE, 79 AHT 2 2F AATLE A
3R, 7 sleded AEHAEE A7 A
NE-E 23t T4 574 A 1em? 2712 A
Astdom, aE3tA] 42 A4 moused| wWiE
FE5 AAste g2Foz A3

AAZ 22 FI)9 wHF2E FFE7] st
o 1mm?® 37]|2 MA3}T Millonig’s phosphate <

£l (pH 7.2)22 53 2% glutaraldehyde-
2.5% paraformaldehyde £9¢] 4°CellA 2~4A17+
T ATAT FYF AF Qo2 ARG 1%
osmium tetroxideZ 2A]7F F¢t F1AE F eth-
anol-acetone % <=Ao] we} €432 Epon 812
o Zujsle] v|HAHAZ FA 2~5ume] WHEHAE
A #ste] methylene blue® YA @3t HA4H
$1% 1T F ThA 600~800A TS 2RERE
A ZFsted uranyl acetate$} lead citrate® o] A}
g F FAPHALEE] A (Hitachi H-600) 22 it}
At

2 B

AEE e BAE 355 AEE o Feld
e, 9% & dye] 4L Ad JANE

o ko] f53AE, HgE @H& AU 7 A
2% L PR8I e AP EA 29 HAR
AAFHAER o] FolA gldlth FFFAEE 4l
el g AU U, ol FRT YA
7} BAFL e, AR APEA X} F-Hulel 9
d A sk AFIAHEFAEAME 4L
ZAFAE (KHG) o] #H2E 9T, KHG F9d F
F3k AA AL F40) gt a9 @A EA)
h I, EIEdell AAZe] AL AU
(Fig. 1).

2. AHF EIAH
ok ANERE 39 ARNT Eoleld ERRH A
A AR ARE P ATEe] wAHon,

HYZoll= Aol AT FAFHAT, Bk
g =719 w-& KHGe| ¥E3l1 9igle™, KHG
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FHele T AT At AU dEH
9 gL Ad FFFAEY AEZARdE FHY
ribosomeo] X353 glglen, AEAWE= A
28 AAARe FRAFe] EAEtR AU (Fig.
2).

v AN 7d A 2dAM A S, 3
HE: 2 55 AFHNLY, FSESHEHRCAE
A =7} Ahek KHGe] FE38ka glolal, F57-8
ribosome?} FHARE FAF . T FH Eel| M
ook Z7)e W KHGH, F4l9 a s
AAAE ZRA T g4 ARHNS (Fig. 3).

o AAERF 25 AAE IeM A A3
o] A EFA ENelE AALES} M2 FE gk
g =7]19] KHGe] 233 glen, Fu3d ¥4
FHE AAAE F2HUT, s 32
dle Fat A #2FHAF (Fig. 4).
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ol guAA RSN BAHY WYFY
&, 5 9 A8 APY T2 "@ade] A=MAA H

A% UHE Felle AAHEQ #92 W A
o) g4l A fHek shaleh,

Williams % Fromm (1957)2 whuizle] Zodg
$HEE A1 Felstd FAtedel Faurn
stgj o™, Bourne (1981)2 #7|7F thalo] A s
4% 2ol AAFH AR R Adde
8}, Prockop 5(1979)& 93 =7 s}telA 2
< AHe A AL 48 RS X3, 9
o] F7kshd AR froll Aoz} Qlekar sfe] AR o]
PdAf-9] Q1A (factor) 7t & 4= lekal S8k
o}, Alrich £-(1951)2 corticosteroid 7} w2 &4
o] &£2& A7), LdaATtE HAANIE 5

AAH deE

O

JAFEZE FAAFE ] o
S m|Avlx B33} T, Robbins 5 (1984)2 3}
HFgLESoY Furt s A AYAF7F A

™, corticosteroidE Foidhd Wy I AAHY
2 o] FFAl Xated AARTE AdEE WU
o}. Pories 5 (1967)-2 # et ks 42 ol
ol A} old A (zinc defiency)A] £3|9| A= 5} (epi-
thelialization) 7} Yol A58 HFHIL, Lee
(1968) ©H9] aspiring Foe A4 Fste
FHol A&gctar W3le]ow, Mullen £(1981)2
g F el FkAAHEF] adriamycing FAIL £ 1
F A}Fo] AAFLEE (wound healing strength)
S EA3 A AuEYe] hislgniy slde
™ Devereux % (1980)2 adriamycing SFojub-2
HAFNA AR Al FasidE, NFERY
(scar collagen)®] A Fgl hydroxyproline?] <]
st A& HASAL adriamycine]] 28k FAdst
£89) Ftar TR AT o) opE whE
nPe) Aae rjeldtkyr X sttt Carpenter
2 Cohen (1979)-2 mouse?] <}3pilelr F23 %
) A&l A} (epidermal growth factor)7} 4148 A%
A4 Exe FA7 A0S PAAGT Lus
9em Ross ¥ Vogel (1978)2 Af-mA)xel 35
TH Eol| 73 mitogen 2 E A4 HAWHE
A Ayel z} (platelet~derived growth factor)7} AA¢
AfAl AENE Qe sslck o4k 2ol
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A9 Afre g8 AR g3 A o] A4
g 4 glen, ojEa A RALE WA EAEt
* 9TE 48 g5 s AgHT .
Johnson £-(1991a, b)& allopurinol®] adriamycin
o o3 AAAFALE FAEAFIERE calcium-
channel blocker?l nifedipineS 93} TUAF
FAGA o] AAAERE A He] WA
3 &tgdrl. DeCunzo 5-(1990)¢] 2]}l interleu-
kin-2+& AAHQ] AAAFAAANM B 5 e 4
FAE, AREAZ 2 ZNEHHEE R
AAAFAQAE WAgGG s1¢].2, Curtsinger
5 (1990) L 34 A)F kg 8 mge adriamycin-&
23} wound tear strength % wound tear
energy7} 3] Ay &1, oF AYFTE
o] transforming growth factor beta (TGF-beta)
£ Fodaty AARA| o] AT B

A EIE IR #Fge] EAE: MEzTL
2 7Rl Fod glom, F9 7AH &4
28 AANE BRIty RS YAstd Al
9] FELEAE ol dFgS syt Ry
YAt A ste) wtehag g whEsle Abghe] A
Solle NAAES A4 sE d7kx] T 35 &
s893 48A Uk THFY ®3 AAYAA
¥, Merkel #|E, Langerhans A% % melanin A
X2 FA45 3, ZAYPHEL] F3FH v
Azted AFolA Ewol] o|277AA] FIAHZE, HF
%2 333 ¢ 4243 0E Fid9 =53 ¢ #%
Y=o AExoe Az, 2947 ¢ 2
AA7E EAste] AP A HAAdE AL
g8A e, elBd F2Ee] st o
gt odsfd ulAe Ao disted ofx] AH3| odelA
A et

ZHA A 2 21oF 39 (keratohyalin granule, KHG)
o 4% $32 9 AU A B 52 5
< EAE RS Wz gly, e s QA o
2 27 2nm =718 ALY FAH YA (amo-
rphous particle) 24 F%$]¢]|%= ribosome % AA}F-
Z (filamentous structure)’} F53) FHAgo}
-, Jessen (1970)¢l 2j3lsl KHGS HAFFHHZF (up-
l permost granular layer)el] 23l 23] (sin-

gle granule)3} AFIAH A E| EA31= AP5
T 3FE FEYT olF 9dIANHE Axe spE
Ao Ase #3, TF Y AF22:AM A
ARtzeL BAge] EAEs AFeln, AFAYF
Az EAsle AP 277 £ o 23, B
3 meokS zbw gjlom, FHIE| dense homogen-
ous deposits”} A-FAISE EA 3= FHF oo}k I}
H, KHGS] 7]8dol] W3td 7] x5 KHGO
A7 A Bl A S e EE oA 7
EAolg}x A7slg] 21}, Leuchtenberger @ Lund
(1951) & HAte] EAE 74381 Feulgendh-$-& Al
8} KHGo] $48H-8 vehligleka sl KHG
< 3 THg Fdel=gtx Euslgl 2w, Mober
ger (1955)= KHG F$]¢] ®&-2 ribosomeo] A=
7|5k o]2igt RNA7} KHGS F83 FAAEHE
45 e ZAAY 2AgAHIEY LS o
I FAEE I, LA ® KHGS 71492 3 &3]
3T A dA et % AL Golgi HFA
Al fregete R gl

KHGY H#+2% AAEEs} 52 E4d o)
49| (masking) Fe] o] £o]3lA] ¢k7] wE
olg)gt LAY EAL AAAR} F8I AP
2 g5 o8 dAE d7AF KHGE W
Hol| = M A} (filaments) 7} £l 3o} g3z 1, Brody
(1960)o oj&bd A Z AEHe EA 3= A
A} (tonofilament) 7} o} @A} (glue-like) 2.2 KHGY
o] FolEelrl FRAHLE A (keratin)g FAT
g FAs0 ojHdt AP AA ] HFte] o
2 Ix5e d7ASAE FEsE AR 2
7)ol AEx o] MAL KHG ¥ 3343 (lamel-
lar granule) & 44439, o|F &AM 7} =i Hel
KHG 9 AMAME A &8 g -3 A2y &7 fE
A7 A skar, Al EWel Felsld MAkel KHGe] 3
-4 Al (sulfur-containing protein) ¥ 28}
o] Ztale] YAHG K.

Z37¥] (lammelar granules)-2 100~500 nm #]
Ae Ad AN AFRTE L AYF A X
A #aAE, Zugie] FH 7% £
HA P A ZAAES] AAZ deHA s

A AL (tonofilament) & ZHA Aol ReJdl= &
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A2 27 4.5nm2] YA < (protofibril) 47}1<te] A

Avlske g wmel F2E 23 ¢}, Charles ¥
Smiddy (1957)¢} 2js}m AAMAb: 2 alatA] o A
7 (framework) £ 24 #4393 sty o,
Kligman (1964)-2 W¥-Z7 (endoskeleton) 2] 7]%
& 723 o3 ok

2 A3 AA e E3) AlgEHE @A
FEeF B9/ AREHE S AR LR
WA B ARE Al oS 2 ARE
Age. ped 39AFALAME AR ZM TN AL
A zA)AH o} BRHAYL, TEF 79 AT
A AAAZAGNH L AH 2 op" 57
S ZA = EABA giKiom, AAFe] A Fo]
URL, FEF 2F AATIME 2T 299 F
ARgE oFAks vEligiel. B Algle] ARE sl
W #3= AAAF AAEHE AAFAE AAE F
Ale] g3l Aoz AgdEHe, ogi AP 7
Azt o] 9] AAbA el F4] 9 Aol F8.
g AR S XAk Aladd

74 =

A3t 242 AW FAGAE EoNZY F
Hol ojubm, AsleME AHEAZY 34 2
BRHF AUt FA) ol Aol A 59
o £ AFAE oH3 BAAIET A9
o] B39 34 % AYYH AW QBUAE %
T eAE AFsuAd B 49 Adssc 2
AYAE ICRA £73 49 52 %o Qo)
0.5eme) AAE AhT FA FYE F 39, 79
3 2% AoEe] HYSES HYAT 2ABLS
B AR AZABEA DY B} ZAE
BE AT AAREACR DU et 2
° A5E A3

L AR 30 AEolAE 7839 AA
z2 FHY B35 Hab2d o Yae o
e 2 BYOR, EEVY) AY FYEH L]
N AR zAYEE ) FAHUT, v 4
4 HYle dt 2719 g AdRzAds
Qe £Eshw qglon, AN AL AW 4

229 AEAY = FH3] ribosomeo] BE3L1
Usien, AzAuede & uaE AAAle Ega
ol EAls AU+

2. ANEEF 7d AATelM HEIE 7~83%9
A EE o] FoiA Qdom, HFHo YA
ZgME T4t ZAY2AGT] o] FAHY T,
AAAMA LAY FEESAIRel = AALD xS} A
gt Az ] B2 o, FHs
ribosomed} FAAHE FAFH oA, HPYSA T
o kgl @719 @ AAAzAGA] D, F4
o} & gs A FH3E 9 7 dAFS

3. ANEEF 25 HATAM EHE 39 4
e ZIAAEG 1~239] AYFHEZ o] Folx
dgen, "AAAuALAG 423 Ay 3
SHEYE AL ETF AZ oE Fefgt Z7]9
Az )R o] F2EI 9o, FHAH
9 TR AAA ARHAT, s fFEAE
Well = B3 AAAE F2E .

olAke] AE F3telw ‘il F41Fel 3d A
FZM=E AAAAH S P33 AU, 7Y A
oM obF 7~8%9 n|FR FIMEZR o F
o127 lo] &I AAYIAA o] A k& Abejol
ot A ZF2 oju] YA H e, {F530
Mz ZHAAzAGAR o] FRHYREL, FEF 2F
AHFANME 2T AR 278 £ 3%E
v, Aoz ¥ve AR AAEHE FAFNE
ZHA3E Aol £33t Aoz sy, o3t
272 A3 Ao ol HAAHY FA # A
Ao FHBA 9SS ARG AlRE .

#nzd

Alrich EM, Carter JP, Lehman EP, 1951. The ef-
fect of ACTH and cortison on wound healing,
Ann, Surg. 133, 783, cited from Madden JW,
Arem AJ, 1986, Wound healing: Biologic and
Clinical features, Textbook of Surgery. 13th ed.
Saunders Company. pp. 193-213

Bourne GH, 1981. Nutrition and wound healing.
Tissue repair and regeneration. Handbook of

inflammation. Vol. 3. Elsevire/North-holland,



312 Kovean J. Electron Microscopy Vol. 28, No. 3, 1998

pp. 211-234
Brody I, 1960. The ultrastructure of the tonofi-

brils in the keratinization process of normal-

human epidermis, J. Ultrastruct. Res. 4, 264-
297

Carpenter G, Cohen S, 1979. Epidermal growth
factor, Ann. Rev. Biochem, 48, 193-216

Charles A, Smiddy FG, 1957. The tonofibrils of
the human epidermis, J. Invest. Dermatol. 29,
327-338

Curtsinger LJ, Pietsch JD, Brown GL, von Fraun-
hofer A, Ackerman D, Polk HC Jr, Schultz
GS, 1990.
wound healing by transforming growth factor-
beta, Surg. Gynecol. Obstet. 168, 517-522

DeCunzo LP, Mackenzie JW, Marafino BJ, Deve-
reux DF, 1990. The effect of interleukin-2
administration on wound healing in adriamycin-
treated rats, J. Surg. Res. 49, 419-427

Devereux DF, Triche TJ, Webber BL, Thibault
LE, Brennan MF, 1990. A study of adriamycin-

reduced wound breaking strength in rats. An

Reversal of adriamycin-impaired

evaluation by light and electron microscopy,
induction of collagen maturation, and hydroxy-
proline content, Cancer 45, 2811-2815

Jessen H, 1970. Types of keratohyalin granules,
J. Ultrastruct. Res. 33, 95-115

Johnson H Jr, Parham M, Davis E, Wise L,
1991a. Preliminary study of the protective effect
of the calcium channel blocker, nifedipine, on
adriamycin-induced tissue injury, J. Invest.
Surg. 4, 313-322

Johnson H Jr, Zelnick R, Davis E, Wise L,
1991b. The effect of adriamycin-induced impair-

Invest.

ment of wound healing, J. Surg. 4,

323-331

Klingman AM, 1964. The biology of stratum

corneum. In: The epidermis, NY, Academic
Press, pp.387-433
Lee KH, 1968,

action of salicylate, II.

Studies on the mechanism of
Retardation of wound
healing by aspirin, J. Pharm. Sci. 57, 1042
Leuchtenberger C, Lund HZ, 1951, The chemical
nature of the so-called keratohyalin granules of
the stratum granulosum of skin, Exp. Cell.
Res. 2, 150-152
Moberger GDeP,
the cellular granules in the stratum granulosum
of the epidermis, Exp. Cell Res. 8, 578-582
Mullen BM, Von Hoff DD, Hearne EM, 1981,
The effect of preoperative adriamycin and dihy-

1955. A cytochemical study of

droanthracenedione on wound healing, Laryngo-
scope 91, 1436-1443

Pories W], Henzel JH, Rob CG, Strain WH,
1967. Acceleration of healing with zinc sulfate,
Ann. Surg. 165, 432-436

Prockop DJ, Kivirikko KI, Tuderman L, Guzman
NA 1979. The biosynthesis of collagen and its
disorders. Part II. New Eng. J. Med. 301, 77-
85

Robbins, SL, Cotran RS, Kumar V, 1984. Patho-
logic basis of disease. 3rd ed. W.B. Saunder
Company, pp.73-81

Ross R, Vogel A, 1978. The platelet derived growth
factor, Cell 14, 203-210

Williams MB; Fromm HJ, 1957, Effect of cystine
and methionine on healing experimental woun-
ds, Proc. Soc. Exp. Biol. Med. 80, 523, cifed
from Madden JW, Arem AJ, 1986. Wound heal-
ing: Biologic and Clinical features, Textbook of
Surgery. 13th ed. Saunders Company. pp. 193-
213



Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Kim SH et al : Epidernal Wound Healing of Mouse skin 313

FIGURE LEGENDS

An electron micrograph of the control epidermis. Oval shaped nucleus of the spinous cell (SC),
desmosomes (D), lamellar granules (LG) and tonofilaments (TF) are visible. In granular layer
cell many KHGs are observed. Scale bar=1.0pum.

An electron microgrraph of epidermis. 3 days group. In granular layer cells numerous KHGs are
visible. Keratinizing cell (KC) is also seen. Scale bar=3.0um.

An electron micrograph of epidermis. 7 days group. KHGs are located in granular layer cells as
well spinous layer cells. Scale bar=3.0um.

An electron micrograph of epidermis. 2 weeks group. The epidermis is divided into the stratum
corneum, stratum granulosum, stratum spinosum and stratum basale. Oval shaped nucleus of
the spinous cell (SC), desmosomes (D), lamellar granules (LG) and tonofilaments (TF) are visi-
ble. In granular layer cell many KHGs are observed. Scale bar=3.0um.
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