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Wound Healing of Surgical Incisions in Rhynchocypris oxycephalus
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Rhynchocypris oxycephalus was incised through the midlateral line between the dorsal and
pectoral fins and the wounds were closed with absorbable synthetic suture, and here we describe
histological details on the nature of second-intention wound healing, rate of healing, and the
nature of granulation tissue contraction. Postoperative survivals were 95% and 99%, compared
to 100% for counterpart control fish, among fish at just and 7 days after surgery, respectively.
By 14~42 days after surgery, fish had no mortality. The granulation tissue was epithelialized
from day 7 through day 22 postsurgery. By 28 days postsurgery, the granulation tissue had
contracted the wound margins into apposition. By 35~42 days postsurgery, the granulation
tissue contained collagen fiber and the epidermis contained well-differentiated alarm substance
cells ; thus, the epidermis over the wound site was histologically normal in most fish, showed
that wound healing was essentially complete within 35 days of surgery.
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o] Foll A 22 AXZHE] FAE F33H epi-
thelialization) & 44X £ 3417k o 283 A
frobd| Z(fibroblast) & 3* $ 5Yol Zsl(der-
mis) ol HA=E, @717 A7 13 [
rst intention healing)oll 3| A+ u} Qlch
(Mawdesley-Thomas and Bucke, 1973 ; Ph-
romsuthirak, 1977 : Bullock et al., 1978).
ol ol A 12k Rt vlEo] x§ HAAF AA
FH7L AP o) Qs FAH A§ FHrldle
vF de dold g A AEEe 23 A4
(second intention healing) (Billingham and
Russel, 1959 ; Montandom, 1977)ell th}ed
19861 Sakanari and Moser”} striped bass
Morone saxatilisE 3.2 Ky vl glon,
1990 Marty and SummerfeltE '3 7] Ic-
talurus punctatus® E5 & F-91 AMNE S
27 o2 o]A%El dummy transmitter] i)
Foll Yol 21 X152 45 AFEY =37
(granulation tissue) ] <goju} A=HHA HA
£ 2AAHo L e vl gl

¥ dte f2vet A - delE fdse sk
o A FHe EF Tt e s £
sl= wWEX Rhynchocypris oxycephalus(#,
1977 1 #, 1997) & 2.2, offfoll 4 HRHA
| g F A Xfol A At ARG
A3 AR ATE g 87 5] 239
B3 2o FE HEE nefste], AF H9lo)
VAARN AAE e v A B9 23y
FE 9 AX A A4S 2AR . Ve
ADE EZE HEX A Ax7t dFAR) 5
2 A3AHoE X7 & %A 5% vEol
3 A xF AAE ez 2AEHeg o

& St 1FE sekag g,
Az P2y
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Aol A 3 A% F91 AFAA 10.5+0.3(SD)
cm, BEAF 9.4+10.4(SD) g%l HEX Rhyn-

YA - AFF

chocypris oxycephalus 7}t 80miel - AT
z2Te g AAgslodrh A48 FEE oAl o)
Ae 2EHEE 24y ste] 9 5(1998)
o} Wlof] 2A, & 20T, 300 ppme] H4tE
%£7191/1,000 ppm NaHCO; & v ¥ $4§&
AAEIA, el AZtEE vhd 2 FRE 49
o] skg o] 3R] &R L8 AZH
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W7t =E5E 3l
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u] 714 933 A4S AAs e At A F7
Ao g AaRen, £¢ FAe & A8l
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lyvinylpyrrolidone) &2 4% ¥ +%4 Zg
EIE Egete] THo] AMEESE A, Zoj o
1~2 om & FAF HPslA HAsAG 2A
Fle 3/8 A€ <tEg 2 05.(otelE] Co,,
) ¢k chromic -4 Catgut (4/0 U.S.P.,
WAlAAL Co., FH9)E single-instrument tie
(Merkley, 1983)& AH&3led simple interrup-
ted o2 3~4 vh= Sk 38 48T
Fe Fov A4 £& A8 provaline io-
dine 2.2 £ %49 29 petrolatum (petroleum
jelly, e.g., Vaseline™)(Jenkins and Dodd,
1982) 2.2 A B95 Exsgich

F=, 28 ¥ 35" AAES 2T o
A zwlo] B2 1,500 L8322 F3F felazd
77k 8 F ARl AR Al 89 301 F
F3glen 22 2010.5(SD)CE FA55
FE Fol AdEs 2ARIRlen, 5 AZE
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7R 78)ell X of 3] 10viel4] FESCL
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SR A #ed g AR 0%, 10% FA
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g AF e 2ANH L2 2ARI] st
el ek AUHE AHEEte] 4~6 “m FA
g2 z22g AH31%.29 hematoxylin® eosin-
phroxine B & JAste] A-E# 0] Z(Olympus,
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Japan) slollA & 9 2AGE W
obg] AR #B4E A ArEE FE F
AlZd ZAabol] B2 F2(adhesion) FE, AT
Ars| A £33} complete epithelial covering),
A4 x4 9 A% (mature) o Ij"“’“(1mma-
ture) ofF, AHZF A El A9 alarm E£F

A= (substance cell) A -§F —1g]a 23} co-
llageno] E$H & E574 offL 55 7IFoE

Aol £ 299 A% JES DA
43 % 2%

A AA Afe 4 4—4 whE |12} oloj]
w2 AEE F7le BE, A3HY A (ma-
nipulation)& 7}l 3“’4-(Marty and Sum-
merfelt, 1990). ¥W&3X Rhynchocypris oxyce-
phalus A FE2 A3 AL 75 23 4
vlg] 28 £ & 7960 1vhE]7F debgR o] %
Ay 25472 AL ok € AF FE
Hojol oE el Fig. 19 as} Zol 53 #
de A FEHA gol ZHF, AIF 2 &
o] th4 oA A o™ (Table 1), & A%
9] ol AZ FEE Usle] o] vk
harsieleh.

TE F 7Yole B g 9l o
dol lglon £& 29 =3 HAHow XH
=)A] ¢-& oF3k 32 (slight adhesion)& E itk
(Table 2). o|¥ & #2 t FE F21¢ A

)71 AAFo] oo EFlo] Myl FHilsl

F—Y‘-
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Fig. 1. External morphology during wound healing
in Rhynchocypris oxycephalus. (a) surgical incision
just after surgery, (b) surgical incision 14 days after
surgery, and (c) surgical incision 28 days after sur-
gery. Note epithelialization is complete and incision
has healed at 28 days after surgery (arrowed).
Bars=30 mn except(c), where bar=8 mn.

dow £z L9 23 Axe AEE H &
A= Holz] ektal(Fig. 19 b) ¢ %149,
FE ¥ 2190049 {FE A3 FEo] 7+ 60
%, 50% 2251 A3k §Z(substantial adhe-
sion)°] 40%, 50% ©)cHTable 1). &5 %
28Yol| 4= kel fzbo] 20% zElx AT &
Zto] 80% olg2m(Table 1) FH3H epithelia-
lization) = $43] o]Fol% Aelick(Fig. 1¢]
). Table 13} o] & F 29Y o|F 42% 714
Axg f&o] 100% Fov #& Hoe 17
Aaplel HEog Qldl vhiel 3w FE
(scar) 7} Yehd HE Algjslae, A4A1L S
ool defE Vel

Table 1. Prevalence and intensity at necropsy of adhesions at the incision site in Rhynchocypris oxycepha-

lus
Days post- No. of fish No. (percent) of fish with
incision necropsied  No adhesions Slight adhesions Substantial adhesions
0 10 10(100) 0oC 0 ol 0
7 10 Q)] 10(100) 0o( 0
14 10 o o 6( 60) 4( 40)
21 10 o 0 5( 50) 5( 50)
28 10 o o 2( 200 8( 80)
35 10 o 0 o o 10(100)
42 10 0oC_0) 0C_0) 10(100)
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Y 2A A ag Lol A
BB 7 F 28%0ll Yoixtti(Table 2).
Marty and Summerfelt(1988)7} AR &9
A-FA Z(myofibroblast) Q! A-F-oF4 Z(fibrob-
last) B4Jo] %, collagen WAL ulZs) v
e R EEE Hole uds P 2L
T Aol e v 5 F 74 100%,
TE ¥ 14%0] 66%, FE F 210l 15% 7}
SR oH % F 28Y olFol w4 7
#2394 222 Jehda okt (Table 2). whd
Heh 12 38 7 €530 Afot st

+Z collagen 54% Holv A% APA =

-

3=
(o3

W
e 9A FE AE, FE F 700 oy
TE T 14%0) 34%, 75 F 2140 85%, 5%

F 28%0 1027} Fdsileo % ¥ 359,
TE ¥ 2290 A% AHBA 23] YehtA
&k Table 2).

Fig. 29 av € % 21Y 4 290 3y
AsAl Ex29 AFYAY 2ol 23k Aulste)
%2l (proliferation) € ®oiF3 itk Fig. 29

© TE F 1499 £ 9o AHPYA 230
Afrdez Jes FAEe] g 24234
(muscle tissue) 282 X {5 HolFm 9
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TE F 359 22 £ F 2% o%en £4
¥ 2894 90% 7+ AP 2Ao gl

£

(Table 2). ¥ AF A= A4 B4 AHollAe
22} Aol ligsls Aoz A ojobe 23 %
o EFEE A FlolAe YA 229
A F, TY XA 4x] FHRE Bojrtrle
B4 24 N SAHRA L $2(Gabbiani,
1972 1976) 0 sidget,

TE F9olA FAsle E9)9 €A e
alarm EZAE7 A9 Yehiz gt ez
(Marty and Summerfelt, 1990), ©]2% alarm
AL FE AL, FE F 7Y%= 8l oy, 5
* 149 PH ¢ F 29 71 2§ A7)
Aol whel 20% 14 90% & BHYSA =
7Fstdck(Table 2). Alarm EAMEE Fig. 29
coll A&} Zho] £ ¥ 28U FE B4 &
Astal, FElslAl dehd AaEas o] Lol
stem Z5o] A XFHol FE|7F Rol 4
ebdoh(Fig. 29 ¢). 2% %9 Ag(dermal)
collagen e 27 o} AN A)5F 773
Aol &t Ao Z(Fig. 29 a), ¢ A¥ 2
g3 #5 ¥ 7%de 2% 29483 (incomp-
lete) %3] collagen ©lgch(Table 2). v}
A Azro] Zahgtell whal o2jdt B-2bA%t 23]
collagen-& E-FX%H(irregular) %3] collagen
oz Ao £ ¥ 149, F¥ F 210 B
4A% 3] collagen® B7AE 3 colla-
gen 27 50%, 50% U 18%, 82%o|glow

i)
@ 2

Table 2. Progression of wound healing in Rhynchocypris oxycephalus as characterized by extent of epithelial
covering, nature of granulation tissue, occurrence of alarm substance cells, and abundance of colla-

gen in dermal tissue of incision

Percent of fish with

D.ay.s . Co'm plt?te Granulation tissue Alarm Dermal collagen
pos tincision epithelial substance cells
covering Immature  Mature None None Few  Abundant Incomplete  Irregular

0 10 0 0 0 100 100 ] 0 100 0

7 10 0 100 0 0 100 0 0 100 0
14 10 0 66 34 0 60 20 20 50 50
21 10 0 15 85 0 40 25 35 18 82
28 10 100 0 10 90 0 25 75 0 100
35 10 100 0 0 100 0 20 80 0 100
42 10 100 0 0 100 0 10 90 0 100

—170—



HEA| Rhynchocypris oxycephalusol X2 33 4 AF

Fig. 2. Wound healing after surgical incision in Rhynchocypris oxycephalus(hematoxylin and eosin stain).

Bars=10 #m except(b), where bar=5 “m. a, Day 21 :

regeneration of epidermal layer (E) and dermis

is filled with granulation tissue (G). Arrows mark the interface of the original dermal connective tissue
and midventral proliferative granulation tissue (G), or new irregular dermal collgen in (a). b, Day 14 : sho-
wing extensive fibrosis (F) between mascles. ¢, Day 28 . complete regenerataion of epidermis (E), with
a scar (S) newly developed muscle (M) occupying 80~90% of incision area. Alarm substance cells (arrows
in ¢) are abundant at the epidermis, are lacking in the proliferative epidermis in (a), and are fully differentia-

ted in the new epidermis in (c¢).

% —‘Er"- 28%Y TH ‘T‘E -r 424 A= 25
23 collagenyt WEltrH(Table 2).

WE2E ];Hxl-oi g]Hz—! =] 17:1-5Lz—) 1/4]_;—_
B AT A e FA7 2 F 28%6 A9
AF HQPom FE F 359 o] 100% FHES
B} oo}z AME Marty and Summer-
felt (1990)7} 2kl 7] Ictalurus puncratus &
Holla] 33 X XHA] 93Yo] £8F vk
Azel vl A] HEXT g7l vl 493
whE X5 FE Yelldok A Xl 2lod
FL T8 84 oledl & X 7I0™
42 2§ AIE Anderson and Roberts (19
75)+ White Cloud Mountain fish (Tanich-
thys albonubes)9t WA %Al Salmo salarg
ez ZARRE vt 9ler, Roubal and Bul-
lock(1988) = thA Fdolell A 44X X]-F4] hyd-
rocortison?] EIHE ZARF ul glo], B Ay
AA AF olEd QA HYe] HEHog I

A
T
3

Lestelel ARDY. 42 29 AHelA 2ra

_\

to

o}

W& X Rhynchocypris oxycephalus® 7=
Hu)g} hgA=gu)E dAse F2F 29 AF
A5 FEle], AAPA 232 S BN X
G 9 22 xgol] At ZARAL £E T
AEEL fr“% A& gl o 3 76 2Tl
100% o) H3l ZFZF 95% 2} 99% o)t} & &
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