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WP . HAE, ARG O Al B A AR BE
S X B #(ictalurus punctatus) g /b g iE! T 1))
FESHY H b A H0E . AR TARE 6 A
(] BF 30, X s aok A v 8 TR U0 0 2 WL RN FOUE
AL HEAT ARG, R JE S B AR 5 A B R L
SR

1 HESHE

1.1 ZEXHFE5REFE

SR 2 R ICET, PILRIREE R (1.97+
0.09) kg, 4K (85.55+1.11) cm, 3£ A P EAK™F
SRS B R VTR 7 RIS B IR i) rh A2 3 B A
H o BEPLPRZE 30 BHEICE, fEHRZA N 3.0m, &
2% 0.5 m MIETE Kb 9I4L 2 J5 o SR FH R
PR, R R E B PITIR (8:00, 20:00),
JE#9 1 h X IR MR T TG o SR UK T
AT DUVE L A9 LT K, SR 5 A 1R K R A (20.5+
1.0) C, 4 H(6.0+1.2) mg/L, EA/NT 0.1 mg/L,
pH % 8.1+0.2,
12 FAFERLRE

FARRT 1 dFF IR, AR5 8 d FFIRIEHR
P, AR 8 do DA/ FR I XK A4 1) 15 Y At
J J5 P3RS B XD Ak i Ty, B kY E ek g o
KT T3 R SE L W A s V% o ARTTRT TR T) 5 4%
BT R ZRIRK T, BRI A KN
T E 2 AL 222k, i 150 mg/L (1) MS-222 X}
SO0 R AT PR ORI, A S0 G A B B O 57
LIk, RIEE, KSR aiCE T4 70%09R 1
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AB-PAS Hil PCNA e 2] 234k~ Y 6 4] 1 244 F
Leica DM5000B A: ¥ B i B 617 WA 41 IR o
15 EMFIHIEIRENE
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Tab.1 Rednessand swelling scores criterial

20-21]

£1 i35 %C (redness and swelling index)

PEALFRfE assessment critera

wm A W N = O

Y1 O30 2 56 2 %A £ no redness and swelling present along incision

W& V04 2> 82 ) (<10%)mild amount of redness and swelling present along incision(<10%)

W E Y0 A 52 41 (10%—-50%)mild amount of redness and swelling present along incision(10%—50%)

W& Y1 O 2T i (50%-100%)moderate amount of redness and swelling present along incision(50%—100%)

WE YA L, JERE#EE T Y H312%(>100%)moderate amount of redness and swelling present along incision, beyond the border of incision(>100%)
LTI ELG R s T8 0 11%% severe amount of redness and swelling present along incision, obviously beyond the border of incision

®2 P08 E&FERER
Tab.2 Incision healing index criteria®**"

A5 $8 4L healing index

PEAL AR assessment critera

0 YJ 10 5¢ @ A1 incision completely closed and healed

[ N S

Yo @4, WEY) O A7 B8 /598 incision healed and it remained a scar along incision
VIO A 5k, {H¥AE @4 incision held in proximity,but not healed

Y343 (<25%) 72 incision less than 25% open

Y1 11(25%-75%) 7124 incision partially(25%—-75%) open

Y11 (>75%)TF%¢ incision more than 75% open

152 FREAMEBSFHEMEMITE 5T, 7
I Ab W 301 % 55 FE BBl (BE D) 11 31 2% 2 mm) 45 B —
Ab, FE 40 5 R I FEC=AL 10 um T8 B9 X £
B 4 1 5 O BT S48 SRy — I 1Y) 3R K 40 i 2
B THECT mm P RTA R B R B AN IO i
A B 7 2 K AN TR B AN 8 - 1A
153 BERIEI 7ot B T RIR B LD
et ) 7 it AT EE, Rk Y R RV G Bk
B s A~ 20 50, H4AE. ] Image J 1.8.0 K]
A6 Kb B AR %o J I P T 2 AR A T I
154 PCNA PREMEZER FEVIHgAb, FEH 2
A~ 40 FERLEF (DT PN, LR R R T AL
B 5 A~ 40 50087, 55 T, PCNA FHYEAIEZ DAB
)5 AN A% B AR, B A0 B 05 AR 3 G Ak
WAL, Giil PCNA  PH I 40 i KA A i it %,
PCNA [HPE 2 (R4 58 48 £0)=PCNA  FH M 4 ffd %%/
S B
1.6 HELEERITHH

AR SC B A8 S4B bR 1 R ( X £SE) R,
Jir A E5HE A8 Excel #E1788 85, HI SPSS 19.0 i#f
TG W o AL 22 500 FH s R R 220407,
ZE LKA LSD i, HEIRAFT & IES ST
ZFME, MERHABAMER, BEEEREN

P<0.05.
2 #EREHSW

21 REVIOWMIERTL

MERZER (B DFERM, RJF 4 d, 2880
(4.50£0.29), RJ5 14 d, ¥ 8 52497 (P<0.05),
A TR R (4.50£0.29), RJF 14~42 d, VIO
TR, MR (P<0.05) . R)F 42~56 d, ]
FUALA FZL e BN A%, 500 B4 TG B 25 1k 22
5 (P>0.05),

5 o[

E sl a be,g n=4, %SE

2 DA

g 4r healing index
g5l B £ i

é redness and
g 27 ce swelling index
5 1

=

g

& 0

4 7 14 28 42 56 it e

ARJEHTE]/d days post surgery control

P it CRES AR AN [ 3 070 11 % 5 AL b 4
[l —F845, BRI B RN AN A 9 4% 41
B) A7 M 2% B (P<0.05).
Fig. 1 Incision healing index and redness and swelling index
at different stages post surgery (Acipenser schrenckii)
At the same index, different letters mean significant
difference among groups(P<0.05).
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22 REVIOWARZENE

221 RE ARJF 4 d, FLRAMEHDIO %0
NI, JF5EEAEE 2¢, K 2d). YIH
5% 3R Bz (%) v )2 A R T PR BH B, AT — e 4
J 2 fi bH i 4, IR . 62 e A AR AH B HE
GIVE, AR BRA D, 3 R AN B A T S R I

T, TR A I A0 R 2 g o R e 4 e (&
2b). ARJF 28 d, R EEERYIN, UIOAMER
B JEERE I TN (R 2e). B Ak 2 R 2 4N
M HES B2 AR, 5B A A SR SR A AR I
B BR(E 26). RJF 56d, PIOAREE2@E, B
ST (K 2g), AIEHES R, KL

MMIRIR G, PO R R RATANM MO AT WL (18] 2h).

A
hypodermis

il

coelomic cavity

SEm

WZFHA

granulation

K2 i B AR U0 H i sad B vh R B R L 817 A8 AL (HE)
a: IEWREPHRZAM(HAF L), TIZMIPEOHTSOMBERZ MIEERAFT ), b: R 4dREPER
20 e ) B (1 €2 3577 Sk ) FN B MR MR L (R A8 3k ) o0 RIS 4 d T 100 a0 5% 1o i P S 74 3 B (PR 7 Sk ) S S
(FEFE ORI, d: e P EROR, RJF 4 d ST QHF SOMZER R LA CR AT L); o0 R)F 28d Y]
FAL R CREARTR); £ B e POERTRR, ARJF 28 d REFEIRE 554 A 2R H U 1 ] B CR AR L); g0 RJF 56d
P A% 2 (R AT k), he [l g FOFRERIOR, ARJF 56 d BJ AR 2 Sl 41 A (R 65 157 sk ) B v A i (3 5 757 3%).
Fig. 2 Changes of the epidermis after surgery of Acipenser schrenckii during the incision healing (HE)

a: the superficial (white arrow), intermediate (hollow arrow) and basal (black arrow) layers cells in normal epidermis;

b: the obviously increasing intercellular space (white arrow) and eosinophil granulocyte (black arrow); c: the epidermis
(black arrow) extended into the coelomic cavity along the incision border and touched with peritoneum (white arrow) 4 days post
surgery; d; close-up of a section of figure 2c¢, epidemal cells(black arrow) contacted with peritoneum (white arrow) 4 days post sur-
gery; e; the epidermis at the incision 28 days post surgery; f: close-up of a section of figure 2e, the space between the basal
layer of the epidemis and new regenerated granulation 28 days post surgery; g: the epidermis at the incision 56 days post surgery;
h: close-up of a section of figure 2g, epidermal cells (black arrow) and mucus cells (white arrow) at the incision 56 days post surgery.
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222 BEEBRETHLR K 4d UHHLH
PR AES R K L0, PR I B 40 55 R
20 IR (F 3b). ARG 14 d VIG5 A 4R
A R 1 BT A 20 i SR RO A A, TR A
LUK 3¢), ARJT 42 d WZEHSFE TR,
2T 2 40 i 5 A0 B Ay S L, AN A B T B
HOm(E 3d). RJE 56 d, VIO ERARE, EAUHR
AL, oA/ DR Mg, 540 i 4h
TR AR (A 3e)s

23 REVIOWREZK

231 REMBMEH ZRER, RF 44800
Ab B 2 B 40 )2 B0 19 (6.21+0.68), i KT
Rl A6 B 4 (P<0.05) (K] 4) . KI5 7~14 d VI Ok 5
JE PRl 2 B 20 B J2 006 B & AR 1k (P>0.05) . R

14~42 d, YJHAb 3R B 40 225000 215 1 (P<0.05),
FEA 2 5 T R B A IR 2 (P<0.05), HiRJE 28 d
25 Bz 40 it J2 B0 2 (18.46+1.91), B 11 J Bl 9 26 Bz
A2 B FFR IR (P<0.05), HhRJE 42 d KK
A 2 B AR (11.04+0.64) . K5 42~56 d, Y1 4b
2 e A L JE B 2 AR (P<0.05), 55 0T B2 TE 2
S (P>0.05).

232 FikMEMmZE WK S5 PR, R 4~14 d
Y01 4k 55 H ) L8 i 40 e G B AR Ak, O AR
FXF R4 (P<0.05), RJ5 14~42 d Y] AL 5 ] 6l 2%
T 40 0 2 B . R N (P<0.05), RJE 42 d IOt
Zh W A M 0GR B dR K {H (19459.84+5365.92) 1>/
mm?, AR5 42~56 d Y1) E A6 20 M 32 0, 5
X} IR 2H Jo 22 57 (P<0.05)
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B3 it R B R G U F i i i P R BT I A2 A AL (HE)

a: Xt IR ZH BB v (W A 45 24 2 U2 (1 (37 Sk ) B0 25 4 H U2 CR AT L) IR b RS 4 d,
PO AGHRIEB Y (H A %), HEAMEERT IO MM (S OFF k) o RIF 14 d HE R 2R L0 B R 2 4
YR EHT ) TR A M (HEH ), d RIS 42 d RZEH L R A0SR BT (H A7 ) FUSEE 48 40 i (R 6.8 k),
e ARJF 56 d FRIR A LT 2k 20 (P 75 Sk ) VB 2T 48 (11 %),
Fig. 3 Changes of the dermis and hypodemis after surgery of Acipenser schrenckii during the incision healing (HE)
a: collagen fiber of the stratum spongiosum (white arrow) and the stratum compactum (black arrow) in
dermis of control; b: the inflammatory infiltrate (white arrow), lymphocyte (black arrow) and erythrocytes
(hollow arrow) at incision edge 4 days post surgery; c: fibroblast (black arrow) and new regenerated capillary
(white arrow) in granulation 14 days post surgery; d: the intercellular substance (white arrow) and fibroblasts
(black arrow) 42 days post surgery; d: the fibroblast (black arrow) and collagen fiber (white arrow) in the scar 56 days post surgery.

24 VIDEAEREGRENTHL
ARJG 4~7 d VIS A /D5 R4 48 A 1,
FERGEN T B, 2 ACRE R HES (&

6a). 7~14 d Hrk P ZE AL 20 i TR 27 4 3 14
(P<0.05)(&l 6b), 14~42 d, PFHLPBAM 1
T 5E B 2T 24 B S 3 A (18] 6¢). 56 d, JRIR 4P
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25 - # # n=4,x+SE 30000 ¢ O 114k incision bord
14 M o incision border
> (l;_| c Jg] Dﬁ 25000 | ®¥IEJE M incision around &
— 20t 4 # 4 incision border T =
28 |1 1o AR £ 3 20000}
KEISp a2 a ncision a(rimmd £ n=4, ¥+SE ¢ [a
25 b b b # & 15000 o
§ B 10t b abd g 3 bd
® “2 a = g 10000
.g o 23 so00}
g o . . . . . . 0
4 7 14 28 42 56  XtH 4 7 14 28 42 56 X
control control

AJG BtE]/d days post sugery

Pl 4 it FREIAR S AN R 11300 25 5 1 Rl 2 1 A 2 =5
) — X, B A [ 7 B 3R 45 2L RV T 3 22 e
(P<0.05); [r)— s WIbRA #RRAATE EME L 7.

Fig. 4 The number of epidermal cell layers at incision border
and around at different stages post surgery
At the same region, different letters mean significant difference
among groups of different stage post surgery(P<0.05).

At the same stage, # means significant difference among groups
of different region(P<0.05).

K6 it FRES RS HEZH AR S5 AN ) I 4007 A= ZH AU b B R R CROR AR ZL G 6, i Ot 2 %)

A J5H}E]/d days post surgery
5 it PREA S AN [ IUIT 113002 5 i 16 26t ok 4 e 25 2
[i) — DX, B A [ 7 B 3 R 7 [ I 300 45 4 ) LA 8 35 1k 22
5(P<0.05); [Fl—HIHH, trfiakmiid
1 %5 5 FC ] L O R0 VR A L 2 B A W 34 25 5 (P<0.05).
Fig. 5 The density of mucus cells at incision border and
around at different stages post surgery
At the same region, different letters mean significant
difference among groups of different stages(P<0.05);

At the same stage, # means significant difference among
groups of different region(P<0.05).

o

ar RJE 7dHEMLURR T BAEG b: R 14 d WZFAZUREY 1T R o: RJF 28 d W ZEAZUP Y
T (F @) T (0D BIRIEG d: RS 56 d BURALLUREY T (F @M T (08 k) BB,
e X MRZH FCRZ B 4 4l A ZUR (250 3K FNEUCHE S5 4 A SUZ (U #i Sk A I IR 4T 4
Fig. 6 Collagen of control and regenerated tissue at different stages post surgery (Sirius Red staining, polarization microscope)
a: type III collagen of new rengenerated tissue 7 days post surgery; b: type III collagen in the granulation 14 days post surgery;
c: type I (white arrow) and III (hollow arrow) collagen in the granulation 28 days post surgery; d: type I (white arrow)
and III (hollow arrow) collagen in the scar 56 days post surgery; e: collagen fiber in the the stratum spongiosum
(hollow arrow) and the stratum compactum (white arrow) of dermis in control.

R (NN 0.33+0.06), DI T BIFEA
W R 3, 5% AL (A1 BE(EN 0.43+0.07) 76 i

257 (K 6d).

25 YiOm&idiEd PCNA BIRIE
MREERE NER, RF 4 d FEHHEFEN
B E A9 B e (R A ER B 0.36+0.05), & & T
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X BRZH (P<0.05) . 4~7 d & 52 o 384 5 20 g Eb 451 B i
FEAK(P<0.05), ARJ5 7~14 d H 2 A 8858 40 i i) e
B 3 0 (P<0.05), T EREWLAHEMME. Rig
14~56 d FLFz 38 5 40 e B 491 24 45 7 58 5 7K F-,
IF B T R 4(P<0.05), HhARJS 28 d H %
{14 13 B 5 B0 151 (0.68+0.07) o 3 Bz 441 it 14 15 5 45

BOCHA B ARk, 55X R4 TC 3 25 57 (P>0.05),
08 n=4,xtSE b
5 DX & dermis
307} b
£ BRE ¢ be
g 0.6 - epidermis
B o5}
= cd
£ 04l T
2
2 03 d
ﬁ 02t B ap od | ld | ld 2cd
g 0.1}
0

4 7 14 28 42
A JGHTE/d days post surgery

7 it PREF A5 AN [ o 40137 £ 3% e
LR PP A L P 38 G A
[l DIk, AR AR TR R A LR AR V22 5(P<0.05).
Fig. 7 PCNA proliferation index of regenrated epidermis and
dermis at different stages post surgery
At the same region, different letters mean significant difference
among groups of different stage post surgery (P<0.05).
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Jite G B3R Sy SRR VT T Ui 9 32 A B 4 42
H A AR PR O 0 3 T B 2 i (G 8 20
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EACTRIEZE M o 38 TR D 1 B i 4 2k
17 R IR ISR A R LR S 25 58 B vk 2 —, BT
0 T it PR i 2 £ 2 010 12 e s fa il e 7 o,
A T AR M AR AT L SR BT AR HORE
AT RS ) DR L ) R IR B

it G BN T30 M B F HOR A R, F0d
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32 AREVIODREHEEHRMNERTH

ACHIF 5 38 3 % it EC B AR S5 U0 0 A R
2, Wil R AL G Re ), IAREEHEE
PEEHE Hr . I IR SR & B, it FR ) 1
B2 56 d. X -5 VYA FIIEET (A, baerii) )]
FATA BFRIAR R RJE 14 d 2000 5 g S48 50y
ST, Schmidt 2524 EiT % (Oncorhynchus
mykiss)IY 25 SRR, i B iIG 14 d WAFAE
IR . Schoonyan 25121 % B 3 335 44 Wy i
(Sander vitreus) Y] I Ji il (%) £1 i 72 3 75 AR J5 5 40
WAATE WA, HATA MR, EI0 0
U 98 E B N 32 8 0, 43 W A 40 Y #R -1
(IL-1) 55 RAE A BB W34 i, 2000 1 8 J5 il 4l
YUK K g IR B 4 Mg b 5k, 14~42.d, )
L) 5 R s 2500 25 AR, S & 1 32 2
W ARMaZE RS R BoR, HAG A
AR, BEESRWISTEARIS 62 d YT H B et
KVGEEEF(A. oxyrinchus) 7E M IR 76 46 )5 VI 1 7E 30 d
N sE AT, KoM B (Micropterus salmoides)
TER R A bR &G 20 d V10 g g at'o, sk
Wy 22 S A0 RN R 52 ) A i R ) R 2R R,
PEAME SR R gl R C FERRE0 S
B E A R,
33 REVIHREEREHPHNARAFETN

YIn @ aid e E2ass. RAHME, RFE4H
YUE WA S RS LA B BT 228 KRR
BURM RSN Z B, G fe R kg, 3%
TN B AN BT RS . Guerra 2058 ke I4R
% fli(Clarias gariepinus)fE€I1% 6 h )&, B4k
LRI IRITH, 12 h e R BB H0hE
THi o BUKEFE 7R 2. (Hemichromis bimacul atus) 78 1] {73
JE B2 LA 500 um/h 13 BE EA TR A2 R0 BE R MR
B, ARG 4 d FRECm I N SE 58 2B S DT H
W%k, e SR AE 11 . Silva P HN F
J2 240 i [v) P 2 A o) 2 PR ) 3 B iy ik — 20 Sk A
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EER, X RBIWINIR e i Gk b & 7e s 1
s AR A S

TR BOE R B R I RE, R A
AR BRI ER, M H I & A UK R 55
B D, B S TR, Bl —R 2,
Y 5 £ UK (005 37 515 R0 7 Lk 0 5L A= 0 1 4
2 ARG, FUNIER B 0 RN T AN A S D, B
JEHIN X 5 FE S R BEIE S BRI, Tger
SEDSN Sy #e S KRR, A LR
W5 W) B AR IR, 52 Wi 3R B 0 Wb B g Y 4K
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Abstract: The Amur sturgeon (Acipenser schrenckii) is one of the eight species of Acipenseriformes that occur in
China. The range of the Amur sturgeon is mainly restricted to the middle and lower Amur River. Sometimes stur-
geons enter the Ussuri River, but they rarely occur in the Sungari River. This species supports fisheries, but stocks
are declining significantly because of overfishing. Developing artificial cultures could reduce market dependence
on wild fish and would assist in conservation of the wild stock. Although Amur sturgeons are gonochoristic, they
exhibit no apparent sexual dimorphism and have no indicators of their sex for their first 1-2 years of life. Currently,
the most reliable method of determining sex and gonad maturation in Amur sturgeons at an early age is through a
surgical incision and visual examination of the gonads. The eggs of artificial spawning are also commonly ob-
tained via an abdominal incision or caesarian section. The incisions may not always heal properly; thereby, caus-
ing infections, inflammation, and ulcerations that lead to adhesions or in some cases to mortality. Thus, it is criti-
cal to close the incisions for the recovery of Amur sturgeons post-surgery. The goals of this research were to study
the process of incision healing, through visual and histological evaluations of the surgical incision at different
stages post-surgery, to explore the repair capability of Amur sturgeons, and to provide data for the establishment of
post-surgery system management. A total of 30 2-year-old Amur sturgeons were anesthetized quickly by immer-
sion into a tank containing a 150 mg/L solution of tricaine methanesulfonate (MS-222). Once the fish reached a
surgical plane of anesthesia, a sterile surgical blade was used to make a 5 cm incision through the ventral middle
skin and linea alba into the coelomic cavity. The incisions were closed with three simple interrupted stitches.
Samples were taken at 4, 7, 14, 28, 42, and 56 days post-surgery. A study on the healing of the incisions was con-
ducted, through visual assessments and histological observations. The results indicated that the epidermal cells
migrated into the coelomic cavity along the edge of incision and had contact with the peritoneum at 4 to 7 days
post-surgery. The inflammatory infiltrate and Type III collagen appeared at the incision margin. The incisions
healed, and redness and swelling indexes significantly decreased (P < 0.05) from 14 to 42 days post-surgery. The
epidermis covered the incision, and there was an overlap between the epidermis on the front of both sides. The
epidermal cell layers at the incision margin significantly increased and were greater than that around the incision
and the control. A large number of fibroblasts gathered at the edge of the incision, and new capillaries were re-
generated, forming granulation. From 42 to 56 days after surgery, the epidermis healed completely, exhibiting no
differences from that of the control. In the granulation, type I collagen substantially increased, but fibroblasts and
capillaries decreased and disappeared. A scar remained. These results indicated that the Amur sturgeon had a
strong repair capability. It took 56 days to close the surgical incisions. The surgical incision healed mainly during
the period from 14 to 42 days post-surgery. It took longer to complete healing of the dermis and hypodermis,
compared with that of the epidermis. The healing of the dermis and hypodermis was constraint with the progress
of incision closure.
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