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2. MIHERFOKTEMESSEOESFHEARTEMFT PO T BE 210023)

BE B2 3R R 3 SR 7 b (Takifugu fasciatus) 778 3 & E AR K, T K 7B (cortisol) 2 H| i # &
BLBR B E BEATRE A o P R R G A R IR A A, W A TR S R RO R R OKCF
1B B AT 28 7 2K oL I S5kOR L R B R R o AR AT LA SUR O B b R 4 B St &, 5 R A
Jfi % G EEAn DMEM ¥ dt | B G EE A 1640 B5 338 1 ARG B B fn DMEM ¥ 3 3t Iﬁ%?%
A1 1640 33k 4 A7 skt HIRAT R ARIE S, BB LB SUR 7 #UR R R a R AN R
FAE Mo Eab AR AT R B A SR 7 e i b e B E R k. e AR e e R B 7’F
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PCR (qRT-PCR): 3| 4 1t 57 ¥k A8 7e 5 B . 40 M B 1= A6 % 2k B RG34 A o 2 L& i b % 40 0 0 o %
AHE X, Annexin V-FITC/PI A4 A%, £RE T, E4MERTEY, RAKEAHEH
ft 71 DMEM # 5 EHATRE R I L Ll s R sy, WEEH U RE; SXXBAMt, YA RE
WK Z % T 2 000 nmol/L B, F7 bk 40075 ) B2 T M (P<0.05); & RHAE T, FrAk el Ea
M bR A AR R ER R ERE, AR ER I, MARBALERENAS, B EXAEAR
10 B AR & Z B (sod . cat F0 gsh-px) B AR 1= 2 B (caspase-3 . caspase-7. caspase-9. bax 71 p53)%k
KREMATRBEHEE LF, WA TEE bel-2 )ik & B F T H(P<0.05); fiHE & R AKX % B (g6pd .
6gpd. ppary. fas 1 acc)FR ik & B EFE T, Gk o A< L H (hsl. ppara. Ipl 7 cpt-1Vkik & B F
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W &0 AR Bl (Takifugu  fasciatus) J& 5 £ H
(Tetraodontiformes) . fii £} (Tetrodantidae) . Z /7 fifi J&
(Takifugu), J"Z o040 TR T | ARV . it A1 18 1
A I A N S & B R 1 P 3 1 i PR B W P
fEi . HIRTE, 2RI RE NS RGNS,
2021), MESUR Dy A et fe b, 255 2 BN RS
R PR A1 3 DT 7 A B N, BT e -
e PR ) il (HPT) 1) 2447 F— 2R 50 4 oA 1) 22 4k
Wz T (cortisol) X AR“E AL AT IR, A2 5 (0] 41 iy
G3 U6 —Fh ORI K B BB R, TS 50280
BB 54K & F (Carbajal et al, 2019; Jerez-Cepa
et al,2019), IR Z RN F IR E MG E 2
M55 (Ramsay et al, 2006), WFFEFM, 2225
AN R IABE I8 J5 , H HPT 5l 5 300 nl 5 | i
S S5 & T = (Cockrem et al, 2019; Reichard et al,
2023). Samaras %5(2022)#f 5345, FLH(Pagrus major)
I3 v g o v B 5 R B SR AR OG . H AT, B B REXS
02 52 AR R AE A K K (Vargas-Chacoff et al,
2021). #Ef (Vallejos-Vidal ef al, 2022)F1HE 51434k
(Goikoetxea et al, 2022) /7 1, J&T i BN 0 25 i73E 4
AR . A BRI TR AR A T T A S i B S A 4G

AN A, B 23 U0 TR N BT L R
4t LAYE R o & 35 1R AU(ROS), AT ZE R AL IR R S
(Foyer et al, 2011), HBAMYIELEF(SOD). T4k
MG (CAT) RIS e H ki S A g (GSH-Px) 2 26 &=
F PR ALY B (Gauvreau et al, 2022), JEFEMIE
WY, 2R7E2 BN FORIES , A Y B Bl
L SOD. CAT Al GSH-Px 13 1 5 Bl — & M AH 5GPk
(Xie et al, 2023), W7 B T BES T (AR 4T A AL B
MRS, M ARG FE IO T, 2 PR 4 il /)
FAEFEHLAR N A B RS R E WAl [ =T
(Belushkina et al, 2001), Takagi %5 (2011)%5 i,
10 nmol/L  J J5 5 i 384 o] £i8 i3 5 85 (Oryzias latipes)
AT, HOon B R AR . ARk
ERu RO N IR R NE S R <Y R A R S
(caspase) % % 4 5 (Yamashita, 2003) , Bcl-2-
Associated X H M (bax). B #RELANIRE-2 FEH
(bel-2)F p53 FEPL 34 5 4 08 -4 26 GF & 5 4%,
2021; NIEAE, 2023),

e, R B BE S i W . B i
Fo3 i 0P, iz B WD e B 2 O L A (Leger
et al, 2021). g6pd F 6gpd J&7=4= NADPH it 5 f Ik
[Hl(Sebastian et al, 2022), acc. fas Fl ppary FH W 1E
g W5 B A n R 3 T 2 VE H (Kang et al, 2022),

ppara. hsl. Ipl. cpt-1 =25 Hil =B (TG)/KfF F4n
M B E AL By B L (Hummasti et al, 2006; Kerner
et al, 2000; FEEAREE, 2020), i JH EEE(TC) 2 I
JU R (NEF A )t 2 A5 I B A% 31 4 S 4 48 A7 (Liang et al,
2020).

H AT, A5 Bz 0T Bsext £ 208 A B AR AV A 52 ) 32 22 DA
T R B9 () I RIE A BF 52 % 42 (K ostyniuk et al, 2018),
DA g 38 A 58 R L . IR IE AR R AR
— 5, SRR SN I il Y EE A . R TAL
R Z RS R WA BARE R, MELLRA E AR —Fh
B HLAR 520 (Leung et al, 2010), fF5EFRM, &
A1 41 A 1% 3% AT DL AR $5E 4 230 K 43 2 BT AE (Battle
et al, 2001), PG, ARWFFE LGSO Ty fili i 3 53 B
(i b B 0 A R 0 5 6 52, 3 A B AR R 1 1
20 J mP oI A [] e B %) B JB e , R B JB B RT 5 SR
Tyl bR A AR . AN T AR IR
ST s ST WSSO Jr i R A P I — 2 2%

1 #REFE
1.1 SEIgHE

S5 T FH At BRE Y I SUZR (1 ) B VL AR
A B A A7 BN R AL, MK R (15.00+1.55) cm, ik
H(35.00+1.65) go WS E T LI E ML HIFR
FEAKETHY, FREESAT: HREE(25.0+0.5) C . EREELH
3. WAMRE>T mg/L. YERERTE] 12 h /B/12 h 1% .
pH 7.0+0.5, it FIVL5 i e 42 A e dn A PR 23 ml S AL i
Bl R (0 2R 1 42.0% KLIE T 8.0% .45 0.35%~
0.5%. B 1.2%. AL 0.3%~2.5%)i 4740, K
2. IERTIHTESE 24 h,

12 WYERFHENRR RS ERESR

SHIKIRAF(2016) 1 RE A BHE L, B L
R AR, S T MS-222 (Sigma, 25 FE)FERE, I
F 75% RS 6 SRR A TN B . TE A T,
B B4, I E TS 100 IU/mL 55 % Al
100 pg/mL R KRG = KAEWHEAAGRAF, HE)
() PBS Stk CEMA B AR AR AE], fE)H . H
o R B B 0 RN F Bk 25 M 2 Rl P B ok
i, K VRAF I A BUR AR 0.25% IR 11 il
(Solarbio, HENMELLAE N, B, BT 28 CEHIR
IR HIEAL, 30 min JFIMAEH 20%04F M7
(Gibco, ZERE)AI 100 TU/mL HFH X . 100 pg/mL 55
Kot abr g b AL N, T 100 B 20507 90K
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BT IE R 50 mL 204, 4°C 1000 r/min
B0 5 min, KB BIEW, REMATZEREREER
A, PNk S BT 28 'C, 5% CO, K5 3E4f
K,

1.3 BUERFohip ERARREEFEENHTE

3l 0.25% kA 1 FI DMEM JE 95 58 (4 T
Y TREARAE, T EHGECH T+HDMEM). 0.25%]/#
FEEBEA 1640 REFRIECET AW TRARAFR, FHE)
(1224 T+1640). | AU (1 mg/mL)(Gibeo, )
Ml DMEM 1353 (300 C+DMEM) K 1 5 i Ji iy
(1 mg/mL) 1 1640 K732 FEGC A C+1640)53 15 FIEE 7240
M o KE IR LTI 20% 8648 1013 A1 100 TU/mL 5 %
. 100 pg/mL B5FE . H KA 1x10° 4R T
6 fLANMEEE TR, B AL ER E 6 Ny FE A
3AHEHARELIL 18 MEFL, T 28 °C, 5% CO,H:3%
M EFESd, fEREF 1.2.3.4M5d )5, J§ CCK-8
AT A0 G5 R 2 i B AN AR AN [ o B RN b
TN T B RK IR, JETERER 24 h J5 WA T 0
AN AEROR A

1.4 AENRE K BEEx s b R4 A& 1B =2

SR CCK-8 4l i 1 oy A8 I3t 7 6 (s e 8 A= 40
s <l /A I SN sS D B e N R R N 7
2021), #5555 24 h 5 09 b Bz 40 i Fh 3] 96 FL Ak
H(5x10* 4~/mL), FJS, I0AJH5E @b 3235 B 4T
1) 52 ST B (Sigma, 3 )W, i R 0T e 78 200 A % 97 Jik
LR E SR 5120 0. 100, 1000, 2000, 3 000 £
5000 nmol/L, &=/ E 6 ANEfL, T 28 C,
5% CO, HE A AR 2215 9% 24 h J5, BFLINMA 10 pL
CCK-8 i, 28 °C, 5% CO,MFANIT 4 h,
i BRAXAE 450 nm A T AL . DL Rt
FELE AT 5 BB A E e o B A IR E

1.5 AEIRE K BEEx i b 48 R B i A 1 B R 0

R4 F R B IT 2 R, e o A A AL BV N
1000 nmol/L AN, i I e A o% 24 h J5, A S
A A [l e BE B o B Y 58 e R FRFE 0. 10, 100 Al
1 000 nmol/L), BRI FE 24 h J5UAELNIL, A 5%
[ % Wi (Solarbio, H[E), 4 CHE 12 h, $E#EITH
NETALE, 1%MR5EE 1 h, BEJS, AR E
BT SRR, RIGHTB B . RE . @B A
e 5 Jm F H7650 #8935 G =0 7 WA (H 7,
B A T4 B SR

1.6  AEMRE R BB X A b 52 4R ReL I T B =2 i

¥ Annexin V-FITC/PI I8 T 4538577 & (F5 o
BCAEY) TARBEGE T, v )RS 20 B 0 1 i b e 2 i
Kig% 24 h )5, A AR BE Rz o 1) 56 4 R 3
H(0. 10, 100 F1 1 000 nmol/L), FEAKE B/ EHE
6 ML, FRREIFE 3, 6. 12 F124 h JFUREE4niE,
BEJG, PR R AE 500 pl 4540, Rukn
A 5 uL Annexin V-FITC il 5 uL PT YL (a3, 5245218 2,
EFER T EHEEE 10 min J5, H eNib610-FL 22 i
5 (Nexcop, HENIZEMEFT-H 40, & wmaHr
YN TR HL

1.7 FtRAMEENER. 4AE T REHEX
EREBFFRESHT

K H 7t E # PCR (qQRT-PCR)K I 48 Ak 10 8 AH
FeFEH (sod . cat F1 gsh-px) . 40098 172 AH ¢ 3
(caspase-3 . caspase-7. caspase-9. bax. p53 Fl bcl-2)
FIREAC U A e L K (g6pd . 6gpd . ppary. fas. acc.
hsl. ppara. Ipl Fl cpt-1)NFRIEEH . K Trizol (75
WA HEARARA A, P E)RZ B b B a0
RNA, f#if Hifair® Il 1st Strand cDNA Synthesis
SuperMix for qPCR CEEZAEWFRHEARAF, HE)
Fifb i) RNA 33054 5% L cDNA ., R4 AH G FE T 1),
iz 1] Prime 5.0 At BRI, 5198, 8T
W B B Ry R AR 1, o, 18S RNA A
SR, 51 e T AY TR BROERA RS
J#.o qQRT-PCR AR . FFii#5144% 0.4 uL, SYBR
qPCR Master Mix 10 pL (iMEREA R A IR A H],
H1[E), ddH,0 7.2 L, cDNA 4 2.0 pL; K 454k
A 95 °C 3055 95 °C 10s, 55 °C 30s; 95 °C 15s;
55 °C 60 s 3£ 40 MG, SR 27 LRI A4
XfRIRE, BAFEREET 3 WY R E R
1.8 ARERE KR REEX R A A8 £ IE AR

A

o I R 0B85 3% 24 bS5, A EA AN R
JR Y 5E a5 FR 20, 10, 100 A1 1 000 nmol/L), 4
MU RE DR E 6 NEAL, FIKEEFE 24 h EIBUEAN
Mo SR R G (A W AR T, b
FE N R AN B S F(TP) . H = ER(TG) . &H
[#] B (TC) AT 5 6 15 R (NEFA) & 1 o BAKSZ G 1R 2
HR R &l T Bl

19 HUBGIH AR
i 1] SPSS 27.0 (IBM 2 Ak X S8 i 7
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AT, SC I B 2R O 4 4T M 25 (Means=  PEAY B2 0 R VR B RO B D B 32 AR R, SR LAk ST
SD)# R o K Shapiro-Wilk's S 4l 2 & 47 & 1E  FEA KRB Geihdlim 25 5 WM, DL P<0.05 £oR %
oA, RHXAE R T 250 H1 (Two-way ANOVA) 3.

£ 1 qRT-PCR 3|17
Tab.1 qRT-PCR primers for genes

BE[A 2 R 519 ST H(5'~3") P Bk R ES

Gene name Primer Primer sequences (5'~3") Length/bp Efficiency/%

18S RNA 18s rna-F AGGTCTGTGATGCCCTTAGATGTC 146 94.38
18s rna-R AGTGGGGTTCAGCGGGTTAC

sod sod-F GCAGACAACATCGCCAAGATTGAC 132 99.03
sod-R GCTCTCCTCGTTGCCTCCTTTTC

cat cat-F ATGTGGGACTTCTGGAGCCTGAG 116 102.33
cat-R AAGGTGTGGGAGCCGTAGCC

gsh-px gsh-px-F CTGCTGTCGGGTGAAGTTCTGAG 189 95.02
gsh-px-R GGTGTAATCCCTGGCTGTTGTTCC

caspase-3 caspase-3-F GACAACAGTCGGGTTCGTCT 208 97.79
caspase-3-R CCGAGGCTCGAGAACACTTT

caspase-7 caspase-7-F AGGGATGAATGTACGCAACGG 182 94.50
caspase-7-R TTAGCAGGATGCAGGCGAAAC

caspase-9 caspase-9-F ACTTTGGTTGAGTTACTTCAGGATG 213 96.82
caspase-9-R ACTGGGATGACAGGTGCTTTA

bcl-2 bcl-2-F ACTTGTGCTTTCAGTGACCTG 162 104.79
bcl-2-R TTGACTCCATCCCTAAATACCT

bax bax-F TTTACTTTGCCTGTCGCCTCG 140 98.68
bax-R CCTTACCCATCCACCCTGCT

pS3 pS3-F CCTGGGTAATCGGTGGTAA 205 95.56
p33-R ATCTGTGGGAGAATGTGGC

g6pd g6pd-F TCTCCGAGCTCAACACACAC 157 94.30
g6pd-R AACGCTGTGGTAGATGGTGG

6gpd 6gpd-F CGGGAGAGCCTTGTTGTGAT 4 101.93
6gpd-R CCGTCTTGTTCCAGTCGTCA

ppary ppary-F GTAACCAGGACTCGGTGTGG 145 98.82
ppary-R GATCTCCGATTGGTCGCTGT

fas fas-F GCAGCTTTCTTTGGCGTTCA 139 0885
fas-R TCTGATCCACTCACCCCGAT

acc acc-F GTGAAAATCCCGACGAGGGT 178 9771
acc-R CCACGAGAAACAGTGTCCGA

hsl hsi-F GAGGTCAGCAGCAGGAAGTT 121 96,85
hsl-R CGGCAACATCTTCATGCGAG

pparo. pparo-F AGCATCCTCAGTGGCAAGAC 9 98.52
ppara-R ATCTTTGCCACCAGGGTCTG

Ipl Ipl-F CTGTAGGAAGAACCGCTGCA 133 104.46
Ipl-R TCTTGAGGTACAGCTTGGCG

cpt-1 cpt-1-F GGGCAGGACTGAGACTGTTC

99 100.67

cpt-1-R AACAAACGCCTGCACACATC
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2.1 AEHNBEFIIEFREXT RS 40 & 77 6l A7 b 52 40 Al
ERBIFME

R A W SR T B B L B AN M AR A 8 R ) R A
&M, AR T 0.25% R A1 DMEM K77 3
(T+DMEM) . 0.25%[ 45 1 B Fll 1640 3557 55(T+1640) .
I %1t )5 (1 mg/mL)Al DMEM 1% 3% 3£ (C+DMEM)
Ko T U 5L (1 mg/mL) A 1640 55 F:3E(C+1640) 4 Ff
BEFEIEAE 28 CHEXT A b B A A K s, 45
HAnE 1 iR, T+DMEM 41040 20 M5 R AE 45 2~5 K
Af ¥y T A AL EREH , A b 3 1) A 3 GE R I 7
553 RIRBIWE(E . SN ZE T 22045 R R, KRt
PRSI b e MRG0 2™ A T 2 52 mm . Hh 1] 2 AT
A, W bR ARMAE 28 CRESE 24 h )R, C+1640 Z4HF01
T+1640 ZH 40 MI Z B0 P R, W RE Bt 4 /b
C+DMEM 41l T+DMEM 21 i 40 LT 25 22 500CH 1l 4F
AEAEAM, NEREFGEIE N, S SCIIESE, BESUR il
1 b Bz 240 B 3 A B A R O i R 0.25% R
fiti Fl DMEM k537353 B 55 5% .

400 -

300 -

200

100 -

HNIREFEZR Cell proliferation rate/%

3R} ] Cultivation time/d
E 1 SRS A EE A FR 5 I L Bz 40 B B8 R (1) 52 1

Fig.1 Effects of different digestive enzymes and media on
cell proliferation rate in intestinal epithelial cells

T+1640: JHEH F1HE+1640 JFRIE; C+1640: 1 AYK 5
+1640 £33 ; T+DMEM: 1 E+DMEM 5537 3%
C+DMEM: [ BIJZJFF+DMEM 5353, ARG 71k
7 [ — I [ 2% A~ Ak B2 () A7 2 35 1 22 5 (P<0.05)
T+1640: Trypsin+tRPMI 1640; C+1640: Type |
collagenase+RPMI 1640; T+DMEM: TrypsintDMEM
medium; C+DMEM: Type I collagenase+tDMEM medium

Values with different lowercase letters are significantly
different among treatments at the same time (P<0.05).

e

Bl 2 KRETECEEAE FEREE 3% 24 h J5 IS R iR &

Fig.2 Status of primary intestinal epithelial cells after 24 h incubation with different digestive enzymes and media

A: Type I collagenase+RPMI 1640 (C+1640); B: Trypsin+tRPMI 1640 (T+1640);
C: Type I collagenase+tDMEM medium (C+DMEM); D: TrypsintDMEM medium (T+DMEM)

22 RKIREZXRE SR 7R b R 4 AR iE 1 B R

WE 3 FoR, W b B M AE 280 K BT ab ] 24 h
J& . LIS Sy it R o I ALk R R 1) T T P T R
(P<0.05). 1 000 nmol/L K J5i s 2H 1Y 20 ffd 1% 71 A Xt B
ZH1% 0.80 1%, H. 1000 5 2 000 nmol/L FZ Ji B4 ) 21
T 7 TG W 25 S (P>0.05) . Yz R v B T
2mmmew 1 b Bz AHME ) R, MR EE

iLF] 5000 nmol/L W}, 7 I Kz 4f AT I3 4R Xf AL (1)

OWﬁ%ﬁ%ﬁ%%%ﬂTl%Mm@lﬁﬁ@ﬂ&T
F - B AR AT 7 A A B A ], FLZOARBE T A0 A F T

FEIFE . WGERE 1000 nmol/L Ay Bz s i A Bk B
2.3 RREEXTRESLZ F5 i b B 4 AR S 4K R A B2 0

WE 4 s, %R b Bz 40 B e 3 53 fi e T 4l
ML SE AN, A0 e, SRR 2 EIE | 4
JIES R A ST i o W b Bz A 6 B T WAk B IS s B
G, S5XIBZ4AHE, 10 nmol/L 1 100 nmol/L f
Jo 2L 200 M P R AR B B, SR A S5 4 22 4
1 000 nmol/L JiZ Jit P20 40 f 45 A R 1, ZROBLAAR 250 i I
F LT, kiR A, AR AL 2 B A
W, NED IS .
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YHiHITE 7 Cell viability/%

20 0 100 1000 2000 3000 5000

Bz EEHE Cortisol concentration/(nmol/L)
&3 BJmmExt i b B AR S B

Fig.3 Effects of the cortisol on cell viability in
intestinal epithelial cells
AT /INE " BE 7R AN ] B Bk B Ak 30 44 1]
FAAE 235 122 57 (P<0.05) .

Data with the different lowercase letters are
significantly different among treatments at
different cortisol concentrations (P<0.05).

HEL S AT, SXTRRZAAE L, sod. cat il gsh-px
FE PR 1 ekt Bifi 2 2 BT BE AL B R B i b A,
£ 100 nmol/L 1 1 000 nmol/L Bz Ji i 40 2 [ii] G b 3 1k
22 5(P>0.05). YR BEEHRE S 10 nmol/L B, 5HXf
MHM L, sod Fl car FEH k& B &M% LI
(P<0.05), gsh-px WM EREE LR EEER
(P>0.05). A B BEAL BREL Y sod . cat F1 gsh-px &
PRI A 2Rk 1ot 24 Bl 5V FH B ) 7 Ao 2 B e ds, B
TE 24 h WA EIRKRAE . BRI R T 200 LRz,
R o vk B 5 1 FH s 8] A — 35 10 22 B A i L R
M sod. cat FI gsh-px FERFR w4774 T
B4IF(P<0.05).,

24 FEEMNEESIERT SR KR TR

WNIEL 6 firzs, Bl B Bl ab Pk B i ETF, 4
TR B LT, SXTIRAMILL, 10 nmol/L J i FE
ZH I T R B E PE 2 5 (P>0.05), 100 nmol/L FlI
1 000 nmol/L BZ i FE£H 8 73R ¥ g 3 1k I 7H(P<0.05).
OB 3R 7 2250 BTl R T, i b e AR o T2 R 32 3
B Bl B AR I E) SOx —F A2 HAE I, 5
BREEREE 3 h AL, TEWFE 12 h M 24 b5, BT Ay
T B A $HLZEL ) 4 L R T 3R 3 1 T H(P<0.05),

qRT-PCR 45 3R ANIE 7 Fri , BEAG B ol Ak Bk 2
B9 LF, caspase-3. caspase-7 . caspase-9 ., bax Fll p53
B PR B 2 3k 1 5 00 BRZELAH Lo 8 (2 3% B TH(P<0.05), T
bel-2 FE R R ik 3 TR (P<0.05), H. caspase-7.
caspase-9 . bax., p53 Fl bcl-2 B FRIKHTE 100 F1
1000 nmol/L Fz JiT st 2H = 1] T b 3% 22 5% (P>0.05)
Bl K o B A I TR A9 4, BT A7 B Jo Ak LM 1Y)
caspase-3 ., bax Fl p53 FEKFRik it 55 Bz Tl Ak BRI [i]
EIEFASE, JEFE 24 h BHEBIRKAE; caspase-7 F
caspase-9 F&[F #3381 W 2 TS T RERYEH,
HAMAAE 12 h 16 h RN RAE s bel-2 YR
RN TRE B, JFAE 12 h B3k
MBS XA ZRT7 220 A R38R0, Je sl i . AF T
B B] N —F B BEAE XTI A caspase-3 .
caspase-7 . caspase-9. bax. p53 Fl bcl-2 & KK
AT WSS (P<0.05),

25 RIREEXTEESUZR 77805 b B 40 B BE X 15 B9 22 M

e 8 fzw, W b Bz A b R ACIEEAH G B P K 5k
P52 3] B o e e P R TR ) P 5200 B A B T e

REBEFER) T, g6pd. 6gpd. ppary. fas Fl acc %
(R R ik B 34 2 T R Rk 35, 6gpd Tl ppary FEH 1) 5=

&l 4

Fig.4 Effects of the cortisol on ultrastructure in intestinal epithelial cells

A: NHEZE; B: 10 nmol/L M7 ifEs4H; C:

100 nmol/L 7 JFifEE4H; D:
M: Zekitk; ER: WJEKM; N:

B TR L B 20 e B 2 A 4 5

1 000 nmol/L Rz JE e ;
A

A: Control group; B: 10 nmol/L cortisol group; C: 100 nmol/L cortisol group; D: 1 000 nmol/L cortisol group;
M: Mitochondrion; ER: Endoplasmic reticulum; N: Nucleus.
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A A
1.6 - i 40 - a
—3h a
3, =0 : = N
e 122}}11 b E30F swI2h B 0
§§ ct g wZz424 h ai%
%élz & 20} 7
g° 3 L
i, Yy
2' élm
) ! ol 2
08 10 100 1 000 & 0 | & %
Bz FREEYR E Cortisol concentration/(nmol/L) 10 100 1000
SRR Cortisol concentration/(nmol/L)
L6 =23k A A
o a b ; 6 R FRmENT I b K A0 T 1 5
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Fig.7 Effects of the cortisol on the expression levels of apoptosis-related genes in intestinal epithelial cells
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Fig.8 Effects of the cortisol on the expression levels of lipid metabolism-related genes in intestinal epithelial cells
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Fig.9 Effects of cortisol on biochemical indices of
intestinal epithelial cells
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In vitro Culture Method for Intestinal Epithelial Cells of Takifugu
fasciatus and the Cortisol Effect on its Physiological Characteristic

LIU Yuxi'?, SUN Yiru'?, WANG Sijin'?, MA Sisi'?, YU Weifeng'?, YIN Shaowu'?", WANG Tao'??

(1. College of Marine Science and Engineering, Nanjing Normal University, Nanjing 210023, China; 2. Jiangsu Province
Engineering Research Center for Aquatic Animals Breeding and Green Efficient Aquacultural Technology, Nanjing 210023, China)

Abstract Stress is a nonspecific response that occurs when the body is stimulated by internal and
external stimuli. When the stress levels exceed the body’s tolerance threshold, physiological and
biochemical changes occur that affect homeostasis within the internal environment. Takifugu fasciatus is
an important cultured fish species in China, and its demand in the aquatic market has increased in recent
years. Stress is extremely harmful to 7. fasciatus farming, and cortisol is considered an essential marker
for determining the stress response of fish, as it changes significantly within the organism under stress.
The intestine is a contact medium between fish and the external environment and can respond to
physiological stress levels. Although the study of fish intestinal responses to stress is a global research
focus, the role of the 7. fasciatus intestinal tract in response to stress remains unclear. In this study,
intestinal epithelial cells of 7. fasciatus were cultured using four different methods: Trypsin (0.25%) with
DMEM, trypsin (0.25%) with RPMI 1640, type I collagenase (1 mg/mL) in DMEM, and type I

collagenase (1 mg/mL) in RPMI 1640 to establish an in vitro culture method for primary intestinal
epithelial cells of T. fasciatus. The effects of different concentrations of cortisol on oxidative stress,
apoptosis, and lipid metabolism were investigated. The study methodology involved disinfecting of
T fasciatus with 75% alcohol and subsequently anesthetizing with MS-222. Furthermore, the intestines
were removed and cleansed using PBS containing 100 IU/mL penicillin and 100 pg/mL streptomycin. The
intestines were then sectioned into 1.5 mL centrifuge tubes with digestive solutions and digested at 28 ‘C
for 30 min. Cells were subsequently centrifuged at 1 000 r/min for 5 min at 4 °C, and resuspended in a
new complete medium (DMEM containing 20% fetal bovine serum, 100 IU/mL penicillin, and 100 pg/mL
streptomycin). The proliferation rate of intestinal epithelial cells under the four culture methods was
determined within 5 d using the CCK-8 method, and cell growth was observed under a microscope after
24 h of culture. Cortisol solutions at varying concentrations were diluted with complete medium, and the
cell viability of 7. fasciatus was measured using the CCK-8 method after cortisol treatment (0, 100, 1 000,
2 000, 3 000, and 5 000 nmol/L) for 24 h. The morphological structure of intracellular mitochondria was
observed through transmission electron microscopy after cortisol treatment (0, 10, 100, and 1 000 nmol/L)
for 24 h. After cortisol treatment (0, 10, 100, and 1 000 nmol/L) for 3, 6, 12, and 24 h, the expression
patterns of oxidative stress-related genes, apoptosis-related genes, and lipid metabolism-related genes in
intestinal epithelial cells were measured by real-time fluorescence-based quantitative PCR (qQRT-PCR).
Cell apoptosis was measured using the Annexin V-FITC/PI method, and the contents of triglycerides, total
cholesterol, and free fatty acids were measured using kits from Nanjing Jiancheng Co. The results showed
that the intestinal epithelial cells cultured with trypsin (0.25%) digestion and DMEM had the highest cell
proliferation rate among the four culture methods, with predominantly fibroblast-like cell morphology and
the best apposition. At a cortisol concentration of 1 000 nmol/L, the intestinal epithelial cell viability was
0.8 times that of the control group, with no significant difference between the 1000 nmol/L
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cortisol-treated group and the 2000 nmol/L cortisol-treated group. However, the cell viability
significantly decreased when the cortisol concentration exceeded 2 000 nmol/L (P<0.05). Thus,
1 000 nmol/L or lower was selected for cortisol treatment. Transmission electron microscopy revealed that
the mitochondrial structure of intestinal epithelial cells was altered in all the cortisol-treated groups, with
an increase in the number of mitochondria. The expression of oxidative stress-related genes (sod, cat, and
gsh-px) and apoptotic index significantly increased with increasing cortisol treatment concentration and
time. Pro-apoptotic genes (caspase-3, caspase-7, caspase-9, bax and p53) increased significantly, while
anti-apoptotic gene bcl-2 expression decreased significantly with the increase of cortisol treatment
concentration (P<0.05). The expression of lipid synthesis-related genes (g6pd, 6gpd, ppary, fas and acc)
decreased significantly and lipolysis-related genes (Asl, ppara, Ipl and cpt-1) increased significantly with
increasing cortisol treatment concentration (P<0.05). Triglyceride and total cholesterol contents decreased
significantly, whereas the free fatty acids content increased significantly with increasing cortisol treatment
concentration and time (P<0.05). These results indicate that trypsin (0.25%) digestion with DMEM is
optimal for culture of primary intestinal epithelial cells of 7. fasciatus. Cortisol promotes oxidative stress,
apoptosis, and lipid decomposition but suppresses lipid synthesis in intestinal epithelial cells of
T fasciatus. This study established the optimal isolation and culture method for primary intestinal
epithelial cells of T. fasciatus and investigated the mechanism of the intestinal response to cortisol stress
in T. fasciatus, thus providing a theoretical basis for the subsequent anti-stress culture of fish.

Key words Takifugu fasciatus; Intestinal epithelial cell; Cortisol; Oxidative stress; Cell apoptosis;
Lipid metabolism
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