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. 79TTfTiﬁj(Eﬂ]E*EWH??EH@%@E@%%W%&EVEmmﬁﬁu, U\j(Eﬂ(fLEF%(Soybean aqueous extract,
SAE) M Z 17K &#)(Soybean meal aqueous extract, SMAE) NG A4 KL, UL 1 (Ctenopharyngodon idella) & 1k
R 77 W R AT 40 e 95 6 %, SAEFISMAE 73 3l AR FE 0. 0.5, 5.08110.0 mg/mLAN A 240 i 5% 7%
t o SR CCK-8iE A 40 M /7, F-1 R U5 DL S M e B A 46 440, Hoechst 33285 4% (A LS AT i A% T2, Aar 4
Jf 355 % 9 7L R i L (LD H) A A [ (MDA I 25 &, A 4 A PR 8 S A0 0B A (SO D) AIE Ji 1 75 b 1 Ak
(GSH)EPE, It 24 M SR W40 BRI T2 28 . SRR B FLAL (MMP) B P 2EU(ROS) o I e S B AR 43 Xt
M4, SAEZH(5.0 mg/mL)FISMAEZ (5.0 mg/mL)AT 41 g 7= 57 3 15 #: [ (Differentially expressed genes, DEGs)
MHCERIA B, . 25 R R, BEAE /KSR FE I T e, JH-4H IS 0280 1, A7 S A5  R0UR 06 R (P<
0.05). fEAHIFVREE T, SAEAMMARRNTIE J1/N T SMAEH. . T4 BB 13 45 # A] WL Y0 3R A2 BB A O IRt 45
FRBR G B SRR i AT 5B g sk o MR HERRSE . 550k RRALAR EL, 4H 1% 7% P LDHAIMDA & & &2
F T, G PRGBS T B R R 22 51 (P<0.01). SAEFISMAERE S FEKMMP, 3 4i s AROS, 1%
AT A R YRR, A DEGs £ 24 F AL M. e N Hh =Be R0, ZERACH
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5 3% B0 4 1 v 58 B I AN ANTR] 37 B R /K 32, T AT
IR IRMIRT T4 R 3 AR IR 45 F 5 (R 52, R K
SANE AR SR AT AR B 4R i R Y . SR FHRNA-
seqil B, 5 5250t 2 i 4 3k A SR B 1S 1 52,
V] B 453 0 4 T 7 R AL A 45, AN R 7 BRAT D0
A A b L AU R G Ty BE S5 T T F) A
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FERIHE R
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11 EFERFENEE

M199%% 7% 3 (Hyclone, 32 [H). fifi 4 IfiLi& (Gibceo,
FH). RS AN (Gibeo, EH). CCK-8([FM-1h2,
HA). FLERME M (Lactate dehydrogenase, LDH)-.
7 % (Malondialdehyde, MDA). i85 L4) 5 L
(Superoxide dismutase, SOD). i Jii P45 bt H ik
(Glutathione, GSH).  Z& v f< JI5 HA57 AS W 8 7 6 (e
). Hoechst 332584 (0l 514 % (Reactive
oxygen species, ROS). A HEMHAFI G CGE = R).
Annexin V-FITC/PTJH T M 70 & (BERHAED)
CO, 55 746 (HF 90/HF 240, Heal Force). 1iKi# 2.0
Bl CEE IR R %5 . B§H51(Gene Company Li-
mited). 704014 (Beckman Coulter, 3£ [H). H,
T BB (ALS: 120 kv HT-7700, H L),
12 SAE. SMAERHI&ZHMA S 347

9 T B 25 R b R BURHUE 77 R DR Bl o
PSR ATTI € A 1<) I BN R A € 31 =h
T R% 2 B IR, pHEGAE VL AT R I DRS04
ApH<0.30f FF& LU R 4R AR . A4 A2 5 (1)
B2 P K R ) — ek B P & K & AR P2 1 A (3T
Tk S HE R AR A1) R 15 91 60 H 9, 23 Jnll R B SE:
= EMRIKT, ¥ 6(wiv) I Ll i NZE 1K, 178
4°CUKFE IR 240, AWrdH T, H T HIEE 1S
FVEM, W iF T B SR BDKIEW R T4, M HE T
—80CLRAFUAE SRS o SR TR 13- 4T B 43 70 T,
W HAFZ . Koy |AR. BRI K. A

PR S /NIR B R. ZK A2 105°C T 22 H 5 R I
o AR A0 A &l e K B IK 8 &% (GB/T 6432-
2018); A1y F 2 A L2405, W KR WG & &=
(GB/T 6433-2006); S FH (2% 2 0) i 7 B 2 B &% 25
BT E; 550°C LKyl g K 73 & e v SO
HEVR(GB/T 22729-2008) 5 Jik 41 5 A 75 15 ml ¥ 14
B B0 2 M R i AR ) R A B iR
B, B Mg SRR 1. X KRG MGG T 5
PIKIEPIHEAT T FRE, A G TR 25y
HN23.19%H118.86% . SAERISMAEHE7E )
BEEMREA . WAL ERIK S, 2FFE TR
AAYERE . EOMKE 2N S E EAEER
1.3 SLR&EHNERE

S B P PR N (15.045.0) g, K E T 75
T RIL XK= HARHE T 3 ik 3637, N— 4wk fh.
T R 0 B A AR (R, K a6 B R
THMRFERENERFHERG T, £2/DFH
2 LA E, R 1 IR32% 5 [ 5 A1 8% fIg 7 & B i

%R 1 SAEFISMAERIZARLE 77 F/N K& 8 (2/100 g T3
Tab. 1 Chemical compositions and peptides content of SAE and
SMAE (g/100 g dry matter)

%43 Ingredient

(/100 2) SAE SMAE
7K Water 0.51 0.61

#5E (H Crude protein 34.44+3.17 22.16+0.63
FHLHE Wi Crude lipid 0.55+0.28 0.16£0.07
#7% /3 Crude ash 10.10+0.19 14.55+0.07
z{ﬁrﬁ*@ Soluble 51.7242.62 37.7342.76
Haity B Acid; 2.68+0.42 5.76+0.82

soluble protein*

k2B C oo
AN Small (2/100 g THIR®, 2/100 glai & 1)

peptides

>10000 Da 0.20 (7.28) 0.23 (4.05)
10000—5000 Da 0.22 (8.12) 0.26 (4.57)
5000—2000 Da 0.27 (10.03) 0.31 (5.44)
2000—500 Da 0.07 (2.48) 0.18 (3.10)
500—180 Da 0.48 (17.97) 1.18 (20.43)
<180 Da 1.44 (53.72) 3.59(62.33)

v a. kR BVERE K= A0 (68), SRAELIRE Bk
(GB/T 22729-2008)JM5E; b. K FVLF K E(TES) /W il b,
SR FH T OB € 59 (GB/T 22729-2008) 5 e 4% THIAA — 1k,
PRV B B (g/100 g TR, d. HARH— TR E
53 L (g/100 glRWA )

Note: a. Analysed from Analysis and Testing Center of
Jiangnan University (Wuxi, China) and determined by the
Kjeldahl method (GB/T 22729-2008); b. Analysed from Analysis
and Testing Center of Jiangnan University (Wuxi, China) and
determined by the HPLC (GB/T 22729-2008); c. Calculated by the
percentage of the area normalized method x acid soluble protein
content (g/100 g dry matter); d. Percentage of the area normalized
method (g/100 g acid soluble protein)
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AR ARE, FRIEK AR 9(24.0£5.0)°C, IHE A
(5.0+£0.5) mg/L.
14 E&[FERFHENSEMEF

S HF2 kS I H SRR AR, W SR R R R
TLE0.01% e Bl B VA HH 30min, FH75% TR K #
FARSR, TN TAE G F, B AT 2R, s
(I D-Hanks iR 7135 6, B SR BI ) % 1 mm® /),
TON3FEAARF10.25% RN IR 32 55 77 48 K%
Pr3% 41 5min, F170 pmH MR JEZH 238, 1000 o
min 20 Imin, ZBR_EIEWR . IIAD-Hanksii F1 4141
M2 AR (1:3) TR A VR DL L BR e gi e, FEEAT &0
(1000 r/min, 4min) 2 & FIFHR, BEE2RE O )5 145 2
20, F 5 W 8 0 &4 B a4 % Cu s, 3% 440 1)
T EE>85% I AT fa B3 . FIM19935 75 5:(15%
4% . F&H K100 IU/mL. 4% %100 pg/mL
AP MEEE 250.25 pg/mL) H B 40 Mot 17 TH 2L, A 4h
MK G B T27°C . 4.5% CO, IR F= MR+
1.5 AREIKE KB E & R BT 4HR5E 180200

¥ bR 73R AR 40 M. (4% 1074 /5L
Fh #1964 1, BEFL100 pL. 7ER;FE24h)5, ¥
SAEFISMAEH & 5%JIf 4 ML 1 1% 77 3 7 B A
[, [ SAEMISMAETE 41 i 15 7% i+ 1 294k i
3 HIN0L 0.5 2.5, 5.0f110.0 mg/mL, & MKEE
D BEOANT AL, TER IR P k828 97 24h. SR
CCK-SHR Lb (v A I 40 Ff v F3 o 7 93 AL
A 10 pL CCK-8¥ K, 35 7=/ & 2h, 7E450 nmi &K
TR (ODA) -
1.6 EHEFERBERNMEBHENTE

W BE X IR ZHA115.0 mg/mL SAE. SMAE 414ty
HEH6x10°, PBSYE2IE, 35 F i, F12.5%)% — %
VERTE 8, 1%5RER1E 5 [ €, #6528 K 5 E Ak
PFIFRIRE . AN I, wiEMY A, U
200 H 4 M s, THE24h, S R 4l iR A0 Ay s iR
B G th, 7535 ST FLBE N WSS A M i
1.7 Hoechst 3328546

Hoechst 332854 —Fhml L2 175 41 B i (1) I Hix
NG R, FEJBARAT 51 & 4 X I /N A
b 5DNAZE A, TEER MG T o] UK H il 7k
P R T SRR R UE TR AE, A 5k
S W 2 Hoechst 33258 71 4 4, 5 B 28 o #%
o HIENPBSIE LY M2, 154% % 5 [ &
JERIN00 pLfY) Hoechst 332581457, B¢ & 30min.
PBSIR3 R B TS S o, 78 9¢ 618 B 5 B A I
HIHE
1.8 AT4BEtE X SILESAIAEN

K FOR LI 52 3% R LDH{E 77, 450 nmi K

N Z D Re B bR G E RO G EEAE . SRR ISk
J6JEHER I S MDA R &, 4109 SOD A
G SH¥% B ¢ 28 A i 4 FH ) 5 BH 5 40 22, 53 731)
TEREHRAL 45071405 nmAb Ky JIODAA .
1.9 Annexin V/PIXE4E M 20 BEURE T

JH 4R U AE & SAEFISMAE 3% 55 JE 4k 48 3% 75 24h
Ja, WCEEAR T B A 4, 1R S N 195 pL Annexin
V-FITCH 3% #H & 40id, KX IAS uL Annexin V-
FITC. 10 uL PIZL A, IR 2) . B 6 B 15min
Ja BTk, I A R AT R I 0 R T
St G AN FEAS R S 100001, € &5y
HremumE T,
110 ZeRi{RREERL(MMP)HEN

SN A E L 10,5 mLANII5 F2, IIAO.5 mL
JC-14 8 TAEM, B8] 2 IR AT, 1E27 C R 7740
I G 40min. ZLta 5 W R UTE AN MY, HIC-1 5482
MR EER2K, B A A R AGEAT 0 HT
1.11 ROSH:M

TN Y6 R4 DCFH-DA T35 72 3 b, WRFE N
10 umol/L, 27 C % & 4 B2 30min, F AR 10 241 g,
BN 85 57 J1k 2 1B V8 A ) 4 =2, 1000x g B350
SminCEELN AL, FIPBSYES 2K, TRk B O A4 i
BT EAUAI
112 %REBESH

BT UG5 R, AR 2R . 5.0 my/
mLKE ) SAEAFISMAEZH A 47538« RNA
FR 5T B e B R A T2 R P 3 R e 2 L K AT
SICEEETHE. B B EAMEGRHEAIRA
F A TRNA-seqill 7, >K A Tllumina HiSeqll [5°F &
52 i SR, M lumina PESCPE( bp) kAT
2x150 bpill /77, X 3R A5 I 3 £ 147 o & 45
FIFH A5 B2 TF B i s AL A AT 0 #T
113 HIELIFEFSHR

Bt A 8 3 LA 2 /0 34N b kOB 7 S G 1 SF 3
HEbrEZE RN . LU FISPSS 22.04¢8 i1 4 #r #A4:
HEAT BLIR T 7 2240 BT (One-way ANOVA), 4H ] % 5
i3 M H Duncan [K £ 5 34T 40 HT(Duncan’s
multiple range test). FGraphPad# {4 (GraphPad
Prism 6.0)3E1T i 30 A E L 4l . P<0.05% 7R
BEER P<OO0IEKRPDEEHER.

2 #R

2.1 SAEFISMAEXE R {X BT 4HRaIE S8 5200
W 1Fr s, fE 40 MBS R WA n N SAE Al

SMAEJ&, 4 AHXE 77 R . 0.5F12.5 mg/mLk

FE N SAEFISMAE ZH 4 i FH 5 36 775 25 A X6 i
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125 1 OxfEg N 05mgml EJ2.5mg/mL
=4 5.0 mg/mL 3 10.0 mg/mL

wdl

* 3k

75 1

TS
Cell viability (% of control)

50

SAE SMAE

K1 CCK-8idAa AR T 41 L 77
Fig. 1 Primary hepatocytes viability assessed by CCK-8 assay
Ext B L (n=6), P<0.05, P<0.01
Compared with the control group (n=>6), "P<0.05, "P<0.01

AR EMEZER . 5.08110.0 mg/mL[¥] SAEF]
B2 2H A 20 S 5 R 2 IR 0%, A 1 4
N(78.10+8.57)%F1(65.97+7.35)%, 55 HE 41 AH b
BAEWE#HZER(P<0.01). 52, FFER
SMAE 21 48 Ja #H %53 7753 94 (86.35+7.17)% Al
(80.26+7.08)%.
2.2 RFmpRBRHLEMTHL

W 257, 16 2T 2 P A% 52 300 0 7 sl Av [
T, Rz R4 K5 i o] W, A% A T A% o, K
Wb, 4 BRI 35 5) 3 A0, PR N 4B R3S A1 N S
LRSS AR, BEAERE. WEE. T HE. Bk
FRIRBACATAR, P4 A5 77 BT 1 20 500K 08, KEL T P4 5 X
i 2 EIRFRS, SR A 2R A 5 A (] 2AF12B).
MEEZ R, SAE4L(5.0 mg/mL)4H AL 4 J5i k1 5 2okt
D, HMIKIL SR . A RE T K
INA KGR 2CHI2D). SMAEZH(5.0 mg/mL)
ST AR Rl s ) R A T SO, R A e £ A R
WOMREESE . MERIOE B . M. 2ok R i ik A
Hom s> T I K (B 2ERI2F) . bk 2
KK B, SAEFISMAE g 5 EUH 21 M 700 25 2R 1
3 I MU, 3 A A T A% AR R A [ R
25K
2.3 Hoechst 3332583

1% FH5.0 mg/mLK 5 2H 1Y) SAEFISMAEZH 4
i # Hoechst 33258 4 4, 4n&| 3FR, W WAdE:
AT UL R A 40 oK /N — 3, TN R, BT R 8Y
— o GKEEPIEL TR G AN R ' B e, i
i/, TEARN, D EAR, 7T Wb & 1
YA S (P ORI, It G ST SR .
2.4 SAE. SMAEME &R FHIEHLEX
fgE RS20

K 4A TR B2 40 i _FE W LDH & & 128 1k,

ARV 40 BB A I FE b . 0.5 mg/mLK B R 1
SAEZF10.5. 2.5 mg/mLiKE T FISMAEZ 41 i I
EW P LDH & SRR, 504 A b e B 35 1k =
7, 2.5 mg/mL SAEZHAH Hl /M LDH 5 %) HE ZH AH Lb
H 5 E M 72 5 (P<0.05), 16 P41 5 77 5K (5.0 F1
10.0 mg/mL) , 4 fRE R 3: 72 H FILDH Y &
55 xt FRZH AR LE 22 7 2 35 (P<0.01) . 4] 4BFTR,
PN EiE B AAMDA S &% 20 LIRS
(P<0.01). 1 4CH4DFR, S HRAIM L, 24
SAEFISMAE?N Il & 75.0H110.0 mg/mLH, i 5 7
B H IK(GSH) 7 & 2 7 i) i % (P<0.01), HSOD
T T HEZH A P38 B 2 R (P<0.01) . 7R [FIIK
FEN, SAEH 4 FiE W FLDHAMDA Y &5
SMAEA, HiE LS /(KT SMAE4A .

TEM

Bar=2.0 pm

Bar=500 nm
'- . 3

K2 rampEadimas i s

Fig. 2 Ultrastructural observation of Hepatocytes

ARIB. it HEZH 40 B A 45 44 CHID. 5.0 mg/mL SAEALFZH
4iiff; EFIF. 5.0 mg/mL SMAEXLEEZH41f; Nu. 41f4%; Np. #%
L; Ne. #J5; Mi. ZoRifh; ER. AN g Wl JEURL; L. A5, bx
J: A CHIE, 2.0 um; B. DAFIE, 500 nm

A and B. Normal control group; C and D. group treated with SAE
(5.0 mg/mL); E and F. group treated with SMAE (5.0 mg/mL);
Nu. Nucleus; Np. Nucleopore; Ne. Nuclear envelope; Mi. Mitochondria;
ER. Endoplasmic reticulum; g. Glycogen granules; L. Lipid Droplet.
Scale bars: A, C and E, 2.0 um; B, D and E, 500 nm
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2.5 SAEFMSMAEZFSFHAET

X AR T A 4 AN B ST, B KR
WER T &, AR R . KA EH
(0.5F12.5 mg/mL) 5 X B R T bl o g v 2
5, 5.0H110.0 mg/mLIK EESAEH 1= % 9(22.55+
4.35)%H1(55.03+2.76)%, SMAEZH A T4 51
(32.67£5.79)%F1(37.11+8.57)%, ¥ 5 IR A LL A
W 55 3 22 7 (P<0.01). ZSEIREE R, /KITY4k
GG FR24h e i SR A IR AR B R AR T, P
2 Ff 5 5 ) AR 1
2.6 SAEFISMAEIS SRR R 515

it A M AR W &5 R OR (BB 2), SEI6 H 4N i
PN P 350758 ik . 3 v T 0 B ZH.(P<0.01), SAEAN
SMAE (5.0F110.0 mg/mL)%5 7 FF 4 fg24h )5, nl 7+

A N ROS/KF o 2R A il it 4 7238 42 75 41 il
PR T H RCHE SRR 44 S5 PR A7 ) 503 R 15 5 4
L9 T2 O, 0 R4 A L, SAEZH(2.5. 5.0
10.0 mg/mL)FISMAEZ(5.0/110.0 mg/mL) MMP#%
X7 A A FIFREE IR F(P<0.05, 3£ 3).
2.7 HEREEFRETEE D

X (Con)4l. 5.0 mg/mLIKE i SAEZLA!
SMAE #H 40 B 1% 77 24h i 1T 4H g % 55 41 b %ot fiE 4 f0
AP 2H 43 5 K FH TPM(Transcripts Per Million reads)
THE IR SRR R &, BUASH p-adjust<
0.05. [log2FC| =1, BV EA Givt5 = X, X157 DE-
G T B PR &5 WK 4. WK 6F17R, SAE4Y
ConZH A LL AL LA R 3374, FIHZERES3214,;
SMAEZ 5 ConHAHELIEAT _E R [R 4401, T i 2k

50 pm

50 pm

3 Hoechst 3332585t e (o WL A MIAZ T A2 1L
Fig. 3 Nuclear morphological changes were observed by hoechst 333258 fluorescent staining
A, STIEAJEACHT 40 A B. 5.0 mg/mL SAEALFEA141A; C. 5.0 mg/mL SMAEACFE A4 H; F5/: 50 um
A. Normal control group; B. Group treated with SAE (5.0 mg/mL); C. Group treated with SMAE (5.0 mg/mL); Scale bars: 50 um

250 i Oy <0
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Fig. 4 Effects of SAE and SMAE on antioxidant enzyme activity in primary hepatocytes of grass carp
A. LDH; B. #I5tMDA%; f#£; C. GSH; D. SOD, 55t f40H H(n=3), " P<0.05, " P<0.01
A. LDH; B. MAD of control; C. GSH; D. SOD. Compared with the control group (n=3), "P<0.05, " P<0.01
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Fig. 5 Effects of SAE and SMAE on the apoptosis of primary hepatocytes in grass carp

A. BRI AR I 2 1) Annexin V/PLWR . 7o 1 f1(UL) R PR F R IRFEA il (Annexin V-/PI+). £ _EfA(UR) R R FE - HHI T
Ml (Annexin V4+/PT+). /£ F(LL) % MR A &M M (Annexin V—/PI-). 4 F(LR)% RS 5 #1982 41 ffii(Annexin V+/PI-); B. ff f
SAESKSMAE/L B, AT AU P T 0 40 b S 38 n . 56 MR L L, T P<0.01, SEAT b B0 e AL B4 IR ) (B B M 25 5 o Bl
TN ARRE 72 (n=4)
A. Representative dot plots of Annexin V/PI staining detected by flow cytometry are shown. The upper left (UL) quadrant contains the
necrotic (Annexin V—/ PI+) population. The upper right (UR) quadrant contains the late apoptotic (Annexin V+/PI+) population. The lower
left (LL) quadrant contains the live (Annexin V—/PI-) cells. The lower right (LR) quadrant contains the early apoptotic (Annexin V-+/PI-)
population; B. Percentage of apoptotic primary hepatocytes was increased significantly when treated with SAE or SMAE. " P<0.01
compared to the control group. Significant differences between treated groups were determined using Students 7-test. Values are
mean+tstandard (n=4)
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TOP15%% %42, BP Term 845 & [ /K fif 11 i % (Ne-
gative regulation of proteolysis). 7K fift B % P 0 £
144 (Negative regulation of hydrolase activity). Hk
P % 14 1) 71 18 #% (Negative regulation of peptidase
activity)~ 4l P A58 (Cellular lipid metabolic
process) FH1ZE 7 [ I A i #£ (Isoprenoid metabo-
lic process)%§. CC Term = 25 4 fifg 4 25 Bl (Extra-
cellular space)f K. Jr'E &2 KJMF Term 3= ZHIJK

% 2 SAEFISMAEXS R AT 4ERE 1L E(ROS) R BIF R
Tab. 2 Effects of SAE and SMAE on ROS formation in primary
hepatocytes

3R 3 SAEFISMAESS R AT 4B ARLA (A AR F
(MMP) HIFZI)
Tab. 3 Effects of SAE and SMAE on MMP in primary hepatocytes

W RSSTRNIRN L
. ROSZZA, (P75 %78 Variation
é =]
#7|Group ~ Concentration of ROS (Mean fluorescent intensity)

5 < Z Concentration LKA i Fi 7 Mitochondrial
Group (mg/mL) membrane potential (MMP)

Control 18.588+6.399
SAE 0.5 13.764+3.354
25 7.498+3.163"
5.0 3.984+1.051"
10.0 1.64940.099"
SMAE 0.5 15.004+4.378
25 9.191+5.920"
5.0 4.977+3.223"
10.0 3.53042.194"

(mg/mL)
Control 0 15.667+0.839
SAE 5.0 31.367+1.060"
10.0 33.867+4.609"
SMAE 5.0 31.200+3.604"
10.0 26.167£3.262"

T S IRAA L (=3), P<0.05, "P<0.01; ]
.. Note: Compared with the control group (n=3), P<0.05,
P<0.01. The same applies below

1) 771375 1% (Peptidase inhibitor activity). AKBEWN
VIG5 7% P4 (Endopeptidase regulator activity)FlJik
At 1 7575 14 (Peptidase regulator activity)f§ <. Con
5 SMAEZLAH EL, 3225 J S8 AL JR g 7 (Oxida-
tion-reduction process). A TE M 71 1H 17 (Nega-
tive regulation of catalytic activity). PN KT 14 )
1 i #% (Negative regulation of endopeptidase acti-

R4 ERFTEERTIR
Tab. 4 List of differentially expressed genes

G% a fifii& Description A ifr\f %IFOIS(:)}rllazfe Corfjlj/v*ﬁ%zgo])f Vs.
ene name Regulate SAE SMAE SAE SMAE
Bcl-2 Bcl-2/adenovirus E1B 19 kD interaction protein XR Down 0.3070 0.1354 3.33E-21  8.12E-38
PDHA Pyruvate dehydrogenase Down 0.4437 0.3140 2.78E-06  2.71E-10
G6PC Glucose-6-phosphatase Down / 0.2739 / 0
GCK Glucokinase Up / 3.2044 / 3.44E-125
ADH Alcohol dehydrogenase [NADP(+)] Down / 0.3936 / 8.57E-34
AGXT Serine pyruvate aminotransferase Down 0.4660 0.1641 0 0
FBP Fructose-1,6-bisphosphatase 1a Down 0.4497 / 2.03E-27 /
CYP24Al1 1,25-dihydroxyvitamin D(3) 24-hydroxylase Down 0.2464 0.0506 6.89E-161 0
CYP4B1 Cytochrome P450 4 Down 0.2681 0.3246 2.10E-159 1.25E-122
CYP4V2 gytochrome P450, family 4, subfamily V, Polypeptide Down 0.2983 0.2789 4.69E-45  1.36E-50
CYP2K 1C6ytochr0me P450, family 2, subfamily K, Polypeptide Down 0.4093 0.2664 704E-03  2.18E-04
CYP2U1 Cytochrome P450 2U1 Down 0.3982 0.4588 4.17E-07  9.94E-06
Gpx Glutathione peroxidase Up 2.3244 3.7797 1.04E-30  3.62E-94
SOD3 Extracellular superoxide dismutase Down 0.2156 0.1286 1.92E-03  2.21E-04
TLR1 Toll-like receptor 1 Up 2.7865 4.6627 3.78E-03  1.21E-07
IL12A IL-12 p35 Up 3.8656 2.7233 2.18E-111  6.21E-55
CXCR4 C-X-C chemokine receptor type 4 Up 2.5599 2.4808 2.85E-11  3.75E-10
CCR9 C-C chemokine receptor type 9 Up 4.7749 11.0313 3.93E-23  5.67E-81
MMP9 Matrix metalloproteinase 9 Up 2.7203 16.8961 6.08E-36 0

e rRRTREEER

Note: “/” means no significant difference



716 K& A& Y ¥ 45 %

A Con_vs. SAE.volcano
300 me— oUp
R ® Nosig
250 t B ® Down
200
o
£
<
> 150
&
L0
" 100 f
50 +
oL ; e - L )
-8-6-4-20 2 4 6 8 10
log,FC
B Con_vs._ SMAE.volcano
200
— eUp
" ® Nosig
® Down
150 L
i
= i
=
£ 100
&
S0
[
50
0L .
-8 6 -4 -2 0 2 4 6 8
log,FC
C
846
Con_vs._SAE_G Con_vs._ SMAE_G

© Con_vs. SAE G
O Con_vs. SMAE G

6 SAEBMISMAE 5| it 7 A 40 i 22 5 Rk ki - A &4
DEGs¥: A K

Fig. 6 SAE and SMAE induced differential expression of primary
hepatocytes in volcanic and DEGs Venn diagrams
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A. Volcano map of differential expressed hepatocytes in SAE
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SMAE group; C. Two groups of DEGs Venn diagram
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Fig. 7 SAE and SMAE caused DEGs GO enrichment in primary hepatocytes
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The ordinate represents the GO term, and the abscissa represents the significance level of enrichment. The three colors represent the three

major categories: biological processes (BP), cellular components (CC), and molecular function (MF)
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KEGG enrichment analysis (Con_vs. SAE_G)

Compl, t and lati des
omplement an coagu.a 19n casca ?s [ ] Number
Steroid biosynthesis L 3
-
PPAR signaling pathway [ ]
Cytokine-cytokine receptor interaction [ ® ® 0
Fat digestion and absorption [ ® 7
Glycine, serine and threonine metabolism |- L 0 2
Terpenoid backbone biosynthesis - L - 32
Glycerolipid metabolism [ ]
Vitamin digestion and absorption il
Arachidonic acid metabolism - L
Starch and sucrose metabolism - @ FDR 10
Butanoate metabolism |- L] 0‘8
Glycerophospholipid metabolism |- @ 0.6
Peroxisome L ] 0.4
Carbohydrate digestion and absorption |- ] 0.2
Fatty acid biosynthesis [ = 0
Retinol metabolism - sl
Valine, leucine and isoleucine degradation
Galactose metabolism -
Synthesis and degradation of ketone bodies - =
1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5
Rich factor
KEGG enrichment analysis (Con_vs. SMAE Q)
Complement and coagulation cascades | [
Cyfokine-cytokine rece ptor interaction |- =]
Glycine, serine angthreonine metapolism - | Number
Glycerolipid metabolism |- L] . 5
NF-kappa B sighaling pathway |- »
PPAR sighaling pathway ] ® 18
AGE-RAGE signaling pathway in diabetic complications @
Galactose meta bolism | o @ 31
Arachidonic agid metabolism | e
Bladder cancer |- o ® 4
MicroRNAS in cancer ] - 57
Maiaria - #
Fat digestion and absorption w
Pentose and glucuronate interconversions e
Starch and sucrose meta bolism - "
Glutathione meta bolism ° FDR
Central carbon metabolism in cancer - ] 1.0
Legionellosis |- @ 0.8
Glycolysis/Gluconeogenesis L 0.6
Matyrity onset diabetes of the young a 0.4
Glycerophospholipid metabolism |- = 0.2
FC ganma R-mediated phagocytosis |- L] O.
TNF signaling pathway - =
Toll-like receptor signaling pathway - o
Salmgnella Infection ®
Thyroid cancer .
Nitrogen' metabglisn
Metabolism of xenobiotics by cytochrome P450 | B
Hepatitis B - L]
Pathways in cancer &
L | 1 1
0 0.05 0.10 0.15 0.20
Rich factor

K8  SAERISMAES|EF AU 41 IDEGs KEGG & 44
Fig. 8 SAE and SMAE caused DEGs KEGG enrichment in primary hepatocytes
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OXIDATIVE DAMAGE OF SOYBEAN AQUEOUS EXTRACT AND SOYBEAN
MEAL AQUEOUS EXTRACT TO GRASS CARP (CTENOPHARYNGODON
IDELLUS) PRIMARY HEPATOCYTES

YU Nong, SHI Yao-Yao and YE Yuan-Tu
(School of Biology & Basic Medical Sciences, Suzhou University, Suzhou 215123, China)

Abstract: In order to investigate whether soybean meal and soybean have a damaging effect on hepatocytes and its
mechanism, Soybean aqueous extract (SAE) and Soybean meal aqueous extract (SMAE) were used as the experimental
material for culturing primary hepatocytes of grass carp for 24 hours. The final concentrations of SMAE and SAE were
0, 0.5, 5.0 and 10.0 mg/mL. The results showed that with the increase of the concentration of aqueous extract, the acti-
vity of hepatocytes decreased gradually, with a significant dose-response relationship (P<0.05). No significant diffe-
rence in relative cell activity was observed among the low SAE and SMAE concentration (0.5 and 2.5 mg/mL) groups
and the control group. In the 5.0 and 10.0 mg/mL SAE dose groups, the relative cell viability was negatively correlated
with the concentration. The cell viability was (78.10+£8.57)% and (65.97+7.35)% respectively, which was significantly
different from the control group (P<0.01). The relative cell viability in the SMAE groups (5.0 and 10.0 mg/mL) was
(86.35+7.17)% and (80.26+7.08)%, respectively, which was significantly lower than that of the control group (P<0.01).
At the same concentration, the relative activity of cells in SAE group was lower than that in SMAE group. The ultra-
structure of hepatocytes showed that the annular condensation of chromatin along the nuclear membrane, sparse light
density, swelling of mitochondria, decrease of number and accumulation of lipid droplets. Hoechst 33285 staining
showed that the fluorescence intensity of SAE and SMAE groups (10.0 mg/mL) was significantly weakened, the stain-
ing was uneven (chromatin agglutination), the nucleus was broken, and some apoptotic bodies appeared. Compared
with the control group, the contents of Lactate dehydrogenase (LDH) and Malondialdehyde (MDA) in the cell culture
medium were significantly increased, and the activities of Superoxide dismutase (SOD) and Glutathione (GSH) were
significantly different (P<0.05). SAE and SMAE decreased MMP and increased ROS. With the increase of water ex-
tract concentration, the early apoptosis rate of cells increased. There was no significant difference in the apoptotic ratio
between the low dose group (0.5, 2.5 mg/mL) and the control group. The apoptotic ratio of the SAE group with 5.0 and
10.0 mg/mL concentrations was (22.55+4.35)%, (55.03+2.76)%, and the SMAE group was (32.67+5.79)%, (37.1148.57)%, respec-
tively, which was significantly different from the control group (P<0.01). Transcriptome results showed that the en-
riched pathways were mostly related to inflammation, protein metabolism, amino acid metabolism and lipid metabo-
lism. The above results show that the degree of damage to hepatocytes by SAE and SMAE is positively correlated with
the amount of addition, and SAE and SMAE have the same damage effect. SAE and SMAE can cause cell ultrastruc-
ture changes, increase ROS levels, abnormal cell antioxidant systems and abnormal mitochondrial structure and func-
tion, which ultimately affect cell viability and trigger cell death pathways.
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