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Abstract: [Objective] To investigate the preventive effect of natural selenium-enriched black soybean protein
(SeBSP, selenium mass fraction is 84.00 mg/kg) on the liver injury induced by benzo[a]pyrene (BaP), a harmful
product of high-temperature processed food, in BALB/c mice. [Method] This study used normal black bean
protein (BSP, selenium mass fraction is 0 mg/kg) as a control. Both SeBSP and BSP, were characterized and used
to feed BaP exposed mice by gavage. After 30 d of gavage, the liver tissues of mice were observed
histopathologically, and the levels of serum liver function indicators, liver oxidative indicators, BaP metabolism-
related indicators and pyroptosis-related inflammatory factors were detected. [Result] Both SeBSP and BSP
prevented the liver injury caused by BaP, improved lipid metabolism, reduced the levels of MDA and H,0,, and
increased the levels of GSH-Px and T-SOD in mice. SeBSP outperformed BSP in inhibiting the formation of the
final carcinogen BPDE-DNA by effectively reducing the activity of BaP metabolism-related enzyme AhR and the
relative mRNA levels of CYP1A1, CYPIB1 and GSTPI, thus attenuating the hepatotoxicity of BaP. Moreover,
SeBSP significantly down-regulated the relative mRNA levels of NLRP3, ASC, Caspase-1, GSDMD and
inflammatory factors (TNF-a, IL-1B, IL-18, iNOS and COX-2), thereby ameliorating the BaP-induced pyroptotic

EEMB - HXAARRFESW LD H (31972183) ; B it 44 £ AR 41 % 51 T % W0 H (2022QFY09-03) ; 74 22 7 &L £ 1+ kil Wi H
(21XJZZ0008)

BIEEE  wRA986—), o, WL, #42 , l L i A S0, EENFHENE RS LW . BE-mail:yuanlil12086@snnu.edu.cn

kS HEA:2022-11-14  1&[E HEA:2022-12-27

43



44

Journal of Food Science and Biotechnology

BEE298HI 2025 1 A | ERE5EYBARFER

injury in the liver. [Conclusion] The results revealed that SeBSP could effectively prevent BaP-induced liver

injury by inhibiting BaP-induced oxidative damage to the liver, regulating BaP metabolism-related enzymes and

reducing pyroptosis. The findings provide a basis for controlling the hepatotoxicity of BaP and expanding the

functions of selenium resources.

Keywords: benzo[a]pyrene; selenium-enriched black soybean protein; liver injury; metabolism-related enzymes;

pyroptosis

BaP /& 8L A ) 2 3K F5 i 2R &, B S N R IR
H K, 5 F 2 CoHys X 48 T i & 252.32, 18 55
178 °Ct, B A P A SN E M IEEE Y,
HAG 555 10 20 P S0 M R B R AR, iz AE
T2 T 78 POAIURS /055 iR in &t & F il L B s il
MBS, BaP A & WA B (0 Y B 40 i R
P450 (CYP450) A ¥ I, 22 % 4k Dy & 2 B0 W) i
BPDE, 4k 15 DNA G &, S A FEREIESN M 2
Rl maten . FFRE AR 55 52 B 8 R VIR 2 Ah S
RIRC, 51K RE e i BE A0 A st KR
W7t 2 B, BaP B A M o (0 JFFIE 25 1 . AR BT AE
VR A R I E 9T % B, BaP BEE T 5 S 40 e 1
AN £ T 45 4 ATl Rt e Ah , BaP th AT 5 5
/IN B U S A 458 4 R 8

il (Se) & ANk 7 B & e &, B A P .
PR ORI R S AR A DL R AL B
MU 20K A 4 B8 B, 9 5 i L 4k A= 3 3 et
filf E & A6 B, 40 GSH-Px Al i %0 i 5 (= & 5 il
(TrxRO MG VAL s P e B R EEEH , BT 2
F BAR IR A 1 O B A A, ARG FEOIR IR B R AR
PUAALBT T R G G e Thet™ . BF L R W, 4h e
A HE 23 90 B FOIR iR A AL YR (P TPOD HL Ak
FE 40 38 3o BERE LK YR AN - 3SR A5 LA, 5F R A 3L
AN AGRE A A LA, B A A TR A Y 3
FAERER, BEmEA L —MEAZMAE
B T B 160 AT TR e R K B A AT DU RO
PRyt g M2 B AN & 1 3 B A DPPH H H
£, Fang R I, H il KK B A KA 7R A1)
B fifi Bk BE 9% 22 @ Pb* E S 1 PC12 40 g A1
RAW264.7 A A5 T2 S fb i . — 28 & iR A,
1 TG i e A 1 A A A Ak T R IR TR A
1K G RRPYEE  RE 65 B 2 PR AR B4 F2 FE . Guo
SR, TE T ER AT R B i
FEAL T K K B AR TORTHE 41 40 MDA JKCF L B T
SOD H1 GSH-Px 3 1 , 2 B & 4 A R0 Al kb 78

CIRYS ol TR (i b N - =t R (A
B AP R PR AR AT RO R AR
BER—-MEgamER, HEARFEE , AR
P e, B AERKER EIL T . HA Bty %
T2 E WX 2 —, Zih X EY S 5 AR R
FVE WAL SRAR AR . IR Uk, Al T B 7 48 2 BT
(1) 8 G RN A, AR P 1R SeBSP Al A A o il
TR SR, SeBSP X BaP i T (1 T 45455 {5
M) i AN 4

ZHE A B A W D A8 AH 9K FE A% BaP AR
i AH 5C i \BPDE-DNA N & 4 F1 22 i 41 fif £ T2 45
b, Bt 95 SeBSP Xt BaP Jir £ 452 4% (1) W B 4 H . A
125 il BaP B P A1 = 5 A B J50R] A 32 A 5 i A0 A A0
FEME o
1 BRHS ik
1.1 #8555

BaP: 3% [ Sigma-Aldrich 22 7] ; & fli B & : %
BRI 25 A R AR s R % %
CA BB AT BR A ®] s SeBSP Al BSP: LU E fiff 2
A B8 O ROk 8 I B R DI R A% s TR A
PO 2 W2 AR AR A
Al o JHTE M BALB/c /B T %2 58 18 K 5 5L 58 3 )
o

SOEE B CTO VH M =RE(TG) VR A& 2 IR 2 5
¥ ¥ By (AST) N & R ¥ & B (ALT) . GSH-Px.
T-SOD . H,O, 1 MDA £l 12 751 &« 7 5 & s A=) T
FEHE 7T BT s AhR F1 BPDE-DNA Jil & #0387 & : £
Bl A= R A BR 2 7] s BCA B8 i e &l R &
% B W R B A A & RNA 2 B )
Trizol: A= T T8 4 I A 7] ; TransScript all-in-
one first strand cDNA synthesis supermix Al
Perfectstart™ green qPCR supermix: Jb 5 4> & 36 &
AR BR A\ HoAd Al 5 5 3 i e
12 UFES5RE

H 334 5 % : F6/10-10G & , [ FLUKO £ [}



Vol. 44 No. 1

AT A H B YLK 2 AL :Kjeltec 2300 A, Hij $L 47
N A O R % E  CEM-MARS6 B!, 3£ [§ CEM
AH] A H BN IERR 7 BT L-8900 &Y, H A H 32 A
A A S M8 (SEM) : SU8S220 L, H A H 37
AT R TR e E T AFS-7900 AL, Ak 50 %
1A PR A &) 5 8 5L 20 4h 43 o6 Y6 FE 1F (FT-IRD «
Nicolet iS10 %Y , 3¢ [ F8 2R tH /R BHEL A\ 5 92 6 5k
i 52 B PCRAX : FQD-96A &L, fi M 18 H BHE B3 A
FRAH
1.3 ZEEHREGRIE
1.3.1 & A RK =55 &R AR 5T

EA SNk @i BVl = [ K= | N - e
JE o #4100 mg & A FE SN E AL E L A
5 mL 6 mol/L 2k I , i A 4 B 2 min, & T H
2 min J5 % B o H OB R 2% B TE 180 °C T H fif
30 min, A A5 BCH o WRCHC2 mLAZ B W A 10 mL
ZHEM D, A 2 mL 0.5 mol/L & &AL BN IE T, IF
NN ZEIK B 45« FHFLAE 0.45 pm [ T ML L 38,
1.5 mL S8R 2 R i, A8 4 B B & R R 4 A
AN 5 2 R A i
1.3.2 MR E 5 R

R 45 GB 5009.93—2017¢ & fh % 4= [H & b5
B Al I e Y T AT IE M s . Bk,
RS FR B 0.5 g 88 1 BFE i, K LR N 24 10 mL
HNO, 12 mL Jii & 43 %1 30% [ H,0, FI 1 % 3 1b 4
TR TR T A 2 R Y AR 30 min, 2R J5 7E 200 °C
PR LR . MR LRI, 1 IE RS
WZEWIFE AR HE TR TR, &
JE N 2 mL 6 mol/L 5 B2 , ¥4 /< 4 filh % 4k 2 VY i
filf, Ak s . MIE WA R EL 2 mL I, H
R EIEAOR L JE R 10 mL @ H &L E P E
2o A & 2 ERE S R bR HE R TR . SRS
JR 2 6 53 6 0t BE v W E T .
133 #MAHELR

{8 F SEM M ¢ 2 ot FF S MO TE 38 . iR
FI 0 RE i 48 B WS4 S, 7R 20 kV N IE B R
it SEM M %2 8 R
1.3.4 FT-IR #%& M0

15 R S RN — 2 = IR AL
BF B B 350 50 B K oK I R il e v o F FT-IR /£ &2
W Hr (4 000~400 cm ) T I HERE 5 .

0

MEFE: EMEIELN X [2]EEF S IRGRNEITR

14 =ik
141 s4hs5pn

ZMEFEARAT B TG R E R R A 2R R
D b 2 O [ UG 22O R AL v S SR Sh 16 B 2
BERIREFEN . 36 R 6~7 A& BALB/c HEM: /N i
FE 2R G TORE s U8 b IR FE D (2542) °C LG Y
R IRE W N 12 h/12 h IR, B BN R
KW WA, EN1EE /DR BN N
6, B4 6 R (n=6). XA :FRKRKKES
10 mL/kgC LA/ BRAA T 5 1) 14 A8 23 3k 7KORTAOR
B f%2h. BaP 4l : g 2E#E B 10 mL/kg( LA/ B4R 5
EUDM A E K2 h )5 B S 50 mg/kg(LL/NR
5 B i) BaP MBI . SeBSP 4L : B H &
25 pg/kgCLL/N BUAA BT B 11 ) SeBSP (A B 27K, 2 h
J& #EH 10 mL/kg CLL /s BROM 5T & 18D 1 B0 il o
SeBSP+BaP 4 : /N RS J5 #E B 7 25 png/kg(LL/N R
P & 7D SeBSP [ A2 B K AT 50 mg/kg (LA /I
BRA 5T B 1T BaP IR, — & (AIF% 2 h. BSP 4 :
AINEREE & 25 ng/kgC LA/ B & 11O BSP fi 4 B
Eh7K,2 h 5 #EH 10 mL/kgC A/ B 5 &) i il
M. BSP+BaP 4H : /N R AR K HE B & 25 ng/kg( LA
/N R 5 2 TH O BSP AR B E K AT 50 mg/kg (L
/N R AR 5T B TE DO BaP B, —#F A FE2he. &5d
ME— RN AR & R MK E. T8
B 30dJ5, 28 AEE/K 8 h, i ik N 5 F Bk Rk
55 Zh W, FR R R AR IV RH T 2H 23R
1.42 A hresem

H 1M FE LL 2 700 r/min & .0 20 min, J£OKE 1M i
£ 4 °C N RAE o« AR U B35, 4 A 70 &0l o if
JEH TC A TG IR AST A ALT [ B 5 77
1.43 Az 8 &4 48 47 (GSH-Px. T-SOD. MDA

H,0,) M &

85 B 335 48 3 R ERE A . 7 4 °C T A
5000 r/min &5 /0> 10 min, Y 5 & FF 1 H BCA
e BT B B A R BT . AR AR
BH A5, 3 FH 3K 7 A U0 0 40 23 B3 9 GSH-Px
A T-SOD ) i 3% /7 . MDA #1 H,0, i i & & /K
W
1.4.4 A B ¥ AhR B /& 77 4= BPDE-DNA 7= & 45 49

2

FH AR B R 7K 35 5T R R A8 R AR D e

AR B35 77 . A B 33 B AL LR FR 5 50 70% 1

45



46

Journal of Food Science and Biotechnology

FH I 259 )57 JHF JUE A &, 9F F Whatman 15 JE 400§
Z WUt W] A5, A AT B0 & I € U8 WK P ) BPDE-
DNA & .
1.4.5 JFRE4A 85 32 F ALK

R I JE AL 23R 5 B 4 /L) 2 R E 4
ORI €, T B AR A b %R 5~6 pm ) ),
53 3 F HE G4 1R IH 21 O % £, i i 15 3 25 4b 2 4
RS S, T2 R TS IR
146 ARH#HFZEREGBHAN

£l 1Y Trizol AT 2H 23 v 52 HUS RNA, I {1
TransScript all-in-one first strand cDNA synthesis
supermix & fi% AH M. ] cDNA. f#i A Perfectstart™
green qPCR supermix i 17 & ¥ 5% € & 5 & i 5 I

BEE298HI 2025 1 A | ERE5EYBARFER
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Table 1 Primers used for amplification
F PR CR R 2 5D S5 (5 —3" K JE/ bp 5 ME R
F: CCTCGTCCCGTAGACAAAATG
Gapdh (GAPDH) 133 NM_008084.2
R: TGAGGTCAATGAAGGGGTCGT
F: CTTCATCTTCAGGACCAAACACA
Ahr CARR) 296 NM_001314027.1
R: GAGTGGCGATGATGTAATCTGGT
F: ACCATGACCGGGAACTGTG
Cyplal (CYP1ALD) 307 NM 001136059.2
R: TGCTGAGGACCAGAAGACCG
F: ATGTGCCTGCCACTATTACGG
Cyplbl (CYPIB1) 179 NM_009994.2
R: CAGGTTGGGCTGGTCACTCAT
F: GATGGAGACCTCACCCTTTACC
Gstpl (GSTP1) 196 NM_013541.1
R: GGGCCTTCACGTAGTCATTCTT
F: TAAGAACTGTCATAGGGTCAAAACG
Nirp3 (NLRP3) 146 NM 001359638.1
R: GTCTGGAAGAACAGGCAACATG
F: ACTATCTGGAGTCGTATGGCTTGG
Pycard (ASC) 203 NM 023258.4
R: TTCTGTGACCCTGGCAATGAG
F: CAGGCAAGCCAAATCTTTATCAC
Caspl (Caspase-1) 342 NM_009807.2
R: TCCAACCCTCGGAGAAAGATG
F: TAAGGCTCTGGAGACAACGGTG
Gsdmd (GSDMD) 262 NM_026960.4
R: TGACAATAGGAACAGGGAGGC
F: CCCTCACACTCACAAACCACC
Tnf (TNF-a) 93 NM_001278601.1
R: CTTTGAGATCCATGCCGTTG
F: GTAATGAAAGACGGCACACCC
1116 (IL-1B) 181 NM_008361.4
R: CAGGCTTGTGCTCTGCTTGTG
F: CCATGTCAGAAGACTCTTGCGT
1118 (IL-18) 105 NM_001357221.1
R: CAAAGTTGTCTGATTCCAGGTCTC
F: AGCTCGGGTTGAAGTGGTATG
Nos2 (iNOS) 245 NM_001313921.1
R: CACAGCCACATTGATCTCCG
F: ATAGACGAAATCAACAACCCCG
Ptgs2 (COX-2) 193 NC 010339
R: GGATTGGAAGTTCTATTGGCAG
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Table 2 Mass fraction of amino acid of SeBSP and BSP
B TR B B (g/kg)
" nEE  REEE WA EEm BEM O WA AR KRAR R

SeBSP 154.22 91.57 65.40 57.90 48.73 44.82 43.32 40.70 34.88

BSP 154.24 89.38 75.40 54.92 49.55 41.07 4135 81.80 16.27

B IR R U/ (glkg)

" AR 2 A% fix A R HE® P ise HRAE B A R A R FL At U7 25 2 R
SeBSP 33.81 30.77 30.18 29.75 25.53 20.43 11.33 0 6.13
BSP 19.99 41.12 34.99 3233 18.47 26.42 11.47 0 5.47

22 SeBSPX/IRARE . EREMFKENEM

0 v ) R A JIG R R R R T BaP AT BRI/
BRI 5 2 A i A R I, BaP Al
HEREDMNROARE BREE2MEKE. W
B2, E30d)5, 5 HAAAHE , BaP 4/ 5 A
AR, B M EE HL R 20 . SeBSP 4/ B AR Y

K. 3@ AR, WEE 10 KT, BaP 4/ B A4 i
PR TR, MASTHERN. M THRHEY,
F /N R AR B A SR R R, WL 3(b)~
(), Horh BaP 21 /)N R 1) 35 & 5 R /K i sk /b fe o
. %5 L ,SeBSP A BSP u] L 3% BaP i 5 (IR &
B VRUKE B LA R/ RO NI R AR B 1R D

47



Journal of Food Science and Biotechnology BE2RHE2025F 1 A | RR5EYERAFR

2.3

BaP 41 SeBSP+BaP 41 BSP+BaP 41
B 2 SeBSP A= BSP *f /s RSN &9 % v
Fig. 2 Effects of SeBSP and BSP on the appearance of mice
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Fig. 3 Effects of SeBSP and BSP on body weight, food intake and water intake of mice
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Fig. 4 Effects of SeBSP and BSP on liver function
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