< 2% eS8 (Scopus) <LK BRI
\ « BUIPHOEE I Fl 5% DOAJ o oL BT
2 i * % CHE2F3CH) CA * LB D BITICSTPCD

o Bell (RRAFHE SCHY) FSTA o B DA BITIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY o HAF A ARG LG Bt IS T o W ER B DI TIA
o ST i (WICD) 7% o [ 2: P2 Sino Med
o fr SRbE S TR R I B RO % H s — iR T
¥ HT]  ISSN 1002-0306  CN 11-1759/TS & ARS: 2—399

AR B R/ B MG R R A

RS, BEZ

Mitigative Effect of Grape Skin Extract on Arsenic-induced Small Intestinal Toxicity in a Mouse Model
ZHAO Danyu and YI Huilan

TELR I View online: https:/doi.org/10.13386/j.issn1002-0306.202304001 1

TR BRI A S

Articles you may be interested in

AR B AR S BN/ SRR SRR R B2 A
Mitigative Effect of Grape Skin Extracts on Arsenic—induced Reproductive Toxicity in Male Mice
B hin TR, 2020, 41(23): 302-305,314  https://doi.org/10.13386/j.issn1002-0306.2019100102

AR AR SR8 X IV A RRE A B LA IO 8T A S 7 A5 )
Effect of Walnut Oligopeptides on Inhibiting Oxidative Stress and Inflammation of Sub—health Rats

£ Tl BHE. 2020, 41(4): 316-321  https:/doi.ore/10.13386/1.issn1002-0306.2020.04.054
FEIFLAT R SCS2 AN R 32 3 X6k /N BRI B 480 A0 7 381 52 i)

Effect of different test substances from Lactobacillus plantarum SCS2 on blood glucose and oxidative stress in mice

5 TAVRHE. 2018, 39(8): 267-271  https://doi.org/10.13386/j.issn1002-0306.2018.08.049
B AT = B IUAE /) B AR B PP

Protective Effect of Nostoc sphaeroids K ii tz on Oxidative Stress in Hyperlipidemic Mice
B TALEHE. 2021, 42(14): 320-327  https:/doi.org/10.13386/j.issn1002-0306.2020090140

NS Z R B AR 3 T ) DR A T BILR 5

Mechanism of Protective Effect of Ginseng Polysaccharide on Hepatocytes Induced by Oxidative Stress
B TR 2020, 41(5): 280-285,292  https://doi.org/10.13386/j.issn1002-0306.2020.05.046

KHEMFE AT, FRAFEZTHRER


http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023040011
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019100102
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.04.054
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.08.049
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020090140
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.05.046

5 45 % 4 44 i Tl B Vol. 45 No. 4
2024 4F 2 H Science and Technology of Food Industry Feb. 2024

6PE I, AR 22 A SR B e IO X al /N B/ T R A 2 AR T[], B A Tl B4, 2024, 45(4):305-312. doi:
10.13386/j.issn1002-0306.202304001 1

ZHAO Danyu, YI Huilan. Mitigative Effect of Grape Skin Extract on Arsenic-induced Small Intestinal Toxicity in a Mouse Model[J].
Science and Technology of Food Industry, 2024, 45(4): 305-312. (in Chinese with English abstract). doi: 10.13386/j.issn1002-
0306.2023040011

ERSRE

HERE:

R HEUD R/ NGEER
SEER

B, I E=E
(1L B K FAGFF IR, L% KR 030006;
2.4 T EAREREAA, L KR 030012)

Nyof

 E: B8 WEAEAS B ENAH B R ARRY (grape skin extract, GSE) #9F A . Fik: BMA
Kook R E, DRAAAKRE 10mg/L 894y 5% S6d, 2 RAPEEA, FRALRRIKRE GSE B X#F FM
(150 mg/kg bw #= 300 mg/kg bw) ; BUNF DAL, SR MBENELZH; X5 & &40 LR A 5 M Ik
(glutathione, GSH) . # =& (malondialdehyde, MDA) #= H,0, &%, & %A A LBE (total superoxide
dismutase, T-SOD) &t ; qRT-PCR 4 % % %42 K R fo $ 28 & IL-6/JAK2/STAT-3 A B R B K-F. &R Ay
EE, PROBALETE, HP EL, BEBRBAEASEETEARER@MEIZE; NHALY GSH A E 4 T-
SOD & 1 5 A M6 1% 17.1% #= 25.2%, MDA #= H,0, 4 & 5 #1384 68.8% A= 54.3% (P<0.05) : Mm% HEEAR
ZO-1. ZO-2. occludin. claudin-1 #= claudin-7 2% F & (P<0.05) ; X488 IL-6/JAK2/STAT-3 A B4 F XK
FB¥E#E (P<0.05) . GSE &K & F#Hm (300 mgkg bw) , DHEEWAGREE, Mk T EF, KmiZ2H
WA, AV EMLE, GSH 223 17.9%. T-SOD & & 14.3%. MDA 4= H,0, 4% % 51K Y 33.8% #=
254% (P<0.05) ; $F& A BB F LA LR (P<0.05) ; X4 8% IL-6/JAK2/STAT-3 & B # & £ & '$ 1k
(P<0.05) o GSEA&KE T (150 mg/kg bw) stav A — 2 MR, RE2FAEE, LATFEL
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Mitigative Effect of Grape Skin Extract on Arsenic-induced Small
Intestinal Toxicity in a Mouse Model

ZHAO Danyu'?, YI Huilan""

(1.School of Life Sciences, Shanxi University, Taiyuan 030006, China;
2.Department of Gastroenterology, Shanxi Provincial People’s Hospital, Taiyuan 030012, China)

Abstract: Objective: To investigate the arsenic-induced small intestinal toxicity and the protective effect of grape skin
extract (GSE) against arsenic toxicity. Methods: The small intestinal toxicity was induced by 10 mg/L arsenic via drinking
water for 56 days, and was intervened with GSE (150 mg/kg bw and 300 mg/kg bw) by gavage every other day in mice.
Small intestine tissue samples of mice were collected and observed by microscope. Glutathione (GSH), malondialdehyde
(MDA) and H,0, contents, as well as total superoxide dismutase (T-SOD) were determined by using commercial kits. qRT-
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PCR was used to detect expression levels of the tight junction genes and the inflammatory pathway IL-6/JAK2/STAT-3
genes. Results: The results showed that 56 days exposure to 10 mg/L arsenic via drinking water resulted in shortened and
disordered intestinal villi, with large numbers of inflammatory cells infiltrating the mucosa propria and submucosa. GSH
content and T-SOD activity decreased by 17.1% and 25.2%, while MDA and H,O, contents increased by 68.8% and 54.3%,
respectively (P<0.05) in the small intestinal tissue of arsenic-treated mice. The mRNA levels of IL-6, JAK2 and STAT-3
were upregulated in the small intestinal tissue of mice exposed to arsenic (P<0.05). Meanwhilethe mRNA levels of the ZO-
1, ZO-2, occludin, claudinl and claudin7 genes, which encode the key components of tight junction (TJ) complexes, were
downregulated (P<0.05). However, the application of GSE (300 mg/kg bw) significantly alleviated the damage and
inflammatory infiltration in small intestine. Compare to the As group, GSH content and T-SOD activity increased by 17.9%
and 14.3%. MDA and H,0, contents decreased by 33.8% and 25.4% (P<0.05). Arsenic-mediated gene expression in the IL-
6/JAK2/STAT3 pathway was down-regulated (P<0.05). Moreover, the arsenic-induced down-regulation of TJ genes were
markedly relieved in the As+GSE (300 mg/kg bw) group (P<0.05). The As+GSE (150 mg/kg bw) group had a certain
alleviating effect on arsenic toxicity, but the difference had no statistical significance (P>0.05). Conclusion: The application
of GSE provides significant protection against arsenic-induced small intestinal toxicity by attenuating the oxidative stress
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and inflammatory responses, and inhibiting the down-regulation of some functional genes.

Key words: arsenic intake; small intestine toxicity; grape skin extract; oxidative stress; inflammatory response

fifl (Arsenic, As)J2& AR EE P IZ AEI IS4
JEICE, Al IHAGIE | PPIRE . B2 BR B AR A
N, YOKIEA R AR FZSmAN, R v
Hb DX b 2K AR Sk Y T AR ZH 2L (WHO) FE
B FHZR BRAEARAE( < 10 pg/D)HP 3, HEASEa5iit,
SEERAAE 2 ACNKFAAREN S8R, FRE S LT
K B gE AFEIL 1960 TP FiATe 7~ e A o, i 2
BRSSPI RS MRS (O M FR ST AN 34
IRUH RGP A b, 5 R . Ifdés . TP L B e
J8h . PR R RN IREE I R AR A O

/NG RALRTE AL I P BB ZEAR T, A FhE
TRREUIRE . B AR (T E A Fh IR L e AN a4 5
PR BT, 2 B B R B S, A
FE A BIZS T BB, 6458 B 1 (claudin) |
]G4 (occludin) | FMEEE A (ZO) &%, X LL8H )5t
PR B 23 T B TI GBS AT 51, AR 557
U, 22 R ARAR A BHEAEH T B i s 4=
FEMAE, Il B 8 OB AL, B M a2
3 A B HABAE RS AL, 5 R FFPES B RED, 209
SEZ RGBS . RIENZE, 45
Bt (HIC TR FL S R R U NG HE M AT
o IRSNEIEG R, R R T e TR S AR AN
P RIEON Ko T 2 Ay B2 &2 3 pih 2
R, Wil o R A AN RE SOV

AR AR P i 43 T U S LB A A BB T | Ik
AN RIS | R 0 E AR BRI R SE R 22, A2 S
J LU (grape skin extract, GSE) & & JRAE T &= fll
EHE RGNS, AR IER A d 2
PR AFAEWZFIGPEN O, XU | B 2% 58 155 A W A 2
SIS ARAE . #3 E IRk L S HAA B I i
HIVEFY WFSE R, 2 B S A AR T LA
I B i X R RO I Y AR AR A, 2 i 14 0 U B
PEN) GSE AT LAZE S/ B S ALZH R iy S f b pbidss, Dz
R EE AR FE R ERY . GSE FHEE ALY IR T 2R

TE Iz IE PISK/AKT 555 RPN
KRS TRELEA LR VE Y, B e lsn] DL — A ik
SRAE R 75 T 10 /I BR A B 5 T S8000 B BRI L, Pl R
P Th1/Th17 2R, X451 98 RE il AREIRAT BH Wl i
TEFRVEFHR A ™ ) BSOS i 4 RS2, it
P S B, AP 72, SRR B EARUR, 3R o
15, RSN SEEG RS HR R PR I R AL A Ak . RHBT
W AHAE S AP, 2 GSE JE W3S P A/ Mz FETEAR UL
Heik .

ASHIFGE LA/ R 5T X G2, 3 ok 3 ST AR K A
2/ NN GSE T-TRSEEE, Al 2278 &% GSE T
T/ ING L 2R 454G | AR ARIRI T . RIE LB 15 ],
1) GSE XU NN REHE I SRV, LA
re A, X BBRAE H B AT FH I R AR 1 2% i A B
PR, ISFIEYHUAAERR ) H ).

1 #MR5RE
1.1 MR5EE

NIA T L CAES N/ B =R A 7/l s A
(SOD) . I JFEAIAMEH AR(GSH) . i A LA (H,0,) .
(MDA KA & ma et 8 TRRFST
JT; Trizol  KARAAEMH: (AbH0) A RRA F]; Sefs ik
FlH M qPCR {55 & Takara Bio( K% ) RS 7] ;
MRS AR AE S FEARA I A UEA BRZS W] (b5 5 2
T ETIR. AR EIERTRL T AR A R
Fls AR b E g2 ibeE R BRA A e
tbzgh B A A YR A BN E] 4 JE S SPF
P EE /N ER 1542 ) FEFEEARL2ARE, shi
B HRAIES: SCXK(42)2021-0007; 2/ NEAaEE b
S YEE ARSI S EARA BRA ] .

CX43 AU f e H A B AR B B 2 w5 HC-
2518R B F il ¥ R B ML R R ER 2
AL #8A B 2N ] 5 TP350 % PCR {Y  TaKaRa 2\ 7 ;
Synergy H1 # Z U EEE AR 3& BioTek 2\ Al ;
CFX ConnectTM Optics Module %Y RT-PCR 1 3£
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Bio-Rad 4\ & ; Multiwave PRO ¥ 1H it {3 A
Hb A 22 2R WA 2N E s H IR A AR RS T AR B 1% A
NexION350x SEEFALIRIRERAF] o
1.2 XWHE
1.2.1 GSE s 5mib 6 &l B
GSE 7E 3256 7T il 55, SR AR 258 = Rt B a7 19
J7 PR, SPIUR Nz, 60 °C HE 2= {8 =, B i it
40 HE, LA 1 g i Ik 40% 19 0% 20 mL B9 H
VR ST, 7 I 4 B iR 4, B0 Y, T 40 °C.
100 r/min FYHERLZE R AL M4, Bas TR AR,
fiti T 4 °C & H.

GSE H ) B3 7t SR FH AR MR- 72500 52 20, 7
B 5 . ALCNO,) ;-NaNO,-NaOH Fb {7, 32 il 52 29,
BB S i pH /R 2857, AT R S i
TE T /AR BRI 2Py . Ay . TR . B A
JRAETT o RN M E TR /g THREL
Y. T Mg TR . 6T R -3 A Y g
THEEI T mg/g THEHRAI (n=3).
1.2.2 shiordd SACFE /RS0 P 30T LU P R
EAPHEIRZE SRR SO B P T, ST )
AR C E FEARE (GB/T 39760-2021 (S8 sh#) 225k
FEFEREY) . BHLUE RAKOK A EEEE, SCshsR A H H
PRSP FREN K S 7 BT . 4 JE# SPF 2%
JEPE CS7BL/6 /INER, BEFLST M 4 4H(n=6): 25 X R
ZH. As ZH. As+GSE1 20, As+GSE2 2H., #4Hsh A
FOK SHE e, MEE L P BRI & FH i)
Rl EIFFIRE 2341 °C, {2 55%+10%, YRR 12 h/d.
X R CZH /N BROAR FH 2518 7K, As 40 & As+GSE 4H /)
R T K il e B R 10 mg/L. = 18 i 3 0F 9% 4%
B2 As+GSE1 Fll As+GSE2 HizH/ MRS B GSE
150 mg/kg bw 1% 300 mg/kg bw 45 & [F R, [6)
HH, XFREZH B As ¢H/INERLIAH RSB 281K HE B
SEBG TR SR 56 do
1.2.3 shPfs) SEEE FH 1% M5GE B 22 80 pR e
sINBR, SR T T I i B s g, 0008 A B AR K B
BUKEE 0.5 em 1925 I 21 4L [E 52 T 4% 19w i g
Hh, PR ZURIEE ST HA S I H S S W R R
J&-80 C %A
1.2.4 Yl ol S0

HCP P [T R 1 2= I ZH R,

Aof BETE ARG K . R RGAE L A IS, P 4~
5 um B YI R . IRRBAPFL(H&E) e fa, Sl i
BEWEL

1.2.5 FALREFESA AN BUAATFLHEL 100~150 mg,
A 9 fEARF A A= BEER /K 213K, 3500 1/min IKIE B
L 15 min, JCEWFBH TR . MDA | H,O, il GSH
Frig, K T-SOD & PEFE S Bt @ il A= ) TR 5 T i
FlEERAE LRI E . 25 S I e >R FH 2 S s i
VP A ME AR AR HERTZE . LA A& E (me/g)
HEEAERR x, WOGRERYNRATR y, Zshnuithk, 1510113
7L y=0.9463x+0.0297,

1.2.6 'EFHEELA M IL-6/JAK2/STAT3 {5518 1%
FERAREIN SRS R R S TR S N B T

T A SEIE R A S E i TL-6/JAK2/STAT3 HE[K %
ik, LA A GSE 1T 1/E, Sk RT-PCR 4500 /)
Ml 4V BB e ZO-1. ZO-2. occludin., claudin-
1. claudin-7 B¢ % HE W M 1L-6. JAK2, STAT3 J:[H
FUAHXT iR i o Trizol YEHREE IHLH L 5 RNA, %
& TaKaRa J2 %% 550 S35/ Ui BH & Al cDNA, H
TaKaRa ZY65E ht PCR 5] AR RL N (R 1) AR
Xtk ., CFX Connect TM %¢0G5E f PCR {SGHAT
FERP 3G SRAHMIZE L, 23R —: 95 °C 30 sec; 23§
—.:95 °C 5 sec, 60 °C 30 sec, 40 i, LL B-actin
SHNZ, SR 2744 e AT L IR (A X ek
1.2.7 HLLBMPESENE BRI 2 LU 5
24 50 mg, Al A 0.75 mL ¥ il BR /£ Multiwave PRO
Ik 288 (Anton Par GmbH) Hi 1L, IR LK E S
Z 10 mL, FRIFE&1F: D@l 700 W, 10 min; £495F
Yy 700 W, 6 min; JJR €4 1400 W, 10 min; £
FFIh 3 1400 W, 30 min; ¥ ZE 70 °C; NESIEEE R
{B 240 °C; ZLAMEJE BRAE 190 °CBY, {ii Fl NexION
350x HAL/BHHG 45 B T AT (IC-PMS) A il 5 Aith
T,
1.3 IR

SR SPSS 21 AR EAR ST G153, S5
DA EAREIR RN o 0 20 P 3 7 22453 HT (one-
way ANOVA), LSD Fll Dunnett's T3 {25 4%, £
etz MR BETE. B AR/ING FERR
ZH [a] 2= 55 n 3% (P<0.05), HHF FHRER /R 2ZE AN 3%
(P>0.05),

#1 RT-qPCR ZI¥F%

Table 1 Primer sequences used for real-time quantitative PCR
S Em51#(5'—3") K5 1¥(5—3")
Z0-1 TGGGAACAGCACACAGTGAC GCTGGCCCTCCTTTTAACAC
ZO-2 CCATGGGCGCGGACTATCTGA CTGTGGCGGGGAGGTTTGACTTG
occludin ACCCGAAGAAAGATGGATCG CATAGTCAGATGGGGGTGGA
claudin-1 TTCTGGGAGGTGTCCTACTT AGGTGTTGGCTTGGGATAAG
claudin-7 GGGAGATGACAAAGCGAAGA CTGATGACCAATCCAGGAACA
1L-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
JAK2 ACAATGAAATGGAGGC ACAGGCGTAATACCACAAGC
STAT3 TTGAAGACGTACCCTGTGCC GAGGCCATGAGCTCCTTGTT
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2 FERESh 27 L (P>0.05) (& 1) o AR K R i 14w

2.1 GSEBZEYIRESE

e ER T4 GSE Hp = By W) oS b AR 4%
SROLER 2, SCHRHRE I e S BT e AN [A] S b A A 244
Fzh S 25 AP ), IR A A SR R sk LS SR
JSr O A, RO R P AR, A4S
R BB . DA AT RIE S R R, X
S ECIRA AR A R OB R K,

F 2 GSE iy, S, SAe i REAETE R S
Table 2 Contents of total phenolics, total flavonoid, total
anthocyanin, and proanthocyanidin in GSE

i %ix ¥ (mg/g)
PN 60.60+2.34
SR 60.95+5.17
EViRCNES 4.45+0.22
JFAEH R 22.22+1.52

22 PR—IER. AETE, BEAER/FELR
BHEE

SEEGHRRL ISR . AR B FNIE B IE R, R ISE
T CAWTEIESE, BOKBAM R X /NR e B 2 R 50
RS AL O I . B . U . B R AT 2 5 JR B A
ABEPEVE Y, ASIFST5ERE T AR R A9 22 28 v 2 Fl =
BB Ta], I HIWAS S B 5 ey ) 2 i s (4
KRN, /NP BRI AL . IR SR 56 d
Jo, a5 X A, As 2H /) B B I 25 ARG
(P<0.05); 55 As #A Fb#E, As+GSE2 #H{ATE 2% Tt
(P<0.05), As+GSE1 HAEISA FHim, (H22 7 T08e 1T

ull

X R As  AstGSEl As+GSE2

00 "l Il Il Il

a
POgi As  AstGSEl As+GSE2
B /AR B/ NN 2 SR
Fig.1 Body weight and total arsenic content in mouse small
intestinal tissue
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AT, As 404 1.76+0.18 mg/kg/day, As+GSE1
As+GSE2 #2H 43 %I & 1.81+0.23 mg/kg/day Fl 1.83+
0.09 mg/kg/day. As 25 As+GSE ZH/NERAGHRIIEA
EICH W22 7 (P>0.05) . W& REMELEH(E 1)3R
B, As 415 As+GSE 4H /M7 40 20 i & B 35
T X B ZH (P<0.05), 43 F & X B 4H 9 7.13. 6.70.
7.77 4% {H As+GSE1 Fl As+GSE2 /Mg 241 A&
5 As LR FEZEF(P>0.05), S5HKRH. 28
ANt 83U Nz g4 USaR S =] WA, ARz
B ARAE/NZ; GSE T/ BREREE A d S/ Nz 2H 21
S JCHH 52, GSE ASBEE i v /N iz 4H 4
PSR 5 e e SR P E
2.3 WX NALELRLEMIANFIN K GSE BT TSR
Y] g R BL(E] 2), 25 (AT BRAH/NEV N
RS LE K S8 8, I OB HED B #E 57, K — 26
As /NSRS AR M . HEYIEERL, s, 6
R A )2 B B 2 R E R gl Mg id (& 2B) s

Al

i

K2 As BN/ IMAH AL I 20 K GSE 1Y
TR

Fig.2 Effects of arsenic intake on the representative histopa-
thological images in mouse small intestinal tissue and the
interventive effects of exogenous GSE
F: A: XTI B: As 4 C: As+GSEL 4 ; D: As+GSE2 415 Al,

B1. Cl1. D1: 100x; A2, B2, C2, D2:200x%,
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As+GSE2 /NN RIS A T8 3, LB HEY 35T
—3, MR e B As i3 22, oK UL BH BB R AN iR T ;
As+GSE1 H/NIEASEE A T, (B nT UL
FapAgs M e RIS o BRI, OKAM R8T L T
IINEV N G AAATS, 5 R ARIE SN 5 — 78 U B 1
GSE TR il a5 | & 1/ Nz BRI 5, FEARZH 2L
RAESII, = GSE M T PR A TR R4 .
2.4 HxH/NEALHLRRIE WA K GSE BT TS
WHEIK 56 d J5, 555 X RRZHAA HE, As 2H
/NN AU GSH &k /b 25.2% . T-SOD i
PEREAR 17.1% . H,O, S48 54.3% . MDA & H1%
i 68.8%, 5+ kR Xt RELH 22 5+ . 3% (P<0.05) (1&] 3);
5 As ¢H #H b, As+GSE2 T #il 40 GSH & = 1%
17.9%. T-SOD ¥ £ F+ i 14.3%. H,0, & i vk 2>
25.4% . MDA F 8/ 33.8%, 5 As tH2E R B3
(P<0.05); As+GSE1 4| GSH & & fl1 T-SOD 11 L%
F+i=5, MDA 1 H,O, & HEBg I, (H22 R 8 egeit%
B X (P>0.05). Z5RF: PoKMEEA AT {d/MazH 2L
AN I, B E A S | R A SV E AT — g e
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IR 4 AR T A5 E X R ZH (P<0.05) 5 As+GSE2 #H 7
XL FL] mRNA 7K 35 T As 20 (P<0.05), &K
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Fig.3
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