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Protective effect of Astragalus polysaccharides on liver injury induced
by acrylamide in mice

SONG Yinglin, LI Yan, CHI Jingyi, XU Wenda, ZHAO Zhenjun, SHI Hui"
(School of Life Sciences, Yantai University, Yantai 264005, China)

Abstract; This study aimed to explore the protective effect of Astragalus polysaccharides ( APS) on liver injury induced by acrylamide
(AA) in mice. Thirty ICR male mice were obtained and were randomly divided into six groups: the control group, the acrylamide tainted
group, the Astragalus polysaccharides low, medium and high dose intervention groups, and the Astragalus polysaccharides high dose control
group. The indexes of liver function and oxidative damage in the liver of the mice were detected by commercial kits. Then, the histopathologi-
cal changes of their liver were observed by HE staining. And apoptosis in the rodents was observed using the TUNEL method. Finally, West-
ern blotting was used to detect the expressions of apoptosis—related proteins Bel-2, Bax, P53, Caspase 3 and Caspase 9 in the mice. The re-
sults showed that, compared with the AA group, the liver function of the APS group was improved, liver oxidative damage in them was re-
duced, and liver pathological damage and apoptotic cells in them were significantly reduced. In addition, the expressions of Bax, P53,
Caspase 3 and Caspase 9 in the mice were decreased ( P<0.05), the expression of Bel-2 in them was increased (P<0.05) , and their Bax/
Bel=2 ratio was decreased (P<0.05). These results indicated that Astragalus polysaccharides presented significant protective effect against
acrylamide—induced liver injury in mice.

Keywords : acrylamide; Astragalus polysaccharides; hepatotoxicity; oxidative damage; apoptosis

WIEEERE (acrylamide, AA) J&—F €8 {4,
RO¥ER , BETK, CEESREER, Tk 2
— Rz AL TR, R B AR R SR
PR R AR R 2 2002 4F 4 F, B e
JREE R 2220 4% Tmqvist T UCTE T KE FIE S () 1 25 5%
./, mAUSEMhEIRT AAPT ) e

WekE H 1. 2025-01-05; &[5 H . 2025-06-09

HEWH, ERESILITREE (2018YFC1003601)
W—VEH . R, &, B

YRS A, @, W, BlEER, B im A E S

FH, E-mail: shihui@ ytu. edu. cn,

AR RY], XEIMEREE TR AA SRR
YRR fe v RBR Y 500 2454 . B0 AA B
MBS B R AN ks
PESOFEEEEY . FLZE 1994 4E [ BRI AE B 5T HLRY
(TARC) #i¥s AA 31k 2A KBUEY ', HORZ K
HRFEW, AA B EES SN A X, KR
#5 AA & TR R R T REBE AT, 4T EA R
)

JFIESE SR i A R R E B,
AN HEANKE W ELERCEARE ., AA L EYEA
NG, il iz i 2E e, BRI A AT



- 116 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 8

R, FEOFME SR ARG I, T FERAR
AA SO N R 1) S MO B A2 B T, AR, A
FRIRBUEAT), WMEHRER | LR EFREER
HAM BB BAT T —Se L

T CZ M (Astragalus polysaccharides, APS) J&
ey R R, BAABR . biadk . Hibb
OB, IR AR AR R,
APS FT LA 2290 2R AF T B9 50 Sy, A Ak 4t
VAR T RERR 2 APS 4 REID ] 22 b A 7=
ARG PES (ROS) , 8B 8E 230375 -5 Y 1) 56 ot 1 40
TIRERERT AN AT . BT T APS 25 0] AR
I AA U5 0O BT R 75 M A BF 5T, AR B 7R 5T
APS X AA Yeag/ N BURFIES 05 B AP PR T, LA R
Bii AA 175 (0 BEPERF ISR L EIR AT

1 #BETE

1.1 3K

AA (H2315535, 4l >99%) Wy [ bl T
HEAERE B B A BRZS 7] APS (N2305150, #fiJE =
98%) W4 H R R AEYHAARAF; Bouin's
FEWR (20231011) T H RS LR A RA R, 7
AKE-HH4L (HE) el & (C0105S) . — ik
TUNEL 4 M TR A & (040224240514) | Bk
SerE KB A W (011724240418 ), — s wk B iR
(BCA) M ER MR & (040224040702),
WWHHE A RAEDRHE A RAF,; NERAELS
(ALT) il & (20240425) . RITEX AR A
AN (AST) FiR & (20240402) . & ELY
B ALEE (SOD) krilifif & (20240424) , N 1%
(MDA) I & (20240422) . 43 J0E H Ikt 4k
Yl (GSH-Px) Ko7l (20240511) ., SPLH
fbfig 1 (T-AOC) A& (20240515), HWH
P AR ) TR BT B Ok 4 g -2 BRI
(Bcl-2)  (abl82858) . Bel-2 A% X &1 (Bax)
(ab32503) , MR+ (P53) (ab26) A Abcam
ik, Be R B (Caspase) 3 (K009430M) A So-
larbio %TJZIK, Caspase 9 (A18676) > ABclonal TJTJZIK,
Wile H B S % (GAPDH)  (BOIM3215) K
Immuno Way P,
1.2 XWHY5I&IT

ICR (EEFIENTT) HER 30 B, {AFE (30
2) g, WATMMNBLER AN EFTHRAF, h¥Y
HEPEYFATIES S SCXK () 2022 0006, /)N B4 1]
7%, BHERIEFERMZOK, @R 1R, T
/N R E TS, SR RS HIRE 2 E TG
BEER (P>0.05), WFREEESRE (25£2)C,

12 h BESe 8, XTI 45% ~60% , ABFFEiRIR 7
HaMEKRFIYRHERSHEME (55
YTU20210203-2) ,
1.3 XFIECH

50 mg/kg AA R FRELO. 1 g AA T 20 mL 4=
K, fHETRS), #/NEIAE 0. 01 mL/g #17
T

25 mg/kg APS ¥ K. FREL 0.05 g APS ¥ T
20 mL AEFER KR, TETIRS), $%/NEUAE 0.01
mlL/g AT |

50 mg/kg APS ¥ : FREL 0.1 g APS % T 20 mL
Ak fAETRS), HODRMARE 0. 01 mL/g
TR .

100 mg/kg APS ¥ k. FREL 0.2 g APS IF T
20 mL A #ER K ) il ETIRS), #/NRAAE 0. 01
mL/g #HITHEH .
1.4 zH¥H4aE

30 HICR HEFE/NEL, BEHL AXTIRA, AA Gigg
4 (50 mg/kg)™, APS ik (25 mg/kg). 1 (50
mg/kg) . 5 (100 mg/kg) FlETH4> K APS 75
RIS RLL, Bl s H, s, BARshad s
ETEMITE (£ 1),

®1 IHYHARR

2H 5] 0~74d 8~14d
XTHR (Con) W R BERK HEE R BEER K
TE A PR K+

AAJETE (AA) LA RARE L VIR

Ji s 5 50 mg/kg AA

APS 5T HEH 25 mg/kg APS+
#E'H 25 mg/kg APS -
(APS25+AA) JiE s 5 50 mg/kg AA
APS TR HEH 50 mg/kg APS+
#E'H 50 mg/kg APS .
(APS50+AA) JiE A 5 50 mg/kg AA

APS =7l T
(APS100+AA)

" #EH 100 mg/kg APS+
#E'H 100 mg/kg APS N

JE B TS 50 me/kg AA
APS w50 IR

#5100 mg/kg APS
(APS100) &ke

#EH 100 mg/kg APS

1.5 HARE

KRG )a, NRESEAREK, 24 h J5IREKHE
i, ZE{REE 1h 53000 r/min B0 15 min, 4355 I
5o RHHSMER R SE/NE, FTHFIE I, B sesE
I 2H 21, 35 B— 3 0 B 2H 2L Bouin’s W [ &
5y —FR o FFLH S A -80 C vKAE RAE 5
1.6 /MR MiEFH ALT, AST X BF4H 42 SOD,
MDA, GSH-Px, T-AOC KT

WER PRI IR &, HMERE (g) 5K#M



BHEEE

2025 4F

$£57% F8M <117 -

(mL) A1 :9 BELBInAZEBRER K, BYRELHLL, UK
W3, 4 000 r/min B0 10 min, HCF i i ED
K 10% FFH LI T K 45 B G id W A3 4G Il
W AST, ALT K421 SOD, MDA, GSH-Px,
T-AOC K-,
1.7 BFALRREFNE

1F Bouin’s VTP B EBIATLH 2K . B, B
I EMAELIRE, WAIEE 4 pm AL H, %
MOHE Qe @yt Wl Bk T )5, 7E065 Wi T 0
%<, SEIE R SREETF T IS O . B 2 S
3AMHEARESR .,
1.8 BFALRZEAE T KT

B A Y) R, s 5T NS & 20 pg/mL A
“ DNA [ & 18 K, 37 CAEMH30 min; PBS ¥k 3
W TIN50 Wl TUNEL K&, 37 CHEEEHFEE 1 hy
PBS ¥k 3 ¥ HPtoOtE Rk EPO6 B T 40
HEER AR T O, AL BEMLIEER 3 DAY R,
RAY) RIS ST T I
1.9 Western blot #& A THXEBRKIE

BB ZH 2 20 mg 1] PBS whisk, 764 2% B4
AMEA (PMSF) AU MR UTE (RIPA) 2L
W E#H . 764 °CF 13 000 r/min &0 10 min, B
T, FH BCA B 11 v B A I e 751 6 0 2 P ok
WEREAS LHEZM®IEA, 100 CHb K&

2 154

—

(=]
1
o

ALT/KF/(U - L)
!

N 6&» &v @y y $
& £ S ¥
¥ ¥R

415

5 min, 4 12% SDS-PAGE 2} & )5, #& L% # 3
PVDF i I, M 5% B =R EEM 1.5h 5, 47
W —¥HL GAPDH (1 :5000), Bax (1:5000),
Bel-2 (1 :2000), P53 (1 : 2 000), Caspase 3
(1:1000), Caspase 9 (1 :1000) £ 4 CHEHET
B, F PBST YERE S, FAHR M —HT (1 : 50 000)
FIRWFE 2 h, H PBST YEIE)S, W ECL fb2% %k
WOHAT R MIA IR, £ )5 F Image) A4 500 H 1) 4
WK EEMH
1.10 SitHth

K H SPSS 27 B g AT gt 2= b, Bl
SERPIRA PR FoR, UM HECR
FHELR R Ty 25508, 4LIRI PG LR ) LSD -1 K56

2 #R
2.1 APS X AA #H/NREAFTIEEMFBENLIEFRG
20

5 Con 414, AA 4i/NEUMLYE H ALT, AST 7K
- TR (P<0.05) , 5 AA 4UAH L, APS25+AA
APS50+AA (P<0.05) . APS100+AA (P<0.05) 4
/NERB LTS A ALT . AST /KPS FI R ARIERRAR . 1t
Hh, 5 Con ZHAHIL, APS100 ZHAY ALT 7K F- i 3 MERE
fit (P<0.05), AST KV EHEZES (P>0.05)
(E1),

b 301

N5
(=]
1

ASTAE/(U - L)

A, ARNEFRFERERLE (P<0.05), FR.

El1 APS T AA £FH/IRMFH ALT (a). AST (b) IEEREIZM

2.2 APS 3t AA EF/NRAFRERENEE NN

5 Con 41AHEL, AA 41/NFRUF4L21 MDA /K
WETE (P<0.05), SOD, GSH-Px, T-AOC /K
WEEM (P<0.05); 5 AA 41AHEL, APS25+AA .
APS50+AA (P<0.05) . APS100+AA (P<0.05) 41

INERFF AL 20 MDA 7K S 522 5700 5 0O P A1, SOD
GSH-Px, T-AOC /K-FEFIRMKAET =, Lok, 5
Con ZHAH L, APS100 41/) R4 21 SOD, MDA |
GSH-Px, T-AOC KFTREMEESR (P>0.05) (A
2),



< 118 - Animal Husbandry & Veterinary Medicine 2025 Vol.57 No. 8

a 254 b 0.4
20+ b ~ o3 a a
T . L ¥ :
E 15 ¢ =~ b be
g £ oa L
i 104 i
8 P
@ g o1
5+
T v oy S 2 T
N3 Ao & X N 4 A
q:')x ‘)Q @X & f\,sx (’Qx @x %
¥ & 7 & ¢ &
€ 100~ d 1.5+
80+ a a PR a a a 2
% . = :
£ be b Z 104
:'D 60 ¢ E ¢
£ £
'E 40 10%
| =] .
5 E 0.5
20+
04 " N T 0.0 T N
s S w S & v > N '\@
S & o S £
SENIR Ysgx » SO w‘f"\ v
415 5]
B2 APS 3 AA H/MRIFERENEE NN
2.3 APS 3t AA £F/MRAFARAFESH NG WL, ZAHAEPIK 2K AR YE ) MUBTEA, A0 MAX IR
2.3.1 HE £&uxK 5 AA 4HAHL, APS25+AA . APS50+AA . APS100+

IR 3 Fizs, Con 41 APS100 ZH/NBUIF/NHAF AA HBEZ APS WREERYSE N, #0515 A Frslcss:, Tt

IR HEAN ST A7, AA dUNEUFAI R HESI 2 HJE APS100+AA 415 Con 410255,

Con . AA . APS25+AA

APS50+AA APS100+AA APS100
§ v £ :‘ D, AT R 3

SO AR MRS ZERL, L O IR MM, TREON S8R AR
3 APS 3 AA £ H/NRAFBLAFSHZIE (HE)



B S®E 2025 4F

$£57% F8M <119 -

2.3.2 JFRELALRIRILIE S

i 18 Ishak P43 R G000 IEH 2V B U] | #4717
. RER (R2), 5 Con dHAHEL, AA 4H/NEUF
HYVRHIEr B E R (P<0.05), 5 AA AL,
APS25+AA. APS50+AA (P<0.05). APS100+AA
(P<0.05) ZHBEE APS WREERYIG N, JH2H 2U% #E0F
SREAK, APS100+AA #4115 Con dAHLL, /NERUTFZLZ
JREPE B 2T (P>0.05)
2.4 APS 3t AA F3 /N BT AR 40 AR T B9 30

5 Con dHAHLL, AA ZH/NEUFALZ 8 T 40 i 4K
WETE (P<0.05), 5 AA 414HHL, APS25+AA .
APS50+AA | APS100+AA ZH 8 T~ 40 i 50 52 57 B 4K i

Con AA

APS50+AA

APS100+AA

PEREREIR (P<0.05), AN, 5 Con 4HAH I,
APS100 ZHIAT- AT W &M 22 5% (P>0.05) (K1 4)

x2 HFREARREITSS

2 LRIy
Con 0. 670. 58°
AA 7.001. 00*
APS25+AA 5.67+0. 58°
APS50+AA 3.67+0. 58"
APSI00+AA 1.6721.15¢
APS100 1.00£1. 00°

T FSVEERRARA R/ NS T RERR 2 3 (P<0.05),

APS25+AA

200~ o
" 1
= 1504 ;
g bob
El
; £ 100
G Eﬁi;\'
APSI00 f
Y 501 <
&
d d
01— . .
(Je*‘ Y’Y* SXYX’ QXYX' XY'Y’ %\QQ
QGS» Q.J‘) %\@ Yg
vy g
2415

4 APS 3t AA 35 /EATHEARE TS0 ( TUNEL)

2.5 APSI AA £BF/NRFFALFATHXEZR
XK RIS

5 Con 4AHEL, AA /N4 ZIH Bax, P53,
Caspase 3. Caspase 9 # R IAKFEH B EF S (P<
0.05), Bel-2 HFHFRBKFBERMM (P<0.05),
Bax/Bel-2 LA W FH i (P<0.05), 5 AA 44
H., APS25+AA. APS50+AA (P<0.05). APS100+

a

AA (P<0.05) H/NRIFA SR Bax, P53, Caspase
3. Caspase 9 £ ik /K 52 50 S AR P B AIR, Bel-
2 HEHFRBIKE 2R AR E TR, Bax/Bel -2 [ 1L
B 0 S AR P S BRI, Ak, 5 Con dlAH L,
APS100 411X P53 & H £ IAKF- B EFEIL (P<0.05),
HAbFEARKIAKFTLREEZSR (P>0.05) (E5),

CAPDH ]



- 120 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 8

b s ¢ 15 d 3

a a
ab o a a

Z 104 be g 101 be be 2 T a

= ¢ < L

< S ¢ =

S d q E

& 0.5 d g 0.5 =

T
0.0- Py » w S 0.0- o
F VWYY F Vv Yy
& & & &S S
DR SR
e f 20 g 15
a

= = b

g S 15 a .

& ~ Z 1.0

b b 2 T :

< S 1.01 cd S

17} ] P>

& g : £ 05 ? 4

& & os -

0.0- 0.0+ Py
< »"6,33' Q’yQ’y %\QQ ¢ Yy%"w Q’yQ’yﬁ%\QQ
& &L ¥ & P
Sy SR
415 415 415

B 5 APS X AA #EH/NRIFALAFEATHEAEZEENEIN

3 g

& oKL AW EYTE 120 °C UL ZE R, 5t
77 AN, AA R EEMEICR I, BB
weK, NMERBARRES T BB Ha b
—H AA B R GEMN, w43 L 1 mol Il 218 1
A 4 mol AA YR EE RS BT, BESRAL A T
AE° . Hamdy %57 W78 KB, MEMER REZE T AA
Jei, FEREFNES MRS 0 AR bRl (40 AST, ALT Al
WLIEF) | %84k DNA $5 £ b 32 4 R A2 2% 4 Bt X 79
HACEE B, AR as iR AA Y55,
NERFIEDIRESZ 21807, R 5T IRA AL, AA
YRR/ DRSS AST, ALT KFE B ETE .

AT LI, AFEFIE APS 0] B E K AA Yt
/NEUIM Y Y AST Fi ALT /K, 1 5 %F B8 40 A L,
APS100 ZHY ALT & 2 PERRAR, AST T #FH k2R,
AIRESE APS o 77 40 B0 Ak B3 A AR R Y A AR AR 3
TS ECALT A TR [FE/NEUFIE B MDA 7K F
BEMAT, SOD, GSH-Px, T-AOC /K- & #E T,
SRR R 5 R B R, B APS VEREE MBI, /R
JREEASL 03 1 0 A e AR IRE S JRAE T APS X4
YerE KBRS 05 B A P-4 /E L, X ALT, AST,
SOD, MDA, GSH-Px %K &2 £ 1E % REH W E4E
. &5 1R, APS AT 3 2 s /b S Ak By 38t i e

FEAR AA X HFRE 3503

AWTFER, AA 7SR EEME 5 80N R 26 okE
RO IR A 6, RASBABRM T Lok
(WNFE) IBREREMMT ERZ —, KR EEH T
Bax/Bel-2 t[:{ﬁﬂ%, 20 i S A1 i (6 2R e KT
5, 2 Caspase 3 I, M7 S 40 i 94
7220 AA SR AR i 3 N Bax/Bel -2 (9 3k H
R OEAE ¢ BB Caspase 9 AU K15 514
700 AN B 1 PS3 R A TR AR O T Rk
7F Bel-2 S AFEFBKFE . ARG R BN,
AA Bt 3 2 /N B 41 21 Bax, P53, Caspase 3.
Caspase 9 8 FARIKKFHRETHR, Bel-2 HHEIK
KB EFRAR, Bax/Bel-2 BYHE B ETHRE., %4 AA
PR/ NRANFE AR & APS J5, /NRF4L41H Bax
P53, Caspase 3, Caspase 9 T HF IR KF B F) &K
PEREAR, Bel -2 2 3R 35 7K1 52 500 5 AR08 1 7
Bax/Bel -2 HY LE 52 50 & AOH P 2 35 IR, o,
AA TR N4 L K AR oRi AR (INTE) BRI
T2, APS Al E 5 AA M,

i bk, APS Al Pl PO T AR
B2 AA SR ERS



BHSEHE 20254 578 8 - 121 -
[17] JIN M, ZHAO K, HUANG Q, et al. Structural features and biologi-
% %iﬁjﬁ: cal activities of the polysaccharides from Astragalus membranaceus
[J]. Int J Biol Macromol, 2014, 64. 257-266.
[18] LUOT, QINJ, LIU M, et al. Astragalus polysaccharide attenuates

(1]

(6]

[7]

[10]

[11]

[12]

JRAE, Woek, LR, S5, DR IR AR SR AE LRI F
R (V] BT AR, 2022, 13 (11): 3416~
3422.

MOTTRAM D S, WEDZICHA B L, DODSON A T. Acrylamide is
formed in the Maillard reaction [J]. Nature, 2002, 419 (6906) :
448-449.

STADLER R H, BLANK I, VARGA N, et al. Acrylamide from
Maillard reaction products [J]. Nature, 2002, 419 (6906) . 449~
450.

LOFSTEDT R E. Science communication and the Swedish acrylamide
“alarm” [J]. J Health Commun, 2003, 8 (5): 407-432.
CHEN J H, CHOU C C. Acrylamide inhibits cellular differentiation
of human neuroblastoma and glioblastoma cells [ J]. Food Chem
Toxicol, 2015, 82. 27-35.

ALZAHRANI H A S. Protective effect of 1-carnitine against acrylamide—
induced DNA damage in somatic and germ cells of mice [J]. Saudi
J Biol Sei, 2011, 18 (1): 29-36.

WEI Q, LI J, LI X, et al. Reproductive toxicity in acrylamide—trea-
ted female mice [J]. Reprod Toxicol, 2014, 46 121-128.

FANG J, LIANG C L, JIA X D, et al. Immunotoxicity of acrylamide
in female BALB/c mice [J]. Biomed Environ Sci, 2014, 27 (6):
401-409.

ANSAR S, SIDDIQI N J, ZARGAR S, et al. Hepatoprotective effect
of quercetin supplementation against acrylamide — induced DNA
damage in wistar rats [ J]. BMC Complement Altern Med, 2016, 16
(). 327.

ZHAO M Y, WANG P P, ZHU Y C, et al. The chemoprotection of
a blueberry anthocyanin extract against the acrylamide—induced oxi-
dative stress in mitochondria: unequivocal evidence in mice liver
[J]. Food Funct, 2015, 6 (9): 3006-3012.

ZHANG X, JIANG L, GENG C, et al. Inhibition of acrylamide
genotoxicity in human liver—derived HepG2 cells by the antioxidant
hydroxytyrosol [J]. Chem Biol Interact, 2008, 176 (2/3): 173—
178.

FREL KRR, VRS, AR TR R R P AL /)
B R IR O RO PR AT [T]. i Tolk Bh4, 2013,
34 (8): 358-360.

ZHAO M, LIU X, LUO Y, et al. Evaluation of protective effect of
freeze—dried strawberry, grape, and blueberry powder on acrylamide
toxicity in mice [J]. J Food Sci, 2015, 80 (4). H869-H874.
BAO W, CAO C, LI S, et al. Metabonomic analysis of quercetin
against the toxicity of acrylamide in rat urine [ J]. Food Funct,
2017, 8 (3): 1204-1214.

HE, B, IMESR, L MESEA MR (1]
M S5 Tolk, 2016, 23 (2): 57-60.

HUANG W M, LIANG Y Q, TANG L J, et al. Antioxidant and
anti—inflammatory effects of Astragalus polysaccharide on EA. hy926
cells [J]. Exp Ther Med, 2013, 6 (1) 199-203.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

lipopolysaccharide — induced inflammatory responses in microglial
cells: regulation of protein kinase B and nuclear factor—kB signaling
[J]. Inflamm Res, 2015, 64 (3/4):. 205-212.

HE X, SHU J, XU L, et al. Inhibitory effect of Astragalus polysac-
charides on lipopolysaccharide — induced TNF — a and IL - 1B
production in THP - 1 cells [ J]. Molecules, 2012, 17 (3):
3155-3164.

CHEN W, SUN Q, JU J, et al. Effect of Astragalus polysaccharides
on cardiac dysfunction in db/db mice with respect to oxidant stress
[J]. BioMed Res Int, 2018, 2018 8359013.

CHEN W, JU J, YANG Y, et al. Astragalus polysaccharides protect
cardiac stem and progenitor cells by the inhibition of oxidative
stress—mediated apoptosis in diabetic hearts [ J]. Drug Des Dev
Ther, 2018, 12 943-954.

YANG F, YAN G, LI'Y, et al. Astragalus polysaccharide attenuated
iron overload — induced dysfunction of mesenchymal stem cells via
suppressing mitochondrial ROS [ J]. Cell physiol Biochem, 2016,
39 (4): 1369-1379.

XAE IR TR IO P S0/ B M 2 B A 2 WL ) b i A A (T 0
YR EAREEE I RWFSE [D]. dEut. hEgOL R, 2017,
MENG X, WEI M, WANG D, et al. Astragalus polysaccharides pro-
tect renal function and affect the TGF-/Smad signaling pathway in
streptozotocin—induced diabetic rats [J]. J Int Med Res, 2020, 48
(5): 300060520903612.

BESARATINIA A, PFEIFER G P. A review of mechanisms of acryl-
amide carcinogenicity [J]. Carcinogenesis, 2007, 28 (3): 519-
528.

GEDIK S, ERDEMLI M E, GUL M, et al. Hepatoprotective effects
of crocin on biochemical and histopathological alterations following
acrylamide—induced liver injury in Wistar rats [ J]. Biomed Phar-
macother, 2017, 95. 764-770.

HAMDY S M, SHABAAN A M, ABDEL LATIF A K M, et al. Pro-
tective effect of Hesperidin and Tiger nut against Acrylamide toxicity
in female rats [J]. Exp Toxicol Pathol, 2017, 69 (8) . 580-588.
/AR, B W G R BUSFE S8 O i PR fE T [T
WA SULIERE, 2018, 44 (6) . 418-420.
DARENDELIOGLU E, AYKUTOGLU G, TARTIK M, et al.
Turkish propolis protects human endothelial cells in vitro from homo-
cysteine—induced apoptosis [ J]. Acta Histochemica, 2016, 118
(4): 369-376.

CHEN J H, YANG C H, WANG Y S, et al. Acrylamide—induced
mitochondria collapse and apoptosis in human astrocytoma cells [ J].
Food Chem Toxicol, 2013, 51 446-452.

YANG D, TAN X, LV Z, et al. Regulation of Sirtl/Nrf2/TNF-o
signaling pathway by luteolin is critical to attenuate acute mercuric
chloride exposure induced hepatotoxicity [ J]. Sci Rep, 2016,

6: 37157.



