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Abstract: This study extracted polyphenols from mung beans subjected to varying cooking times and subsequently

determined their total polyphenol content, antioxidant activity, and individual phenolic profile. Reverse transcription-
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polymerase chain reaction (RT-PCR) and Western blotting techniques were used to investigate the effect of polyphenols
extracted from mung bean on apoptosis induced by heat stress. The results showed that mung beans cooked for 25 min
yielded polyphenols with the highest content (16.017 mg/g) and antioxidant capacity (DPPH: 90.733%; ABTS": 89.997%;
T-AOC: 90.423 U/mL). Consequently, this extract was selected for all subsequent experiments. Compared with heat stress
group (HS), polyphenols extracted from mung bean after cooking for 25 min could significantly inhibit the mRNA (1.336,
1.319, 1.354) of heat shock proteins (Hsp27, Hsp70, Hsp90) and apoptotic protein expression (Bax: 1.212) (P<0.05),
decreased intracellular reactive oxygen species (ROS) content, mung bean polyphenol prevention group (Pro-mbp
157.96%), mung bean polyphenol remission group (Rem-mbp: 163.48%). Compared with Rem-mbp, the expressions of
Pro-mbp BCL-2 (0.976) and Bcl-2 (0.696) were increased, while the expressions of CYCS (1.323), CASP3 (1.496), PARP1
(1.208) and related proteins were decreased. The results indicated that the effect of polyphenols extracted from mung bean
boiled for 25 min on the prevention of heat stress was greater than the relief effect. After boiling mung bean for 25 min,
polyphenols extracted from mung bean reduced intracellular ROS content, regulated ASP27 (HS: 1.015, NAC (ROS
inhibitor): 0.832, Pro-mbp+NAC: 0.482, Rem-mbp+NAC: 0.697), HSP70 (HS: 1.013, NAC: 0.856, Pro-mbp+NAC: 0.497,
Rem-mbp+NAC: 0.732), and HSP90 (HS: 1.016, NAC: 0.873, Pro-mbp+NAC: 0.501, Rem-mbp+NAC: 0.726), confirmed
that heat stress-induced apoptosis was related to the mitochondrial pathway mediated by Caspase, thereby inhibiting heat
stress-induced apoptosis. This study provides a theoretical basis for further research on the related pathways of heat stress
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regulation by polyphenols extracted from mung bean.
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FALRE(GSH-Px)iXFI & . o AL & (CAT) ik
N MDA IR & et @ E RN A R
INFl HErEEE C(Vitamin C, Vo) BRI AR
A PR F; Caco-2 diififl BRPGE e fa R A FR
/Nl Cell Counting Kit-8 (CCK-8) AU 5 S5 LR
M dba 22 AR A BR S 7l AB-8 LA
Bg  dbr S ERMHE A R Fl; Annexin V-FITC/PI
AL T ARG & IR S RAE A R A
JREE HAF-EDTA(0.25%) 28 G /RBH P EE
PR\ F]; Tanespimycin(Hsp90 filfl#]) . VER-155008
(Hsp70 #1141 71 ) . HSP27 inhibitor J2( Hsp27 I i
7)) . NAC(ROS Mi#il7) 3£ E MCE A&YRHE A
Fl; TRIzol i3 . PrimeScript RT i77]4& . TB Green
Premix Ex Taq ik & = HEAYFEAREGIRAE;
JITAE 43 8 P B9 240 R [ = 4 Ar i

Cary 60 £24h415 606 L E L HER AN F]
RE-2000E Jigf4 75 &AL iR s AG FR A w5
FW100 =3 tEdL v RS (1) A R
Fl; DK-S24 U EiR/KEER RIS SUHBE AR
F]; VL-220B m A E Odl KUY R 53T
Nl S10-3 ®E 1Ry L EUARAER A BRA 7
Varioskan LUX ZIHERFHRY  FEER KR A BRA
Al CKX41 fF & Biss  HA Olympus 23 Fl; Mini-
Protean 4 HL¥K{Y 3% [E Bio-Rad 4 Hl; AI600 1k 2%
W% 25 FEE GE A vl; qTOWER &3 98 G E 1
PCR A fE[E Jena AG 2\ F]; Amersham Imager6oo
R DRERSAL 9 CytivaCE3 LA H]
1.2 XWHE
1.2.1 GRigEER o 2 MR I B 78 & AT 1]
1.2.1.1 ZHlsg G hZmigdEE 208 Zhang %21
TRt e, GG e T B, S0/ /K

Eef 1:5(w/v)FE 100 °C R 10, 15, 20, 25, 30 min,

JHZP AR 33 78 M (20 ecm =30 cm ) KA [F] B [8] B (14 28 1l
LR G [HW S, AR e S TR BB R R, 2%
%% 3000 r/min 5.0 S min J5UREE FIEW, TR
IR CE AR TS, T80 C FARTE, H TS
LRSS SRS 80 H U, Sk 0B/ A vl lk i Bk 45
L:5(wv) IR =R (BRI S W) e iEfT ~ —25 9056,
BC—E BRSO, TEIREE 40 °C. TR 400 W
U P 25T, JH 80% £ Bs Xt Z2 Wy 25 ) iR 2 B
20 min, 3000 r/min Z.L> 15 min JEWE _IHW, H-F%
IR TR AR SR AR AT P IRAR B, CRHR SRR
THVRAE 45 °C FUURIEE 28 & K% OB, 1538 Z 1)
PREBR B CE SRR TS, T80 C M4, AT

JE S B Wy P IN E . Z: R 8 2P ik, SR
ALV 7R i B o 28 il 2t v Z2 1 ) o A TR
W& T M NR 2 ks, TR LE 1:12(g/mL) | 42
B 46 °C . $2HUTE] 1.6 h 2514 F, FH 60% 2B
Xt 22 Wy 2 A THEEN, 3000 r/min B5.0> 5 min JFUL
% EIEW, FEH FaR T AR EE T R U T PR
RS G EIEWAE 45 °C FIRIE E 28 & bR 2
fist, A531)14 Z HRIBORGED G FLAs I TR TS, T80 °C
TERAE, TS S22 i .

1.2.1.2 ZW&Emiile DO E TR E S I
VAR S FRIOXE I 1 W G R 2 ) PR AR v i e et [m U 7 R
A y=3.0306x+0.0165(R?>=0.9968), ULIHLLIEX R B
U KM Shao 453 Ffdi FH AN A& J5 1%, IF#EATE 24
k. HU 1 mL 4% Z2 MR TRy e R S s i S
1 mL #& ARy 350 R &, A 15% Na,CO; 3 K
4 mL, I FHZEBACKHE S ARFRIE4 4 10 mL, 57
RIEA] I, #E5GIEE 60 min, 3000 r/min 250> 5 min,
B0 W 53 66 EE TR 765 nm PR IO
BE o Z Wy h DAURE SO S RO IR TR 2 i (mg
GAE/g DW)FIR,

X(mg/g) = w 2 (D

K. Xe 2 & B (mg/g); C: BB TR
(pg/mL); N: B SR RAEEG M: i FER BT EE (g) o
1.2.1.3 gtk SaiEie S5 2 EER 5
Tk, P AB-8 RFLMAE (30 mm=x450 mm) FHF 4%
S Emraiih, W _EAE (ST 2 R TR ECHT Y
ZWVRUWR) R YR EE 0.8 mg/mL. pH6. Jiid 1 BV/h,
REARFR 60 mL, f#W AT 2RS4 80%., 4lifEE
AN

CxV

Z WAL (%) = -

o C: glifb )5 VR T 1 4 5 2 I 2 B o ik
JE (mg/mL); V: 4ifb)5 4t & 2 WE R AR (mL) ; m:
alifb )54 5 2R TR T (mg) .
1.2.1.4  AS[E) 2 I [E] %) 45 7 4 B 22 1 e 48 Ak 1
MIRZIE  a.DPPH [ A 3578 BR{S PEI %2 : B 0.1 mL
PR 27 52 22 3 2 T R B o A9 22 I R DU AL 3.9 mL
i DPPH T /E ¥k (Bt DPPH T 4E Uk 14 W G %
0.70+0.02), Fe47 ¥ 5] J5 #EGHFE 30 min, #EFHIC/K
ZEEAEES AL, £E 515 nm A ZE WG EE A5 B
0.1 mL fYTE/K ZEEHA 3.9 mL f) DPPH TAEUK, [
SEAAF T IE O GEEE Ay HX 0.1 mL IW4R TR
TR A 2 W RFIA N A 3.9 mL AYJG/K 21, ]
S FIE O CEEEARIC Ay. DPPH H i3S
RS0 = A (1

x 100 = (2
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FI R BRIEPER ) Yap 262° i ik b i rill e, IF
MhME . BCHIUFI ABTS  JERGRE G 7 1 2%,
JHAETH B RS, (1 TAEUFE 734 nm AMOCIE(E N
0.70+0.02, HX 0.1 mL % 5 22 {455 e il B 408 o
WS 3.9 mL il A5 ABTS™ F H 3 TA/EMIR
G, AE 734 nm AN E R OGREERR S Ao ABTS'H Hi
FIFBRRIT AN

ABTS*EEE%?%W%%(%)=(1—A‘;A“’)><100 WY

0

H: Ay 4 0.1 mL BRI E+3.9 mL %57 (O
IKZPEE); Ay 2 0.1 mL #5543.9 mL ABTS T AEW -

c. AP EALRE J1 (T-AOC 1) M : Ad FH BPi 4
ARSI AT 6, Fe R (e FH UE A B TR . T34
NEANT

SPUEALEE 1(U/mL) = % X % xN 3 (5)

2 T SOWRSTE], 30 min; Vg i SOWAR R SR
L mL; Vi BUREEE, mL; N: FEASIA TR B EL
1.2.1.5 LC-MS il AR i 4 2% Kiani 55029
P T IRIFEEATIE 2E, BGE S R TR D A S5 A
FRICIK 2B, 3k 0.22 pm A HLFABERE . LC-MS
AL % C g 3% 4E (1.7 pum>2.1 mmx100 mm),
BERERM 10 pL, HLE#E A 0.4 mL/min, £E7E 30 °C,
M 280 nm. AT SIAH AC0.1% Y FF iR K %
W) MR s A BB ) BEML, Vet )7 0K : 0~
1.5 min, 5% B; 1.5~11 min, 5%~40% B; 11~14 min,
40%~95% B; 14~16.5 min, 95% B; 16.5~16.8 min,
95%~5% Bj; 16.8~20 min, 5% B. &/ ESI 1E&14
TR ES, FFIETE E (m/z) A 50~1200 amu., & FUEIE
Bk 120 °C, BAIE B IESN 0.5 kV, >R A & 4l 3
N, VE RS AR TR, AR RN T AR I
43512k 800 L/h A1 50 L/hs
1.2.2 &l 25 min G SR Wy X HN #0055 S0 i
N AL
1.2.2.1 4HMENGE DRI CREAHAE LA 1<10* 40 /ALY
B ERAN R 96 FLA T REFE 36 ho RSN 1.
3.10. 30. 100 pg/mL LT ZTFN Ve BRINE) 2

i gE 24 h, fIIA 10 pL B9 CCK-8 i&X5, M H 2 h,

(i FHEGFR{AE 450 nm N AN G . 94U AETE 3R
HEAZAT:
A7 28 (%) = Dn — Avrwen g0

AXvJ A T A"%“k':H’I:Zf:{L

21 Ay TRINR[FIHEE 28] 25 min 45 %
%-@Z VC QEHH@H(J Iﬂ)'ﬁg’ A§ Bl Ké‘éﬁiﬂﬁfﬂé\ﬁ

X 6

ATAAT AL FR ) TE & AR ML I G

1.2.2.2 4UG 3= FIZGYALEE  Caco-2 YITE S A
20% JEAIMLIEFT 100 U/mL 3555 2 /4555 21 DMEM
BrgrIh 3%, FHAE 37 °C Fl 5% CO, MFINEE R

H. MM RIS 70%~80% I, F 2 mL 0.25%
JEAR B AR TR

2% Feng 5% WYkt #EA il sk, RH
41 °C 4bFH Caco-2 4L 6 h VA #A0 BEFRAR 251 o
SYEHANTR : MIAE 37 °C B5FR(XTRR4H, CG) . e
41 CALFE 6 h J5, 37 CPRE 12 h(FUL 4, HS) -
20 i FH &8 2 2 1y %8 W (100 pg/mL) TiAb B 2 h J5
41 C AbFE 6 h, 37 C YRE 12 h(& T W kG4,
Pro-mbp) . 4UI7E 41 °C 4L 6 h /5, INASR S W
YRR (100 pg/mL)J5 37 °C YR 12 h(4 T 2B 25
2, Rem-mbp) . 4B V(10 pg/mL) kb3 2 h
JG 41 C 43 6 h, 37 °C PR 12 h(V Tipi£H, Pro-
Veo)o 4HMEAE 41 CAFL 6 h )5, WA Vo )& 37 C
WRIZ 12 h( V. B4, Rem-V ) o 7 2H CHEA 0
7 5 VER-155008 J7AHM]) : 40 FH 2 Wy i fi
VER-155008(100 pg/mL) fiAbE 2 h 5 41 °C Zb3Hf
6 h, 37 C K& 12 h(&t & £ +VER-155008 T [
£H, Pro-mbp+VER-155008) . 4HAEFE 41 °C 4bF 6 h
J&, INAZ B EWAN VER-155008 )5 37 °C ¥ 12 h
(457 Z Wy +VER-155008 2% fi# #H , Rem-mbp+VER-
155008) . 4ififiH V. A1 VER-155008(10 pg/mL) i
AREE 2 h 5 41 °C 4b# 6 h, 37 CPRE 12 h(V+
VER-155008 T Bl 4H, Pro-V+VER-155008) . 4fjifd
TE 41 C A% 6 h Jim, LA V. Fi1 VER-155008 J5 37 °C
M 12 h(V+VER-155008 ZZf#4H, Rem-V +VER-
155008)
1.2.2.3 PrEACEGE MR IR 4L, #2218 SOD.
GSH-Px. CAT. MDA s & By Ua I 53R4T .
1.2.2.4 ROS #Fifill =8 He 4527 JrikJfiE X4
k. KRR LL 1x10° 4 /ALY IR 2] 6 FL
M I35 SR 36 ho [ HZE GRS DCFH-DA #E47
ROS K, BEBRERZZ rhih/kPk¥& CG. HS. Pro-mbp.
Rem-mbp. Pro-V.. Rem-V. A 4iIfL)5, F 0.25% Jik
HEBEEACIT ISR . RS AL R A A LH A S
DCFH-DA R4 fE BB AE 37 °C F#FE 30 min.
3~5 min FFANMEEE IR G, DA ARAIRET A4
Al SE A=l . FHIC I35 40 A 5 SR BR vE i g M s
#ESY 30 min f&, 2GR R HER 1Bk B
488 nm, KHFIFK K 525 nm, AL ROS K3
1.2.2.5 #AMdE T-A& M fli ] Annexin V-FITC/
PI 41 it 8 T A A7) S AG il 4n i 98 - FH PBS ¥k
BAM S, FH 0.25% T/E W4k FF k4L, in A 195 uL
Annexin V-FITC £ & W EE 40, FHInA 5 uL
Annexin V-FITC 1 10 pL ALY BE YA, 2R
B IFAEZE IR TR E 20 min, {5 PGB
M ZHAE I T
1.2.2.6 RT-PCR &l [mIZfi i rim AuEE N 1. 3,
10. 30, 100 pg/mL ML E 2 (V)2 h J5, K an g
TE 41 °C TALER 6 h, FF-7E 37 °C FKRE 12 ho 4l
137 36 h )&, ARYE 1.2.2.2 A 40 BR300 41 57) £H 28 i .
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i TRIzol 7] A4S 3 HUEL RNA, PrimeScript
RT iXF] & M RNA %54 5% cDNA, TB Green Premix
Ex Taq i) & f1 qTOWER {X#§ %) ¢cDNA #£1T RT-
gPCR(THZEE 95 °C 30 s(FHiEHE =R 4.4 «C/s), 1 &
5 PCR S AT =X s B4 AT 95 °C 5 s(THR #HE%R
4.4 °C/s), 60 °C 30 s(FFIEH R 2.2 C/s, R
Single), 40 JE¥; Alfi: S AlfEthZk 95 C 5 s
(FHEERR 4.4 °C/s), 60 °C 1 min(FHEHER 2.2 C/s),
95 C(FFIEIE R 0.11 °C/s, 3k HUAR 2. Continuous,
Acquisitions: 5 per °C), 1 JE¥; Bl 50 °C 30 s(THiR
B 2.2 Cfs), AR, 274 Jr kit mRNA #£ik
K. BTG TER 1,

®1 51WFs)
Table 1 Primer sequence
- BAIRE  PCR™Y
A i /
FEH BT ES 1 (<) Jo/M(bp)
GATGGCGTGGTGGAGATCA
HSP27 60 150
GGTGACTGGGATGGTGATCT
TTGAAGAGCAACAGCAGCAG
HSP70 60 248
GCTGATTCTCGATTGGCAGG
GAAACTGCGCTCCTGTCTTC
HSP90 60 239
CCTTCTTCTTGGCGTTCTTG
AAGAAGCTGAGCGAGTGTCT
BAX 60 181
GTTCTGATCAGTTCCGGCAC
GGATAACGGAGGCTGGGATG
BCL-2 60 156
TGACTTCACTTGTGGCCCAG
ACAGAAACCAGGCAGCCTTT
CcYcs 60 123
CAGGGACTGTGCTCTGGAAG
GGCGGTTGTAGAAGAGTTTCG
CASP3 60 53
ACACAGCCACAGGTATGAGC
AGCGTGTTTCTAGGTCGTGG
PARPI 60 194
CATCAAACATGGGCGACTGC
TGGAGAAGAGCTACGA
ACTB CCCTGGAGAAGAGCTACGAG 60 240
CGTACAGGTCTTTGCGGATG
1.2.2.7 HEBTENE A AN Ak B4 19 40 i 22

PBS BE¥ 5, FH 0.25% R M Ak 40 i 7 e e
ot 40 i e 22 i 2% v i 2% 30 min. R F BT AE
10%~12% — ko JEL AL R 4 2R DR 475 T e 48 Jise b v Ik
I3, ARG R B IR S LA IR L, RS IR R A
5% WA A Wb 3t P 2 he BFRREBEEIT S —PT Anti-
Bax antibody( ab32503) . Anti-Bax antibody( ab
194583) % 4E 4 C W H 12 h, R 5 RPTE=EER T
WEE 1 ho fl MY SR A6 & 5G] G A0 ) B 5y 4k
Imager 600 #2557, J7{ ] Image-Pro Plus X1
AT
1.3 HiEALE

SEUG 28 R LA B R fE 25 (n=3) |on o
Origin8.5 M E . Giit=#43 PR A SPSS 25 #{4-
TrRa R ZE 7 22531 (ANOVA) FIXS 5456 (D) (AN[H]
FRRER2ZE R W, P<0.05).
2 HBRESH
2.1 BRESHERRSERENE
2.1.1 ZWpEs., s, PréafbiE e AmladTE)

Xt Z WS B AR IR AN 1a B, BEE & B a) A 28
K, Ry W& m g g in, ixX 8 E D 2
Y RFRE 22, B o, iR S 4T3l
I, EEET) Wi, 2B iE R s eI, Z s
AR, FIE S0, g b 2o
T S22 SETH S B AT, IFAE 25 min BFIAIERMHE
(16.017 mg/g), iX FEZSE R N T A] GEAN IR &R T
2JH Yo SR 240 i i P EAS 25 44) , ARE R T IS ) SO ) VS i
PG G EE T B, MiBEE & WA ] a3,
ZEG TR R 5 N 438 i T HH s R, R
PEAEZ S 25 min J5, SE PR & B S T
e it — R E st 2 sl AR R R
AB-8 K ALA g Xt & il hn T )5 A 4 & 2 Wy i 47 4
tb. alifbgs RaE 1b, ¢ Fizn, & AB-8 B ig4lifh
J&, ZWali R aifb i s T4 7 1%, R AB-8 &
BXT4k o 2 R U B R A siAb8eR .

AN [R]85 Bt 1] i 22 Wy £ B X DPPH H H 2
ABTS'H i3, BPrEILEE T NE] 1d~f s, B
BRIET TR AR, S 27 Th 2 T Pt AL RE T Tt
155 M HEk & Z Wy BT AR RE ) W 2 B ETH S RE
M e, £ 25 min B} 35 2 14 {5 ( DPPH: 90.733%;
ABTS™: 89.997%; T-AOC: 90.423 U/mL) ., X—%5H
Hzmaane a2, KREtseakl], st
WS Y BT E R A IEAESCE T, A S Anif
RELSARZH S o HA YRR ES &, (AN B 2R ) lR SR S
AR RN RS L i, IR T RE
KT X PP AN Rz 45, S BRI A Sy A A i Sy
fift, MRS G5 A RS ity Fe T2l & 5
PUEALIE RIS R, VPR H] 25 min PYSE S 2B
TIRELES .

2.1.2 LC-MS Rl B4 g 43 & 25 min B9 4%
ST S ESE RN 2 R, L EH 42 Fh
By, amad e ] 25 min MISES FISt S
Wy R 532557, R 25 min St E 2 Wb A 5
Z AR (41 Pl o BRECCBTERER S, HoAth Z 528
Wy AEAE A 25 min R PRNE] . Wang 550PY BF
G R IR, ZEEERAN IR R 4 F BBk iE g 32
gAY, HAEH 25 min S5 b SA HEEE I EE
BR AN RIS 0. Bk, 2 25 min S0 LMER T
AT RPTE TG

2.2 il 25 min LRFIREN S B X NS S R 4R
JATHIR N

2.2.1 Caco-2 i EE RIS HT R CCK-8 &
PHLE RN T RS O ZMA G daist: . g583%
B, S 5 % Caco-2 2R IS FH ELAT e AR,
H e E <100 pg/mL B 4H MEAFTE %232 =100%, 1IERA
il 25 min &G XTI ICTHEE . SR, =
W Ve AR IIEETE, AT FRIE R E
BE Ve I 4H g
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Fig.1 Effect of cooking time on polyphenol content, purity, and antioxidant capacity of mung bean
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Table 2 Identification of polyphenols in mung bean soup and cooked mung bean
FF5 Z b LDT ZLD Fe5 Z b LDT ZLD
1 A-FRIERFERR + + 22 AR - +
2 AR + + 23 [EHILSTES - +
3 KEH + + 24 LR + +
4 IR + + 25 HET +
5 L - + 26 HHRBK + +
6 IR + + 27 FEET7-0-(2"-0- L B IEA AT - +
8 AN e + 29 Tt EURTR 2 H T - +
9 (2R,3S)-fa#kIR + 30 6-FiFE-2 TR FE-4H- (475 4- T - +
10 EJ + 31 EEHE - +
11 PNEEE S SR ) e - + 32 L4 s -7- A +
12 57 TR + + 33 ill% +
13 LS ¥ + 34 A -y e - g - +
14 Witk % + + 35 B AR K-7- 8 BT - +
15 SRR + + 36 MR FR 2'-O-Hi B HHIE R - +
16 WETm + + 37 ST + +
17 3-(3,4-3E-5-H 4L -2- N R + + 38 INZEB R TR - +
18 S R + - 39 3 AU SRR - +
19 REREZ + + 40 LT C - +
20 BE + + 41 TEITTR - +
21 KEGHEN + + 42 HE® O - +
[E: “LDT KRG “ZLD IR ARG S, “+" FRAAER Y " R A %W,
2.2.2 A[EMEEE R 25 min SG BRI HSP70., &, HARSAS S BEE AR SRS T

HSP90 #1 HSP27 mRNA AHX| FRiEFm  #URsE
T E T E, TR B A SE EE A BT T3

[ER LRSS ey w7 N S NI S S iar IS
IEH AR B B0 O BERR A AR 1 2 25 min
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1207 ) 28 minSke 20 BRPPERIRI. fk 4 TR, 5 CG 4UAHEL, HS 41 SOD,
olda cda cda be, b 2 GSH-Px. CAT ¥ ¥ i 3 [ AIK (P<0.05), MDA 5 &

< | 2l 4| 5 BT (P<0.05), BT SR 5T T A4k
;: 801 NiE; 5 HS Z04HLEE, Pro-mbp. Rem-mbp. Pro-V #l
E 601 Rem-V_. 41 SOD. GSH-Px. CAT iV i 3 FH 5 (P<
E 40-
F a 607
20 2 b b c
| =501 d ¢ >
0 - : 8
0 1 3 10 30 100 > 404
W (ng/mL) 5 “
B2 ORI 5 25 min 5 S ERECE AT V. 5
o L4 5 5 £ 204
Fig.2 Effects of different concentrations of polyphenols 2 104
extracted from mung bean for 25 min and Vc 0

on cell survival rate

L & W A TRV PR S H, ARFSEiE L RT-qPCR K5
PSSP HSP70. HSP90. HSP27 1) mRNA
AN FE IR R . WA 3a. b Fios, B ] 25 min /Y
L 7 22 W vk B S, = Fh UK v 8K EH (HSPs) 1Y
MRNA 3k 7K - 52 B 4 8 e AR M T [t 3.
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B i 3 Fh IR v B T Rk, AR S Ve
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Fig.3 Effects of different concentrations of polyphenols
extracted from mung bean for 25 min and V., on mRNA
levels of HSP27, HSP70 and HSP90 in heat-stressed cells
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Fig.4 Effect of polyphenols extracted from mung bean
after boiling for 25 min on the activity of antioxidant
enzymes in Caco-2 cells
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0.05), MDA & & B KK (P<0.05), X e 5 Z W
FA G W R AR IE [ A LY BE 7145 5C; Pro-mbp 4H
SOD. GSH-Px. CAT i M 47 5l b Pro-V ZH $2 /=
T 171, 1.16, 2.26 U/10* cell, MDA & HEFE AR T
0.47 nmol/g, Rem-mbp £H. SOD. GSH-Px. CAT &k
533 Rem-V . 2055 5l 4@ T 1.45, 0.84, 3.47 U/
10* cell, 1Ml MDA &5k T 0.68 nmol/g; ItL5h, 5
Rem-mbp ZH#H b, Pro-mbp £ SOD. GSH-Px. CAT
WPESF TS T 2.05. 1.93, 5.24 U/10* cell, MDA
T BRAIK 0.66 nmol/g., SLIGEEIR A, A 25 min
FULR T Z e T SOD . GSH-Px Fll CAT 45 55T
FEACEHE M R BU LT Ve PIRCEE, [FI RS &
PR B S I R . 21 S 2 A A
YA AR bR T I T 2 SR, iX—2= 7 nl it 5%
Wiy 2 ) Jo A SR AR 18 A A T v 9 B P R T AR A
o HURIFSE 2, & H 25 min AYLE S 22 W) 35 5550
SRR BU RGBS P, BSR4 BT LB I RE
NI S E LSk ) R = R A AIA T GAR N i Y /i

2.2.4 ROS &%ESMF CG.HS. Pro-mbp. Rem-mbp.
Pro-V. Fll Rem-V ZH 41 il ROS Ik IFLLanE 5 fiF
Ro H CG AHALEL, HS 44008 .25 (P<0.05) 455 T
ROS #¢3:#%(179.82%), 5 HS ZHAH Lk, Pro-mbp A .
Rem-mbp 20 . Pro-V ZH Al Rem-V 40/ ROS 2%
B RE Y ) A S AR 157.96% . 163.48%. 159.73%
1 164.51%(P<0.05), UiHHSR S 2 Hn Vv B HA B
EPTEACYER- . 1EAh, Pro-mbp 41 F1 Rem-mbp 21
fY ROS Z G5 B 51 53R Pro-V 41 A1 Rem-V 41k%
fIKT 1.07% F11 1.03%, X FKHZH] 25 min LR E £
B3 A 3100 ) AN 3055 T ROS Rk J7 RIS T Vo
Pro-mbp £ /1 ROS %< 58 & 58 Rem-mbp 4H i 35 K%
KT 5.52%(P<0.05), iIX—&h R 2LUFSe T 20 7
)7 ZH FE LR fr 3N IO TG T2 A4
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Fig.5 Expression of ROS in cells of mung bean polyphenols
in preventing and relieving heat stress

TEAWFFEA, FAEH 25 min 48 5 22 W Ab BREN
AR, PR 25 min 4% 22 HE W35 RN
#4155 519 ROS 7K-F, 3£ H. Pro-mbp £H 1Y) ROS 7K -
B4 A ) 4 FH 5 T Rem-mbp 2H . iX 7] S i F7E

Pro-mbp ZH 7, BN 55 519 ROS & Aawkdm i, i
7E Rem-mbp £ H7, ROS {UFE ROS B %% i A g1
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PSR ANE] . 25 TR, 4 2 W 7 — e R R LA
T HOW %5 S /Y ROS 774, H Pro-mbp 2H % ROS
FEAEAHIVE AR T Rem-mbp 2H .
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TR R FH 22 5 0 A A S A 7 85175 S 114 44 L
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L, Pro-mbp ZH A1 Rem-mbp ZH A4 41 HE 78 7= %53 51 [
iKY 30.15% F1 10.77%. 5 Pro-V 01 Rem-V . i
FH b, Pro-mbp ZH 1 Rem-mbp ZH A4 40 it 8 7= 4351
FEAIR T 5.36% F1 4.51%, R 25 min & 5 W
LR AR R A A TR T Ve 5
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19.38%, 4520, &3t 15 22 1y T [ 20 70 27 F Ao 3055
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Fig.6  Effect of polyphenols extracted from mung bean

after boiling for 25 min on apoptosis induced by heat stress
T a0 AR T M 4B I T (200 %) ; b.if i 23 5
FE AT
% Fl RT-gPCR Fl Western blot 3% AR ¥l CG.
HS. Pro-mbp. Rem-mbp. Pro-V. Il Rem-V 20 1#k
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Fig.7 Effect of polyphenols extracted from mung bean after boiling for 25 min on mRNA and protein expression levels of heat shock

protein and key apoptotic factors
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Fig.8 Effects of polyphenols extracted from mung bean after boiling for 25 min on the levels
of intracellular apoptotic protein and Hsp70
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