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1 #REFE
1.1 39 . HHR5iKF

SPF 2% C57BL/6 /N (18~20 g) , i i 7 K
AR R A A R E) (V7 AFIE S5 . SCXK (A1)
2020-0001), A< 5555 34 b 38 5 478 2 fe VN — 4R
BRRAs ez oo i, SEalimel | &g
A B R AR R A BR A F

g RV KRR A Ve ALk 0, R 24k
FEAL 087 IS WA - N3 = U=y
55 % A il ;STZ, 3 [H Sigma 2~ F ;GA-3 1 FFA 4T,
ST BRI R T OOUIK, v A
B A R 2 A 5 A I ) & (FINS \TNF-a IL-6
IL-10.CPR), Fd &% S A= ) A BR A w) 5 e fb 2
B B sl g,
12 MNHB{5EH

GA-3 1B, =AM ABRA W ;TU-1810
SEAM=AT WL A3 EE T, AU B i A A A R 5
BTl B, v 5 5 B Y7 /A B s RE-2000A
T 2 28 AN, LU SR A AR AR ) 5 o Ve VR B0
ML, & Eppendorf 23 7],
1.3 FHik
1.3.1 RESGZWMAEISRE KFERXUEZH
{18 ) 113100k 3 i 6 O I 2k R AT R 2 AL B R
FH A R AR A TS e S AR R T AR R
IR 25 °C IR M E 11 h, & ZFEE 28 °C, &
ZERFIA] 3 d, B CaCl, ¥ 2 mmol/L, 78 It 55 7
T, 2l &N 487.81 mg/100 g, 4k G 21k & 2F4b
BB gk ML (40 °C L EXCTRRAR ) R e (i
80 Hfi ), PRI 5 By & 2R 4 G T AR
i 1:26 (gfmL) PEHE EL A 70% 1) & B W, 48
#E A B0 (5000 r/min, 15 min) B VS W, TE
45 CHAMF W& k21 WS & ek G 2
&Y, X 2R Y 4k (AB-8 KALWAR) , Ui Bk
SV JE W,V UR T AT 4 R 2F 2 I SR I
(Germinated mung bean polyphenol, GMP)
1.3.2 2 AUBE IR 9 /N UL AL A9 g 57 SPF %
CS57BL/6 Mtk /INERAE 12 h BHE A2 5 (8:00~20:00) ,
Al (2322)°C, AR BE 40% A2 A7 Ho 3 XU R 3 1Y
N, e ia 5%, SLae ARl [/ AR e oK il
NEPEMESR 1A S AR YR BT AT R AL AR 4 . IE R
X HEL (n=6) A 40 (n=30) , 1E # 20 ¥F £ 3L 7k 1)

B SR SRR TR 4 S AR R 12,
T AR 2H /N BUME B 2 5 30 me/kg bw 9 STZ, IEH
2 T S A ) A R A6 R 2 o R (pH=4) 17181V 5
72 h 0 E A R AR, JFTEE LRSS 7 KA
25 6 IR AKCE AT 3 11,1 mmol/L HL A Bt 2 1
“= o —/DREAE /N BRI B R

1.3.3  ZhWordl S 25071 BRI i /)y BRI
LAY R 5 4 BRI (M) PR X B 40 (MET, — H1
XK, 150 mg/ke) | & 551 & 21 (MGPH, 150 mg/kg) .
w3 i 2 (MGPM, 100 mg/kg) | 5 7% & 41 (MGPL,
50 mg/kg) . H SR BIEER B A KR ROK,
MET 2H DA K AR s 50 o 1 100 26 43 3] = HSUDK
IKIE AR T 2 3R Y KIS W T
TEH 2 (N) FBE AL (M) W 15 A7 [ B0 A= 33k
KGESEREE 5 8, SR IE] B R WS sh Y
i MRS B R A B R R FR N BUR
1.3.4 25 JE BRI 2 B 101 I 7 e A i 52 552 45
B A Fe B AR B 12 b, W 25 I8 OBE ( (FBG ), fE 5
JE—WHEESHR G, /NEEEE 6 h, #EH 25% M H
EPREE (2 g/kg bw), MEHEE 0,30,60,90,120
min P IR, AR 20 =X (1) T 580 o it 42 T AR

(AUC), Jfil i il £ 7T T AR 2 3K 1 449 4% T 52
(OGTT) Ky 224k
AUC (mmol /L) = ( FBG, +F2BG30 )x0.5 N
(FBG,,+FBG, )x0.5 N (FBG,,+FBG,, )x0.5
2 2
(FBG4,+FBG,,, )x0.5
> (1)

1.3.5 MG fEARRI  SEE g At N AR 12
h, F 2Bk JRR B, HR BRI , %5 96 F & B 30 min, i
YL T 20 AL 3 500 r/min B0 10 min, BUMLTE . %
JH ELISA ¥&#ATHe AR A

i 5 R AP RSB AL (HOMA-IR) AR
PAaX(2)iH5 .

HOMA-IR fH = 25 I8 184 (mmol/L) x %5 [ [
2 (WU/mL)/22.5 (2)
1.3.6 AL EEY) W g BOAR 43 [ 7
49 22 5 W OB B R F L 20, R AT A S f B
PR (REA N 4 wm) Geta K% B R4 FE, A



236 HT1M

B Gk 2 % By b W ot AR AR R BT AR SRR s R 1 R AR R R 199

SR, L 0 BB UL 2 2R 4k A IR 5%
1.3.7 MHiE R BFR I IO BRI (AR S AR A
B JCH R T, RAEJE S DR AR FE YR
I RAFAE-80 CT , XF3&AH HE4T DNA (4
PCR ¥4 )%,
1.4 HIEFITHH

HI SPSS 26.0 Xf 52 56 45 J 47 43 B db 38 40
B PG L3 ANOVA J7 220 b1k . P<0.05 %R
HEitr il E 255 P<0.01 A EHEES,

2.1 GMP X4 #& BR 9% /)N FR — A% AR 1E B9 52 i

SCER ], SR & B AE B AL/ RO RS R
4f , BRIGW  LEET JE MR E UK E ER
SE VBT BTG G W DR AR Y 20 /)N BURS Bl LG 3K
FBE, BRBIRICOCE, SR E Ja Xt B T e =
Z—/PrEAR . PR X BRZL A GMP 457 &= 1 13
Y1/ BUPR BT R R R 0L, RS MRS A BT A
B, W PN GBS IS 2 /N B AR
I AL/ BURE L S 3 R B (P<0.01) 5 52 56 &5
HE, HRRZE X, GMPM 41 .GMPH 411 MET

2 HERENH ZHL /N B R I S 3 R
*1 GMP3/NREREHFM (X +s,n=6)
Table 1 Effect of GMP on body weight of mice (x +s,n=6)
KR Elg
20 7 - — " . .
%15 %204 % 3 R %408 %50

EFA 2594 +1.04 26.72 + 0.83 27.03 +0.86 27.23 +1.61 27.65 +1.22
A 2R 27.30 + 0.66 27.06 +0.72 26.08 + 0.96 24.42 +0.75% 24.00 + 0.99%

R illar: 27.82 +1.86 26.03 + 1.50 25.55+1.35 25.75 +0.50 2570 = 1.13
WA E 26.27 +1.52 26.42 +2.30 26.40 £2.23 25.67 +2.19 26.60 + 2.60*
& A E 27.55+1.76 26.88 +1.40 26.53 £ 1.25 26.77 + 1.18* 27.00 + 0.91%#%*
Fe P 2 8 4 26.18 +1.19 2593 +1.44 26.05 + 1.66 26.95 + 2.24% 28.12 + 1.95%%*

TE o, SRR BN 55 00 A U 22 S IR 35 (P<0.01) 5. 7R 25 d SRS R AH P22 53 I8 35 (P<0.05) 5%, 3R 2% 21 5 1 20 A LU A% 2 7 i

13 (P<0.01), T,

2.2 GMP x¥#%& Bk s /)y B == R 1 4% A2 O R 78 &0 4
[p=g: A

M2 2 AP, DR R A/ A I AR e LB
T, ML /)N B 25 I o 88 7 i A R 2 s
BB LIRS SRR L 7E TS 4 4
I, e e 7R e 2 2 R IO R R AR T R R A

TE LU A5 o A b e R B 4 A 2 W IR R R
FP A B E AR TR (P<0.01), 2 45 R 3%
B ,GMP 7] ) gi 3% T2DM /)N B 3390 [ 4 1 b 7K
S, A A R DA AR R 2 A TRORICR
SN

F2 GMP st/MRILAERI N (X +5,n=6)
Table 2 Effect of GMP on blood glucose in mice (x +s, n=6)

2 ¥% 48 /mmol - !

o H#HO0R EH 1A EH2HA #E3RA H#EH 4R H#EHSH
S 4 5.83 + 1.06 5.83 + 1.04 5.73 + 0.69 6.10 + 1.47 6.15 £ 0.93 6.16 + 1.65
A 13.78 + 2.14% 12,02 = 2.18% 1247 + 275"  12.85 + 1.25"  13.36 + 1.43" 1326 + 1.12*

&) % 21 11.52 + 1.89 11.07 = 1.12 10.83 + 1.14 1048 + 1.01  10.10 £ 0.87*  9.76 = 0.71%
s ! 13.07  3.26 13.28 + 2.83 12.27 + 2.14 1098 + 1.56 972 £ 0.93%% 855 + 0.71%*
R ! 12.87 + 1.85 11.76 + 1.89 10.62 + 1.26 1033 + 1.47 955+ L11%% 790 = 1.64%*
b S B8 20 12.62 + 231 12.21 £ 2.26 11.25 + 2.38 1030 £ 224 875 £ 2.07%%  7.18 + 2.35%*
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S e BT X 8 2 6 B T A2 15 00, T+
PR 1B B 200 M Xk I v r I AR 3 Y RE T A R S
B il 28T T AR (AUC) e 1) 2 A R R
AR ROREE 2 AUC 38 0] 356 WY HIL A o i 2
Wi 52 REJI TR, RZBEJIThE . sk 3 iR N
ZHL 19 108 A B 3 o T ) 2 4 AR AP 2 M 4/ B
MU AE R 30 min PN TV T, 8 B (S T

[ (1 (F Rl = S = < il o EZ N DN 1
{HAE 60 min J& H BLZE 1% T B fa 35 1Rk &2 3
WA M, R4 AUC B8 MABEST N 4
(P<0.01),5 M 414 Eb , 45 5 22— 7 20 0 BE 1 o B
ZH 5L P VERRAIR (P<0.01) , 45 %0, GMP AT LA
1E— R _E 4 T2DM /) SR B &, i ELAA
WAL FREE & e i) 4 RO BT

*3 EAFZZSEHIN/NRENENFN
Table 3 Effects of germinated mung bean polyphenols on glucose tolerance in mice

e & 4H /mmol - 17!

28 %)

0 min 30 min 60 min 90 min 120 min AUC
EF A 6.13 + 1.68 10.58 £ 1.22 10.03 £5.22 7.53 £2.01 7.15+1.45 18.06 +2.87
BEAL 28 1271 +1.52%  24.45+3.18%  24.02+3.13% 2048 + 1.86" 19.13 + 1.05"  41.96 + 3.86™
A& 2 28 9.98 + 1.05* 17.07 £ 1.61%** 17.83 £ 6.89 1598 £+4.98* 1390 +4.13** 3141 +6.77**
LR 9.90 + 1.41%* 19.92 +3.10 20.85 +5.17 1591 £4.11% 1235 £2.45%% 33,90 + 4.54**
Rl ! 8.48 + 1.73%* 21.85 £4.96 22.03 £4.43 17.15 +4.63 10.32 £3.59%* 3521 + 5.95%*
e b 2 B8 20 8.48 +2.82%* 24.31 +5.81 20.95 +4.79 14.35 £2.90%* 925 +£2.70%*  34.49 + 4.79%*

23 GMP xt#ERFE/NREDFEKTERRLRER
ki A

B BRI R B AR AR | ME— BEAS BRI
MR RO, XY IR AT B 2R, aniE 1 B
AN, SHIEH A B, B R B R K CF
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2.4 GMP 33 4 PR 7% /s B B9 58 i |2 K2

GMP X} T2DM /)N B 4 4iE Sz Ny 1Y) 5% i) 4 4] 2
FE7R 5 15 F A He AR 2H /N BRI T TL-6 DA
227.37 ng/L. LT+ %] 309.25 ng/L, W E T+ T 36%;

Ll , BH AT JE 2 e 5 R 7K B B R AIG (P<0.05) , 2
Ty 48 B 25 50 i T T2 S BR AR T HOMA-IR 45
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Effect of GMP on insulin level and insulin resistance index in diabetic mice

TNF-a M\ 44.22 ng/L T+ = #) 81.64 ng/L, i & Tt &
T 84.62%;C SV 2 1 (CRP) M 27.84 pg/mL Tt
£ 47.68 pg/ml, WETHE T 71.26%;1L-10 i 3%
FEAR T 37.54% ., CRP 2 —FPaE4E 70 20E Ar ik
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& TL-6 Fl TNF-o, H T i 2 B2 B e 1 48 i 20 21
FIR/ANEE B, 24 C O N 10~50 mg/L
BF, e n 58 B RAE . U8B 5 1E 5 4L Lb B R 2
BT RAE

EjRERIZH A, GMP i ) T AL 1L
6 3 v BN 309.25 ng/L 43 I B A = 265.83,
209.91 ng/L, i FEAK T 14.04%,32.12%(P<0.05,
P<0.01), fEHI&E TR T 9%, it &%
S KRR T L K BH A X R 4 Y TNF -
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Fig.2 Effect of GMP on inflammatory factors in diabetic mice
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Fig.3 Effect of GMP on liver inflammation in diabetic mice
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252 /NEMEMAEY YT WK S
IR RELAE T TR b BB o B, 25 3 s P
B E2A JRRETE ] (Firmicutes) \fUAF# 1] (Bac-
teroidetes) . 28 J& T ] (Proteobacteria ) . il £k T ]
(Actinobacteria) . ¥t ff 78 ] (Verrucomicrobia) %
5N /NG EE M2 /) B 8 R RE T

T AR B F R 3 R (P<0.01) 5 M4 1L
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Fig.5 Analysis of phylum level of intestinal flora in mice
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Fig.6 Heat map of correlation analysis between serum

inflammatory factors, intestinal flora and metabolic indexes
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Hypoglycemic Effect of Germinated Mung Bean Polyphenols and Its Effect on Intestinal Flora
in Diabetic Mice

Shen Xinting'?, Jiang Xiujie’, Xu Qingpeng’, Zhang Aiwu®’, Zhang Dongjie*
("Food Processing Research Institute, Heilongjiang Academy of Agricultural Sciences, Heilongjiang Province
Key Laboratory of Food Processing, Heilongjiang Province Engineering Research Center
of Whole Grain Nutritious Food, Harbin 150086
*Heilongjiang Bayi Agricultural Reclamation University, Daging 163000, Heilongjiang)

Abstract  Objective: This experiment was conducted to investigate the hypoglycemic effect of polyphenol extract from
germinated mung bean on type 2 diabetic mice and the effect on intestinal flora of mice. Methods: According to the
weight of C57BL/6 mice, they were randomly divided into normal group, T2DM model group, positive control group,
and low (50 mg/kg), medium (100 mg/kg) and high (150 mg/kg) dose group of germinated mung bean polyphenols ex-
tract. A model of type 2 diabetic mice was established by high fat diet combined with intraperitoneal injection of strepto-
zotocin  (STZ). After 5 weeks of intragastric administration, fasting blood glucose (FBG), glucose tolerance, insulin
(INS), and the concentrations of inflammatory cytokines interleukin IL-6, IL-10, tumor necrosis factor (TNF-a) and
C-reactive protein (CRP) were determined. The feces of mice were collected. The 16S rRNA platform was used to carry
out high —throughput sequencing to detect the changes of intestinal flora in diabetic mice under the intervention of
polyphenol extract. Results: Germinated mung bean polyphenol extract could significantly reduce fasting blood glucose,
improve glucose tolerance and reduce insulin resistance in T2DM mice. The levels of IL-6, TNF-a and CPR were sig-
nificantly decreased, and the levels of IL-10 were increased, thus alleviating the inflammatory response caused by dia-
betes. Repair mouse liver tissue cell morphology. Regulate flora abundance and species diversity to improve the dysfunc-
tional intestinal flora. Conclusion: The polyphenol extract of germinated mung bean can improve the type 2 diabetes in
mice by reducing the inflammatory response and regulating the abundance of intestinal flora.

Keywords germinated mung bean polyphenols; diabetes; intestinal flora; inflammatory index



