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Differential analysis of secondary metabolites of medicinal and edible
Polygonati Rhizoma and study on potential active components
and mechanism for improving insulin resistance
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Abstract: Medicinal and edible Polygonati Rhizoma were used as research materials to analyze the difference of secondary
metabolites ,and to predict and validate the potential active ingredients and mechanisms for improving insulin resistance (IR)
in the differential components. UHPLC-ESI-MS/MS was used to detect the secondary metabolites of medicinal and edible Po-
lygonati Rhizoma. The compounds with the top ten changes in the relative contents of different metabolites and the upregulated
metabolites were used for network pharmacological analysis and verified by molecular docking. HepG2 cells were selected for
cellular experimental validation using IR model induced by the combination high-glucose medium and high-concentration in-
sulin. 319 compounds were identified from the samples,of which 106 were different metabolites. The results of PCA and HCA
cluster analysis showed that there were significant differences in the relative content of secondary metabolites between the me-
dicinal and edible Polygonati Rhizoma. Network pharmacological analysis showed that 5 upregulation compounds, such as
isorhamnetin , thoifolin and isorhoifolin, coincided with IR disease targets,and there were 59 intersection targets , mainly invol-
ving PI3K-Akt,mTOR, VEGF and other signaling pathways. Molecular docking verification showed that isorhamnetin , rhoifolin
and isorhoifolin have good docking with the core targets PI3K, AKT1, VEGFA , mTOR and AMPK, and their binding energy
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were < -20. 9 kJ/mol. Cell experiments showed that isorhamnetin could significantly increase glucose consumption in IR
models of HepG2 cells (P <0.01) ,and increase the protein expression levels of PI3K and AKTI in IR HepG2 cells, while

decrease the protein expression levels of VEGF and mTOR. The results of this study are of great significance for understanding

the difference of secondary metabolites between medicinal and edible Polygonati Rhizoma,improving the evaluation method of

Polygonati Rhizoma quality and screening of potential active ingredients for improving IR.
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Fig.2 HCA (A) and PCA (B) analyses of medicinal and edible Polygonati Rhizoma
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Fig.3 OPLS-DA (A) and volcanic plots (B) of differential metabolites of medicinal and edible Polygonati Rhizoma
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Fig. 4 KEGG classification (A) and KEGG enrichment statistics (B) of medicinal and edible Polygonati Rhizoma
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Table 1  The top 10 different metabolites in relative content of edible and medicinal Polygonati Rhizoma
> N
wg I fety e
Molecular . e VIP FC LogFC
No. Compound Classification
formula
EL B As
1 CisH,,0; 7 RER T 2.01 4.07E +04 15.3
Isorhamnetin
2 Cs3Hs, Og HHCHOL3-0- Rk [ 2.02 4.22F +04 15.4

Diosgenin-3-0-glucoside
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2142 1( Continued Tab. 1)

wy T ot sk

Molecular P VIP FC LogFC

No. Compound Classification
formula
:‘% T-0)- //_ s =1 -\ 25 A LY
3 CsoHas Oy FRR-0-(6" MR EI) WaMH S 207 4.93E+04 156
Apigenin-7-0-(6""-p-coumaryl ) glucoside

. L B

4 CyHy0y4 Zf:h{;?(jif il 2.08 5.30E +04 15.7
o e A

5 Cy7Hy0y4 E[I;l:lijifl‘ 2 i 2.07 5.30E +04 15.7

y G R4 -0 R -7-0- i d ey .

CyH3, O i . . .
6 wIME Tricin4'-0-glucoside-7-0-glucoside ST 198 1.90E +04 14.2

pa% R
7 CisHrp Oy '"’L’Efﬁi':ﬁ 551k 231 7.44E+05  19.5
BB AT IC-3-0-B-D-FEINEHRE (14 ) -o-L-NH o B2 AR
1—-4) -[ - -L-ME M EL 2R EE (1-4) ] -B-D- A HE Y

Cs, Hg, O ( 5 . .32E .

8 st 021 enin3-0-8-D-Gle (1—4) -a-L-Rha (1—4) [ a-L-Rha (1—2)]- P17 202 4.32E+04 154
B-D-Gle
T 6Ol
9 Cs Hy O AL 7 F1-67-0-F i [E3 214 8.08E+04 163
Trillin-6"-0-sophorotrioside
27-0-(3-323E-3- UL — 8t ) BT 54538, 27 - — B (S mEi )
3-0-FZ258E-(152) -0-[ %75 k- R

10 Cs1 Hygo Oy 3-0-BAR-(152) -0-[ i F M- (1—4) ] AE R N 2.25 3.56E-06 -18.09

27-0-(3-Hydroxy-3 -methylglutaroyl ) spirost-5-ene-33,27-diol

(iisonarthogenin ) -3-0-Rha-(1—2) -0-[ Glu-(1—4) ]-glucoside

T VIP AR B EE BIVEHOY  FC . 22 AT AR s Log FC 2 UGBS Y 22 AT AR

Note ; VIP; Variable importance projection; FC:Fold change; Log FC:The fold change of taking logarithm.

2.4 MK

e 245 T BORS 55 8 F S0OR 22 S A M R OG 5 g
Perr A S P AL TS IR BB HE U R
3.6.0 POCH R ARBUL A 59 A, WA G EGE IR
A FHHE £, ) Venny 2.1 fiH 45 R, 4 SA Jr
7, s AR IR AP HE A, 3 RS Yot
PR, T A0 o A B R A5 B I A Y S R
HL, AL S AL G5 IR BORIEAAHE &0
“ 2GRSy - R AR LA T B T 45 1 (DT
SB) WL, S R P IRR S ERAE A 3

2218 5( Continued Fig.5)

TR 2540 & Y18 i3 PI3K . AKT1 , VEGFA  .mTOR
AMPK Z2 4% 0080 5 4F A T PI3K-Akt ., mTOR , VEGF |
AMPK 255 5308 5%, ] Iy 38 g v % B o 2 1 RH EL A
M (WESC ~5D) , KEGG FAER (WK SE) Z5 1%
B, PI3K-Akt {5538 s \mTOR {5538 B 5515 518 %
BENE, S TXHEFIREI (LK 6) , R
PR PR R S A0 B8 A PIBK . AKTI
VEGFA .mTOR ,AMPK %4 B iy, 45 A 1E1Y <20.9
kJ/mol .
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5 EBERSBTERHMELESN
Fig. 5 Network pharmacological analysis of Polygonati Rhizoma and therapeutic diseases
T (A) BORS 5 I B Z AU 5 LA (B) 25938000 - R0 - A LA TR I 25 1415 (C ~ D) S AT ELAE IS 5 (E) BORSIG )T 9 & Akt
i) KEGG & 4E/3¥H71, Note:(A) Venn diagram of Polygonati Rhizoma and insulin resistance targets; (B) Network diagram of drug-component-target-

disease interactions; ( C-D) Protein-protein interaction network ; (E) KEGG enrichment analysis of Polygonati Rhizoma for insulin resistance.

2.5 BHREME. FHEINEF.RRZEZI HepG2 4
b e ap=Aly

SR MITT 32 A6 0 BP0 7 5 R S L 57 B
ZEFXT HepG2 40 1% M 52 Wi, 25 R AN 181 7 Jiw
5%} BRZH AT, HepG2 40 Jif 28 S ) vk 2 (14 25 4 4k 1
24 h JT, 40 R IE PR R AR B R B AR T 24 ) Ak
HRLH 30,75 g/ ml ¥ B b B ZH 1) 240 R A7 105 R4
B, SRR AT 2 M A A v 25 .3.2 1.6 pg/mL
Ve JBE A SRZE 08 A ML A7 R A, v IR R 2 b 3
2 100,50 g/ ml ¥ B Ak 3 20 1) 20 JfL A 1% AR
o T2 X AN G T A 5 L 2 0k B A A Ak
PELL K 25 Wy 1 ) ok R b B iR 28, ARSI R 7.5
pg/mL BB 3. 2 we/mL S B AR ORI 100
pg/mL 5 RAERIT LS5,

2.6 HEME . FEFHME.REFEZRS IR HepCG2
FREAEEEHRENRN

FRER T SR EFER BERXT IR HepG2
290 Y A e WA P i )2 T B 5 R AN TR 8 T, 0
MRZH LA, 220 IR B SR AL PR AR 20 i B S Jk v
M AR & TR, 2R A SR (P <0.01),
U P 75 2 290 L 2 R T R AT, A 7R 2 40 M ™
AT IR AR IR RV S, 8y, SRR LA, B
VRN R S RS Y 2 A A v R T, HLE
SEANBAT G S Ul ) R A S B
TR ARER S HepG2 4iiJiid TR IR ; HHIAIA L
B, S B2 2R LA P X T 2 4 i o e 5 BRI
ERAHRITFEL(P<0.05), FY R HFER
AR M A AR AR SR N, S R R T TS RE kG
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B6 RRFR.FEMET REFRINEFSZOER PBKAKTI VEGFA mTOR AMPK 4F Xf#4
Fig. 6 Docking results of isorhamnetin, rhoifolin and isorhoifolin with core targets PI3K,AKT1,VEGFA ,mTOR and AMPK
AL~ AS RN AR R 550 45 PI3K, AKT1 , VEGFA .mTOR , AMPK X £ & ; Bl ~ B5 43 5 & B % #4 4 55 L s PI3K, AKT1 , VEGFA |
mTOR , AMPK %45 ; C1 ~ C5 433 S BF b 15 540 45 PI3K ,AKT1 . VEGFA .mTOR ,AMPK %}#%[%|, Note;Al-A5 are docking diagrams of
isorhamnetin with target PI3K, AKT1 , VEGFA ;mTOR and AMPK respectively; BI-B5 are docking diagrams of rhoifolin and target PI3K, AKT1,
VEGFA ,mTOR and AMPK respectively; C1-C5 are docking diagrams of isorhoifolin and target PI3K,AKT1 , VEGFA ,mTOR and AMPK respectively.

A

0
XffE4l 30 15 75 38 19 1 RWER4 100 S0 25 125 63 32 L6
Control R e Control oy P i
S BT IR TR
Rhoifolin concentration (jg/mL) Isorhoifolin concentration (ug/mL)
C 140
120

0
XL 200 100 50 6.3
Control B R 27
¥ R

Isorhamnetin concentration (jg/mL)

7 BEME(A) REFEMET(B) RRZEE(C) X HepG2 MHEERIBM (x £5,n=3)
Fig. 7 Effects of rhoifolin ( A) ,isorhoifolin (B) and isorhamnetin (C) on HepG2 cells viability( xts ,n=3)
T SNHRA L, * P <0.05,* " P<0.01, Note:Compared with control group, * P < 0.05,* *P < 0.01.
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12 +
10 A
8
6
4
2
0

R4 ikl AHERS AR #miiﬂ J‘JHMUH #J’J;;Muﬂ

Control Model Positive Isorhamnetin ~ Rhoifolin Isorhoifolin

E8 HRERE REENE SREEX IR HepG2 MBI EEHEBAMM (1 25)

Fig. 8 Effects of rhoifolin,isorhoifolin and isorhamnetin on glucose consumption of IR HepG2 cells (; +s)
W SRR, " P<0.05,* * P <0.01; 5#EIZH 14, *P <0.05,%P <0.01, Note ; Compared with control group, * P <0.05, " * P <0.01;
Compared with model group,*P <0.05,%P <0.01.

HepG2 #ifd IR RS, e85 MR T — 2R ARBHEETH&E (P <0.05) , AMPK 3 £k 5
5. Th ARAEA W 22 5 SR AR, S5
2.7 RRBRZEHEX IR HepG2 40 f PBK, AKTL, KW Hi5 PBK AKTL A £ EHBE T (P
VEGF .mTOR AMPK {5 518 i 16 X & A RiZ R #1T <0.05) ,VEGF 1 mTOR 7& [ 3534 B E A% (P

W9 FiR, A S BRI B-actin MR B K <0.05), AL SIAMEX % —B, S RE
HLAPR RN S RBKFET -2 RWIZER A PR R R £ 2 20 PI3BK, AKTL, VEGF Al
ATEEE, S IR A, BRI ZE 0 PIBK AKT1  mTOR 5 13554 T 2k 3% HepG2 20 IR R 2,
HEHFIEY B ERAL(P <0.05), VEGF ,mTOR

B9 SRZE=NIR HepG2 4ifE PI3K AKT1 ,VEGF ,mTOR AMPK {5 2@ B8 X B EF AN (v +5,n=3)
Fig. 9 Effects of isorhamnetin on expression of PI3K,AKT1,VEGF ,mTOR and AMPK signaling

pathway related proteins in IR HepG2 cells(; +s,n=3)
TR CoXTHRYL M AR P BHMEXT HRAL A R R R AL, SXFHRAIER, * P <0.05; 58141 4%, *P <0.05, Note:C:Control group;M:
Model group ;P Positive group;A :Isorhamnetin group. Compared with control group, * P <0. 05 ; Compared with model group,*P <0.05.

3 it 5%iR Bro GRICUETE 319 R A A W), 045 193 R
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1594 KIRF=YIBE R 5T K

Vol. 34

21 B, HABZE 21 Fho 24 JB0ORS 5 8 E0RS BT & I
AARIIY) 22 A, PCA 5 HCA ¥yl g 2 X 50, 55
25 BN 5 B P BORS LU rh L0 e 1 106 b 22 5
R, Kb BG4 85 Fh, NiHIL G ¥ 21 Fi,
25 RS TR AR AR W B0 5 A & 15 T HAY
BIAREY, it — b o2 Bk 5 & FH BRI A
AR W 1 728 A KA, 8 22 S AU W 48 o B8
KEGG 118, 1 KEGG 7328 5w 45 /R W], 25 1]
REPE B | o R S R | AF W e A i A2 AR B
A XTI RE 5 24 1 EOR BB AR DG, i STk
iSRRI 7/ (VASE SS U L LN I VA SR 7
WO A A 2377 A AR 2 T AR ) X s
R AEE B BU R SR R 3 AR E R A
Yohse, AR ey A= A i B R A R T AR
25 PR 255500 BT A B2 T A B 28 0 A AR R
AR THEAL PR SR DAk s s A e
L3RR 2R ) B HR A A Y T I g A P L 4 o
a- MBS PR 5 6 R st BT SRR TS
PER RS , A PUMRE 1) IR, P ik s 9%
SR R B A M e L R S AR R A i TR
NI AR TR 5 24 T RORS & SORH G Y o i
Y.

e E 24 1) 2020 4 i — &8 E0RS T IR
XS B A R A AR AR P R AT R RE
ABIFFER 245 T BORS 5 5 H E0Rs 22 A AR X 2
LT TR G W AT AR B, 50% AR ) s
THEZEA G, x5 22 KEGG 73355
BRAE R 3, Hrh 2y PSR iR, an: R
2R A BB B0 WU 48 BRI, 22 A0
U, BOOHER 6T O A I TE BR A A
H A, AR ALV L [, R g I A7 , AR 3 I 37 368 1%
S L WO, T B T R A
BUSTFAEDTIRE PR AR A AR L U Il e Ll |
PUH BTG | BT SE AL S5 7 T AL A — E 1 AR B
PES MR R R R S A A R AU R IR T
#okg Polygonatum sibiricum Red. 13X —4) 5P 22 81 H BH
B2ER LM, BT, T2 DL R (KR
BORT) S0t B SRGORIE T 24 L2 S BORS Polyg-
onatum kingianum Coll. et Hemsl. | Z 46 #0kE Polygo-
natum cyrtonema Hua DL K 75 7] 25 OS5 (40 .
VU g 78 EE DR 5 L I8 i T A5 32 A A DR
BORE) TR ZE R SC g 20, B Tz 0 AR 4
B s e U A AR 7 ) ) A8 A IR, T 45 5

RE IR (%) A 2 P O 3 1 P 2 RS SR SR
AR, R 1E S RS 1 A 5 4 o AR A
i

R T L B 2 A i S 22 7 LR
BUIRIETE AR SCES A RO AR Ge T s B DL K 3R
FTEEIE, LA TR Ay 5 9 A5 700 1 4 D) 5% 245 38 2 #
it KEGG il Bt & T LR H: 3B ER
PR FEHEMT I MES LIRALEY T
PI3K-Akt {538 % . mTOR E 5@ . VEGF (58
B MEIEE(E S  AMPK 455558 I 5 48 35
TR BEA S, 38 X6 B A4 SCHR R 17 4 ] I 43 A7 vl DL &
B : PI3K/AKT 15 53 1% ¥5 S 40 M JE 30 A o =
S e 34 R A A, TR R E A E R TALA
JEREFIRR A 414, & 38 2k 5 R 15 28 A2 AR 45 & R s
PI3K/AKT {55518 %, WA TIT 396 42 4 40 8 01 A5 G 35
AR mTOR {5 53l % 1 14 55 P45 B UL 4
WEE A B B 5 AT, 300 B T P v M A
JEPE | SR 224 TS SR B 0 2 o0 i) 15 2R ) R
PE S VEGFA {8 VEGF {5538 B 4 T 2 40 5 2R
P, 300 45 v A 175 R0 UL PR e R J 28 %) A b oA i
IR, #F 10 2 0 B > B B S Ak & A e
(AMPK) JZ 015 LA R A i B ZE Y o, o8 3%
A 2Rk KSR AL & W RE I AMPK , 3% 568 5 1% 2% 1)
SR, SRk I BT AIE TR R A Y A,
FEECE TR (AR FHHE 238 v] RE Sl 2 7 FH T ME R AR
5 5 A 3 G, R SRR e A At 2 2
R, EAE R R T ok IR Y.
AT A A SRR A SRR o S B R R AT IR
TRAER—E . Sl TR R U — R
HORE X IR ) TR A AL, 45 5 /R PI3K-
Akt {5538 % .mTOR {5 538 % . VEGF {5 538 % . #ff
MRS AMPK 55 {5 538 fEOCHE 4 5 55
B HRM S PR ORI, S A ey
<-20.9 kJ/mol, [H b HE I A 6 MR BN o0 5 G B HE
SISE A T RERL BORE A PEIRYT IR oG 6 E i ik
— 25 ) 4 M S B0 56 UE & 0 22 SRt b S R R R T
DA B0 3% HepG2 40 8 TR IR 45, 32 %538 1 5% 1
PI3K .AKT1 .VEGF il mTOR {538 A LT H 1Y
ik, G5 R F W 5 A Z AT LU IR HepG2 4l Jig
PI3K . AKT1 A F 5K FEF 5, VEGF .mTOR & H
FRIRACEREAL

ZE TR AR SCGHE R Iz FE ) A 2 A B R
i AT T 25 5 & H ks th i A=A



Vol. 34 B RS 25 S P ORI ) 22 53 00T B SG IR 5 AT T A i o3 5 FH AL 50 1595

A ERE SRR L2 R BB R AR
2518 5 PI3K (AKT1 \VEGFA FIl mTOR 54 .04 i
JIF PI3K (AKT1 VEGF I mTOR %5 {7 5 i it 5|
TEE IR B9 H A, FEOHABL T T 2 2 -2 -
e Su el ey € N PR IR E SR R 9 L]
fii -5 i RPN BERE T SR O A SRR T IR AR
FHRLA R T 43 o

% 0k

1 Yang P,Li YH,Han YZ, et al. Mechanism of fasting treat-
ment to attenuate type 2 diabetes mellitus[ J]. Chin J Patho-
physiol ( H [El g #EA: #E A4 ) ,2021,37 :1146-1152.

2 Gao JF,Liu MM, Guo ZP. Puerarin alleviates insulin resist-
ance in type 2 diabetic mice by modulating fetuin B-AMPK/
ACC signaling pathway in the liver[ J]. J South Med Univ
(B BERMR 24 ) ,2021,41 :839-846.

3 Sshen T,Lei T,Chen L,et al. Effect of sitagliptin on the ex-
pression of TNF-a, IL-6 and IL-10 mRNA in peripheral
blood mononuclear cells of patients with type 2 diabetes mel-
litus complicated with NAFLD[ J]. Shanxi Med J( Ll 7% £ 24
Zki) ,2021,50:1907-1911.

4  Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People’ s Republic of China: Vol T (Fr4g A B I:F0 24

W25 — &%) [ M]. Beijing: China Medical Science Press,
2020.319.

5 Liu S,Hu ST, Jia QJ, et al. Advances in chemical constitu-
ents and pharmacological effects of Polygonti Rhizomal[]].
Nat Prod Res Dev( KER =it 55 5 % ) ,2021,33:1783-
1796.

6 Gong GM, Zhang Y, Yuan HP,et al. Clinical effect of com-
pound Polygonatum sibiricum prescription in treatment of
type 2 diabetes with deficiency of both Qi and Yin:An analy-
sis of 32 cases[J]. Hunan J Tradit Chin Med ( 5] 55 77 £ 4%
%) ,2021,37(1) :5-8.

7 Tao YT,Li FJ, Yang M, et al. Mechanism of Huangjing Pill
on improving disorder of glycolipid metabolism based on net-
work pharmacology [ J]. Acad J Shanghai Univ Tradit Chin
Med( P EZ K% ) ,2021,35(1) .83-92.

8 Zhang XJ,Lv XF, Wang JH, et al. Researching the mecha-
nism of improving insulin resistance by bioactive components
in Polygonati Rhizoma through network pharmacology[J]. J
Liaoning Univ Tradit Chin Med (1L T HpEE 25 K222 ,
2021,7(1) :1-15.

9 Ren HM, Zhang JL, Deng YL, et al. Analysis of chemical
constitutions of Polygonatum cyrtonema dried rhizomes before

and after processing with wine based on UPLC-Q-TOF-MS

10

11

12

13

14

15

16

17

18

19

20

21

22

23

[J]. Chin J Exp Tradit Med Form ( /7 [E 325 5 77404 ,
2021,27(4) :110-121.

Wang CC,Zao H, Yan Y, et al. Thoughts of omics research on
quality formation in Dao-di herbs[ J]. China J Chin Mater
Med ( p [ rp 2245 ) ,2018,43.2407-2412.

Sun X, Li L., Pei J, et al. Metabolome and transcriptome profi-
ling reveals quality variation and underlying regulation of
three ecotypes for Cistanche deserticola[ J]. Plant Mol Biol,
2020,102:253-269.

Wang F, Chen L, Chen HP, et al. Analysis of flavonoid me-
tabolites in Citrus peels ( Citrus reticulata " Dahongpao" ) u-
sing UPLC-ESI-MS/MS [ J ]. Molecules, 2019, 24 (15) .
2680.

Yang HJ, Lan YQ, Wang SH. Omics research progress of
plant response to low temperature stress[ J |. Shandong Agric
Sei( R4 BR#) ,2020,52(5) :142-148.

Calvo MI. Homoisoflavanones from Ledebouria floribunda
[J]. Fitoterapia,2009,80(2) :96-101.

Wu ZR, Chen P, Li Y, et al. Two cinnamoyloctopamine an-
tioxidants from garlic skin attenuates oxidative stress and liv-
er pathology in rats with non-alcoholic steatohepatitis [ J].
Phytomedicine ,2015,22(1) .178-182.

Gao SY,Li WM, Shuai Y, et al. Advances on steroidal sapo-
nins from medicinal plants lily[ J]. Chin J Exp Tradit Med
Form ( & 3256 557 2% ) ,2012,18(16) :337-343.
Gong G,Guan YY,Zhang ZL, et al. Isorhamnetin:a review of
pharmacological effects [ J ]. Biomed Pharmacother, 2020,
128.110301.

Liu N, Feng J,Lu X, et al. Isorhamnetin inhibits liver fibrosis
by reducing autophagy and inhibiting extracellular matrix for-
mation via the TGF-81/smad3 and TGF-B1/p38 MAPK
pathways[ J ]. Mediat Inflamm,2019,2019:6175019.

Wei JY,Li JC, Xiong F,et al. Effect of gracillin on differenti-
ation and bone resorption of osteoclasts[ J ]. J Guangxi Med
Univ (J7THERMK2E24R) ,2020,37 :664-669.

Fu K, Shui GC,Shi JM. Study on the inhibitory effect of trit-
erpenoid dioscin on human hepatocarcinoma HepG2 cells
[J]. Cardiovasc Dis J Integr Tradit Chin Western Med ( #7174
B4 &0 LA HL 72435 ,2020,8(1) :67-68.

Wan JY,Long Y,Zhang YL, et al. Role of PI3K/Akt signa-
ling pathway in diabetic nephropathy and research progress
on intervention of traditional Chinese medicine[ J]. Chin Tra-
dit Herb Drugs ( H1#124) ,2021,52.3705-3716.

Wang Z,Yang L, Liao M, et al. Research progress of mTOR
pathway in pathogenesis of diabetic nephropathy [ J]. Curr
Biotech (A=W H AR ) ,2021,11:316-321.

Li JH. Efficacy analysis of vitreous injection VEGF drugs



1596 KR =t 9% 5 I & Vol. 34

combined with cataract phaco in the treatment of diabetic 25 Xu L,Zhang W. Effect of ERa expression in adipose tissue of
macular edemal[ J ]. Chron Pathematol J (852 24478),
2021,22.1077-1081.

24 Gao JF,Liu MM, Guo ZP,et al. Puerarin alleviates insulin re-

gestational diabetes mellitus on insulin resistance[ J].J Med
Res ( BE2WFFE4%k) ,2019,48(11) :109-113.

26 Bao QQ,Li MR,Huang R, et al. The mechanism of isorham-
netin regulating AKT-FOXO1 pathways on improve the insu-
lin resistance model of HepG2 cells[ J]. Sci Technol Food
Ind (£ 5% Tl BHE) ,2020,41(23) :320-324.

sistance in type 2 diabetic mice by modulating fetuin B-
AMPK/ACC signaling pathway in the liver[ J]. ] Southern
Med Univ( B BRI K2E244) ,2021,41:839-846.

(RAFYAREFR)EERESR

BERE(UBRENAF)

Members
FaOE
WANG Hongbing
RIS

SUN Haopeng
AR &

MU Wanmeng
FERH

YI Huaxi
=B

GAO Huimin
ERE

LAN Weiqing

XA

GE Huiming

FIMVEE R

SUN Guibo

S I K

ZHANG Binghuo
Eal

LUO Yinggang
=gl

TANG Jinshan
B R

LIAO Chenzhong

FNE

YIN Wenbing
FRM

LI Liangcheng
SRIE R
ZHANG Dewu
B X
ZHOU Wen
Y
HUANG Shengxiong
231901

XUE Yongbo

F M

YIN Sheng
FEX

LI Guoyou

FiR g 42
CHEN Yihua
AR

HU Youcai
BEL

HAN Xiuzhen

B Jk#k

LYU Zhaolin
B F

QIU Li
HER

LIN Changjun
= Ok
YUAN Tao
e

HAN Shuyan

RUEE!

LIU Xiangguo
S
WANG Haibo
BR FE7R
OUYANG Jie
B KR

XIA Yonggang
gy

ZENG Kewu






