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Clinical efficacy evaluation and potential mechanism of Huanglian Ejiao
Decoction in treatment of type 2 diabetes mellitus by Meta-analysis associated
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Abstract: Objective To evaluate the clinical efficacy of Huanglian Ejiao Decoction and explore its mechanism in the treatment of
type 2 diabetes (T2DM) based on Meta-analysis and network pharmacology technology. Methods Firstly, CNKI, VIP, Wanfang,
PubMed, the Cochrane Library, and Web of Science were used to find randomized controlled trials of Huanglian Ejiao Decoction for
T2DM until May 2020. The included literatures were evaluated according to the Cochrane risk bias assessment tool, and the Review
Manager software was used for quantitative synthesis. The chemical components and its targets of Huanglian Ejiao Decoction were
screened based on network pharmacology. Common targets were obtained after taking the intersection with T2DM targets. The
bioinformatics technology was used to annotate key pathways, and the potential mechanism of Huanglian Ejiao Decoction was
explored in the treatment of T2DM. Results A total of 15 RCTs were selected which included 1 254 patients. Compared with the
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conventional treatment of western medicine, Huanglian Ejiao Decoction combined with western medicine had a more satisfactory
clinical effect, stronger hypoglycemic and hypolipidemic effect. Through network pharmacology methods, 258 chemical components
and 985 targets were obtained from online databases. There were 60 components, 121 targets, and 181 pathways closely related to the
treatment of T2DM, mainly involving AGE-RAGE signaling pathway in diabetic complications, HIF-1 signaling pathway, MAPK
signaling pathway, insulin resistance, etc. Conclusion According to the existing research, the conventional treatment of western
medicine combined with Huanglian Ejiao Decoction can increase the clinical efficacy of T2DM and have better hypoglycemic and
hypolipidemic action. T2DM can be cured by improving insulin resistance, reducing inflammation, mitigating oxidative stress and
other treatments.

Key words: Huanglian Ejiao Decoction; type 2 diabetes mellitus; Meta-analysis; network pharmacology; clinical evaluation; mechanism;
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L1l SCERANARRHE (1D ENAMATT KRR HIBEHL
X &S (randomized controlled trials, RCTs); (2)
T H BB A SO (3) RN 508 T2DM
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Cochrane Library Chttps://www.cochranelibrary.com/)
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Fig. 1 Specific process of literature screening
Rz1 ANEMELRIE
Table 1 Baseline characterization of included literatures
234y 4 >
TR TN S LA - T
1 i 201702 86 (43/43)  14d WRRIT HRFITRE A RN ERATT B O@@600
ERTRS ZHOBAR
2 RZERT 201903 108 (54/54)  30d WHRIT HRFIFHR A I+ E AT HISI R 0B@66
ERTRS ZHOBAR
3 il 201604 50 (25125)  3ANA CERUATT HRTRERE+ ZHORIG+ 3 EANET R 0@
ERTRS ZHOBAR
4 ZBIT 2018051 80 (40/40)  1ANA ERUAIT HISFISHAR RO EHNAT B OQ@6000)
ERTRS ZHOBAR
5 201906 96 (48/48) 1A EHURITH HIHEERRG AT + R 0®
6 VEEUEE 2018071 80 (40/40)  IANA EEUAIT AR RN ERIAT HIBFIFRET 0000
ERTRS ZHOBAR
7 REH 201708100 (50500 1AMA EHURITHSHIAHEERKG B IETT + 2 T 0®
8 ZAytA 201819 82 (41/41)  15d HRRIT HRFITHRE A RN ERATT B O@@600
ERTRS ZHOBAR
9 i 202020 66 (33/33)  IANA ERUATT IR+ RN+ EANAT HE SRR D@
ERTRS ZHOBAR
10 ZFBIT 201920 80 (40/40)  1ANA  HHUAT HISFISFAE+ ZHRIN+ 3 HHNAT HEFIHE T 02006000
ERTRS ZHOBAR
11 EXH 2020220 92 (46/46) — WA HIFIFR+ I BRI HR SRR+ 06
ERTRS ZHOBAR
12 XFE20062 76 (47290  IAH EHNET + ZHRUHEERRS  E IR+ HE U 0E@BEO
13 7K%E 2018124 82 (41/41) 1A EEURIT HIAISER RN+ ERNATT IR OB
ERTRS ZHOBAR
14 XHHE 202025 96 (48/48) 4 WHRIT BT EIER S R RAIT IR @®B®
15 XA 2017260 80 (40/40)  1ANH  EHUAT WM EERN R FHETT RO OB
T: R4, C: XHEA, M: B, F: «M; OFBG, @2hBG, @HbAlec, @TC, ®TG, ®LDL, @OC kMEH, @mEEREA, OR

feEH, OEHAENE-6

T: Test group, C: Control group, M: Male, F: Female; OFBG, @2hBG, @®HbAlc, @TC, ®TG, ®LDL, @C-reactive protein, @High density
lipoprotein, @Apolipoprotein, (OIL-6
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PO 96O OPOS O SO S gopechive reporting (reporting bias) _t?_(#_tﬂﬂ 2019 i
Sin|e (s |ss|e|[s|a|s|s|a]s]= . =R 2020
Other bias 3.183 522 7.83 871

A-GINBTTER R A e ORI B-GMNBIT L Bk o KU B C- R Rt SHET D-BUEE i 45 R
A-Overall risk of bias in included studies B-Detailed risk of bias in included studies C-Funnel plots of publication bias D-Results of sensitivity analysis

2 Meta DR
Fig.2 Results of Meta-analysis

2 IERE SEtRRYAE B ELER
Table 2 Comparison of clinical outcome indicators between groups
R T L 11 - AW SHTH
THfEE #H&E (TO P P

1 R Cl 5 233215 0%  <0.00001 428 2.33,7.87 <0.00001 16, 18, 23, 25~26

C2 7 297297 0%  <0.00001  6.06 3.51,10.45 12, 13, 15, 19~22
2 FBG Cl 4 185167  90%  <0.00001  —2.09 -292,-126  <0.00001 16, 18, 23, 26

C2 10 403/403  93%  <0.00001 -1.89  -2.51,-127 12~15, 17, 19~22. 24
3 2hBG Cl 4 185/167  83%  <0.00001 -197 -2.61,-134  <0.00001 16, 18, 23, 26

C2 10 403/403  94%  <0.00001 -1.70  -2.36,-1.04 12~15, 17, 19~22. 24
4 HbAlc Cl 4 185/167  44%  <0.00001 -1.64 -197,-131  <0.00001 16, 18, 23, 26

C2 9 363363 87%  <0.00001  -216  —2.67,-1.64 12~15, 17, 19~20. 22, 24
5 TG Cl 3 135117 0% <0.00001 -2.32  -2.64,-199  <0.00001 23, 25~26

C2 5 218218 90%  <0.00001 -1.93  —2.68,-1.19 12~13, 15, 19, 21
6 TC Cl 3 135117 0% <0.00001 -347 -387,-3.07  <0.00001 23, 25~26

C2 5 218218 90%  <0.00001  -247  -3.28,-1.66 12~13, 15, 19, 21
7 LDL Cl 3 135117 96% 0.2 -1.89  -3.43,-036  <0.00001 23. 25~26

C2 5 218218 96%  <0.00001  -2.72  —4.05,-140 12~13, 15, 19, 21

CI-FRRIT+1 25y C2-HMRIT +2 Rz
C1- Regular treatment + one drug  C2-Regular treatment + two drugs

RN AR xS HR 2

[OR=4.8,
OR=6.06,

T A A
95%CI (233, 7.87), P<<0.000 01;
95%CI (3.51, 10.45), P<<0.000 01],

T B

gE R, RIS A BRI T R,
12 #ER [OR=5.22, 95%CI(3.48, 7.83), Z

P<<0.000 017

,Eﬁ 4
7.99,
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QD) A MFERIT R 734 FBG BI48H5 1T
fr, LI 14 T FE, RS RN [Chil=
156.86, df=13 (P<<0.00001); P=92%], XHkf
WURRIARAY o AR5 HE2H - T Fta A [ T .20 20 #
[SMD=-2.09, 95%CI (-2.92, —1.26), P<0.000 1;
SMD=-1.89, 95%CI (-2.51, —1.27), P<0.0001],
IR EoR, WRIGA FBG AP AL T X HRAL, B
Git2E 2T [SMD=-1.94, 95%CI (—2.43, —1.45),
P<<0.000 1]; %4 2hBG 845, LN 14 w5,
SRR RN [Chi2=178.19, df=13 (P<
0.000 01); P=93%], RKHIBENLSAEAL, HRYERT
HRZH T L4 it A (Rl B AT W 23 A [SMD=-1.97,
95%CI (—2.61, —1.34), P<<0.0001; SMD=-1.70,
95%CI (—2.36, —1.04), P<<0.000 1], %R ER,
IR 2hBG KT BT XA, BEAgqit%E
5 [SMD=-1.77, 95%CI (-2.28, —1.26), P<<0.000 1];
53HT HbAlc FEbR, FLIN 13 TilfF5E, SFRrERL
45N [Chi2=72.64, df=12 (P<<0.00001); P=
83%], RFHBENLANARERL . AR X R4 Fids A
[FHEAT WA [SMD=-1.64, 95%CI (—1.97,
-1.31), P<<0.000 1; SMD=-2.16, 95%CI (-2.67,
-1.64), P<<0.000 1], 587w, w541 HbAlc /K
FERART XA, RASH¥ %R [SMD=
-1.99, 95%CI (-2.35, —1.62), P<0.000 1].

2) A MAR RT3 0 TG BIFaPs
P, LA 8 LT, RIS AN [Chi2=
49.84, df=7 (P<<0.00001); P=86%], XN
RONEAREAY o AR} B 2H - T it A [R) AT S 4393 Bt
[SMD=-2.32, 95%CI (-2.64, —1.99), P<<0.000 1;
SMD=-1.93, 95%CI (-2.68, —1.19), P<0.000 1],
gL IR, WA TG AP BT R4, Bf
it #ZE R [SMD=-2.08, 95%CI (-2.58, —1.58),
P<<0.000 1]; 234 TC $84%, LGN 8 Wi, W
JRAPERS 5 45 A [Chi2=66.64, df=7 (P<<0.000
01); P=89%), KBNS, AR xS R 2H T
THAE WA R AT WAL 43 H7 [SMD=-3.47, 95%CI
(—3.87, —3.07), P<<0.000 1; SMD=-2.47, 95%CI
(=328, —1.66), P<<0.000 1], #iRE/R, RH
TC AP RARTXHRA, BAG%%ER [SMD=
—2.83, 95%CI (-3.49, —2.17), P<<0.0001]; 4r#t
LDL 845, LN 7 TWEF, SSRGS A
[Chi2=160.31, df=7 (P<<0.000 01); P=96%],
K BEAL G AR o AR5 Xk ZH T T4 AN R 3R AT

WM [SMD=-1.89, 95%CI (—3.43, —0.36),
P=0.02; SMD=-2.72, 95%CI (-4.05, —1.40), P<
0.000 1], g5 E7R, IR LDL /K-F B AR T X
A, BESIF¥=ZER [SMD=-241, 95%CI
(335, —1.45), P<<0.0001].

2.1.5 AV ABEARAIAN 15 Sk, A
1 RIS R IE 7 LR VR T AR e B B A B
N, HAY 14 5 SCHRYY R IRTE AR BB

2.1.6 REMMGHT  FETIGRA BB 263
BN, SRR B 5 DL A 2 A
FRbth, A ASKERR, UL AHTE T BT gl N1 12 4% STk
TEAERFE M, W 2-Co

2.1.7 UM AT R H STATA 34447 BUS
M, AR IR —HERR AT AR S, B IR HERR —
WML TS, HARBE L E AT Meta 20, LLH
Wrah RFaE M. SRR, GIHFBNERA R
AL, AT ARG R e R . AL
K 2-D.

22 WEHBFLER

22,1 FOERTRZ RO F)TRE 8 TCMSP #fE
JE %o} B TR Ji 7 v (R BRR 23347 ADME %%,
JE IR Z B 258 MAsr. BL OB=30%A1 DL=0.18
VB R 196 2% A1 0T 38 S BT e i M s o i3 AT I e, 43
3| 55 MEMESS> - BATMAN-TCM 35 FE ik #% P
{9 0.05, 133 22 MUY o [R] i I 2 5 AF ¢
SCHR, X R g7 o BN 2 ADME Z8H B H
B 2B I B o AT A 7, e AR RIS T o
60 1. HARMEE LK 3.

2.2.2  ALZERHE S R R RE A R R g
A % TCMSP. BATMAN-TCM %45 e, $RHL
TOERT R G A 5 1Ay AR FHBE A, £ S 15 31 985
ANBE 5. DL “Diabetes Mellitus, Type 2”7 43¢ 8 i,
£ CTD # ¥l h 2 240 MR, 1
Genecards FU4 FE H 2 270 NMERHE A, AL
HF AR 433 MR A A I ZER
B RURH 0 B i AT R XS B, AR B S AR
A 121 A CELRWE 3-A Fin, £ 4 5
THT 30 MR A

223 EAHEMSBMEEESITER HIAH
M\ STRING #0482, FROEWIF N NIE, SRIGE
FAHEAERRR, RAH TSV 0k, A
Cytoscape B3t #ifk, &5 R0l 3B Fos, 4
INEZH TR S (T30 1)



5804 * ¢ $# Chinese Traditional and Herbal Drugs 3£ 51 % 522 #§ 2020 11 A

®3 REMBRAEMERD

Table 3 Active ingredients of Huanglian Ejiao Decoction

%5 PubChem CID Ew) ViR i RIR L

1 443422 (R)-canadine C20H21NO4 Ik 0B=>30%. DL=0.18

2 2353 berberine CoHisNOs™  3HiE 0B=30%. DL=0.18

3 72703 berberrubine CioHiCINOs ¥ 0B=30%. DL=0.18

4 11066 berlambine CoHiINOs 3% 0B=30%. DL=0.18

5 72322 coptisine CioHuNOs"  HIE/H%  0B=30%. DL=0.18

6 160876 epiberberine C2oHisNOs*  #i%/3%  OB=30%. DL=0.18

7 5319198 magnograndiolide Ci5H2204 i 0B=30%. DL=0.18

8 19009 palmatine CaHxNOsw  #iE OB=30%. DL=0.18

9 5280343 quercetin CisHi007 i 0B=30%. DL=0.18

10 20055073 worenine CoHisNOs™ i 0B=30%. DL=0.18

11 119041 obacunone Ca6H3007 P L. Bk HUILHE. HisgmEen
12 179651 obaculactone Ca6H300s P GBI BipEes

13 445858 ferulic acid CioH1004 HE PUAM. PUlAE FURAE. M AEE)
14 72310 columbamine CoHxNOs™  FHiE e L ] Py e 301

15 72323 jatrorrhizine CoHoNOs™ i PUoe PURYe. B ARG X4
16 821279 (2R)-7-hydroxy-5-methoxy-2- Ci6H1404 EE 0B=30%. DL=0.18

phenylchroman-4-one

17 5321865 5,7,2',6"-tetrahydroxyflavone Ci5H1006 HE 0B=30%. DL=0.18

18 5322074 5,7,4'-trihydroxy-6-methoxyflavanone Ci6H1405 EE 0B=30%. DL=0.18

19 5280442 acacetin Ci6H120s EE 0B=30%. DL=0.18

20 5281605 baicalein Ci5H100s EE 0B=30%. DL=0.18

21 188308 carthamidin CisHi206 EE 0B=30%. DL=0.18

22 177032 dihydrooroxylin Ci6H140s EE 0B=30%. DL=0.18

23 5316733 dihydrooroxylin A Ci6H140s EE 0B=30%. DL=0.18

24 33934 diop Ca4His04 % OB>30%. DL>0.18

25 182232 ent-epicatechin Ci5H1406 EE 0B=30%. DL=0.18

26 373261 eriodyctiol (flavanone) CisHi20¢ EE 0B=30%. DL=0.18

27 188316 moslosooflavone Ci7H140s W 0B=30%. DL=0.18

28 124211 neobaicalein Ci9His0s EE 0B=30%. DL=0.18

29 5281674 norwogonin Ci5H100s EE 0B=30%. DL=0.18

30 5320315 oroxylin a Ci6H120s EE 0B=30%. DL=0.18

31 5320399 panicolin C17H1406 EE OB=30%. DL=0.18; OfE#S. HFE

PRI )

32 13889022 rivularin CisHi607 EE 0B=30%. DL=0.18

33 161271 salvigenin CisHi60s EE 0B=30%. DL=0.18

34 222284 sitosterol C29Hs00 WE/A5% 0OB=30%. DL=0.18

35 5280794 stigmasterol CaoHazO EE 0B=30%. DL=0.18

36 5281703 wogonin Ci6H120s EE 0B=30%. DL=0.18

37 64982 baicalin CaiHisOn W P Fidk B s DL R IR
38 5281607 chrysin Ci5H1004 HE FrEfbL. ot PumE ARy
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%5 PubChem CID EY) AR bR 3R

39 173183 campesterol Ca2sHas0 A T BUE. BB

40 3084961 wogonoside C22H20011 A PR BUILE B AR AT 2 50

41 9064 (+)-catechin Ci15H1406 Aj 0B=30%. DL=0.18

42 5280863 kaempferol Ci5H1006 njth 0B=30%. DL=0.18

43 14605198 lactiflorin C23H26010 S OB=30%. DL=0.18

44 64971 mairin C30H4303 S 0B>30%. DL=>0.18

45 70698143 paconiflorgenone C17H1506 njth 0B=>30%. DL=>0.18

46 442534 paeoniflorin C23HasOm njth 0OB=30%-. DL=0.18

47 21631105 oxypaeoniflorin C23HasOn2 njth Tk BUR. MR, UEIIOREEELL.
XU O LR 7]

48 21631106 benzoylpaconiflorin C30H32012 njth B ORI, sk, HUREEY

49 24868421 albiflorin C23H2s011 S TR LIRS, BRI AR

50 11092 paeonol CoH1003 njth P, sl Bk, MR, BT

51 370 gallic acid C7H4Os njth Pk BURA. HrEiy

52 6322 arginine CeH14N402 iy e 2 by i)

53 6274 histidine CeHoN302 Bl fiz TR, T, Higt. Pt

54 5962 lysine CeH14N202 iy e R NEAERKRE . SRS, 1
TigE. (IR AL SRS

55 6288 threonine C4HoNOs i fig SN, RiEEKKES]

56 5281243 lutein CaoHs602 pUR U PUEL. PR Al

57 5280934 linolenic acid CisHz002 P LS, Brifee. HR. Hildl. fomln

58 445639 oleinic acid CisH3402 pUR FPERTT L RHEAESS AT

59 5280450 linoleic acid CisH02 P DO L R

60 5997 cholesterol C27H460 AF3K 1 o ) 8 2 R 43 0]

2.2.4 GO W5 KEGG @/t HItaie
RPN STRING Hidle R AT E B 04T o 7E GO i
L, AEYDIEAE (Biology process) 133! “Xf &AM A
MIRIRL” . RN “ A o & s

% HIL 2096 1~ /- FUjEE (Molecular function)
33 “fE5%EEEE” “HARSE” “F—EO4%
A 7555 H 3L 189 A 4l B /3 ( Cellular component)
P33 “ A 2 18] 7 GBS E 53 7 RO X A S
% HIt 103 4~ KEGG BB HT I T “HE IR
FEORCIE HROR e A RE 2 b 4 R P2 ) ( Advanced
glycation end product, AGE) &3z {4 (the Receptor
of Advanced Glycation Endproducts, RAGE) {5518
%7 “H4E 75 F A F-1 (Hypoxia inducible factor-1,

HIF-1) {5 5 g7 “ 2 ZJF i & B e
(Mitogen-activated protein kinase, MAPK) {55 i#
B “IR” 45 181 SRAHKIERME . 45 R 3-C Pis.

3 WitSaHh
3.1 MREBEXRIGKREHME S

BEE NTATETIZE N, T2DM F R IR
A, EEA, 2R T2DM B8 4N 42512, X
—HUEIGLE 2045 K E 6.93 1215, T2DM &R
CRCA RS . MRS (R 2 BB R iR
Fama) U0, T2DM (677 55 5 0L B 5 993 T2 6 3 e 1f
BAP TR, MERZAEIT B Z MM ENGST, IR
16YT T2DM (25 EZA XS MRS, o-FE T
B SRS o UM 24547 = B2 I 34 i i [ 2R iUk
PEAHD I BE i 2 B UE2), il RS 24 e it i
iR 5% 2 s A XTURFETS™Y,, oo A 1) 750 D1 3 o 1
o ] 0 W EF I ) VE R B K A S TR, DA
TR BB ME R B BN, SR1M, PG IR A
W R —FhE LR E LS, AR E a7 8UR,
HEBZMENEH. T8k, FEHAERST T2DM
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response to chemical

cellular response to chemical stimulus

cellular response to organic substance
cellular response to oxygen-containing compound
regulation of localization

TNF signaling pathway
IL-17 signaling pathway
non-alcoholic fatty liver disease(NAFLD)

response to organonitrogen compound
response to nitrogen compound
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Toll-like receptor signaling pathway
FoxO signaling pathway

apoptosis

longevity regulating pathway
Prolactin signaling pathway
adipocytokine signaling pathway
relaxin signaling pathway

type 1I diabetes mellitus

NF-kappa B signaling pathway

Ras signaling pathway

T cell receptor signaling pathway
NOD-like receptor signaling pathway
sphingolipid signaling pathway
Cytokine-cytokine receptor interaction
type | diabetes mellitus

Neurotrophin signaling pathway

Thl and Th2 cell differentiation
cellular senescence

Jak-STAT signaling pathway

10 . 20

disease targets ~ component targets 2 extracellular space-
extracellular region
extracellular region part-
vesicle-

membrane raft4
cytoplasmic vesicle
whole membrane+
cytoplasmic part-
cytoplasmic vesicle part-
secretory vesicleq

C3 0 20 40
signaling receptor binding
protein binding
identical protein binding
receptor regulator activity
receptor ligand activity
enzyme binding
molecular function regulator

binding - .
protein dimerization activity AMPK S}gnal}ng pathway
lipid binding p53 signaling pathway

A-SEEHLARERE. BILAI AR A BEAERNE C-GO M KEGG il B/
Cl-AEMmpiaatr Co-4luar bt C3-TIiieadr  C4-KEGG 7t
C-GO and KEGG pathway analysis
C4-KEGG pathway analysis

A-Acquisition of common targets B-Results of network topology analysis

C1-Biological process analysis C2-Cellular component analysis C3-Molecular function analysis

B3 BEMAHAT ZEARRRI M R S

Fig.3 Network pharmacology results of Huanglian Ejiao Decoction in treatment of T2DM

®4 AEMRAAT _BERERFEHHEEIRER (7130 M)

Table 4 Common target information of Huanglian Ejiao Decoction in treatment of T2DM (top 30).

75 H Uniprot ID 54
1 AR P10275 Androgen receptor
2 DRD2 P14416 D(2) dopamine receptor
3 CAT P04040 Catalase
4 KCNQ1 P51787 Potassium voltage-gated channel subfamily KQT member 1
5 IL1B P01584 Interleukin-1 beta
6 NPPA PO1160 Natriuretic peptides A
7 FAS P25445 Tumor necrosis factor receptor superfamily member 6
8 ESR1 P03372 Estrogen receptor
9 TLR4 000206 Toll-like receptor 4
10 MTNRIB P49286 Melatonin receptor type 1B
11 VDR P11473 Vitamin D3 receptor
12 NFKBI1 P19838 Nuclear factor NF-kappa-B p105 subunit
13 PTGS2 P35354 Prostaglandin G/H synthase 2
14 PNPLA2 Q96ADS Patatin-like phospholipase domain-containing protein 2
15 ABCA1 095477 Phospholipid-transporting ATPase ABCA1
16 BAX Q07812 Apoptosis regulator BAX
17 MTTP P55157 Microsomal triglyceride transfer protein large subunit
18 C3 P01024 Complement C3
19 ALDH2 P05091 Aldehyde dehydrogenase
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55 FE A Uniprot ID o H 4

20 NR3C2 P08235 Mineralocorticoid receptor

21 IGF1 P05019 Insulin-like growth factor I

22 EDNI1 P05305 Endothelin-1

23 PLG P00747 Plasminogen

24 ADRB2 P07550 Beta-2 adrenergic receptor

25 AKRI1B1 P15121 Aldo-keto reductase family 1 member B1

26 MTOR P42345 Serine/threonine-protein kinase mTOR

27 INS P01308 Insulin

28 AKTI1 P31749 RAC-alpha serine/threonine-protein kinase

29 IL6 P05231 Interleukin-6

30 BCL2 P10415 Apoptosis regulator Bcl-2

x5 EBEENHINESHESH RT301)
Table 5 Topological parameter analysis of protein-protein interaction (top 30)

P S B el i AL WIS
1 INS 107 0.139 8 0.902 3 0.3210
2 AKTI 89 0.039 6 0.794 7 03709
3 IL6 85 0.028 5 0.769 2 0.3859
4 TNF 77 0.0155 0.736 2 0.408 4
5 VEGFA 75 0.013 6 0.7229 0.414 1
6 TP53 75 0.0196 0.727 3 0.407 0
7 PPARG 75 0.048 4 0.727 3 03745
8 LEP 73 0.0235 0.718 6 0.386 9
9 IGF1 72 0.0147 0.714 3 04132

10 CASP3 71 0.0116 0.701 8 0.426 2
11 MAPKS8 69 0.0117 0.693 6 0.4290
12 CAT 67 0.027 4 0.693 6 0.403 4
13 MAPK1 67 0.008 8 0.681 8 0.4323
14 EGF 66 0.009 6 0.6818 0.433 6
15 CXCLS 65 0.009 1 0.6742 0.448 9
16 IL10 64 0.007 6 0.670 4 0.448 7
17 IL1B 64 0.008 5 0.666 7 0.448 9
18 PTGS2 64 0.004 4 0.670 4 0.460 2
19 TLR4 63 0.006 3 0.670 4 0.4512
20 NOS3 62 0.009 5 0.670 4 0.4292
21 MMP9 62 0.003 5 0.663 0 0.468 4
22 FOS 61 0.0103 0.663 0 04341
23 ADIPOQ 60 0.016 6 0.666 7 03924
24 FN1 60 0.004 5 0.659 3 0.459 6
25 MAPK 14 58 0.009 1 0.6452 0.450 7
26 ICAM1 58 0.003 9 0.6452 0.4672
27 APOE 58 0.0114 0.6557 04225
28 BDNF 58 0.0109 0.648 6 0.428 8
29 IL4 56 0.004 0 0.6383 04715
30 ESRI1 55 0.006 7 0.631 6 0.465 5
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T2 0E, PG TT AT EBCA A
2Rl RN S B AR VR U E . T2DM
RN 44, Hodr, SRR AR LS
IR R B AT Re 24105, tesh, 5 HL %
FELOL, P J5 W0 ST, i IR 22 A PRSI AR O o IR
FHTRYT T2DM &S8P 254 LARE i pE e — H
(1, HATTRGER . AR, A L)
B EIE AR SR 29 9T A AE — 8 B R BR A% o
RN, T2DM J& T4 4R “WHiE” o, HI:2
SRR B R YRGS, Jodr, R
N T2DM 5 5 AR ()0 BRATL #1500, 3 AR i 4
T2DM ML BN AR S ZEZEC0, 1B o g 55001,
B AR, RIGE EE0, RRAgIE . SRR
IO, FERT RSN (%) gy,
TR BEM S VS 0K, A R B RIRAR g%
B, 5 T2DM “ BB P LH AN A
BRIk, AXT TR P62, H257Ei6RYT T2DM Ji A
AIT R ERBIRSERF A, TFEPHERG 5
M EAWRA . AT RAR 15 ok
L, H 12 R T EER A RS T2DM PLEA
R, 13~14 VS T IFEKSF, 7~8 Fa il 1 1f
REAKF, S TUHRMREA G L. g55RRN,
5B G T2DM ARG, 7R FBCA 8
PR A B A B IR TR EREIRRGE S
AR, SEEME. MK

3.2 XIERIFZFRAVEEIN

AW RIATT T2DM BA —E S H M H,
gt LR T PEEE ISR T T2DM 78 24 B G o7 4k
RELF, HEWHEARRMN. Fik, 4EIRKEGT
T2DM 1] 25 [E{E 78 25367 (Y JE Ak L I & P 25 % e
Wiz, iR IES e R AL

MRAEAHE T 25 R, A J5 I R F 24 I R AR
I8 T2DM B AR YRR, s, AHRIS
A%, BOEARKRMIRE, HHERT RS
RE R, ORI KT 3. kb, 1EZ
VG IT AL RE b, NS T2DM Bt riEsia
SRS, ZWEKE, SHTIEpEEE, M
FERS P AR & . 2 R A FAh IR R o vy of R
S, NS FAH N 2R AR YT -

[FIE, 4 S I PRI 76 R fi 3] S it B 27
WIBENL SN BT J7 5, RS BR S N IR IR &, 75 Wb ik
SrECRRE . W X R, 8%y v il e £ i) R
KA

3.3 BEERNSISH

FET Meta iras B, ABFFUE— a2
Ly PP IR R BERT K710 97 T2DM HIvE £E4E H
Pl S5 REKH, BOERTRZ 258 MUY R Tt
H 60 MBS, XL 3 BAEH T INS.
AKTI1. IL6 5% OHE i, BETH M R 7 1Az,
IS EEYT BLAESE T2DM HIR

BT 237 (1 %% B 2 40 M, BN FE L
Y, BATENGIER. 15 KE2 D80, AR
SEEAEY. ZHE. EE. KBRS, HER
VENBE P ) E 2 Ry, P RAVE A4 P 5
R FER M RIE, o R B 2 I BUS ST, BF 5T
KU, EERIERE I RS 22 (InsR) (1)
KK, 3% T2DM EE B2 G0t Re B
RFRE IR A B, AR T2DM K BRI 2 IS I . 3555
RS MR A, RS IRRIE K
2 —, BANE T2DM /MBS ERELFGE /), 1t
AN BE U W B AR B 2T 8 1000, TR Y
T2DM R I7AE 5 0SB R 2R IRY) 1
(Insulin receptor substrate-1, IRS-1) Fl%§ & ¥z
#HH 4 (Glucose transporters-4, GLUT-4) £ 5<l7,
BRI RS ARGy 2 —, RERS N o-76 &)
PEE BSOS, fRY B A D REY. BhAh, EHE R
AR VIASE, AT LLRAIK T2DM KB 4R
EEH2E, AT e R B Dy Rel . BT & A Bk . &
i REERR AR TG REA UL, ARSI/
BRI G 92 D E AT R 20 i A R T RECTY, i W] HL AL
BRFETER . RIS, AR 702 BB e % 40 |
N Th2 A3 SR, B K Bl T 1A 24 o 8
SN2 AU AT 2 3 B Ry, AT RLd
T 2K N- Sl AU B #2 2 (GALNT2) -
MEERENEEN 3 (Angptld) -8 E A g i B
(LPL) AR /N BN S5, T s I v % i
R P O R 5, AR o AR 285 5 I 1 [T
SR E R =B . WY TR RS R
M. OPEEAR. AUEERE LS, B R NG
I HADUE. PSR, R, A
FU 7N B TR I 17 v 2 BAUR 2 B RE AN A AR FE B IR
T2DM, ABEFCEH], F I 2% 24 3 ] i 16 45
BRI BER . BIEM. EE R AAESNFRr
A LLEHERE T2DM FIw4E 1, 52697 T2DM KT
) B A

AW TR GO A KEGG & &0 #1153 2| K& A
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K@, HA, AGE-RAGE 15 5 Si&1%. HIF-1
{5518 MAPK 15 5@ . IR 55 8E&EM 7R
7 T2DM WK R B Y]

AGE-RAGE Z [AIHJHEAE A 51 K — RAIH
2N, 3 A AR R 9RE RS, A& T2DM K&
FLHR R T 1) BB AL« AGE J&2 — R E MR
PRV, BHEEERT . ZIERRAE A e K A
B 1 55 2 P 2% I AR B 3R 4k B 13
RAGE =& Huitt &£ 1 AGE 2k —, E&—
o T e 9% K 2 1 S0 1Y) 22 T AR 1) 4 R 3 T 43
T, TEVFZAIRRTAERIAT, UG T 75
ARZSHS, KN AGE K P75, F i RAGE HIZRIA,
AGE 5 RAGE 4545, RAGE ##%, #H T «B
(Nuclear factor kappa-B, NF-kB) mRNA 3k I
W, M EGE NF-xBUSl, NF-xB A 5% ML K55
PE, I I SR RN B 444 SRR B AU TS
LI NF-xB, XAk — ik AGE 5 RAGE 45,
TSR FA8] , AGE-RAGE i Al 38 i i &2 ol
WA EEHEG C &, EEhA RN AR A K
=i ESE (Reactive oxygen species, ROS), MTF
FHUATGT) . AL RRE, FOERR T R
JETHYY AGE-RAGE {5 5B #I6JT T2DM.,

HIF-1 {5 5@ %78 5 T2DM #H5<, HIF-1 T 1992
FEBOE A NP Hep3B 4l k9L, 2
HIF-1 WA HIF-1p W34 B i S I — Ak .
HIF-1B 7E4H M AR E R, REMMEER, M
HIF-lo 22—/ MEWTEE, 252 %6 5@ FH
PR IREA R R B, BfF FU 3R B2, MR AL T
PEREE RN HIF-la EEEKPFRZE T, S
HIF-1a 148 S50 537 & N B2 A K A7 (Vascular
endothelial growth factor, VEGF) 7K~F R, X/
T2DM (1) 5 ZEHRFAE, A PRI S FL I R (1 8 2
YERIBLEL. DRI, SRR A e isid 85 HIF-1
&5 I IR 2GS T2DM 1 H 1.

MAPK {5 5@ 2 T2DM HF 78 FF i — A4
&, MAPK {55186 H— 38 22/ 75 2 1R . 1 i
B TTRZAET &M, R R RIAN —
ZFEEIRFES], MAPK RS (IR 1L, HIHIAR
5 FH v = WR A R, A RE AR ATy
GLUT4 HJZRIEKF, hois w4 0 iy #8, o0
IR, AL, MAPK {5 53l B 0T J5 18 7T 51K R
JiE SN, 3 A PR T AR A ), R, MAPK {5
5 PR T R BIERT A TRTT T2DM B4R .

IR A& FRHLIAKT B B 22 I BURKPE BRI, Kb 37 4
BRI RE 77 BRAR, 5 B0 2 10780 2 B R0 N i3
R P=A R S B SE 7 IBRERE A0 g 25 L 45 B0
R0, IRS LR IR (GBS, Hor, IRS-1 Al
IRS-2 5§52 5 5 FEUIAHKE, IRS 1%
I B R Ak S PR AR T IS I R R AR R S AR
77, X H BRI RS (PIBKD) FOSeS 1R A R
T, FHAS T RS RE T IEES N RIHE TS, A
FET2DMBS, LRI, M SRR (Free
fat acid, FFA) 7K°F-JF i nl 8k 0 85 Bl K
(Protein kinases K, PKK). NF-xB 585 1, 145m
IRS 22 ZIRFRILIBERRIL, Bk IRS TRERS, S5
FEACH AL Ak, M i 3:-6 (Interleukin-6,
IL-6) FIIEIS PEACHEE H2 3244 B AT IRS-1 IR H
Fib RIS RN 5 0B IR B R 1L /K PRIk
[T N 78~ S Il e TRy S e Gl M N
FEERBEE KB IR, XRFHE I W E—E
FERE B4R IR SKEEM% T2DM Jits .

I H., AHE I & 4 B @ BRI e A SN
FACRLE . AR TS A VRENLE] . SR N2
T2DM 1R Imblil 2 —, HURTERBIRAS T 22t
PERELH PR T ORI, X P B 40 B s s 4% 5 Bt
BB ER I, AT ERE T2DM K HE B RE R A R
RJEPI, s C V& (C-reactive protein, CRP)
FEIfR b BB AR EY . —, 2 T2DM HEHE
TR T, KEHHEER, MG+ CRP KES
T2DM & AR 8 S R 3 IEA R0, Ak, RisR
BRI F-0. (Tumor necrosis factor-a, TNF-o) A] PAVG
WEGEANA, FOHEE S R, T DL o
YA, PR 5K, SEESERRA, M
Jil T2DM IR P3N, A B2 T2DM 1A%
MUz —, SHUAZ RS FE FREE, 2 KEr>
A= ROS. G HERSE mE TS T, HUAIE R A
RE AN M IX S =il 1t o 1, FT8 T8 R G
At Ra 2 P, SR SR, Mk
TE R HEIRAS N 2 SRR R AR 4E f138, ROS AN
FR, AR AN ORI, N T2DM &
HHRIELS, I E T B W2 T2DM R RAL
Hilz—, WAL T BRI, S A KCE
Ik P TR P S B AR AT B B RS (UPRD, I
B 4H A o001,

34 TEERRM
AW FALE— MR (1) RN
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f 15 8 SCHR LA P Rk, X 4 R SCHR A I8 1
BEHLFE FI AL KI5, TR SCHRISI AR 73 B R e AT
BIET A, B REa A& KM, (2)
EERT A N 225, BT NHIWEFE ) 9 [ AR 7T,

E ST T AL, I AE — ERE B 2s 520 Meta

STINES R, (3) T AR FED, SRR

ANHIFEA RN, JFHBZ KR RCTs 546

(4) P NEIRTFea 257 TR AR, Hy7 20e]

REAFE—EMZESR: (5 Pt NHIwT e A R R

LRI 52, T vk 4 T M VAR A i P 5 i

(6) 2% 2 A2 T8 MG 1 BRIy 5 SR IG5 R Y

S, R BERIHE FU N B8 R S DR IR R R AR s

() ZIRAVE AT EE RSy, AR AN N

N B2 252 BT T, 5 S o BT i 22 ik ik

FTEIRNBINLEIER s (8) WL ZGHE2E & —Fhit T

I3 T M B SV AT BT SRR, Rtk

i 5 L AR A AR I PAIESE .

4 ING
AT T Meta 7 HT HIP 28 25 BAE A 40K

SR B IR K 7 16 ST T2DM I PRYT R0EE4T 737

s I 7 HIBERITE I BLE . 255RKW], fE 15

B RCTs SCHkH, ISR b, MRS

bR B R EOT X IR, B 5 5 R L RS

T POERT R ) 258 ML 2 By A 985 AN FTEE AT

Forbr 60 Ff o), 121 MR 181 25812 5 T2DM

e s OIS, E2 & AGE-RAGE {5 5 IHE

HIF-1 {7 5@ #% . MAPK 15 5. IR 5 M RiE4E.

WRAEIUA I Fo a0 24 % Aa 7 i Al BBk &

A Y 3 T BT i 7T 4 2 O HLIR YT T2DM (1 AR 7

R BRI MG, 328 G IR, AR R

L AR N IS 16T T2DM.
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