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Mechanism of simplified formula of Tuoli Xiaodu Powder in promoting of diabetic
wound healing based on molecular docking and network pharmacology

LI Yi-yang', YANG Zhen?, ZHANG Xiao-na', ZHAI Yang-kui', SUN Bei!, PAN Cong-qing!

1. Key Laboratory of Hormones and Development (Ministry of Health), Tianjin Key Laboratory of Metabolic Diseases, Tianjin
Metabolic Diseases Hospital &Tianjin Institute of Endocrinology, Tianjin Medical University, Tianjin 300070, China

2. School of Chinese Materia Medica, Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China

Abstract: Objective To investigate the active ingredients and molecular mechanism of Astragalus membranaceus var. mongholicus,
Angelica sinensis, Angelicae dahurica, and Gleditsia sinensis in Tuoli Xiaodu Powder in promoting of diabetic wound healing.
Methods UPLC-Q-TOF/MS in positive and negative ion modes was applied to analyze the components in the ethanol extract from
Tuoli Xiaodu Powder. Molecular docking technology was used to predict the targets proteins of these components. The function and
pathway annotations of target proteins were performed through relevant databases such as Uniprot and KEGG. The drug
components-target-function diagram was constructed using Cytoscape software. Results Twenty-eight compounds containing
flavonoids, saponins, coumarins, alkaloids, and triterpenoids were identified in positive and negative ion modes. Among these
compounds, 17 compounds could interact with 17 target proteins, and there were 210 pairs of component-target relationships by
analyzing the results of molecular docking. Among them, five targets were related to immune regulation, six targets were related to
antibacterial and anti-inflammatory effects, six targets were related to cell differentiation, 10 targets were related to cell migration, six
targets were related to angiogenesis, two targets were related to stimulation of epithelial growth factor, six targets were related to

vasodilation, and two targets were related to estrogen. Conclusion The flavonoids, saponins, coumarins, steroids, and triterpenoids
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contained in the simplified formula possess many biological effects such as antibacterial, anti-inflammatory, immune regulation, and

angiogenesis. These functions may be related to its modulation of NF-xB, PI3K/Akt/eNOS, and MAPK pathway through regulating

NF-kB, MAPK, PI3K, and ERK2 targets.

Key words: Tuoli Xiaodu Powders; Astragalus membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao; Angelica sinensis (Oliv.)

Diels; Angelica dahurica (Fisch. ex Hoffm.) Benth. et Hook. f.; Gleditsia sinensis Lam.; wound healing; molecular docking; network

pharmacology
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2.2 1ZEWIAY UPLC-Q-TOF/MS 4 E
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F1 REBESHEEIEMR S UPLC-Q-TOF/MS ¥EL£R
Table 1 Identification results of TLXDS ingredients by UPLC-Q-TOF/MS
5 mwmin M THE B D FEF LELR )RSy
1 071 254.989 3 +  [M+K+Na] TEME= S
2075 287.069 9 +  [M+H] PR R L=SEp:
3079 203.052 2 +  [M+H] 1EAN Ak
4 0.80 219.046 8 +  [M+H] S-S 2L -8- R A AN iR R A1
5 085 307.060 2 +  [M+Na]t B B B
6 1.6 232.058 1 +  [M+NaJt B A B
7 1.60 323.101 0 +  [M+Na]* MR e
8  1.84 247.093 7 +  [M+H] LRILHTAE T ORHEE) i
9 395 276.076 4 +  [M+Na]t F R D HE
10  4.10 635.389 9 +  [M+H] 3B-O-trans-p-caffeoyl alphitolic acid AR
11 424 269.078 6 +  [M+H] TR AL R BTG B A
12 426 271.130 7 +  [M+H] B F B
13 432 485.084 3 +  [M+K+Na]* B R WE-7-0-B-D- F HE T B
14 454 457374 8 +  [M+H] MERTR (EHMER) L=SEp:
15 4.66 481.326 8 +  [M+H] FIMEAREE (R R D AR
16 493 4533440 +  [M+K] B-4r EilE (A EED A
17 497 907.449 4 +  [M+K+Na]* HEE I HE
18 5.02 951.476 0 +  [M+K+Na]* HICEH VI Gy
19  5.66 657.360 4 + [M+H+K+Na]*  3p-O-trans-p-coumaroyl alphitolic acid L=SEp:
20 5.80 503.131 1 +  [M+K] 2R N3 A T A R G- T-O-B-D- A B R
21 6.95 785.482 5 +  [M+H] IR IV B
22 7.04 689.368 5 +  [M+K] RS TE RE 2K A A B
23 7.06 733.394 9 +  [M+K] PEIER M B D HE
24 7.8 661.358 3 +  [M+K] JESERREH 1T B
25 732 325.046 6 + [M+H+K+Nal" SEALETiR =i
26 7.99 191.106 4 +  [M+H] BB N IR L=
27 077 215.036 3 - [M—HI WEER SH
28 0.85 191.022 6 - [M—H] 6-HER-T-RERT R HiE. Z9
29 3.96 469.346 7 -  [M—H] zizyberanalic acid A
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Fig.1 Positive (A) and negative (B) total ion chromatograms of extracts of TLXDS
R2 REHSHBEEEERIND FRIE
Table 2 Molecular docking results of TLXDS ingredients

o ) Erohea)

PDBID  #Es HEw PDBID  #E5 A

(kcal'mol ™) (kcal'mol™")

ILE9  NF«B B VII —-49.5725 |SEIE  JAKl JHEIEHIGH 1T -57.3352
HERTIV -47.979 8 HACHT AT —49.500 4
HERTFI —43.710 5 R —42.551 8
PSR ESH 1 —33.446 4 BT VI -39.5715
SACHTIAE -32.3255 B R E -39.077 7
(H-ZEIEER [(H)-mERER] 223695 (H-ZFAEER [(H)-mPIRE] 385996
B -21.948 8 O)-ZEEER [()-mPIRE] 384690
MR —18.964 4 MR -37.1110
(S)-()-FAARTEAR -17.761 5 HEERF IV -36.040 9
O-ZEEBR [)-EIAR] -17.7512 (9)-(-)- AT R —34.7419
TR -17.170 7 TR -33.174 6
TERLEE -15.122 1 5-HEHE-8- R A R R -28.783 6
5-HEHE-8- R AN R R -14.646 3 REFR (-PRIETAEATR)  -28.564 8
REFR (-HEHRTRERETE) -14.5443 iziGirs -26.560 1
TEMEER -14.4542 iz —25.660 6
4QP9  ERK2 AEmIHAEY -55.1304 |3UGC JAK2 (H-"EEBER [(HD-EHAE] 426992
(- ZEHIEER [()-BHBRER] 473592 e —41.609 3
(H-ZEIEER [(H)-mPRR] 472439 SACHTIAE —38.753 3
B-75 Kl —46.724 5 (9)-(-)-FAHTEHE -38.002 6
JRESE TR BT 11 —44.602 8 O-ZHIERE [O-BIAR] -354550
BT —41.4256 iziGirs -31.907 6
MR —40.444 1 5-HEIE- 8- AT IR R —30.588 0
(S)-(-)-FAHTEHE -39.650 3 B E —27.924 4
TR -38.8375 REFER (-PRIEETHRERTR)  -273272
5-HEHE-8- R AN IR R -33.9233 TERLEE —26.479 5
TEREER —29.296 7 TR -26.143 1
AT —28.7378 |4WAF  PI3K-o JHEHTEH 1T —49.339 1
IR IV ~28.605 5 H-"EAIEBR [((H-HEHAK] 419696
REFE (PRI THRIEETZ) —28.0212 HEKEHE IV -39.652 5
TERLEE) -26.712 8 EACHTIAE -39.450 9
BT | -38.809 6
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PDBID #15 = A PDBID  #5 wE G
(kcal'mol™) (kcal'mol™)
4WAF  PBBK-o (O-Z“EIEFE [()-EPAEK] 374530 |4KIN  MAPK LRI —48.1142
BB R -37.062 8 W | —47.660 4
BT VI —34.0229 HEKEE IV —44.601 2
(9)-()-EUL TR -32.607 5 H-ZEIEER [(HD-HFAR] 427369
R -31.555 6 (-ZEIEER [O-HHAR] 417198
TEWTER -31.293 8 BT —40.549 3
FHEFER -PHEIETHERTR) 267677 MR 1T -39.600 5
S-HEAE-8- AN R &R -26.417 8 TR -36.891 1
TEhE# —25.669 0 Bl ES N -36.298 1
TEREE —23.428 8 (9)-(-)-E AT —35.562 7
3RZF  IKKB FHEEHI —71.450 1 HE R VI -35.1228
HERTFIV —57.527 6 FHER AT RIEETR) -33.0525
PESE R A 11 -53.626 7 AT -32.9378
BT VI —50.646 1 TERLEET -32.674 1
g VIATiNES —49.805 5 5-HEIE-8- R A R R -30.3619
H-—EEBER [(D-FHPIAR] 394222 |3RWP  PDKI  {eifidER —29.774 3
(S)-()-FMATHAER —35.726 6 HICEF IV -57.011 4
(-ZEIEER [-HIAR] 353564 BRI ~56.8550
W -35218 1 MEIEREEETH 1T ~55.9720
BT R -33.054 3 SACHTIAE 479155
TARIEE —32.464 9 HIE BT VII —43.467 3
S-HEAE-8- AN R &R -28.982 6 B E -39.3514
AR —25.955 8 W -38.778 9
TEREE T —24.941 3 (S)-()-FARTEAR -36.622 6
FEFER PHEIETHERTR) 248901 TR -36.5717
TEREE# -23.648 5 TERFE -33.396 0
4WWO PI3K-y ZACHTHHHE -53.6172 S-HEI-8- RN IR R -31.930 4
O-ZEIEER (O-HFAR] 424523 E NI -30.156 6
HERTI —42.2300 FHER -HFEIET IR TR)  —29.8836
PESE R A 1L —41.494 8 iz -28.389 8
B-—EBER [ H-EHAR] 407284 |20H4  VEGFR2 SA¢HTHIH —45.544 4
B3 —40.687 1 H-ZAETE [(D-mFARR] 428921
IR IV -36.7322 (O-ZEIEEE [O-HIAR] 416194
Me=E -36.463 4 B R —40.974 6
BT —34.4369 TR 374773
(S)-()-F AT 34224 1 MEsE e ~33.948 5
TR -33.888 5 5-FAE 8- E AV e & -29.644 4
S5-I EAME R &R -32.6358 (S)-(-)-FALRTIHE -29.630 6
TEREE Y -30.264 1 REFER (PRI REAETR) 278777
REFH (6-FEILTHRIETE) 267890 TERFE -27.1224
TEhEE —25.893 7 TERUEER —26.449 9
TR VII 210195 [3NTI COX-2 (H-—SAJEBE [((H-HEPAE] -38.0873
4KIN  MAPK HACHTEAE —49.670 7 S-FEIE-S- RN IR R -34.930 5
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gR2
bt ) Ay
PDBID ¥ e PDBID #/ WEY)

(kcal'mol™) (kcal'mol™")

3NTI  COX-2  (S)-(-)-%AULRTHI &R 346349 |IMOK  eNOS T=AfEER -36.1714
TEWTER -33.8212 5-HE 8- EAME R & —34.842 1

S —33.554 5 TEhEE —34.062 0

BEE S -31.939 4 TEREE T —33.368 3

g VIATiNES -31.6129 R (- PEE T ARIETR) 326700

TEREE Y -31.0226 | 1A52 ER-0. KAERTIAE —42.888 6

A AR -30.023 8 (H-ZEIEFRL(H)-mPRE]  —42.6249

TehEE —29.789 0 BEE —42.603 7

O-ZEAEER [O)-HPBURE] 294803 e E —41.609 6

FEFER CHERETRERTR)  —29.0476 O-ZEIEBFRLC)-EHARR] 411599

3Q0KM Akt W IV —81.434 8 (S)-(-)-FAHTTAE —40.621 0
IR VI —49.305 3 TARIEE -39.8457

IR EH 1T —48.738 7 S-HRAE-8- R AN R &R -31.7323

AT —46.993 4 TR —28.835 6

O-ZEAEER [-®EHIAR]  -38.9882 FEEE TR TRERTE) 274257

H-ZEAEER [((H-HBUAE] 362625 TEH —26.667 2

MaE# —35.7458 |2YLY ER-p SAERTIAE —49.558 5

B S —35.654 6 (O)-ZEIEFRLC)-mPRE]  —46.863 4

(S)-(-)-F AR -33.2782 BT R —45.385 6

TR —29.798 3 H-TEEBERLH)-EPARE]  —44.569 4

5-HE 8- EAME R & —29.588 9 TR —43.596 0

TehEE —27.033 1 HhsE -39.067 9

RESR -FEATRAERFER) 268329 (S)-(-)-F AR -36.995 8

TEREE Y —24.064 2 S-HEEE-8- AN R &R -30.593 9

4HVD JAK3  EACRiBATE -50.393 7 TEREEY -28.7512
HERTI —49.924 9 eGSR (- TR TR —28.2253

JESE T BT 1T —48.072 7 TehEE —27.169 1

HEH IV -47.3925 |3TXO PKC HKEFI -50.108 3

(H-ZEAEER [(H-HBURE] 405165 EACHTH —48.866 8

(O)-ZEAEER [)-mBRR]  -39.4389 IR EH 1T -45.982 6

BT R -39.012 1 B-75 K55 Pt —45.774 8

s -37.556 5 O-ZHIEBRLO-FIARER] 445292

TEWTER —35.708 4 BRI —42.350 5

(S)-()-F AT —34.847 5 WIGEH IV —41.360 1

WRE VI -32.744 9 H-ZEEBELH-HTAE]  -39.9930

S-HRAE-8- R EAME R &R -32.2205 WaEF -39.147 3

REER PHETRERTZR 280101 (S)-(-)-F AR —37.9432

TehEE —25.654 3 FIE R VII -36.261 8

TEREET 242278 TR -35.811'1

IMIK  eNOS  (H)-“HIEBE [(H)-HHAK]  —48.1803 5-HE 8- EAME R & —32.996 3
(O)-ZEAEER [)-mBRR]  —47.0186 BN -30.623 1

Ma=E -39.781 6 TR & -29.013 4

BT R -38.423 4 TR (- PR T RIE TR —28.9895

(S)-(-)-F AT —36.765 1 TEREET —26.286 6
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MR I X AT 1S 45 O BE R 45 T L3 R et
IV 5808 (A A A B AR PRI o S 8 AH DG STk
FRIEUSIEE BB TV R PR /) BRI s AR
o NF-«xB HIBERI, it 5% E NF«B MHE
TER B RIETIRIER, 5 Ll TR as R
FARE, VLA BB — B E I, AT
PLHIR S EE R IV 5 NF-«B. Akt 1] 3D 45 & 47
R, W 2. HEERTF IV 5 NF-«B HE/ER
SRR EE (E 2-A) BoRHETERT IV Al 437
5 GLU60. ARG54. LYS218. LYS241 A Gk,
IR IV Akt AHEAER M 7o 2 B (B
2-B) BN KR IV 1[40 515 GLU234. ASP292,
TYR437. ASP439 JEm &% .
33 REHSHEE A AT -EER-ThEEMEE
X PR H AT AE I, FIA Uniprot 34
IR L IR, KEGG M GO i FExt HIhfgi
ATVERE, BARRE SR 1 S H D i W3R 3.8 Cytoscape
2.6.0 HAGIE R B EOE T P ATS A AT

TEEVE L R R DR AT B 5, A T
B -ThREMIZE (B 3). 4% B rp 1 o AR 3
2y FRERE S, WRRFES TEEARZI
TEAEMIAI EAE R, BRA-#E 5 2k R 210 Xt . 1%
25 PRI R B 6 BLVH B ORS 141 07 T BT S A I R SR
R ERIR =G5 o I R A O B
HIMREDE, bk, iy, R4t i
¥ KESEEH . 4 WRR 2 RIAEAE— AN+
H5ZAMEAMS S, RN BATEARRPZ95 T
LFEWEH T FE— MR O RE D EER, 51Kk
ANFRAEYERN . X —E5 BRI T FC R IH B H0E
181 77 B LA 1 22 1 - 22 38 - 22 RS AR AR R
FrEERP A E T2 Mo 28 A, ZREMEAR
FH RS R
4 g

B JR BT @ — AN BEA 71 SR Ak 4
MIEhASLRE, IEW M0 D& k. JOEY.
BT IR E TR, 4 DN BOES R AR E A

A
2 HKEHIV5S NF-«B (A) # Akt (B) HE(ERBISD FIHEREE
Fig. 2 Diagrams of interaction of astragaloside IV with NF-kB (A) and Akt (B)
*3 HEARENNNENFEIRE
Table 3 Target protein and its corresponding biological function
ke AHICHE

P JAKI. JAK2
i NF-kB. COX-2. ER-a. JAK2. PI3K-y. Akt. IKKB
g i PI3K-y. IKKB. JAKI. JAK2. JAK3
4 fi 5348, Akt. PKC. MAPK. COX-2. JAKI. JAK2
Elili0bea 24 PDK1. ERK2. VEGFR2. Akt. MAPK. eNOS. PI3K-a. JAK1. JAK2. JAK3
A& B A PI3K-a. PI3K-B. COX-2. MAPK. eNOS. VEGFR2
b R AR Akt. PDKI
JET: Akt. NF-xB. IKKB. VEGFR2. PI3K-a. PI3K-B

IE 5 F e &7k

Akt. ERK2. PDKI1. VEGFR2. MAPK. COX-2
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Fig. 3 Herbal medicine-component-target-function network of TLXDS

FEUOL, W SR IP BT A B — R ML S A 48 I R A
R0 PRI B ) 2 B8 5 52 B4 HL A D A 4
B o SEH I SORE SN 200, il B AR A2 A b R T
RR B9800 72 W B 14 €01 THT (%) 3 505 PR AL o FE
HEBUREE T S HE K. A, A, 25
CAVLE S FEEE AN B IR B AT P R . BUAR 253 2
MARARKEESH RS, ST R
WA SERL Sy, EREHETZ S SR RE IR,
T 8 s 2 A B I 288 0 DU B A I 3 1 15 1)
TERRY. MRS G R M AR & 2RSSR
[FREEA MBS VE R RS E R . R B 2 KR
W] DU T B e AR P (1) 0L 8 A B N AR Ik P R
4ife (HUVEC) MRAMWIMAE AR, AiESHF
BESRBNEY, BARFMPRENE. (B
AR IE TS TS E o] DAk Y R 2 AR

PRGMETES), AR A A IS SRR AR
gy, HPrRiEE R ER ., KBS UPLC-
Q-TOF/MS X6 HL Y #EHIORS 181 7 7 I B AT 3Bt
RGP EHBE. EME S RZRERS, K
IHECHE I 3K 8 1 23 T R 8 EL Y BRI B PR s 61 T
G 1 ZA AR A

RE S N AR ) A I AR R R P AR
FH, 5 880 90 e S ANERT LAY o G T P -4
5415, AR T R, SemmieE—
ELAF AR S SR A e ot M AN, T 28 PR 4 Y
THBREIR L 227~ 2 &P ER B, AR o0 5 5T AN
T AN T R R (AR 21, sz G T 1) A e o
NF-xB KR5S 10 B 0 oS 1R R R A T
HEMEH . NFxB & —F 3 ZH p50 Fl p65 M J
M) 7 = FRAREE, EHEEML T NF-«B 540 H)7
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AN M R IKB A S5 A DATETE MRS A7 E,
H B%F IKK 7] 5 IKB A 454 51 IKB (R
A IR HLBEAT AR, 24 IKB M TCTH M A i 5 &
ViR B 2 SBT3 NF-«B p65 8 A [ 41
AT, 5 DNA A7 55 A S5 F i R T IEAH 5%
BEPRI R IA 20, AH ICHIF F 2713 B varbil v DA 4%
ST NF«B MGk, SECKE A4/ %-18
(IL-1B)~ FRERFER F-a (TNF-0)+ IL-8 Z5AHC 48
iR PR TR o ASTIE T FH 4050 e B I 4 24 B 2
T3 AR G B R O 141 07 R B 254 B3R B PR
BT A& 0T Re A SR IR i 2 o) - B0 B -
IIREMZS, RITHFE. BARMAETTEH
(PR EF A A SRR BT T IKKB Al
NF-xB, M40 EEAR N BT EH T IKKB, #
TNIX BB R 7 P BE B NF-«B 15 538 4 1 [ K 131
RAEF, HHIE I ) SORE RS, o0 G T =) BB AR
58, AW PRI B T ) 56 B AR 52 S it R A 1 2% A o
BN M E R 2 O A M E 2P
B, BRI B4R AN AT DL Sest B THI UG R
M H AT DO R = (S SRS -, (et
BT B LA DR 1 AR RE PR B T A i 55—
HEETFEL T 0 A A T N B AR R S A
W ITRIFEREIRG, ZMAKET EEZ%
GRS TIX R BRI AT
FRHER AOREIE AL R P24 (AGEs) ATl IS R — 4
WERAHE (NOS) HIETEN> NO fIP=4E, S3|W
R AR D RERenS, BT I A kb AGEs i
AT DA 8B T AR K R sl A TR T B AT
AR EZE RS SR A TS TR EE
Mo 2 EENHE ARG (MAPKS) fE45 M4l
b 2 T 281 A4 M i R AR RS2 AR I A B 15 5 R
AbFAZ AL, MAPK % 32 B RGN A 40 18 5%
fit (ERK) 1/2. JNK #1p38 MAPK, H ERK1/2
N SRZ MRk W5 AT e 3 T
HEREAR, 8N EAKET (VEGE) /A
B K AE KR, A A it FE A e B
AR 22 247 . VEGF 5324k VEGFR2 #H
g AT LRt P 5 4 P ) 184 5 3 B B I A P A
TS 200 A T e R A o . 22 2% e I A 1)
TS 5 40 PI3K/Akt A1 eNOS 2529, 354k Ji5 1) PI3K
B ERLE Akt 1K) Ser473 Al Thr308 i fii%
Akt, Akt 33— GBERRIL eNOS Y Serl177 47 s i
eNOS MM S 4 A NO 142 1. NO 15 Ryl

BRI, AT DA hn g A, 2
B N AR TR A IR . Rk
R R AT o ERK1/2. PI3K/Akt 254215
S T I P R T R S R AT ) B T R RS
FEAHIEFE P8 B B HORS (81 7 h 3B 2RI A
TEFT A B IR 3 R S E R T A
VEGFR2, FHZ&. SHMEERZALEiEnT 1E
T PI3K K Akt, & E R MR G N a4 6
eNOS, #/nft B V¥ H ik fei@ i VEGF X
PI3K/Akt/eNOS 15 518 B AL i3F P R 480 1 3 5% A1 A%
BT 3 B T ) A A

B R e Qe R R T I Ja,
R ELIEFE” B b m A ANE AR 258, DLER
IERL FEEAM T, AR ESNEYE G R B A
BNIE AL — . AW FLR AL BIH RO
RS A ER . BEHAMES R, SRS
53 AT RGN T R HEEAE PRI B T A A A FH 1 2 B 3L
VI ERAL, i — 2B o T 2 Ly - B R - R I 4%
R EIAK A 8 73 T R 30 3 R O ) B e T R Y
A AT TR RIEA R W) E RN . T7 T
PR J A R Ao BT E I R NF-«xB {5 58
BRI REM, XAl VEGF #l
PI3K/AKt/eNOS 15 ‘= 18 % {12 2F 61 i i 8 28, 1%
JHe T AR EE AL, G B T P 58 ) (RIS i 1) T )
MM, “F87 5 “&” LG DR T8 R 6 1)
Ao PRI SCHRROE B e P 1 32 B s v
B IV AT DAS ) LPS I3 Bk 40 i 5 W 24 g
Iri) A B2 A A 86 VR S #076 LPS BX TNF-a0 53 2%
N NF-xB BJIEPERO, SRR IV abn] Dl
ERK1/2 8@ B2 E A 5% ik 9 B2 4l e C(HUVECS) 1)
G RN A0 I A A 1321, B B A SE  r B
PRI, AT DA B AR A P (1 I A
HUVECs ARSI LE A2 33, FAR 8 A2 s 4
AT RESEH T MER R 21k ER Al MAPK {5 5@
Ko AW FTIITL WX 2% 25 B 220 55 5 V00 on B B
TH BEHIORS 181 77 B 2990 3 RE B8 8 1 A DG B 2 1
MATAE AT S MM LR PR . IR, &
P2 1T R AR ML B AR S R 8, R AR F AL
HI SEIR ISR T — S E T 1A .
S E LAk
[11 Lipsky B A, Apelqvist J, akker K, et al. Diabetic foot

disease: Moving from roadmap to journey [J]. Lancet

Diabetes Endocrinol, 2015, 3(9): 674-675.
(2] AR, SER AT IR (1], BRI,



* 3308 °

¢ £ % Chinese Traditional and Herbal Drugs

HE49% F 1438 20184E7 A

(3]

(4]

[3]

(6]

[7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

2008, 26(3): 598-599.
JUEE . BBV EE IO N IREC & 4 BT RIS 2L
ST 7). REZIGR A&, 2012, 24(10): 962-963.

Zhang X N, Ma Z J, Wang Y, et al. The Four-Herb Chinese
Tuo-Li-Xiao-Du-San
wound healing

medicine  formula accelerates

cutaneous in  Streptozotocin-induced
diabetic rats through reducing inflammation and increasing
angiogenesis [J]. J Diabetes Res, 2016,
10.1155/2016/5639129.

BRI, KR, T OB, S5 FE I RO 77 X b
PRI B Jik 5t 4 oK Bl 6 T A R B2 o e L) (0], T
74, 2016, 47(9): 1560-1566.

KEB, & M. MR 5 h BT TS T
B (1], PEZAEESEIESAGE, 2015, 29(6): 883-892.
FREEE, R, TkEE MRS T R
], hEZE SRR, 2012, 26(2): 131-137.
ZEPERR, JRORAR. X8 2 B S TE AR 2G0T 5 R IR 05T B
HIBERE [1]. HhEEZY, 2016, 47(16): 2938-2942.

HOVAE, WEH, £ &, % RTINS
I I R SR LIRS [7]. ThEEZY, 2017,
48(20): 4174-4180.

Liu C X, Liu R, Fan H R, et al. Network pharmacology
bridges traditional application and modern development
Chin Herb Med,

doi:

of traditional Chinese medicine [J].
2015, 7(1): 3-17.

Cruciani G, Pastor M, Guba W. VolSurf: A new tool for
the pharmacokinetic optimization of lead compounds [J].
Eur J Pharm Sci Off J Eur Feder Pharm Sci, 2000, 11
(Suppl 2): S29-S39.

INGEEE, W AR, (TREE AR B HE AL AT 5T
HIE 7). PR, 2008, 10(5): 92-94.

Yuan X, Han L, Fu P, ef a/. Cinnamaldehyde accelerates
wound healing by promoting angiogenesis via
up-regulation of PI3K and MAPK signaling pathways [J].
Lab Invest, 2018, 98(6): 783-798.

Zhang X, Ma Z, Wang Y, et al. Angelica dahurica
ethanolic extract improves impaired wound healing by
activating angiogenesis in diabetes [J]. PLoS One, 2017,
12(5): €0177862.

AEP R 5. SEB R (M) dbR:
N kA, 2000.

TR, EOCE, N, A Rk g 2 S
Wt [J]. PE 2, 2012, 37(21): 3203-3207.
Beis, 29k, WEALIE, S5 RARI S R A
FARSCHERE [7]. A AREA BEIR, 2015, 34(3): 38-41.
Ding Y, Yuan S, Liu X, et al. Protective effects of
astragaloside IV on db/db mice with diabetic retinopathy
[J]. PLoS One, 2014, 9(11): 112207.

Gurtner G C, Werner S, Barrandon Y, et al. Wound repair
and regeneration [J]. Nature, 2008, 453(7193): 314-321.
Wetzler C, Kampfer H, Stallmeyer B, er al. Large and
sustained induction of chemokines during impaired wound

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

healing in the genetically diabetic mousu: prolonged
persistence of neutrophils and macrophages during the late
phase of repair [J]. J Invest Dermatol, 2000, 115(2): 245-253.
RN, ARJEHE, VETI. SRR A BRI AL
HIF AR [J). PEZEE, 2013, 48(18): 1526-1530.
Lam H W, Lin H C, Lao S C, et al. The angiogenic effects of
Angelica sinensis extract on HUVEC in vitro and zebrafish in
vivo [J]. J Cell Biochem, 2008, 103(1): 195-211.

R, BRI, xR, 55 ARSI A5
Bk N B 20 M A= DR PR s [0 R SRk
& HTRR, 2012, 7(1): 26-29.

Ha H H, Park S Y, Ko W S, et al. Gleditsia sinensis thorns
inhibit the production of NO through NF-kappa B
suppression in LPS-stimulated macrophages [J]. J
Ethnopharmacol, 2008, 118(3): 429-434.

Schonfelder U, Abel M, Wiegand C, et al. Influence of
selected wound dressings on PMN elastase in chronic
wound fluid and their antioxidative potential in vitro [J].
Biomaterials, 2005, 26(33): 6664-6673.

Adli M, Merkhofer E, Cogswell P, et al. IKKa and IKKf3
each function to regulate NF-kB activation in the
TNF-induced/canonical pathway [J]. PLoS One, 2010,
5(2): e9428.

Lee Y J, Kang D G, Kim J S, et al. Effect of Buddleja
officinalis on high glucose-induced vascular inflammation
in human umbilical vein endothelial cells [J]. Exper Biol
Med, 2008, 233(6): 694-700.

Keshet Y, Seger R. The MAP kinase signaling cascades: A
system of hundreds of components regulates a diverse
array of physiological functions [J]. Methods Mol Biol,
2010, 661: 3-38.

Chen J L, Xu C, Alex Z, et al. Niaspan increases
angiogenesis and improves functional recovery after
stroke [J]. Annal Neurol, 2007, 62(1): 49-58.

Zhang W |, P, Binder B R, et al
Antiinflammatory activity of astragaloside IV is mediated

Hufhagl

by inhibition of NF-kappa B activation and adhesion
molecule expression [J]. Thromb Haemost, 2003, 90(5):
904-914.

Wang S, Chen J, Fu Y, ef al. Promotion of astragaloside
IV for EA-hy926 cell proliferation and angiogenic
activity via ERK1/2 pathway [J]. J Nanosci Nanotechnol,
2015, 15(6): 4239-4244.

Wang S G Xu Y, Chen J D, ef al. Astragaloside IV
stimulates angiogenesis and increase nitric oxide
accumulation via JAK2/STAT3 and ERK1/2 pathway [J].
Molecules, 2013, 18(10): 12809-12819.

Tang J Y, Li S, Li Z H, et al. Calycosin promotes
angiogenesis  involving  estrogen  receptor  and
mitogen-activated protein kinase (MAPK) signaling
pathway in zebrafish and HUVEC [J]. PLoS One, 2010,

5(7): e11822.



