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Abstract

Object: Network pharmacology research strategies combined with Traditional Chinese Medicine
metabolic regulation theories were used to study direct and indirect mechanisms of Hua-
ngqi-Danggui herb pairs (HD) for the prevention and treatment of chemotherapeutic myelosup-
pression. Methods: Chemical components and related targets of HD were searched using network
database. Combined with myelosuppression related targets, “chemical-targets-disease” network
was established. Meanwhile, related targets in metabolism which HD may regulate were also
screened out. The molecular docking simulation experiment was used to verify the binding activi-
ty of the screened key target proteins to the active components. Results: 154 potential active
components and 11 core targets were screened out by topology analysis. Meanwhile, metabolic
pathways enrichment analysis showed that HD can regulate ketone body metabolism. The results
showed that cell surface channels, cytosol protein kinase activity, p53 class mediator signal
transduction pathway and ketone body metabolism may play important roles for the prevention
and treatment of myelosuppression by HD. Conclusion: This study indicated that the prevention
and treatment of myelosuppression by HD were a synergetic effect with multi-components, mul-
ti-targets and ketone body metabolism may also play crucial parts. The direct and indirect me-
chanisms we revealed may provide the theoretical basis for pharmacodynamic materials and
functional mechanisms studies of HD.
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1. 5|15

T 1% (Astragali radix) 124 9 (Angelicae sinensis radix)¥) Ay H R & iE 258 [1]. #2241
A&, —FAEH, AUMAEN2]. ST =GR T8I S MR H T B (B R ZE T 2411
HE RN, i SB0e T 7 20, E R A EEEG3]. PRI, ST I ECE R
HE T “HEY. MR EMRVENE, IR CRINK 2 . BN T FIREE M, TS - AR ARV A
D7 AR, R BRI B e T BTz, BT A E MY R HRGE4] [5].

HAT, B - 2507 a & REdI A pLH o 78 CBUS — 2 @ 2 [6], 4 i Notch {5 5%, % Notch
AR R HBCAARIETE, B - AR T T3 05 M5 [ ) 2% 25 3L 2t o HRIE[ 7], (E5 R F i - 1
BB FIATAE S - BB 11995 5] (1) 52 et I A 2 e LR I AR 25 (0 i 45 VE FH 8] [9], Bk LA-BF S ] 253 95 BEATL
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ETW %

HHE A N BRI SR bR AL, T 2 AR M B, 2t 24T B8 - V255 5 v 1 B 41
LR G HLFI[10] [11]o AHEITE FEAI L 25 B2 SN, S5 20 HLAARU IR AR I, AR 25 LA
FURNTE RIS A, PRI IS - R 2GRS B I BB 25 L], DU A 2% 245 28 27 SRS AT At
FUIGE AL EDE, (R I P2400 Sl R AOE TR 25 L i, AT BT ECE S i Sk (0 o 25 Bia ok 7T [
HNEIZGA B I R SN IR A 2516

2. M5 A%
2.1. MEBIEERRE

TCMSP (http://Isp.nwsuaf.edu.cn/tcmsp.php/); TCMID (http://www.megabionet.org/tcmid/); TDT
(http://tem.cmu.edu.tw/zh-tw/) ; Drugbank (https://www.drugbank.ca/) ; STITCH (http:/stitch.embl.de/cqi/) ;
PharmGKB (https://www.pharmgkb.org/); OMIM (http:/ww.omim.org/); TTD (http:/bidd.nus.edu.sg/group/cjttd/);
GAD (https://geneticassociationdb.nih.gov/); UniProt (http://Awww.uniprot.org/); STRING (https:/string-db.org/);
DAVID (https:/david.ncifcrf.gov); KEGG (http://www.genome.jp/kega/); BATMAN-TCM
(http://bionet.ncpsh.org/batman-tcm/); RCSBPDB (http:/iww.rcsh.org/); Cytoscape version 3.7.2.R version 3.6.1.
Autodock1.5.6. ChemDraw 18.0 % f4:.

2.2. B - VAL BN 5 R A A R IFE

K AR 2 IR AE L8 504 %2 TCMSP. TCMID J% TDT, $REUE B M 4 AT oy« DAL 235 )
(Lipinski’s rule) JybnitE[12], 45 & SCERRE , 1126 1< - VA 25508 I AE NG 1 20 < B8 /5 , F1) ] TCMSP. Drugbank
J STITCH %, AR I A 15 BITE 6 R 20 0 1 FETHE 2
2.3. BREHNHIREE S TF %

T PharmGKB.OMIM. TTD 1 GAD 4 i thier 2 145 21 55 B 400 ) BEATL A1 AH O T m U8
H—BFIH UniProt 58 P2, H4 DL B0 s 3R IE A AR EE 1 UniProt ID,  DME T 528245 — o #fr b 3.
24. “FRMRS - EHHEA - RIEVH” EEXENENEES SR

A 2 5 1 B3 RS 5 1 BE A )5 BE AR AT VR T, A5 26 - VA 25X 75 1 i 23 B ¥ 1 BE H0 il 11
TELEAE R4 A . KA 56 B2 S BB A5\ Cystoscope version 3.7.2 #ft:, R “VEPERL - 35 A0 A - i
ML " B A8 B2 BRI T 30 843 HT o LAY 55, (Node) [ f¥1 3 2 50« 42 5 (Degree) 7« “ 3 #1014 (Closeness
Centrality, CC)” f1“ /i o4 (Betweenness Centrality, BC)” Nt tx, #k— 5 ik iZ 088 5, HFIH STRING
L TR AT DR S B A EAE R R

25. BRI E SRS

FIFH DAVID 6.8 ¥ 225 Fr A% O 555347 GO (Geno Ontology) & £ 70 #1 Al KEGG 3 ML B4,
43 WM F ThEE(Molecular Function, MF). AE#%#id #2 (Biological Process, BP). 4l ffifv 5 (Cellular Com-
ponent, CC) J KEGG {5138 i DU A M BRI 18 - VAZG 5% [y v i B0 o) ) EL B4 T LA

2.6. B - VAR MAIFEE R ISR

FH BATMAN-TCM Jz KEGG #4# P, 0 FFHIL L i - VAZGRE o B3 1 23 X (LA Py A A K e
BT TR o 4 B B ) 25 P B A B RIEAC I K 7 B2 D RE RIS - A 240 i
PRSP S AR 32 T A 442 4 281 T8 245 L o
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FEH 4%

2.7. #LE R 5 F X AR PR E

| F RCSBPDB %4 72 % ChemDraw 18.0 314, 4 HISRIGHE 55 88 A S 2556 oh g Ve o i) AR 45 44
JHid Autodockl1.5.6 B A HE R S5 A TR IR B AR 45 B g T8 2 T A 40U 6 IE &5 SR 31T T AR
2.

3. &R
3.1. 258 p R AR e ER m BY Tk

KA 1.2 BURNTTi%, 53 e SR =2 5 v B RN PR B S A AL AT T e . TR I rh L ke 15
B 49 MEMERSY, EEOHEESRANLRD . WER). HRERAUEEPE), AR HK)
2, S0 305 ML VAR ILIRIRAS B 106 METERY, EECFEIAMER T & E) . NEEE
(A WER) . AV EIR) S, JLif e 176 NHERT.

KH 1.3 BURJ7ik, RS ERE P b LR A5 5] 254 D EBEMBIAHOCHE M. R - R A 5E
BEA I FO AT L (] 1), EESIE 51 AN, wIENE - HZ06 B R FER IR DI T
Horb, SRR AL FEAE R RS R 3% 17 A, Ul B 3 B e 1 E R AT REA7 A BN AT ) RIS AR

Dang Gui Huang Qi

\/

Myelosuppression

Figure 1. Venn diagram of drug targets and disease targets

B 1 AR SkRERSRE

32. “FEMMS - EHER - HRENG ERZEMENEL

VB - AL M o B B BE I AH DG 2 1 #E AU N Cytoscape FAFHEAT RIRRAL 0B, HAJEE “ TS PE AR
gy - BB A - RERALE Y BRI HMN A (1 2). BIHIE T s ARER B - V2556 Hh i 1% 4 (PubChem
CID), =T HACTE B BE0 ] A 2CHE 55 (UniProt Gene Names). DL “Degree” 375 /4% B v &5 55 [ AH
HEPRRIANEL, KIEE - FZR A AL S R E R T BE R A DGR AL, RIS TR 2 2%

“ZRGr. 2R TR BE R A
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Figure 2. Interaction network of active ingredients, targets and myelosuppression

2. “EMRS - ERES - BEES” EIERZEMNE

Nk B IR B - A LR A B A O B R A, 0 T S A BN HEAT AN AT, A EI=A
4N 3% Degree. BC Al CC Az %5y 1A 3. 0.00155 A1 0.40613. UL Degree {8 KT H AR 7%k 2 £i%.
BC fH Al CC AT % E H A BUNFRUE[13], ikt 11 AMZ OB A HE S (8 1) o8 [ 3E A5 8] 1 B AE X
FRANKE 3 Fraw, Ul A% O E B SR B — i AR G

Table 1. The core target for Huanggi-Danggui herb pairs against myelosuppression
1. K - 3G pas sz o8 e

s SRR EARK Degree BC cc UniProt ID
1 ACHE Acetylcholinesterase 10 0.01785 0.42915 P22303
2 BAX Apoptosis regulator BAX 7 0.00785 0.41890 Q07812
3 BCL2 Apoptosis regulator Bcl-2 7 0.00691 0.41569 P10415
4 CDK?2 Cyclin-dependent kinase 2 11 0.01545 0.43265 P24941
5 CHEK1 Serine/threonine-protein kinase Chk1 10 0.01199 0.42915 014757
6 F2 Prothrombin 14 0.03372 0.44352 P00734
7 MAPK14 Mitogen-activated protein kinase 14 9 0.00983 0.42570 Q16539
8 NOS2 Nitric oxide synthase, inducible 15 0.02806 0.44726 P35228
9 PRSS3 Trypsin-3 10 0.02458 0.42570 P35030
10 SLC6A2 S°di“m'de‘t’fa’:]‘l‘;r(‘)tr{‘e"rradre”a'i”e 23 0.08858 0.47964 P23975
11 TNF Tumor necrosis factor 7 0.00493 0.41569 P01375
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Figure 3. Interaction between the core targets
3. MLEBRREEXR

3.3. LR GO BRSO

FIF DAVID %4 2, DL R & BIL% (False Discovery Rate, FDR)AZ IE P /N T+ 0.05 Jyfik bRk, %%
DR AR SRR T B T IIRE(MF) . 4R AL 5 (CO)RIAEY 24 FE(BP)BEAT GO &40 LHER, 45
WE 4 FroR. & - EZ0 PR B B b AA% OB i = B0 A0 T4 e 3R 1# (Cell surface) 4 fiu4% (Nucleus)
K 2 3 J (Cytosol), LA 45 5511l 1 & 1 (Channel activity) . 2K [ i% 1 (Protein kinase activity)257> 1
Dhit. BTl K AEW) st 72 3 B4 ps3 /T 115 5 1% F:(Regulation of signal transduction by p53 class me-
diator) FLT= 324445 HO 40 i 7 T2 (Extrinsic apoptotic signaling pathway via death domain receptors) 14 ffu i
PN 55 - IR JER 775 (Positive regulation of release of sequestered calcium ion into cytosol) &5 # .

3.4. %L AN KEGG EESh

I DAVID 4 PR %O BE AT KEGG B804, 1328 - Y2500 By ia B R 110 1 i 8 76 H i
(] 5). G5REW], & - 250 AT fEiE T 4% p53. AGE-RAGE Al g Q455 530 B ok B 32 R 455
BRI BEER, Hrb, p53 (5 Tl E B AT R BAHR M, I K% O rUELHE CDK2. BAX 1 Bcl2

A
STo

35. K - 13F 4R iBaEE

FIF BATMAN-TCM #0616~ VA 245 A i e 2 B 1 2 (AR B % 3017 KEGG & 80 4T, 45 3
xW, & - H40 EERERH T LB A S REE. ZEHHEE A OB RERE. 3-FR5E T R AR SRR
WS LR RS AR AR AR, W = RIRIEIR . BEREAR . REDTERIEM . AR RIS, Bk S
REREIRE(E 6).

DOI: 10.12677/tcm.2021.105082 614 R


https://doi.org/10.12677/tcm.2021.105082

3.6. S FXHHEARIIEE

W FF KEGG & &£ M i 518 - NZGXS Biia B BEIM IR O e ¥ po3 d i o A% 0o #E 1 Bel2, 16 -
NSRRI R 42 K SR BHD2 (8- T BRI B WAL S BT 1, BG - V2050 rp AR MRS P Al 7 BB
TR 2L S 207, RIS Autodock.5.6 B i SHHE sl 8 1 5% ME 0 T R A e IR &S & g, 25 Ao (14
7), HESUE A SIS TR AR T —5.99 kal-mol™ & —4.76 kal-mol™ 2 [f], PiH] &l AER
ARBIFAEGETE, SERER A SIETED T 2 18 pe sl i S8 5 70 1 181 0 e e ) R [14]

MF
—Lg (FDR-P Value) m CC
14 16 18 20 22 24 —Lg (FDR-P Value) B
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Figure 4. Geno Ontology enrichment analysis of core targets
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Tuberculosis 1
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Human immunodeficiency virus 1 infection 4
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.adjust

Toxoplasmosis 1 p-adjus
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0.002
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. 0.004
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Figure 5. KEGG enrichment analysis of core targets
5. #%L¥ER KEGG EE S #T

[B—Hydroxybutyric Acid ]

1
! / ACATI |——I| BHD2 |\
v
Acetoacetyl-CoA <—>[Acetoacetate Acetyl-CoA ]
RN [oxcrr | T - __* A
4 [ GCDH || GepH |
HMG-CoA /
7 DLD KYNU /| ACOX1
= ALDH7A1 1DO2 ACSL1

[ Phenylalanine] [ Lys‘ine ] [Tryptophan] [ Glutarat:a ] Fatty.Acid

Figure 6. The influence of metabolic enzymes and metabolites by Huanggi-Danggui herb pairs

6. B - VAZRT X RUR M A58 B8 o B R A Y 220

(b)

Figure 7. Molecular docking of active ingredients and core targets: (a) astragaloside and Bcl2 (—4.76 kal-mol™); (b) astra-
galoside and BHD2 (-4.95 kal-mol™); (c) ferulic acid and Bcl2 (-5.01 kal-mol™); D. ferulic acid and BHD2 (—5.99
kal-mol™); (blue: core targets; green: active ingredients; yellow: hydrogen bond; red: binding sites)

7. BEEASEMS TREBIHERIE: () BEHPHS Bel2 (-4.76 kalmol ); (b) EHERHS BHD2 (-4.95
kal'mol %); (c) PUEREES Bcl2 (—5.01 kal'mol ); (d) FIEREZS BHD2 (—5.99 kal'mol ); (& : MEER; F&: &
Mo¥; "E: SfE; 48 FE66R)
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4. 71ig

HAR T RA “ZRUr. 2. RETES. AR 2 2@ AU EER MERRE S, HiE
P R0 B T B T B B RGO ad s T 0 R A o A R R TR v TR . BRI,
IEE X B — g3 B — B B — IR AR (P B 7 JEL B AR M S IR0 o 245 52 7 AR AR PR AT AT LA 10 4 T
M. WS ZER AR IR R AP0 R 2 R . 2 BB 2> WA EAVE R, AU i 190 28K LA P I
PEARE W AR A LA T REAH SRR o H X 265 24 B 2 RA R U S0 g 9 285 45 5 SIZ T H 2 96 P ol 20 VX 265
T BEATL I DX 28 S VR PEACU X 28 (A B, AR R 25 0E 1t o A B 28UV E ML . 405 R R e A &5
WAL T R S T A,

HET, XFES - 25X IR 7 B2 00 55 I 30 5 9 1 ) 6% 24 38 2 e A OB B E 98 A 00, (BT B3l
RESD I B R R A%, B 25 AR AU A TR 42 2 FL R F5 D7 v Dh R AEMLAI[10] [11], ERIUE AR
T B 1 FH 0 4% 24 B2 S, 5 A vh 24 LR AR R R A% 1 L e 24 B 10 P R e e T 3 A S
BRI IS - AZG XS B v B BE D) 25 L, SEBG © A8 B F0 4008 O AH ELERAE,  [RIi 2 9 oAt v 7 24 R

AT T B e R 28 2 BE 2 SRS, T I0E B8 — IR 250 B ¥ i A 1) 2k ) B R TR A Jl e Ayt
ZREPER Sy - AR - REEALH]” B BN, IR R - 2% 154 AMEIEIEPERG A 373
ANEE A, A 51 S5 RE G R EALE RS E A PR RIS, AR EEESE] 11 MZ O
EEL L

GO FE TR, AU 05T 20 MR AZ ) 55 13 T8 A s 1 5 %00 i 1 3 A B 4 7 R
TR VM. AR, RS RS FEE R RS ST E: FN, RN E

B BRI I 5 e A RO A A AR R T A G B SR TP IL-2 BIRIE, SR S 4R BRIBOE . Al
HEFE R [15] 0 1 - 20 A g M pl 2 3 1 R LB UE SERE S £ = IMLIE H IL-2 I3 = [16], AARHTEFEIN
Y E A T G AR 7 SIS UEYE, R RS- B 250 RigE e B Rl RRVE A T R Bl iE S B e, (R
T 2318 R S A R R B ek, R B RS B R VR

%O HL S BP & KEGG T 45 IR W], p53 M FIME Sl Bk il G 8 - AZ5 B ia & #EH0
) CHRIE B . p53 {5 5 18 % T IE S0 75 I I 4H M AN R D)) T BB Bl ) ) S B am B [17] [18], X
p53 {55k Bel2 (1) F AT T 7 Br 8 ) i B8 [19]. AWK, B - 250 aeig fe it
IEMT4HH s Bel2 ERIA[20], UEBA T ASHIF 700 26 25 3 22 e S o T R4 R i e . 28T, 88 - )3
2N T p53 3 4 1) EL A2 ke 5 6t LA K S 2 P Bk Bel2 22 A0 LB S I A 10 3 T A1 AL A 477 i
H—P IR .

PR TR AT N IhREMERL AR, SEmabLIR MRS S . AR s i fE . EESIIERY, &
= VAZGNE AT e Ik g e IS U T AR e A T S R TR AT B 5 ol S0 A v 1) A U Tl 3 7 2 A LA B A 7K P
B-FRIE T A N HLR & B o e R AR SR, AT VR YRS 5 40 T, JB R4 I 28 (1 2% Z kAL (histone
deacetylase, HDAC) 14 38 11 S AL N K T FOXO3A Al MT2 JE Rl 55 5%, BRARAH LA S AL N 0K P [21] [22]
W7 23 aT S RN S A RO, T S EUE T 402 e B IR BRI 2401 [23], SRS =&AL
I7 8UE BEPN I B PE 2 AR I SCEEALHI[9]. Foxo3. mTOR 252 M E 5 401Xyl il A4 (AR S AL B UK~
T SZ 0 B G D R, A BB IR N FH AT 5 [24]. 4568 S Joor b a1, HEMI S - I3 255
A fe i I IR R AR, SRS - Rk T RRARIA KT, #H HDAC % /7, 158 FOXO3A Fl MT2 LA
e, PEARMUASE ALK ST, 30T R4t B B ) Bk (RIS IR Tk DA M s SR 500 A 7 P i
H IS ARV A 6]
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5. &hig

g b, ASHTTUR 2% 25 BLEA T TU SR, 45 & rh 2906 WU IR IE T, R B - IR 25T Bia it
725 REIN R PR ARV E AL . — O, I MR B P, GRS B TS - 25X s PR AT E
FAE B BN B A, A VPR - AR - BN BRI Gs TiiE, A
245 PIRPE) A A B, O H S - DR AT TR R AR AR R AR SR IR 1R - A2
e teyy B aaa sl S g 2y ZH0A. RS SR 28R R R R A
I AT e R LA QU T A BV T, e SHE 2R BEIRAOIT A 18 - 255X B i i a0 ) )
29 R A B AR AL TSR it 1 B AR -

E&WE

2 BB PO EE A LI ZR i RIT0 H (5202010472027, S202010472044, 210710472018).
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