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Advancements in network pharmacology and zebrafish modeling
for studying traditional Chinese medicine’s effective

substances and mechanisms of action
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ZHANG Yun,ZHANG Shanshan,SUN Chen

(Engineering Research Center of Zebrafish Model for Human Diseases and Drug Screening of Shandong Province, Biology Institute,
Qilu University of Technology ( Shandong Academy of Sciences), Jinan 250014, China)

Abstract : Network pharmacology, which is highly consistent with the holistic and systematic perspectives of traditional
Chinese medicine (TCM) with its multiple components and targets, has rapidly developed in the modernization of TCM.
Experimental verification is one of the key contents of network pharmacology research. The zebrafish model has a complete
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system of drug metabolism, as well as a complex in vivo environment and target and pathway regulation mechanisms.

Experiments that utilize this model have the advantages of low drug dosage, high throughput, and short cycle time. In recent
years, the research mode that combines network pharmacology prediction with experimental validation using the zebrafish
model has been widely applied to elucidate the effective substances and mechanisms of action of TCM. This study reviews
the progress and development trends in the comprehensive application of network pharmacology and zebrafish modeling,
aiming to provide a reference for their application in elucidating the modern scientific implications of the efficacy of TCM.
Key words : network pharmacology; zebrafish; traditional Chinese medicine; effective substances; mechanism; quality
markers

Hh 2 24 2 PR AR IO S0 S B RS & B — B B BB IS R R . A P2 BRI,
TR T 2 7 M R A i R BT ACHUE, BT AT FLR T (B, KR 2P 25 253000 AT AR L]
ANHI] e 2y 2 B A I AR X — R R AL e A S A S R AR R
QUFHEM N, T — R EA P E 2R A B U A7 % 45 25 2% (network pharmacology ) & L4 5
GELE W2 M2 () 245 31 O PRISRERI A~ ) 1 ik R 0 24 20 v 24 — i — B e TR Z TR A5G 2% | A BT 3
SOG4 R I L R G5 R 2 R A R AR AR 2 OB, R P 2 2
G ZRL AU PR RS AT EURT, LS 2302 2 R TR B 2 DG SR R A T 2 T
J3t S AT HP 24 B B TRV AN 530 9 1 ML 45

I 285 245 BB v 25 24528000 T S A TBIL R A S AR S B2 v Se iyt v 2 170 B #E i 8, T
AR A0 4 s T LR B2 b 54T GO 2p 28 B R A KEGG T8 i w1 4 ; o Jr A T S 90
HE, FRARAI TR 265 25 227 1 RS IE o (K5l P Ras A B 24 5 B A 2 i RTRE A A 8L, (HRS SC B R A
THRBUA TARRE R, WTAFAR, 2% 24 B~z 5 B B 60 25 Ry f PP A2 A B L 2 O AT N A 2
— o BESh 05 NIIEN R IRIE R 1% 87% , M FHIZ AT S Be iE HAT F 264 /b s ey St el S0 s
W55 UGS AR ST OR IS S AR SCERIR T I 24380 T BK -5 B4 £ 53 960 50 LEAE v 25 25 300 I A
AL B bR S J R HLERSE ORI A0 FHERE | & o B 25 OB N R AR S %

1 MEAHEFEEHDAEANEPAATYRARPHNA

2 R AR 2GR A A SRR, (B P2 B 20 2R SRR AL A O A R
7%, AT B AR RAR o D4 2 B (Y R IR | AR G AN 2 (R A LA T R S P R
DF I FEARE ARV & 5B i B 2B A B AR ST P 2 AU ST P S T e 190 2% 24 B4 TS 11
R IR AR 100 2% 24 B 7 1 AT b 25 25 300 B A TR AT A S . AT, 388 SR R 12
o B SR IR B A S 5 WP 7 U S AR 2 00 MR I 24 24 B FT I 25 5, R B 5 A B R4 T 47
PESUE(E 1) .

]

o —————— -

——
£ | EisseEE | s A s
) I e !
~ I I uiPros i g ctd s RN §
= * 4 | 'lﬁi?,' E
| TCMSP TemMID | I STITCH <3 fﬂompe’ | EE |I | -25
2o | ] \ & == - r \____;R__ 1%“%' -g.’s-.j i
@ | ||'L¢L| » = %
\ L) L P R re
S\ mEmm | ToFMs_ - ) ELE s L)
AT |
! E =y Al WSV &
@ I 1 || Orbitrap MS ]‘«—— ) E 5
_____ N e i i v \ /

BT W2 2 PR R B S AT v 245 245 3O T 5 v ) R s 91 1]
Fig.1  Application of network pharmacology combined with zebrafish model in the study of

effective substancesof traditional Chinese medicine



XURTH 26 o [0 2 24 B 27 1B B £ ABER07E v 245 24 2000 i S A FIBIL AR 5 P 1) SO 2

1.1 FAMEERREIHAFRNSE

BEFE B TR AR 3R v 2485080 12 #5  MORB R SR T . 2800 I P 25 X B R AL 5E 70 B
TS T B 07 12 S [RTRE S A 1 HAR 7 1o 2R, T I S* A TCMSP (traditional Chinese medicine systems
pharmacology database) TCMIP ( H1B525#8 5 25 B 2= A/ 55 F- 15 , integrative pharmacology-based research platform
of traditional Chinese medicine) ,ETCM (the encyclopedia of traditional Chinese medicine) , TCMSID ( traditional
Chinese medicine simplified integrated database) .CHEM-TCM %08 %E H, B TL &M 24K, LR EdE 1 f 42
TGP TR (MW) | ZES A AT (OB) (ZE254k (DL) | iUk 5 F 2 2 1 (BBB) i L K28 & 1k
(Caco-2) \Alog P SR (FASA-) A AR/ Z 1K (Hdon / Hace) 4565 5., AT 4 25 22 A5 b 24 1
SOr iR T BRI A RUME B

FE 2% 272 S5 v S DL OB =30% F1 DL=1.8 S 55 I\ R B30 2 v i 16 £ 45 0 7 08 764 R0
O3 P AR PR3~ A~ P 2%, AR I A R A, O e A I 2% rh BT BRI AL &
ifE— AL FBE S f AR UELTG M . Zhong 251 I FHIZ 7 v N TCMSP it 1 2543 7 — & L i 162 4
WEY, LLH A 72 A B 1 Ry — B8 A -0 W 4%, R UM B AR % B R A (B AL T 15 AR A
WYyre 0 255 vh A S SRV T, 20500 ) 8 B 5 AR i i) e 6 DR SXE 5 8 R 9 3R 21 (0 B A RUKE 25 £ B b 7
VRIGAIE TR AES SR T S B . Fu S5 R AR A O ik e O 4% TN 285 45 B A AR 5%
TIE T DA LS5 DR o 79 e R, — o P Tk S R A o 22 WL DR BB AT P . Liw 250 9 5B R I BE L £
PRRIUESE 1 i JJR A IO ) I BE A, E 1N TCMSP i 122 Hh 4% 4 5] i I R m] BE 35 A7 A9 189 o), e
0B =30%#1 DL=1.8 fA 51 NG, 2% 43 17 i 7 B 1 o3 7T RE Ry 55 IR IR AR B 22 0 5 9 2% D Tt i
ATL, Xue %'/ LA OB=30%Fl DL= 1.8 NFEES (T, A TCMSP HHi 2t AUAF 2] 7 A b &4 , 14 3 5k 45 Bl
SCHRADFE 1 12 PR RO TG PR3, FE LA 19 Tl ST 17 o3 — 0 A5 -5 0 2%, AR B R 4 MR 55 6 1>k
YRR E LS Y, O B ARG UE T UM B 3R T A I IR A AR IO LR I R T
U3t Li G5 L5 A 25 B A0 A | BT /K T R G 2 7 B 5 £ S 70 A PR AR 2 Th R E 31 22 MVRYT
BB FAE FHBA] 2R D BRI B RS RS o3, A e e vp 245 v ) 280tk S Wik T HRS %

AT LAt TCMSP S M g TR AR08 73 P i B 2880 R 6 7 500 Z2 80 Fvh 2,3 J7 2 Fh ik
R B B a2 25 2SI A AAE B SR A TS WY 12 TR RS, iR AR AR A
PR Y ID 5 | LA S 5080 126 1) 2 4 () Ip s S Bt 1 X 07 A 38 5 O HR B S 250k IR, AN ie A
TCMID ¥ 15, #28t THEOA TR b S W, Rl e i S0, (B 30 G M5 B SOk IR 25 B R b
BRI BT 4y A A P R 2 AL 2 G5 B L 25 G s i S 0 RO R DGR b 250 e 2
RO TR 2 | (ER S5O 2 SR AR X A5 i, % — b2 43 AN T o B e P 2838 P s 2t
1.2 FIRARRBRARAREIRGERRSE

WSRO ) Z N T PRag o 25427 i o5 8, I Al 22 5 S 0 e IUE A I 1o AR — Al 1245
SCHURTUE BT, TETT R A 25 B AR TN 38 LA b 25 4 il s i HE A4 SE AT RO AL 5 0 o 25l AR 48 OB
{EFN DL A0 e A0 5 WU S 03— A - I 28 AR 8 L HE e O e b e 2558k 5 W), DRtk — 20 T B 25 A A
RITEAL G HITEME . Zhou S5 BT SEAIH 2 FREBE L fa ARAUGIE S35 /R 4 ELAT B S A BT R A, 85 SR VR 6 P
(LC-MS) 455 ) iz ¥R A2 27, N /RGN h 5 5E 1 185 SISy, AR & 1R 29 1% 11 20 MEE W) IT e
T M2 KRR 45 T 345 T 3, 7-di-O-methylquercetin ZEHER AT 10 FIALAH , 5o A FHBE L A ASE R 56 UF
THA 6 MEAYHA BEPRIENE, Yang % FIH] HPLC-Q-TOF-MS (FALBAM (1 - UG [ 478 ] 85
OIS ) MARFI R SE5E T 36 MG, M SAHF 5 1 B 5 £ OV IR A AR A nT LTSGR CoIE ST L 446
SV-BA(HHIkSE 5 Bhkek ) FEES S O WUANIETA T, 255 I 28 25 BRLAE G 8 AR S IR SFHICRIRAE 11 ROk
TWAGPERSY . Zhang 551 R BRI FHES G B AR | N2 05 =125 245X h g 24 ANV AE TG PE RSS2 7 T



IR R - R 2%, M B ) ARSI 5 05 - 155 253 B P iR PO AL AR 4 A2 s R, Itk — 2
BRI G A O FE AR S A L, MR BT 2R £ BT Ay, BTERIR cis-ligustilide M40
IR A O EHTAATE M BT BRAR 2 S B MU A s M Loy o A G TR R A B S T A 3K
IR BT AR REAS B RS b S e 24 A2 T v S5 A 5, DA FREAS B VA 3t T 1 4 24 P
WF9E, A MBSO R R BRI 28 o, (R, AR 8 BHER A SR 5 BEE 2 B EOR BB 455
DS 0 S AR RAT R A P A JEE A S B SR PR R R 245, S B A R 2 8 B ) G R

2 MEHEFREHDERBERAERNSARPHNA

FE AR AL 2 b 24 25 OB IR SCBENZS . ER 2 B2 5 B S A SR IE 5 rh 2454 T BIL )
F18) JEL It B A Aok PO 24 247 3~ ) v 24V P i S £ 530 B, ) B 5 A RS R 45 15 S 9 Y 4 1 PCR (RT-
qPCR) Western blot ZH 245 RIEHAEFHHLHI (B 2) o Wang 4512 F) T 0 4 245 B TR0 HF 7S K b 3 S04 1
S AP P AE A R s RIS 53 fi =2 S, R B F A 76 2 07 A e 88 R T 3 2o S A & ( CAT) R AL T ke
AERE(SOD) K-, TR M 48 B fH B (ROS) TN 8 (MDA ) 5 5, 455 Western blot £AR & BN R HE B LA 5
TR A AR I 2GA KT, 256 RT-qPCR B & B7S MM # AL 1T LA Nif2 F1 HO-1 3£ 5K 0K
S PR IR HE B HUTE T SR R TR Nef2/ HO- 1 13 5 38 B R FEHT I KVE T Liu 2502 5l 1 M 2% 24
FR2F T 7 XU A FC AR W B80T fE 3 5 # 16] MAPK14 , CASP3 . CXCLS8  IL-1B . IL6 . PTGS2 \ TNF-a . ESR1 /I
MMP9 5540 &5, 545 TNF PI3K-Akt | T ZHHE 5704 R 20 M o (0 5505 5 30 B R FEBT B LB ba 16 1, i — 2P 45
qRT-PCR F ARG INEE 2 £0 H i S0 A 5 ) mRNA F357KF  B0AIE 1 926 25 B4l H 504 FIAIL R

T3 A I 0 % 24 BRSO L b 2 4 T A, D — 2D R T 0] S 00 S A BB D A, DA T 4 i
2GR IRL] . BN, Hu 5507 580 0 4 25 B4 O A2 J FH-2:3 HL3E L 75 VEGF/VEGFR Ml PI3K/AKT i
PEIGTTIE O , R B S (B AL B T 2 7 PES T AL AR I 2B 0 1, IR & L 5 FE SR AL R T VEGF
SZ AR 700 38 B P B D £ 1M A A0, PI3K R AKT $0I50I RAIR 17 52 5 P S AUAE B £ (9 42 1 787 26 1A
F AR 7 PE 230 L AT BE T 1 8 55 VEGF/VEGFR I PI3K/AKT 15 5 18 B% & 3% 42 045 25 iUAE ], Chen
S5 4RI P 0 245 2 B 00 s R 5O WL AR 4P 7E T sGC-cGMP-PKG 15538 4 A 305 G 3¢ , I HIBE 5 i
BAY & B REBHITIZ AR =38 6 1 sGC i1 550 T DUl B 7 0 WU E T 2k . B ik sb R E , KB I
T, FLBE I B PR g 4 T BERC G, 4 A SR 1o R R RE PR R R | 2o 5K S T B IR A 56 IE
T2 B e S UTRIU[OE =& el K 8

4 AZ%W
e % >

Y

(¢ v nermme ) Gamsrmg) [ ko BRAR C | )
B e - 3 :
\o L = /) \ & - J

\

r/'__-_\
RT-qPCR

J

P2 s 25 B B S SR T p 251 HTRLAIAIE 5 H ) L 7 91 P

Fig.2  Application of network pharmacology combined with zebrafish model in the study of the mechanism of action of TCM
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