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ABSTRACT: Drug combination therapy is the combination of two or more drugs in the form of " formulas" to achieve the effect of
increasing efficacy and reducing toxicity. It has achieved good results in the treatment of various complex diseases and overcoming drug
resistance in patients. In the past few decades, Western medicine has gradually increased its efforts in the development of combination
drugs and has achieved good results in the discovery and screening techniques of combination drugs. Traditional Chinese medicine
(TCM) , with the characteristics of “multi-components, multi-targets, and multi-pathways” , is a reliable ingredient library for synergistic
drug combinations due to its years of clinical use. This paper summarizes the application of combinatorial drug discovery methods in the
past decade, including systems biology, histology, machine learning, and mathematical modeling. It also explains the advantages and
shortcomings of each method. It aims to provide new ideas and approaches for identifying potential combinations of active ingredients in
traditional Chinese medicine, reducing blind tests and studies, and evaluating the interaction relationships of drug combinations.

KEY WORDS: combination drug; systems biology ; mathematical modeling; TCM formulae; combination of active ingredients in TCM

W B S AL B A Wi s FR AR, 25 4 597
L VASCH RIS 20 st JR B R 24 | B v A L AR 25 P Tl
ASFEIE IR, R T —Fh G IR 7 5 o AERTT L
LA B FURE PTRAESETT ARSI T AR (19 i PR S 152 , 18
ST IR RAE RS I A AR

eS8 b, 250 4 4 09 A BRI PR 22 56 B ik b iyl
Uk, B Z A LA B, TS O TS
KB EWTT I W A i S i, 2T i RER 259

A5 IR AERAT S A G 2T e T7 o SR, Tk R
A IR TR RIS B AR 1 BT AR AR A B . B THRAHLEOR
FIAW 5 B R, 25 W0 205 1) BRI A i T L e 0
7 I FEAE NI T R G A A5 20 A BT IR A T 42
BHRPE Y LR R X B R R 2 AL
ATV o BTS2 R BT R — o
BOAR R FH P45 Bl TR B O R I A
IIHT  TEZ AR R 25 13 N 254> 24 ) B 245 00 18] 14 A R

EEWE : [[RK A AR EIE G0 H YT (82174206) 5 Hh e A FE AR L 55 3% £ 10198 4 ¥E By (2023-JYB-KYPT-15)

PEE B A £30H, &, Lo E
WEETT 1) P2 (SR T5) AR (A58 ) S BLS 254 A0

T E 2R 2024 457 H 5 59 4 14 )

WF5E T 1) 2 (2 07) AR (44 ) RIS 25465
Tel: (010)53912129

T BIWAEE XK, 5, B, 1 A il

- 1293 -

Chin Pharm J, 2024 July, Vol. 59 No. 14



FTe ke TR A 25 R B B T R TR 5

WEHAT, CA @M AR 25 Y8 FDA Ht
FEAMR o B LA 2 AL I TG R R I PR 45l
AR B 244 ) 3 25 0, AR 2510 14 Db ) 0 7 32 1) 5 22 F
FEE TR 25 R 22 5 Bt e, 72T 4 A9 i
PRI AR S B 7. BER H 25 1k i 19 2 4
W, Aoy s o B X% 25 WI R 72804 DI R4 FH 25 90 245 1
9 H BT TEEA T I T PR

ARSI E NN A G I B Dk OB AT SR
Xt B DT EE R BT A0 ot B fIE A K i E AT AR, 45
AT RS R, e MR T 25 25 A IO O A S
Dutl AT A2 9 W3 )V T L (A MR A S 38 2 36 E 45 o
PR 222 10 K SRR T 1) AT R BRAR P 248 25 0k A i KR
JFE ST, SCEE R RO AL A BT

1 fgikiEiE

TGRS B 2
Wy e Ty vk o FEBFSE 0 3k 4 i S BR BET, SR v O
eI, o e 221 BT AT BE A 25 M 4 &, 0 K 245 (1]
R R LA ) R s A L Wi 253 e 0 768 Fif ikt
LG TR X = B L A LA O R R T T
UM Z54H 45 . Grinera 26" 52 T K A IR VL IEHID 1 741 A
1% e 53k 500 FhEj P al & i RO I 1 k2 K B 4
JLIk EL IR AV IR T AL o AR BRI R 1 2 I ) L 55 3 T
ARMEEEH R, T 9 FREGYIAE 3 Rl 10 B P 1 e 24
WA TN YR, AL G R 1 A 19 683 Fdl £, 14
FPER MELLSEIL

ot rp 2 52 AT SO T R AL A B S M L SE B 4
S (R REIR X T T, Kawashima 25170 %) 2 5 Y5 .07 (19 -6k
T2 4 R RO/ NEERR ST H R R A S BT
JRAR N 25 AL D5, B0 S SR o AR 2 A T TR A4 B 4
oI ZA 254, [l 25 2 20 ) 240 45 e R o, B 5 LA
W EUELE I RVER 2L G . 45 F SR, e Mgl o4
FRIETT R 2 BT AT RO R A A 25 IR T R 4 3 3t
FAHA KR HEHEMAS B H AU T4 MR, it
A DL, v 25y R Ao B — A 2 B TR A A LA T AL, R
M58 TH 2 D7 M etk it — B R B TSP 2558 i
WEIEE A1 BRI AL A2 LA WA S 43 Bkt G B A JR)
BELME , o 2 5 05 vh 20K 22 L5 2 R o A2 2% 3 o A 4
BESNHE LT BAA RSB ESS . Hik, S5
RRET A TNk B EEE

2 ETRGEMFNASHULATE
I WD T I AR T IR R 25, R BRI 2% AR |
HAMIEROER BB PO SR T R 25 AR A AR
AR PG AT R AR Zhao SR B
AT KA SRR E A AR & AR AT RCR AR
SRR RRAEXT , Sy A MR 3 i o S 20 Bl i
- 1294 -

Chin Pharm J, 2024 July, Vol. 59 No. 14

HLAZ I & P IR AE XS 5 1984—2010 4F FDA Hitif 925 4)
A BIRAEXE B S BGET 25415 o 4R s 1eHE
IR A AL PN 69% A SCHR S

bR TR BUAT AL AT S Huang %517 BETF T —Fi
AGEHH TH Drug Combo Ranker, 455 25 FIEHR 193N 41
SERHE R B LR FIAILAR B4 2540 20 D [l — 25 49y I 2% 2
VEIME IR L2 Y B DI REREAR , AL A B OB 4 S PR 1R
I U RN R A B T 4 B TAME SR R
AIZGHI LG R 1) AN [R5 5 ) 5 A e A 70 25 W 241 00 04 T
DCTC (1), 7o i s A A28 52 1A B PR LR B B 3
AR TR o

[Emazimatr| | SEEABRH A |

WHE || IEwW

RE || RE

AT || A
(=

22 T

| e ot S % T

B1 4o dmAnikn ik B A S RGET K E 20460
kT EE

Al

T R 2 1 BH , Wang 250 BF % DeepDDS -
B TE— Bl 2 28y A B A B e 3 3o ] 3 L 2 2
SIZGYPRRAE , K UG TR AR DG HE M, 185 T 25 i B
2254 T3 245 90 e 2 B A DR 32 3 335 (R 4, AT
AR A T 464 ME B, TO00 45 5 988 400 25 1 Bp [R) 25 9 41
B TE 45 0 25 A ol B 30 R RE K A A g sz AR Y |
DeepDDSH F K HE 3 16% o Stathias 25 B0 & T —
A3 A 2 R A A 1 R 2 LR £ PO ) £
-4 SynergySeq , i B £ o [H HHRE e R 4L PR 3% L BE T 00 4%
) 55 A0 L5 42 P A T RS 25 0 5 B 19 AR — S LA
T 25y i —BCVE T AT BEAE A PR A 254 . (AR — R
0T VA TR A B R, R — B DR
5 S By ST A 4, B W ERRIT 2 25 il 7 TR 5%

TEE— SRR FIHLES 2 ST (25 2 A BFSE o p , — D T
RS 2% 3 e W) KR SR 10 A2 R R, WU P A 5 2 5 U
AR T RE 5 55— AT, W0 R P Qv 2 Ao 2 T 25
R By, TR A A A , 6 TO00 3 72 P 2
IR SRS ) B RE AR 15, £ T4 B 2R 495 SO0 ot o<
Yu 2V ST HBRE A RIZ58) ATC 45 B T L1 IEN]
A 8 [ RS, o 2450 A T 24 T, 2% v B A L
£ RS- 20T SR AN EAT ATC 2B B 7 e
AR EVIEA —E PR, Lin 4 % AR R IR 19254
FIEE 1 R AT RS ORI B, A 3 25 A (DI PO 2% 25 1A
M P46 125 PR LA P IO 245, 3o 45 380 £y 0 46 £ I B AL
Wi e J7 BRI Z W 20 A5 AR B, LA I 5 B 4 T4

HhE 22k 2024 4R 7 H 5 59 5 14 1)




T XPEIZGIL A AT N . 45 5 R, T A 3 B R
PRSP 2 SRR, SR 2 1 240 , A 1 T 2%
Sk NGS5 R EROR I B AL S A AR
Zhang % P T — BB TRIE 2 2] J5 1% MGAE-DC, ] L 2
STES AN 2R 2502 A L RIRRAE , 32 25 12 AL P, I T 100000 B
N R 2L A TR O o %05 v P £ 38 PR 1 3l
b (MGARE ) [¥ 4% ) 21~ 3 38 A {5 AT 310 pp ) 41 45, T L 7T
PN ANLE A BB AL A

FR 05 H W RV 2 B AR o A 1 R 2 AR T
DR B, of T B 2 B B A B T IR S R Li
S5 LTI B Y T SR (DMIM) J7 36 4R T 5 0 24 -
HEWI Y -0 20 T2 W45 1 S A &, LT R 2
2552 07 A 2R IR0 36 R, AR 2R B 25 e 7 VS LE 4L AL
o FHEDIAT 3 865 Firh 24 5 Jy by g B A [ 4%, 5T LU
SR Hb KL 191 10 AT 56 IE, T 45 L 55 N W AL B G TR
FEP T HH R E 10 2 B , 3% 7 v 3 R T ¢ 1
PO A FR B 25 R Ay —— IR U B A ~ TR K
HA UM R FH 00 25 65— )12 F20 48, Li %612 3% F fi
(9 TR 3 8 T O % B - 4% 2 TR 2 A e T
WG S 2 W 43 T T 4% 0 B 8 5 2 TR R 2 2
el S D S A E T AN =i Puma it A w1 11
AR EAR T BHLE , % B A& W L2 & B 2
I GYR B ELE A A 2 MR PLH O R I IT R A B
2525, Liu 200 3L F W 4% 25 B2 (0 07 1, S5 B 0 T
X RSN AIE , 575 1 Hh A e 2 AR R BRI 1 A v
TE W) % 25 9, JUN , TP53 1 ESR1 J2& W 78 1 36 97 #1055
Zhou %127 JLF [ 45 2 B2 (AT T A K, $8 HH — X e 24 1
G R R A B R TR 1 < 2R 45 25 Bl R SE A, L
AL T B 00 10 38 R A 2R R o SR T R B P AR
Xt 25 5 77 K BRI AL R HEAT MR L il 3 ADMET 5
OVHT , T eI 3 B0, i B s 3 LM % e AR W 5 A VR £
R B A L 3 T A O A B A R LA
FFRTE.

WA 2HL 2R R B P i, — R T B R S 5 8 R
HIGE & BB RSBl —— J7 412" 1 Duan 275 1
i 3 B G HIESE 5 7 B2 (2 A, M KPR i AR 52 A0 SRk
H AT T REIT I B AR BTl B A R TR A
SRR A A P A9 ) S A 2 2 i, 38R T 5 e A
[RI2H 2K 1102 2456 2, B T 697 1 I AR TRl WLk 0 3
AR, 76 32 15 M B3 b o P 750 B 186 B RS2 B /0 g
B . FET IR B &, Wang 257 b pr 250
7 HETE W 3T A RN L A XL P LA A T RS 7
I RO IR A BIE RS 2 JF SR LA DIl o 3520
3 DU A A i 42 94T 5 0 R B 11 1402 24, DT 36 B 5%
Wi 3 PML-RAR- 1 [ fiff , J ) % 428 W13 [0 334 2% 09 6
Liu 25 FE 7 70020 2 e mb b, B85 07 ) B 80 5 40 i, RS
T 5 T ZREACRIBE I Bt B A7 A 5, AR A H A L B 42 A
W2 b i o R [ 23 20 A, 58 T T OKOF R O

T E 2R 2024 457 H 5 59 4 14 )

AN ASRES 38 1 240 A, g A4 ] 19 RSl BT 2 4R
HAT R s D) & B2 4L, TR ks 2 @A T

BT ARG AW A S 25 KI5 R TGV B L 2
FEE AL 2580y EIBURANGS S8t , HAZ D5 vl LU ]
A 3 S e S5, M BEA 1) 25 7 A R 73 LA A
2% B PR SRR E A5 BEAT B . (EATISR 32 IR T 24 i
AL ARG R A AR M5 AR SE B 0L, By
T4 AN RE S U A 2 RN 55 , X DAL
A G IR NS B 5T, B 25 [ 4 F A i
UL 23R B H R e B T RO, oK i — AP TR VR 2 0T
A T 45 SR 2L 2t AR R A 0 o PRIk, % T S 36 Dy Sl
25 2590 R BT LTSRS b 2

3 ETHEMASAYERATE

R T W A R A G 1 SRR R, Y 2 2 R
(A, R e E e ar T — S P AN A& 2RI .
X T R 25 G R e 25 W % T A W A LA A
PR BT Ji 5 R G A 525, DLIZIR AT 2 1Y SC =
FRTE R4S R A A, A5 5 P A 25 W) R SR kP
M TR AR, 76 S 5008 2R 25 (] Y8 1 P9 X 25 A 245 4 I 24
Pie AR A TR R, SR A R B A o

Weiss 251 17 FHT Bifl AL 48 28 5 1k 45 4 I 15t 2R 40 i #h
(feedback system control , FSC) $¢ A , %F 9 Fl fiL & P Bz 2 fg 417
25T 4 AT HE AP 1 3 AN, B A TR Ig &
JE .RAPTA-C F1 BEZ-235 MismfE 25 e4H & (8 2) . 4B
SR AR 25 B 2 700 SR L, 0 IR A R A 1Y) L4y
22— MR 2 R R T & R ROCR AT
FEARB, 25 6] B AR ELAE A5 50 4 mT RUE R B 7 R AR
MBI, X TR B2 AL A BRI IE A As ), 4R
7, 33 b J7 3 1) Jmy PR A2 W L4 2R 0 Bl =2 X 2 5 5 ) 1Y
WIEPEA , 25 5 72 Jay 3 e A0 AR Wi 8, 45 21 4 Jm) de A 1 20
G I H A S ECEE A sk B As B BUR A A, BT
TERELTE, HERBTFEZRTR . W feE—
PRS2 R AT RE 22 o P IBUAE 2L AN i AL 25 1) ST A 25 )
AHEAE T 5 B SE g A vk ] i) 22 e M R i A A G T IR
SETE MR ME R

[ ;
B2 MHMREREARGAGBHBEAFTRRRE A
LHrERD
- 1295 -

Chin Pharm J, 2024 July, Vol. 59 No. 14



N T LR IX B PR AR, Jaynes 25 I FE FSC LA F R
B T BT R 2L . 76 6 PR 5 I 4L &
HR TSR T U R 253 STHRAIR Y TNF-oc, 3% 254 [ 4
TAE ST S W5 T IFN-B  IFN-y 1B 5 3% 6 25 7K OF
IFN-o A1 B ARG S e R 25 4 4 . Ding 251 763%
WFFEIERE LA X Jaynes 1% HE 14 5 TR R 25907 3 451
ARE T B — 255007, R FH— ROt i 52 4 20 B e e
A4 16 UGBTI 4P BN Fe B it A 18 YIS AT IE SR F1 , 14
SE T RIE A MARIBTE R B2 . 45 R, %07 i 2
DRI 5 56 AR AT T 7 9 2L 4 50 e A 9 7 3 Sk 43 5
WA e 5 3 24 6 4 2 6 W 0 245 0 1 45 R 255 15 0L

Al-Shyoukh 45 228 %F Ly 1 195 A it 28 100 2% 45 #g G A4
S [ RS 0L 7 3, LS A2 2 2 R B SR 2
P 2% 2 e [ 9 5 AR — R, i — 2 B 43 B e
BETHI AT VL. BFGEREEE T 3 AR X R R Bl B o
259y, SCPRi i T A 512 2G5 SRR ATP KSF )
SRR ) 80 4S5 HEAT TG . 4504 MR,
T L (L M T X A 512 FP 4L B 7 , Tl iy ATP
TR AR R S5 30 0 (L 2 ) A G 2R 975 2 0.9 0o
TR YR Y LA A R T 2 B 4, 32 W15 4
SN T P 25 W 41 4 1 B 7 S AR 2R M . Rashid 251 %
=B 2 T 05 B R T e T — A kR B AL
-5 ——QPOP ¥ QPOP K I Tk it 26 14 £ 2 M4 e
TIAMZ , AR 114 b TS (9 6 25 490 vh 4 J5) B A 1 24
WG o REGMILL A BRI 4 BT T HE A SERT 25
ANy BAT DRI, R Chou-Talalay B2 147 5 IF
RINHE T I RAATF R AL & o 7EBFFE T, At
% JE B ZOR TR K 1 5 SR/ LB A 7 0 2 0o
WML E ALY SIS TR IR T4 R S 2 L S 0 LS LA
PSRN PRIFSE 3 BB AL 25004 45, Fe B0 B 245
AT BT O [ A R Gk — 4 B i A A2 AL
T,

FILCHLRS 2 > J7 i, S TR I 25 R BT AR T
Yy g R B 4, H 5 % B S B AT SR .
I, H T 20 B 250 BT 1 TE A T AR BN I R i AL
il LA TR R A TR S 25 R P R B T E R
IS PR 5 o SR, 382 SCR AR B0 % B, 3 T L 5 2
Wy BT TR AE RGBS T R . ZRBT SR ESE, ¥
L2 I S SR R LA TR P (EE o 4 T RE S A0
o BRI, 2 BRHAE 2% R 25 AW — M2 B SR 4, T
S B T B T A S 25 A A R B 25T 5T P A
LA T 7

4 Hft7IE
B S AT 5P CadUR S, 4% 25 ) 415 K T
PERFFEEAN DT A o PR L B0 415 25 O HER7 T A
FRRVHE— PR TE 583 , T N TR BE Ak A B T 285 A1 G
BRI AL, A % BT AT AT, Shit™® Lhdv 2
- 1296 -

Chin Pharm J, 2024 July, Vol. 59 No. 14

e ChIEIR) (A B 2Ems ) S5 A5  Kda 4, il id i 5 B
SRR HEAER REAL T, TR R Rk 92.2% o TEALSE 2544
B, Zhang 7! 4t — FRELIE 2 AL T A F L R 42 2T 25 )
ALG KRBT T ALE 23R . Deng™ b — 4 % 18 5]
SR I ACRFIE , SR T — P T I PP TR T AL A2 5
S PG B AR BT RSB T A LG
R

5 AFHhAHRHEE

Hh R 24 A G R 2 AR A A A 22 A 2Bk
ALFEIAPRAF AT FHRAT < 2 -2 A 7R
RERT, T2 SO T AR S P Z R (K38 9T LR ik A
BH— R 25T 5, 24 RE S I AR e s BB AR T 25 R
0, SRR £ 24 W0 0 FT S A P o R o R 2 7
P b i BURHETEXT T 5 BCLHEAT T 3 SRR AR
4P N Z R R R 25 R AR AT RO 3 o
(R ST RO 2 90 %0 A7 280 25 414 AT 0 07 %, 9k
Pz T 2B 2B 3T o R R B AL R Al B
V65, X ART5 11 S IR R BEAT R, Xk ¥ 1 24 % 1T )
RGN R T — B A BT vh 25 07 B R BT i
LA, B2 4 75 ki v U B ) 24 AN [ 500 e L F)
P

SR, 2GBTS 19 55 — A B R PR ARTE T Wt ) o Sk il
ZUTTE B, X b 2515 PR AL SR P ik — AR U S, 2 3L
HEAT SRR T L ORISR U T B AR 1 A 7E, B
PRI L _E B O3 B [RIFPAE , A RE R B S B2 1 A 1)
Witk PRI, PRI 24 v S50 T P 0 T8 A £ 52 2% B 5 LG
A THREA B UM OV A RS G P 25 B F
FRMLGZ o G REAEYFIIITE 7 2T AL W 2% 18
HEFISRMS , WFFEE AR T LR 2GR =y
A" S RIS, A 2 T7 I8 T7 L 200 J i #E
s P 2% (g iy R BEAT IS L 48R D7 -0 - R TR O
R 2T A B AR KR E ok T 2 T ALY
PR T EE SRR . B AN, 2y kA D
BRI Z R A AR JEHSR AT HAT B R FH A 3 1k
iR

R TIH R A S W R BT, R X — PR3
BT — PR B o R TR B R AL T 14, WA
A 3k 5 R A S P 0 A TR HE T E R R R LA AL B 2
B SR T IR ML, R E R R T PRI A R 2
P, ROR 4 6 RS9 i B InF 1], 2 s 25 WO WE AR o ko, 2 T
TR RS 258 R B7 0] LA T 2590 /E RTLH 4505 2.
S P R GRS | 5 Y 14 24 £ R A ik
0y 1 HH 2547 8053 ) Bl vl AR A 2L, S W 14 B i 22 40
SRR e R ANCRER R TR 45 2577 20, %
WA LS B B0 vl W, Bk 2y
R, AR I AR G, 45 S LR S 25
BTk, SRR R RER 2, AR R 2y

HhE 22k 2024 4R 7 H 5 59 5 14 1)




PR R MU S 1RO S8 AR ki A AR, 75 244 HH Y
I, BARSE TS BT AT TR T A% o 9 B A
BUH  ABLESEBR LT AP AT o 2225 18 25 W) ) R A T Al 1 o
SRR MO, BT IR AR EA BT R IE T
A, LA v TOU v P A TS

6 i &

YA A BT — RERT B R L 22 4T 55
BRI A, 78 B s i 1) T LA B A R 2 AL A
%o WEE TS A AN AL 25 BT 58 DB 2551
KL Ry 2 i, FEX R, 416 25s H FiRyT
248 5 R A , B3 i 2 A 4 B A [ A i
SORBE IR RCR . B0, K AR [ g S0 o) 7904 B 22 A 0
HMG-CoA il 72 At 7T BEAT 20 45, A 00 1l JIFL 2] ez 908
S [ s, ) IR 7 A0 A W A, 32 B SR AR 0 v I
I B HHIVERSY o e RIS AEIA YT F e R4 I b
HATMRRR S B0, K HMG-CoA 1] 70 B 6 £ b T 0145 15
FAEHUR E E TS O, oT F T [R5 1 AR
BERAIT o AR BRI R TR L RE 4
{FL R B PR A0 T SE R, 76X R 22 BO8U I 2 e s A e ik
TR R R A vh & 3R, 22 8025 W 20165 WE AT B ) 988 E | Je%
Y R AR LAE 55D BB IR T 2 .

R1 AEHWRIT FRITEE G R A a7

4, 2SI & 19 R BT A BN 41 & 25 SR AN T
% ARG T R G TR AL ARSI R AT
o IR, il i 2 A 25 B, AT XTI+ 4R 25
A MBI B AT, WAR 1 X T BA i vk 25 W 241
BTIETH A L B T ik AR REAS R s v
P, AT RS A 1R 28 T S A L 20 5 56 T AR o T 4%
A0t e 7505 RIS (R T4 F B IR I B SR 55 A
BRI —  EE S PSR 2. L, A T4
P4 SERERAE R R TR AR I R Sk AR T o %%
H AR T A O AR A B R T I R P B 4
HITEMICE RV E YR Rk . Horp, DO R Wl R ik
FET ST A2 R A B R 1 s 206 B 25 W ek AR
RS, SR, LIRS RS S SR IR S 2 FD
PRI 0, X 45 2R 9 HEAf P AR P AT R i, TR MG X A
KA RAE AL BT A O R PRz — o A, T4
AL SR B A 7 BTS2 50 45 2R AN R 25 W0 24 45 3
LTI 2 SR ] B 2 414 WO B 58 8 0 1 > e PR
1, AR Z S T AW S IR & (A2 B
NS WAL HETE , A0 37 T 25 8006 48 B SCA R
SR R 245 25 BERIL A $2 40 i R T 25 205 R 55 2 M 1 — IRk 2
PIH G5, o — 4R Th il PR 245 477 19 5 B A 4K
PERIZ 4tk

Jiik Bt Peri B
gtk EIP ararh R 2 AR R R
TR LY MU 259 R RIS RARIE LR ) SEOR I T NP A 0 B S 0, BEAT T 250 SRR AT Y 24 40 0 i B )
W5 i KR INIIPS I3 (P
WP E RIS RIS EEE T, ST 2R A Telmfartt, sEfie 1A= s asg e SLGIE A T SR IR L
HETH
Hfteorik TR BARA S L EAR M R P& 5 I R 2 A P25 A0 B Ak FURTIR PR IO I, B 2 16 IR 52
AL 7 R i

WRAFIE AR BT 7 SR 3 TR B C SO0 e R I 25 1Y
RIEFREH W A 25 9 B R R 4L 25
e AR DG ) R, H RTBESE Iz N LR 2454
PrEIVE PG $0F 8, A 15 Highest Single Agent ( HSA ) 45
# Loewe Additivity $% Bliss Independence #%!  Chou-Tala-
lay RRFEAEE 55500 AT B B ) P PR A A5 TR 37 26 AS [ 3
SRR, Loewe Additivity FERLHE 2549y 14 4 A AT FH AN & X
HE Y S A BB AT, R R SE R B Bliss
Independence S R4 254 (i AF 32 BAE FIBCR & SR WA 2459)
MST R FEVE T, R SR TR A= A7 J5E 0], HSA B AL A R 24 25 41 20
BN RO AL B A BRI I, BP Sh Bip ] ) 32
HAEM. 3% 3 AL FE G T LR B 5 22 Hh R HE SR Y
RS L T e TR A AR A S, TR R T
JLAEAE 4, f0 45 SynergyFinder , Combenefit , CalcuSyn 45, ff
THEZ AR bR, WF5E &, SynergyFinder I Combene-
fit Z [] 53k 36% 1 2 5 A7 AE S [6) 1 B , 3 7T BB |y T AN [
JEHEX AN [ RL A 18] 1 Rk AS ] 7 DR, B 5 v 0

T E 2R 2024 457 H 5 59 4 14 )

% L& L MRV DT A0 B, 452 1 o R, AR AT B 4T 1Y
Br I FE R PEAG

AN BRI (I DFFEIE R, 2590 20 & I 0T 6 5 B 5 B
AR LE ) ARG SRR AR A B PR S5 38 0 A A 2 R k47
VeI UER BB 5 — Oy T AL R RSN S B &
B2y A PR FEBIL A B AT J BR A, 7 22 22 R LA 5
LA 25 R A A B o N i s By B 2 8l o S R S
RN ZRCE D ORI X 24l
B VR N PEREHES T IAlT ) 2 1 T 20 24500 1 AR A
FRTE  HAPHNTE AT

REFERENCES

[ 1] RIBEIRO A L, OTTO C M. Heartbeat: fixed dose combination
drugs for hypertension[ J]. Heart, 2019, 105(3) ;171-173.

[2] YANG TS, YANG Y K, WANG Y. Predictive biomarkers and
potential drug combinations of epi-drugs in cancer therapy [ J].
Clin Epigenetics, 2021, 13 (1):113. DOI; 10. 1186/s13148-
021-01098-2.

[3] JINWG, STOKES J M, EASTMAN R T, et al. Deep learning i-

- 1297 -

Chin Pharm J, 2024 July, Vol. 59 No. 14



[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

- 1298 -

dentifies synergistic drug combinations for treating COVID-19
[J]. Proc Natl Acad Sci, 2021, 118(39) :e2105070118. DOI;
10. 1073/pnas. 2105070118.

GOSWAMI C P, CHENG L, ALEXANDER P S, et al. A new
drug combinatory effect prediction algorithm on the cancer cell
based on gene expression and dose-response curve [ J]. CPT
Pharmacomet Syst Pharmacol, 2015, 4(2) :¢9. DOI; 10. 1002/
psp4. 9.

REN B. Effective drug combination prediction based on network
topological distance[ J]. Software Guide (374 5:171) , 2021, 20
(7) :49-53.

REN Y L, ZAHNG HM, LIU J Y, et al. Mechanisms of Simiao
Yongan deooction on heart failure predicted by network pharma-
cology[ J]. J Tianjin Univ Tradit Chin Med ( R P2 25 K 22
#2), 2018, 37(4) :332-335.

XU J, JINY T, ZHAO Z Y, et al. Study on the compatibility
rules and action mechanism of Chinese herbal compound in the
treatment of ulcerative colitis based on national patent database
and network pharmacology analysis [ J]. Tianjin J Tradit Chin
Med (R BEZg) , 2023, 40(2) :219-227.

ZONG Z P, QIAO Z Y, ZHANG ] J. Feedback system control : a
new method of artificial intelligence for optimizing drug combina-
tions[ J]. J Shenyang Med Coll (k. FH 2B 2# 4 ) , 2019, 21
(4):289-292.

DAS P, DELOST M D, QURESHI M H, et al. A survey of the
structures of US FDA approved combination drugs [ J]. Med
Chem, 2019, 62(9) .:42654311.

O'NEIL J, BENITA Y, FELDMAN I, et al. An unbiased oncolo-
gy compound screen to identify novel combination strategies[ J].
Mol Cancer Ther, 2016, 15(6) :1155-1162.

WALI V B, LANGDON C G, HELD M A, et al. Systematic drug
screening identifies tractable targeted combination therapies in tri-
ple-negative breast cancer[ J]. Cancer Res, 2017, 77(2) :566-
578.

GRINERA M, GUHAA R, SHINN P, et al. High-throughput combi-
natorial screening identifies drugs that cooperate with ibrutinib to kill
activated B-cell-like diffuse large B-cell lymphoma cells[J]. Proc
Nail Acad Sci USA, 2014, 111(6) :2349-2354.

KAWASHIMA K, NOMURA A, MAKINO T, et al. Pharmaco-
logical properties of traditional medicine ( XXIX ) : effect of
Hange-shashin-to and the combinations of its herbal constituents
on rat experimental colitis[ J]. Biol Pharm Bull, 2004, 27(10) ;
1599-1603.

ZHOU J G, XIONG W, WANG Y, et al. Protein function predic-
tion based on PPI networks: network reconstruction vs edge en-
richment[ J]. Front Genet, 2021, 12:758131. DOI. 10. 3389/
{Gene. 2021. 758131.

VELLA D, MARINI S, VITALI F, et al. MTGO :PPI network analy-
sis via topological and functional module identification[ J]. Sci Rep,
2018, 8(1):5499. DOI:10. 1038/ 41598-018-23672-0.

ZHAO X M, ISKAR M, ZELLER G, et al. Prediction of drug
combinations by integrating molecular and pharmacological data
[J]. PLoS Comput Biol, 2011, 7 (12): el002323. DOI.
10. 1371/journal. pcbi. 1002323.

HUANG L, LI F H, SHENG J T, et al. DrugComboRanker:drug
combination discovery based on target network analysis [ ] ].
Bioinformatics,, 2014, 30(12) :1228-i236.

ZAGIDULLIN B, WANG Z, GUAN, et al. Comparative analysis
of molecular fingerprints in prediction of drug combination effects
[J]. Br Bioinform, 2021, 22 (6) : bbah291. DOI: 10. 1093/
bib/bbah291.

STATHIAS V, JERMAKOWICZ A M, MALOOF M E, et al.
Drug and disease signature integration identifies synergistic combi-
nations in glioblastomal[ J]. Nat Commun, 2018, 9 (1) :5315.
DOI:10. 1080/00273171. 2022. 2146638.

Chin Pharm J, 2024 July, Vol. 59 No. 14

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

SALDITT M, HUMBERG S, NESTLER S. Gradient tree boosting
for hierarchical data[J]. Multivar Behav Res, 2023, 58 (5):
911-937.

YU B, CHEN C, ZHOU H, et al. Prediction of protein-protein inter-
actions based on Ll-regularized logistic regression and gradient tree
boosting[ J]. Genom Proteom Bioinf, 2020, 18(5) :582-592.

LIU H, ZHANG W H, NIE L X, et al. Predicting effective drug
combinations using gradient tree boosting based on features extrac-
ted from drug-protein heterogeneous network [ J ]. BMC Bioinfor-
matics, 2019, 20(1) :645. DOI:10. 1186/s12859-019-3288-1.
ZHANG P, TU S K. MGAE-DC :predicting the synergistic effects
of drug combinations through multi-channel graph autoencoders
[J]. PLoS Comput Biol, 2023, 19 (3): el010951. DOI.
10. 1371/journal. pcbi. 1010951.

LI S, ZHANG B, JIANG D, et al. Herb network construction
and co-module analysis for uncovering the combination rule of tra-
ditional Chinese herbal formulae[ J]. BMC Bioinformatics, 2010,
11(Suppl. 11) :86. DOI.10. 1186/1471-2105-11-S11-S6.

LIS, FAN T P, WEI J, et al. Network pharmacology in tradi-
tional Chinese medicine [ J |. Evid Based Complement Alternat
Med, 2014, 138460. DOI.10. 1155,/2014,/138460.

LIU J Q, LIU J, TONG X L, et al. Network pharmacology pre-
diction and molecular docking-based strategy to discover the po-
tential pharmacological mechanism of Huai Hua San against ulcer-
ative colitis[ J]. Drug Des Devel Ther, 2021, 15.:3255-3276.
ZHOU M N, CEHN X Y, CEHN X H, et al. Construction of“2R
network pharmacology” research method for effective components
of traditional Chinese medicine based on* prediction of dominant
components-screening of potential targets” [ J]. China J Chin
Mater Med( WP E 2574 3:) , 2021, 46(9) :2363-3276.

DUAN D Y, WANG Z, ZHANG B L, et al. Fangjiomics:revea-
ling adaptive omics pharmacological mechanisms of the myriad
combination therapies to achieve personalized medicine[ J]. Acta
Pharmacol Sin( F1EZ5F2:4R ) , 2015, 36(6) :651-653.
WANG L, ZHOU G B, LIU P, et al. Dissection of mechanisms
of Chinese medicinal formula Realgar-Indigo naturalis as an effec-
tive treatment for promyelocytic leukemia[ J]. Proc Natl Acad Sci
USA, 2008, 105(12) .4826-4831.

LIU J, WANG Z. Diverse array-designed modes of combination
therapies in Fangjiomics[ J]. Acta Pharmacol Sin( " [E 24 ¥ 2%
), 2015, 36(6) :680-688.

WEISS A, DING X T, BEIJNUM J R, et al. Rapid optimization
of drug combinations for the optimal angiostatic treatment of canc-
er[ J]. Angiogenesis, 2015, 18(3) :233-244.

JAYNES J, DING X T, XU H Q, et al. Application of fractional
factorial designs to study drug combinations[ J]. Stat Med, 2013,
32(2):307-318.

DING X T, XU H Q, HOPPER C, et al. Use of fractional facto-
rial designs in antiviral drug studies[ J]. Wiley, 2012, 29(2)
299-304.

AL-SHYOUKH I, YU F Q, FENG J Y, et al. Systematic quanti-
tative characterization of cellular responses induced by multiple
signals[ J]. BMC Syst Biol, 2011, 5.88. DOI.10. 1186/1752-
0509-5-88.

RASHID M B M A, TOH T B, HOOI L, et al. Optimizing
drug combinations against multiple myeloma using a quadratic
phenotypic optimization platform ( QPOP) [ J]. Sci Transl
Med, 2018, 10 (453) ; eaan0941. DOI: 10. 1126/scitrans-
Imed. aan0941.

SHI Q Y. Intelligent Generating Prescription Models of TCM based
on Deep Learning [ D]. Tianjin; Tianjin University of Traditional
Chinese Medicine, 2021.

ZHANG Q. Design and Implementation of Medicine Recommen-
dation System based on Text Mining and Heterogeneous Informa-
tion Network[ D]. Chongqing: Chongqing University, 2019.

HhE 22k 2024 4R 7 H 5 59 5 14 1)



[38]

DENG H H. Research on Chemical Drug Combination Recom-
mendation[ D ]. Chengdu: University of Electronic Science and
Technology of China, 2023.

JINY, QU C, TANG Y, et al. Herb pairs containing Angelicae
a review of bio-active constituents
J Ethnopharmacol, 2016, 181 .

PENG X, TANG F, YANG Y, et al. Bidirectional effects and

mechanisms of traditional Chinese medicine[ J]. J Ethnopharma-

WANG Y, YANG H, CHEN L, et al. Network-based modeling

of herb combinations in traditional Chinese medicine [ J]. Brief

DOI: 10. 1093/bib/

CHENG Y Y, WANG Y, LIY L, et al. Theoretical innovation of
component-based Chinese medicine and its exemplary practice:
the study on creating Guanxinning Tablets [ J]. China J Chin

LUAN X, ZHANG L J, LI X Q, et al. Compound-based Chinese
medicine formula: from discovery to compatibility mechanism

[J]. J Ethnopharmacol, 2020, 254.112687. DOI: 10. 1016/

TU Y, ZHANG C S, BAI C L. Data mining of prescription rules

of mongolian medicine heat syndrome based on decision tree[ J].

SONG Z, HUANG Z Y, FENG Y, et al. Data mining-based analy-
sis of formulation rules for prescriptions containing herbal pair Aco-

ri Tatarinowii Rhizoma-Polygalae Radix[ J]. China J Chin Mater

SONG M L, ZAHNG X Y, DING L, et al. Application and pro-
gress of data mining in study of compatibility law of traditional

Chinese medicine[ J]. China J Chin Mater Med ( " [E] " 2 24

YEH J C, GARRARD I J, CHO C W, et al. Bioactivity-guided
fractionation of the volatile oil of Angelica Sinensis Radix designed
to preserve the synergistic effects of the mixture followed by iden-
J Chromatogr A, 2012,

WANG P Q, LI B, LIU J, et al. Phenotype-dependent alteration
of pathways and networks reveals a pure synergistic mechanism for

compounds treating mouse cerebral ischemial J|. Acta Pharmacol

ZHAO L, LIU H, WANG Y, et al. Multimodal identification by
transcriptomics and multiscale bioassays of active components in

Xuanfeibaidu Formula to suppress macrophage-mediated immune

BANSAL M, YANG J, KARAN C, et al. A community computa-

[39]

Sinensis Radix ( Danggui ) :

and compatibility effects [ J].

158-171.
[40]

col, 2022, 298.115578. DOI:10. 1016/j. jep. 2022. 115578.
[41]

Bioinform, 2021, 22 (5): bbabl06.

bbabh106.
[42]

Mater Med ( H[E W25 2%3) , 2022, 47(17) :4545-4550.
[43]

i jep. 2020. 112687.
[44]

Chin Pharm J( ff[E2542435) , 2022, 57(10) :817-822.
[45]

Med (P HrEZeak) , 2022, 47(6) :1687-1693.
[46]

i), 2021, 46(20) :5233-5239.
[47]

tification of the active principles [ J].

1236.132-138.
(48]

Sin( HpEZGHAER) , 2015, 36(6) :734-747.
[49]

response[ J|. Engineering ( Beijing) , 2023, 20:63-76.
[50]
P24 2E 2k 2024 4R T 5 59 5T 14 )

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

tional challenge to predict the activity of pairs of compounds[ J].
Nat Biotechnol, 2014, 32(12) :1213-1222.

GIUGLIANO R P, CANNON C P, BLAZING M A, et al. Benefit
of adding ezetimibe to statin therapy on cardiovascular outcomes
and safety in patients with versus without diabetes mellitus: re-
sults from IMPROVE-IT (improved reduction of outcomes: vytor-
in efficacy international trial ) [ J]. Circulation, 2018, 137
(15) :1571-1582.

ZHOU Y T, YULS, ZENG S, et al. Pharmacokinetic drug-drug
interactions between 1, 4-dihydropyridine calcium channel block-
ers and statins: factors determining interaction strength and rele-
vant clinical risk management[ J]. Ther Clin Risk Manag, 2014,
10:7-26.

ZHANG Y, WANG K P. Research progress of Angelica sinensis
Polysaccharide[ J]. Chin Pharm J( H [ 2j242%3%) , 2023, 58
(12) :1065-1073.

PODOLSKY S H, GREENE J A. Combination drugs--hype, harm,
and hope[ J]. N Engl ] Med, 2011, 365(6) :488-491.

GILVARY C M, DRY J R, ELEMENTO O. Multi-task learning
predicts drug combination synergy in cells and in the clinic[ J].
Res Gate, 2019. DOI:10. 1101/576017.

ASHTON J C. Drug combination studies and their synergy quanti-
fication using the Chou-Talalay method--letter[ J]. Cancer Res,
2015, 75(11) :2400. DOI.10. 1158/0008-5472. CAN-14-3763.
WOOTEN D J, MEYER C T, QUARANTA V, et al. A consen-
sus framework unifies multi-drug synergy metrics[ J]. Res Gate,
2019, 683433. DOI.10. 1101/683433.

MOTT B T, EASTMAN R T, GUHA R, et al. High-throughput
matrix screening identifies synergistic and antagonistic antimalarial
drug combinations [ J ]. Sci Rep, 2015, 5. 13891. DOI:
10. 1038/srep13891.

MEYER C T, WOOTEN D J, LOPEZ C F, et al. Charting the
fragmented landscape of drug synergy[ J]. Trends Pharmacol Sci,
2020, 41(4) :266-280.

WU D, PUSULURI A, VOGUS D, et al. Design principles of
drug combinations for chemotherapy [ J]. J Controlled Release,
2020, 323.3646.

GU JF, FENG L, ZHANG M H, et al. New exploration on effect
of characteristics of traditional Chinese medicine components
structure on multi-ingredient/component pharmacokinetics [ J ].
China J Chin Mater Med ( J7 [ Wp 252575 ), 2014, 39(14) .
2782-2786.

CORREIA C, FERREIRA A, SANTOS J, et al. New in vitro-in
silico approach for the prediction of in vivo performance of drug
combinations [ J ]. Molecules, 2021, 26 (14).4257. DOI;
10. 3390/ molecules26144257.

(Wi H 18:2023-07-07)

+ 1299 -

Chin Pharm J, 2024 July, Vol. 59 No. 14





