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Multi-target drug design strategy and itsresearch progress
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Abstract: Currently, single-target drugs are often difficult to achieve the desired results in the treatment of
multifactorial diseases such as tumors, cardiovascular and endocrine diseases, and may aso cause toxicity.
Multi-target drugs can improve the efficacy, reduce side effect and drug resistance by regulating multiple links of
the disease, showing good prospects for the application. The main aim of this article is to review the strategies
of designing multi-target directed ligands (MTDLSs) (including conjugated-pharmacophore, fused-pharmacophore
and merged-pharmacophore) and the research progress in recent years.  The existing problems and challenges of
multi-target drugs are aso discussed, to provide new ideas for the study of multi-target drugs.
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Figurel Multi-target drugsin clinical
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Figure2 Multi-target drug design strategy based on pharmacophore
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Figure6 Representative structures of merged-pharmacophore
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Figure7 Design of multi-targeted agents targeting EGFR and Src kinase
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Figure8 Design of multi-targeted agents targeting antitubulin and receptor tyrosine kinase
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Figure9 Design of multi-targeted agents targeting anti-estrogens and VEGFR-2
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Figure10 Design of multi-targeted agents targeting anti-estrogens and VEGFR-2
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A 2B E i AR E Y. Huang 2557 26 4%

BAE, Wit T BACEL Fl4: & H A SUHE s 47 o fth
11K 428 8 T 2 477 33 5 BACEL #1177 34°% k47
2SS (B 1), Bl Ry AT Ry BRI 1) 45 44
&, Bxﬁmé.\% 35 %} BACEL #Jiffi] ] 1Cso N 27.85
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Figure1l Design of multi-targeted agents targeting BACE1 and metal chelation
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PRI SR/, dE T S BRI R R . 5 T IR A AE 2%
Wi, AT LA IE 0] AR ST R AR R 2 ) A T
(cholinesterase, ChE) )i 4ok o035 IR B RE Dy g,
R fie V) R 1 422 368 o A PS5 386, PR R A% 3t 1 5 . I I,
Of 4 NEE FDA i BRI ESEE (acetyl-
cholinesterase, AChE) #lifill5: fih7e K (tacrine, 36)-
A (galantamine). £ 25K+ (donepezil) F17
Hrf¥IBA (rivastigmine) . A, At SO bR PR ™ 1 5
PE, IR RO . H AT, B S A v bR 1,
IBE Tt ve MR BEAZ I TE JF R WU st AD 24 ¥ i

Qﬂf‘
gl
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e}
NH;
\ 8%
- (o]
N

- Flavonoid
Tacrine L

|
\\N\[/\@
42
Selegiline

FA T,
I A5 BELATE 70 R I, AD R 35 I SR R S 2
A T LT i 45 (neurofibrillary tangles, NFT)
g R IEAOC, NFT ()R &t BB RE A1 Tau
| . PR A A -38 (glycogen synthase kinase 3
beta, GSK-38) s& Tau & MR 1L 72 b i PR i,
GSK-38 1) 41l Tau 8% (UBERR AL (0 FE R I iRD.
2018 4, AR R AR, Wb TR
GSK-38/AChE XUHE &AM 75 (K 12) .38 5 43 #fr 3710
5 GSK-3p 3L i a0, SR A G AL s 7 2
Fx X (MEMEIR I () Tk e B RN R B X ), DAtk X AR
R I NAL o RIS, XAt s bk Bt AT 4544

pde

Dual GSK-34/ A( hE inhibitor
hGSK-33 1Cs5y = 66.41 nmol L'

HACHE  1Csp=6.45 nmol L'
(0]
5
H i
2R,
| = N\/{/\}E/N 0 = 7
N, = (o]

40 R,=Cl, Ry=5-OH, 7-OCH;, AChE ICsy = 35 pmol-L”!
41 R,=H, Ry=6-OCH;, BuChE = ICs; = 38 pmolL"’

!

AChE ICs) = 22.6 nmol'L" BuChE ICs, =
MAO-A [C_<[| =

i
oHéN X
H

9.37 nmol L™
0.372 umol'L”! MAO-B ICsg = 0.181 umol L’

Figure12 Design of multi-targeted agents targeting ChE and other targets
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e, i . Riktb &4 38 et A i i il
AChE 11 GSK-38, |Cs 73 %] 4 6.45 A1 66.41 nmol -L .
PR P SEEGUE B, 38 AEME BH 2 it AD BN BRI IA A
BEAS, T ELX A TR (A e

2012 4, Fernandez-Bachiller 215252 FH 24 2 14 3%
Bevdi, Vb T Ath 5E AR -4- S -AH- 2R 5 ik IR SO0 R Ak
&9 (K 12), BF ChE it Ap WEINHIETE. #F 5K
B, HEZRAL A 391 AT LI it ] BACE-1 U
D AB AR AT 2R S A R B A A T AR A B
ez, I ANAREREE, SRk, 1hE% 40 B
4 R ALH) AChE $HE M (1Cso=35 pmol-L™Y), tb&
) 41 BAT fe A ) BUChE $13% 75 (1Cso=38 pmol L7,
128 e T S G Atk e R ChE 0 V5 12

2013 4, Lu Z5URIE T AChE Fl i 4 1k i
(mono amine oxidase, MAO) XU HE &S 477 (&
12), @k (selegiline®, 42) & —Fl MAO-B it
PEVERNGIFR . i 25 AR, SR b B R A 5
MR BT ] SR i 25 BOAHIE, XAt s AR R B g N X
FIR AT e, FFUCRREK, 3T TRIRCCR
WL, MK 9, Mk Bc B, fh&) 43
JE PSP () AChE. BUChE. MAO-A. MAO-B i
P, H 1Cs %> 14 22.6 nmol -L1.9.37 nmol -L *.0.372
4 ymol-L ™ 1 0.1810 pmol L.
33 ZHELALIMERRA

OIMUEERZESFEANBR TR FEEFREZ —.
HRIRIR R 2% TaR, 28259700 E
PR BRI R T 2 5.
331 #{EMEZKEMAKLE IEFR-IMERK
E A4 (renin-angiotensin system, RAS) 4[] [ 3T
L 25 E A AR5k R 1T (angiotensin 2, AT»)
SARFEPUA) ML Rk R AL BEHIHI ) (angiotensin
converting enzyme inhibitor, ACEI) Fl'F R {EHi7 3
Fho PN B 252 AR o 2 VR T O I 9 9 1 i
2. N EZAR ETA M ETa 488 T G-EE FIBEZ

44 45
ET, antagonist
K(ET,) =14 nmol-L"'
Figure13 Design of multi-targeted agents targeting AT 1 and ETa

)
2

Irbesartan AT, antagonist
K(AT,)= 0.8 nmol-L"

RKR, ETa FEWAT M WS, ETs k@ T2t
FEINO T 7k AE R - WFFLR ], 4 [ERE
Wr AT, Fl ET o 52K, 7242 5 B I B R AL T AT 51
ETa BIIE YT 2R, Murugesan 251570 —Fi 40
1) ETa b0 44 AR AR AT, AR
(irbesartan, 45), ik 2% A Fh &k i T BA AN
5P AT A ETA ORGSR 540 T (B 13). 9T At
WA e P, A ATHE S-Sk AR g 3-SR R Py S
BRI, WEY 46 fe A R IMLE, M THEY
44 F01 45, L2 R KON,
332 #EIERKFEFAITE B IEENHIEZ
K-y I EALY) B A4 I B YD B80S 32 4K -y (peroxisome
proliferators-activated receptor y, PPARy) /& —Fli 1 77
A A R I 2R RN A I AR S 2 A, R TR IR T
BE PRI 1 — AN BB LR A BF SR, B PR A0 I
PR AEAE B R KA S8, 2011 4F, Casimiro-Garcia
xlONRE T —Fh ATy F5HUAT PPARy B30 HOWUEE 15 2y
T (B 14). ddEmomE LM, BARBHD AT,
BN PPARy 1EFH L&), fE45H B#HE 3 N2
AR SRR (At) 5 3 AN e e AR
FRFE Tyr 327. His449 il His323 44, — AN IEM P
RIEFE (BB), —PME/KEE (&%6). &XibiH
(telmisartan, 47) & —FfilE PR B A T8 97 & i 1
AT, #5055, 5 PPARy a7 48 #HAT 4 %A & & 47
IR AR S T SRR A DU R IR R AT B e, SR 47
HIBR R IS A N B8, 51 NBR 3k DA AR AL & W i
PE, 2R IF R M 50 AR A ik e Ik e DLSE & A 7 S 2 AR
HI4 Ao BACAA ) 49 R H P9/ 88 A fe A v
PO 3  Hs f f Fs
4 ZESAYHEIGHI I SHE

PLZ 8 SO AZ O I B 25 R R R A AT R T
IRKBIHAEE, H a5 524 1 07 0 T B O B0 A5 1) 0 i 4
M7 W o A R A, H BT BT 2 B S 2 D
TR/ o JE R AT B8 A W 1 22 B R 25 W T I i Pk R 5 ) 7

46
K(ET,)=9.3 nmol-L"!
K(AT,)= 0.8 nmol-L"'
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Figure14 Design of multi-targeted agents targeting PPAR y and AT,
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