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W OE. sHREEATENG, R E i;@%aééﬁr%q K562 2 feL 3 35 69 47 A 4, -4
FREMB XL, BIHFEAZ E’a%%—ﬁ%#fk LM IRFFR) T 12 AT A4, & MTT
EMET HREFRELTAENES HRE %UE{TJ‘%%?% h 2t K562 m ool 44 &b, 12 A4
A F R 10 NI, e A1 A6 AT A8 A9 A1l o Z R £ ZFHRIF, £R
JE #7100 wmol/L B, 2+ K562 2 64 3p4) 3 K F50% , & A-1,A-6,A-7 iX 3 NATA B
PEER B B A HVEMAT, B Al B RR, L 1C, A 16.7 pmol/L, @i KAFR A I T &4 5%
BEHRERTAED, FRIALEZDREL 3R AIITE K6 MG T A K K3 & K562
2 J, 0 A ) R AR B BT ARAT A A B A TR IR ML A A B R — AR

KR 5 B 5 SIS ;K562 20t ; 3y k) S04

FESES: Rol4 SERFRIDAD: A

Structural modification of galangin and the study of

inhibition activity on K562 cells
ZHAO Ling' , WU Fei-hua’
(1. School of Biology and Pharmaceutical Engineering, Wuhan Polytechnic University , Wuhan 430023 , China;

2. Department of Pharmacology for Chinese Materia Medica,

China Pharmaceutical University, Nanjing 211198, China)
Abstract: To obtain some galangin derivatives with better inhibitory proliferation activity on K562 cells, and make
preliminary summary of the structure-effect relationship. Use chemical methods to gain 12 derivatives from galan-
gin, and by MTT assay measure galangin and its derivatives’ proliferation inhibition effect in five different concen-
trations on K562 cells. There were 10 new compounds form the 12 derivatives. A-1,A-6, A-7, A-8 and A9, A-11
and galangin showed good activities with more than 50% inhibition rate in the concentration of 100umol/L on K562
cells. Three derivatives A-1, A-6 and A-7 showed better activity than galangin, and A-1 had the strongest activity
with the ICs, 16. 7pmol/L. Through this study, strong active derivatives were found, and it can greatly enhance the
inhibitory activities on K562 cells if appropriate structural modification is made through 3-hydroxyl on the mother
nucleus of galangin. But due to the limited number of the derivatives, deep structure-effect relationship summary is
still in need of further study.
Key words : galangin; structural modification; k562 cells; inhibition activity
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1 3|5

R % # (galangin, 3, 5, 7- ZRILHE) 2
— RN B 2R A5, I E R BT M 24 i
K 2 (Alpinia officinarum Hance. ) [AR2E" fdy
Helichrysum aureonitens [ Mo AR R A H X
e 0 TR IR B AR F AT O [ P A2
S PRGBS P AT T ORE Y, R B AA B
FHBTMIRETETE ', Xiaoliang Liu''* ZEF5E R B,
e R 22N 2R I A0 i B A A I RAE
HAEIG SR BT I 05 25— PR B B Je % 1 i
AR AN . BT, S5 AR R 2%
TR B AR B A 1 R R 22 R KL B, 0 H
T— 25 B S5, JF AT A RE & E I K562
20 e 1 R ARV P B IE ST, I e B T B Y
RBELRATEY P TR RN, 0 E L
20 B LAl

2 HPRALE

2.1 KHS5HR

i R 2R NRDUR TR A 525 TR 2=
F ) s R R R Ak sl B TR R R R 2T A
77 CIRE BB TN (DCC) Dy oy Bral, o A
AT A7 I ERE BRALTR SR A, Ei
WA iR A R A W) A 7 s AR Sy Al 2 4, g K
TN A 5 A BRI Z AN R IRBR 34 Ry 4 M 4k, R
AR A A R SR R S
VSRS s TEA (WP NS L A= <3711 | D IS ORI = RN AL £
100 —200 H 200 — 300 H (75 ST 7™ 5)
FH 2 A5 REE GF254 (MR & L THH5E ) . RPM 1-
1640 355 (L [E Gibeo 22 H]) 5 4 I3 (ATJH Y
B A YH TSR ) s EMEEE (MTT, 32 [ Sigma 2%
A)) o dHIAR K562 4Hfi (S ATCC AH]) .
2.2 {(UES5HEM

Brucker ACF-300,500 4% fif H4E I 4% ; HP-
100 %5t 1% 4% (LC/MSD System, EST Mode) , Multi-
skan spectrum MSS1500-320 FEHRAY 3111 HY 20 jg 1%
F248 ( Thermo Electron /A H]) ; SW-CJ-IF #4 (Jh
N2 RFAR S F)) 5 XSZ-D2 3] B i i (K
AT ) 5 T-1SK AR 250 P (Sigma 28H]) o

3 ELWMITIE

3.1 UEYMHERTZE
3.1.1 tbidh A-1 Fodboody A2
MR RZEER 1.0 g % T 25 mL NS, imA

0.5 g BRIRHNFN 0.45 mL JWALSE, I3 12 h J5 45 1k
N o 3t TSP T, A 28 ek B A S22 AT, A i ik
LR CBERRBEVEII A5 B AR A-1(13.4 mg, SR
10% ) ,A2(670 mg, Y% 80% ),
3.1.2 fehip A3

FREC A-2 225 mg % T 25 mL PEAH, fin A 690
mg fRFRAR A 0.2 mL B R —F g, 913 11 h 451k 2
N o axb i, TSP, [ A 28 e AR S AT, A ik &
R CBRVENL , AL LI AR K A-3(40.4 mg, R 17.
4% ) .
3.1.3 febhip A4

FRELC A2 225 mg % T 25 mL NERH, ITA 1g
WIS AN 0. 5 mL2-JR N, 200 mg LAk 4 AL , 1]
W36 h 4=k N o A g [P [ AR 20 e e A
JEHT A TR O R VR, 15 B Ak K A4 (35.8
mg, FK14.6% ),
3.1.4 fbsih AS

PRI R 2 FR 135 mg T 20 mL nfkiEH  mA
51 mg FEHEF, W 4 b 451k . RV InA
T FRR R SR, LR CTR AL, LR LTRIZ
PR EAL AN W BE 2 IR LR LR )Z 1T
A, R AR AT 2 AT, A ik 2 1R CBR VR, 159 3%
EEAR A5 (39.2 mg, WEK25.1%) .
3.1.5 fubdh A6

FRECGE R 22K 135 mg % T 20 mL NEAH A
0.3 g BRIRAIFN 0.5 mL 2-JRPN%E, 1913 60 h {5 (12
N o U8, ISR, [ A 28 R A 2 AT, A T Bk 2
W2 LR VE , 1515 (A8 K A-6(96. 0 mg, Y3 54.
2% ) .
3.1.6  fubip AT

FREGE RZ2HR 135 mg % T 25 mL @& H e,
FA 124 mg PAEFRFN 123.6 mg — 3 Bk — 0 i
(DCC), 18.4 mg 4-— H Z JL1k ke ( DMAP) fE 41k
Mo ZEWBEFE 20 h 51k o VR UE, s
R, AR AT 2T, A0 O R C FR UG, 19 5
kR A-7(80.0 mg, Y3 40% ) ,
3.1.7 4ubtdh A8

FREGE RZZHR 135 mg ¥ T 25 mL @ H e,
JA 108 mg = AR AT 123. 6 mg — 3 O JL ik —
Wz (DCC), 20. 0 mg 4-— I 42 HL A IE ( DMAP) 4k
AR . FIRBERE 20 h 451k OV . RO g W]
W ), AR 2 b B A 2 AT, A i ik 2R TR VRN
P ORR A-8(98.3 mg, W 42.0% ),
3.1.8 4ubi4h A9

FREGE RZ2HR 135 mg ¥ T 25 mL @ H e,
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JMA 104 mg 3 ,4-—H AL REERR FI 123.6 mg — 3
CL3L R — e (DCC), 19.2 mg 4-— W 2 2y i
(DMAP) fEfEALF . =R FE 20 h 45 1k, J
PR TS R B R 28 ek A JZ T, A1 ik £
R 2 TR Ve, 13 % 0 k) K A9 (92. 0 mg, YR
40.0% ),
3.1.9 444 A-10

FRECE RZEHR 135 mg ¥ T 25 mL & H e,
JIA 142 mg 3-H1 4N R AR AN 123.6 mg —
WO WM (DCC) , 20. 1 mg 4-— F 2 KLk g
(DMAP) VEf#E AL EiRBEFE 20 h {51 R b, |
LB IS ), [ R 28 ek AR 2 AT, A ik 2
B2 R Ve, 153 AR K A-10(99.7 mg, Y 37.
2%) o
3.1.10 4ua4 A-11

FRECGE RZZHR 135 mg ¥ T 25 mL & H e,
JA 127.0 mg 4-" R EEFERR AN 123.6 mg — 32
W — W JiE (DCC), 20. 1 mg 4-— F 45 5 i 0g
(DMAP) VEfEALT . = iRFEFE 20 h {5 1E R . &
LB 8 [T ), [ R 28 ek AR 2 AT, A i ik 2
R LR VEML, 15 3 AR A-11(93. 6 mg, W% 37.
0%) .
3.1.11  4ebedh A-12

FREGE R 223 135 mg % T 25 mL (e,
FIA 142 mg 4-H S B -3- R BL AR A1 123.6 mg —
Ak — W (DCC) , 20. 1 mg 4-— F1 2 Lk e
(DMAP) fEfEAL . | BEFE 20 h 5= 1k ) i &
F R 8 IS ), [ AR 28 ek AR 2T, A il ik 2
MR LR VEINGE, 15 B Bk R A-12(95.7 mg, iR 35.
%) .

R,0 o
oo -
3
~ OR;

OR; O
HMNZE#ER=H, Ry=H, R;=H
A-l R=Bn, R,=H, Rsy=H
A2 R=Bn, R,=Bn, Ry=H
A-3 R]z Bn, RQZBH, R3:CH3
A4 R=Bn, R,=Bn, R;=CH(CHs),
A-5 Ri=Ac, R,=H, Rs=H

A-6 R|: CH(CH3)2, RZZCH(CH3)2, R3:H

3.2 MTT &AL &3t KS62 40 it A 18 SE HD 41

K562 4 Jifd ( AR 40 M 1 190 40 3 ) R
FF 5 10% JR4F- 135 1) RPMI-1640 Jr 2 (5 & K
100 U/mL 575 Z& 100 U/mL) 1, & T 37 C 5%
CO,MEE MR, B2 — 3 d AR 1 Wk, B4k
ARSI T I

HORHBUE 1309 K562 Bt il )i % 52 4 10°/mL 2
BT, AT 96 FLANNEIE IR (2 x 10* cell/£L)
NLSCHG A 2 a0 F - 25 R R 41 o K562 41l 5
0.4% ) DMSO 23537 252 Fy K562 4ii i 54k &
Y1(10 wmol/L, 20 wmol/L,30 wmol/L, 60 wmol/L,
100 pmol/L) Hedf 5% . 43015 5% 48 h J5 , BAL A
20 wL MTT %3 5 mg/L, Fi¥55% 4 h J5, 5IG 7,
HIA 150 WL /4 DMSO J5i , #%3% 10 min, 545 5 58
VRIRIG  TEREFR AL 570 nm &b A2 WG BE A H.
SCYRE/ERE 3 R, B 3 AN E L. A B i i
il LU A S il = (25 0 IRAL A570-
A4 A570) /25 (44 A570 x 100%
3.3 FitFE4AE

BTG SC BRI DL & +5 2255, R t B EFT
IR

4 SLIMHER

4.1 UEMERETE

ARPILG T 12 4 RERATEY, 4t
1R, BRT A-1FAS REfifbaih, Ha
10 MEAPIEI AL G, 4t 1 2 238 A5 i
E o BB .

A-7 Rj=H, Ry=H R
A-8 RIZCF3, R2=H

A-9 RIZOCH3, R2:OCH3
A-10 R;=OBn, R,=OCH,
A-11 R;=OBn, Ry=H

A-12 RIZOCH3, RZZOBH

Bl sREFmesy

A-1: B K, 4 F2L C, HigOs . ESI-MS m/z
359 [M-H] ", 4> ¥4 K 360, H-NMR ( DMSO-d,,
500MHz) :12.60 (1H, s, 5-OH), 10.90 (1H, s, 7-

OH), 7.28-7.32 (5H, m, H3", 4", 5", 6", 7"),
6.25 (1H, d, J=2.1, H6), 6.46 (1H, d, J =2.
1, H8),7.95 (2H, dd, ] =6.6, 1.7, H2', H-
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6'),7.52-7.56 (3H, m, H-3",4',5"),5.06 (2H,
s, H-1")

A2 # A K, 4 F 5 CH, 05, ESI-MS m/z
485 [M +Cl] ~, 43+ K 450,"H-NMR ( DMSO-d,,
500MHz) :12.58 (1H, s, 5-OH), 7.97 (2H, dd, J
=5.3,1.0, H2',6"), 7.53-7.57 (3H, m, H-3',
4',5"),6.56 (1H, d, J=2.1, H6), 6.85 (1H,
d, J=2.1, H8), 5.07 (2H,s, H-1"), 7.28-7.32
(5H, m, H-3",4",5",6",7"),5.25 (2H, s, 1"),
7.47 (2H, m, H3", 7"), 7.42 (2H, m, H4",
6”),7.36 (1H, m, H-5")

A3 HEB K, 4 F 5 G H,, 05, ESI-MS m/z
465 [M+H] ", 43k 464 ' H-NMR ( DMSO-d,,
300MHz) : 7.99 (2H, dd, J=7.5,2.3, H2',6),
7.52-7.55 (3H, m, H3',4',5'),6.64 (1H, d, J
=2.2, H6), 6.94 (1H, d, ] =2.2, H-8), 5.03
(2H, s, H-1"), 7.31-7.37 (5H, m, H-3", 4", 5",
6",7"),5.28 (2H, s, 1), 7.52-7.55 (2H, m, H-
3", 7"),7.39-7.48 (3H, m, H4” K H-5",6"), 3.
90 (3H, s, 5-OCH,).

A4 AR, 4 F 3 CL,Hy 05, ESI-MS m/z
493 [M + H] +, 4T &k 492,"H-NMR ( DMSO-
d®, 300MHz) : 8.00 (2H, dd, J=7.5, 2.2, H2',
6'), 7.50-7.52 (3H, m, H-3',4',5"),6.60 (1H,
d,J=2.2, H6), 6.89 (1H, d, ] =2.2, H8),
5.00 (2H, s, H-1"), 7.28-7.34 (5H, m, H-3", 4",
576", 7", 5.25 (2H, s, 1), 7.45-7.50 (2H,
m, H-3", 7"), 7.38-7.45 (3H, m, H4"”, H-5",
6"),4.72 (1H, m, 5-CH(CH;),), 1.33 (6H, d,
J=6.0, 5-CH(CH,),).

A5 ERR, 30k C,H,0,, EI-MS(m/
z): 312 (4 F 5 F %), '"H-NMR ( DMSO-d,,
300MHz) :5.98 (1H, d, J=2.1, H-6), 6.19 (1H,
d,J=2.1, H8), 7.80 (2H, m, H2', H6'),
7.56-7.59 (3H, m, H-3",4',5"), 2.28(3H, s, 3-
OCOCH3).

A6 WA R, 4 F 2 €, Hy, 05, ESI-MS m/z
353 [ M-H ]-, 4%+ & 354,'H-NMR ( DMSO-d,,
300MHz) :12.64 (1H, s, 5-OH), 8.00 (2H, dd, J
=7.5,2.5, H2',6"), 7.46-7.50 (3H, m, H-3',
4',5'),6.32 (1H, d, J=2.1, H-6), 6.42(1H,
d,J=2.1, H8), 4.60(2H, m, 3,7-CH(CH,),),
1.17, 1.39(6H, d, J=6.1, 3, 7-CH(CH,),).

AT AR R, 4 F 2 € H Oy ESI-MS m/z
399 [ M-H]", 4%+ J 400,'H-NMR ( DMSO-d,,

300MHz) :12.08 (1H, s, 5-OH), 6.15 (1H, d, J
=2.1, H6), 6.39 (1H, d, J=2.1, H8), 7.81-
7.93 (5H, m, H2',3',4',5",6"),6.94 (1H, d,
J=16.0, H-1"), 7.90 (1H, d, J =16.0, H2"),
7.57-7.59 (2H, m, H4", 8"), 7.46-7.49 (3H, m,
H-5", 6", 7").

A8 i K, A FRh CH O, F,, ESI-MS
m/z 467 [ M-H |", 4T & & 468, 'H-NMR ( DMSO-
ds, S00MHz) :12.06 (1H, s, 5-OH), 5.90(1H, d,
J=2.1, H6), 6.11(1H, d, ] =2.1, H-8), 8.05
(2H, dd, ] =8.5,2.0, H2', 6'), 7.55-7.56(3H,
m, H-3',4',5") 7.08 (1H, d, ] =16.0, H-1"),
7.98(1H, d, ] =16.0, H2"), 7.83(2H, d, J =
8.0, H4", 8"), 7.84-7.86(2H, m, H-5", 7").

A9 IR,/ F 3 CH,yyOg . ESI-MS m/z
459 M-H ], 4% ¥ &t & 460, H-NMR ( DMSO-d,,
500MHz) :12.09 (1H, s, 5-OH), 6.08 (1H, brs,
H-6), 6.22 (1H, brs, H-8), 7.85 (2H, m, H-=2’,
6'), 7.557.57 (3H, m, H- 3", 4", 5'), 6.82
(1H, d, J=16.0, H-1"), 7.81 (1H, d, ] =16.0,
H-2"),7.45 (1H, d, J=1.5, H4"), 7.02 (1H,
d, J=8.0, H-7"),7.34 (1H, dd, ] =8.0, 1.5, H-
8”), 3.82, 3.83 (6H, each s, 5", 6"-OCH,).

A-10: ¥ @K R, 90 Tk C, Hy, O, ESI-MS
m/z 535[ M-H]", 4% F &4 536,'H-NMR ( DMSO-
d,, S00MHz) ;12.09 (1H, s, 5-OH), 5.91 (1H,
brs, H6), 6. 11 (1H, brs, H8), 7.83 (2H, m,
H-2',6'), 7.55-7.57 (3H, m, H-3", 4", 5"),
6.81 (1H, d, J=16.0, H-1"), 7.79(1H, d, J =
16.0, H2"), 7.45 (1H, d, J=1.5, H4"), 7.11
(1H, d, J =8.0, H-7"), 7.31 (1H, dd, J =8.0,
1.5, H8"). 5.16 (2H, s, H-1"), 7.47 (2H, m,
H-3",7"), 7.40 (2H, m, H4"”, 6"), 7.35(1H,
m, H-5"), 3.84 (3H, s, 5"-OCH,).

A-11: R, 130 Gy H, 0, ESI-MS
m/z 505 M-H |-, 4%F 4k 506,'H-NMR ( DMSO-
d,, S00MHz) :12.09 (1H, s, 5-OH), 5.59 (1H,
brs, H-6), 5.75 (1H, brs, H-8), 7.77 (2H,m, H-
2',6'),7.49-7.53 (3H, m, H-3",4',5"),6.73
(1H, d, J=16.0, H-1"), 7.80 (1H, d, J=16.0,
H-2"), 7.76 (2H, d, ] =9.0, H4", 8"), 7.08
(2H, d, J=9.0, H-5",7"), 5.16 (2H, s, H-1"),
7.47 (2H, d, m, H-3",7"), 7.40 (2H, d, m, H-
4" 6"y, 7.33 (1H, m, H-5").

A-12: 8 R, 3 F 38 Gy, H,y, Og . ESI-MS
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m/z 535[ M-H ] ~, 4> F#&H 536,'H-NMR ( DMSO-
d, 500MHz) :12.20 (1H, s, 5-OH), 6.29 (1H,
d,J=1.5, H6), 6.54 (1H, d, J=1.5, H8),
7.90 (2H, m, H2', 6'), 7.55-7.60 (3H, m, H-
3',4",5'),6.83 (1H, d, ] =16.0, H-1"), 7.82
(1H, d, ] =16.0, H2"), 7.59 (1H, d, J=1.5,
H4"),7.06 (1H, d, J =8.5, H-7"), 7.32 (1H,
dd, ] =8.0, 1.5, H-8"), 5.16 (2H, s, H-1"),
7.47 (2H, m, H3", 7"), 7.41 (2H, m, H4",
6"), 7.35 (1H, m, H-5"), 3.84 (3H, s, 6'-
OCH,).
4.2 MTT ERMZER

PRAMNEE TR K562 YL 5 FpAS R BE Y 13 4
A YIVER] 48 h J5 , MTT 45 5 7%, T4 16 & W xt

K562 4ii ifg 3 HA —E BPUIG a1, HBE G W B Y
Fhim IR s, LG A-1 A6 AT A8,
A9 A-11 Filfsy R 2206 B4, 7 8 100 pM
A, % K562 4 i i 90 il 2632 K F 50% 5 A-6 7Rk FE
60 uM B, HANEIZE AT I8 54. 4% 5 A-T G4 A-6
I FERCARHR BE (30 uM) B, 41 SR B ] e 2k 50% 5
A-1 6 PSR, AMUAE 30 M AR B2 #0432 ) ik
65.5% , H 4 14 2 100 pM i, HxF K562 4 i
AT 28 B =3k 83, 2% |, ThE MR . EARI &
B WR 1, K46A Pl K562 4 i3 46 i 1C50
2418, A-1 25 16.7 pmol/L, A-6 2 50. 5 umol/L,
A-7 433.0 wmol/L, F R ZEE N 60.9 wmol/L, HAK
BlE W% 2,

&1 LEHX KS62 MAREMEIZ (x +SD,n =3)

/%
e
100 uM 60 uM 30 uM 20 M 10 uM

A-1 83.243.6 75.842.6 65.545.2 49.9 +4.5 40.047.7
A2 17.6 +2.7 14.742.8 1.7 0.3 1.6 +1.9 1.343.3
A3 39.246.3 32.245.7 27.6 2.4 9.942.3 5.742.2
A4 23.2 +4.2 11.743.2 8.443.0 7.143.2 3.642.4
A5 39.545.4 31.945.2 19.5 +4.2 17.8 2.2 13.1+4.2
A6 71.8 +4.7 54.443.6 39.3 4.0 17.0 +2.8 11.343.9
A7 75.8 3.4 67.743.9 53.747.8 28.142.4 23.6+1.3
A8 73.7 4.5 47.046.5 22.343.8 9.143.3 7.143.3
A9 60.4 £59.2 24.843.4 14.9 +4.6 12.542.9 8.443.2
A-10 34.143.3 23.744.0 8.043.6 5.743.6 2.143.4
A-11 54.945.0 36.6 6.4 29.8 42.6 21.442.2 13.3 +4.4
A-12 36.043.5 27.8+4.8 14.5 43.7 12.042.8 5.042.7

BREE 61.7 43.5 46.9 46.3 36.543.7 26.249.6 11.8 3.8

xR2 EwiImE K562 4 IC,,/ ( pmol/L)

fea 1G5 & 1G5,

A-1 16.7 A8 61.6
A2 308.4 A9 107.8
A-3 123.9 A-10 152.6
A4 514.8 A-11 90.8
A-5 205.8 A-12 163.3
A-6 50.5

A-7 33.0 FR%EE 60.9

5 it

MULESCEG AR AT LI 12 A R 5 AT
Prrb, A-L A6, AT I IE R R R L K07, A8 R
LRGN . NG5 E ool LR AU R

LR 3 AREEGIARIE (A-1) I, 1 1 35 g o,
IC,fH R 16.7 pmol/L, b R ZERIGEEEH 3.6
L R AL A2, A3, A4 G PR RIS F AT
VA o R AR 3 A 7 (LR R I 51 AR
SEIUCT T8 PRI, Ui I 7 {37 5 1) £ B R T PR AR
HE 3 R TR IOCEE Y 45 48 X 1R A AR
SR, LUEE A-1 A5 L AT 50 RN VAT LA
L3 AEG AR RS M 50 1075 | A £ I HE 3%
PE BRI Z , 51 REE LT PR PRI o, (E AR
PIARERSE LA BUUIERS (A-8—A-11) | TE PRI,
A REEREL T () =S [ S5 M —E R R o E 3,7 fii ke
FL[RI 5 | AS N IERT (A-6) |, 0% 4 5 1 s A7 15 i,
i PR R 7 Ay 52 R e e ) 3t L A R 4 [T R
M, FFANTEAE | DRI O T J B ot S BB X PR A 52

M , A2 S SR S — A B A T T
ARV SCEE R M) 1 B H A BR AELM H i
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