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Study on curcumin analogues with high hydrolytic stability against
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Abstract: Objective To investigate the effect and mechanisms of a series of curcumin analogues with better hydrolytic stability on
multidrug-resistant tumor. Methods Human leukemia multi-drug resistant K562/A02 cells were incubated with curcumin and its
analogues 1—19. MTT method was applied for screening the inhibition on the growth of K562/A02 cells; HPLC was used to detect the
hydrolytic stability of curcumin and its analogues 3 and 4; The effects of curcumin and its analogues 3 and 4 on apoptosis,
mitochondrial membrane potential (MMP), reaction oxygen species (ROS) content, and cell cycle distribution of K562/A02 cells were
measured by flow cytometry; Spectrophotometric method was used to detect the caspase-3 activity; The expression of P-glycoprotein
(P-gp) was assayed by Western blotting; Fluorometric method was applied to evaluating the intracellular Adriamycin accumulation of
anti-tumor drug. Results Analogues 3 and 4 exhibited the inhibitory effect on the growth of K562/A02 cells as similar as that of
curcumin, but their hydrolytic stability was significantly higher than that of curcumin. Compared with the control group, curcumin and
its analogues 3 and 4 could significantly promote apoptosis by reducing MMP and increasing caspase-3 activity of K562/A02 cells, but
no obvious increase in intracellular ROS was found. In addition, the cell proportion of K562/A02 cells in G,/M and S phases was
significantly reduced in the presence of curcumin and its analogues, while the hypodiploid increased. Besides, Western blotting
indicated that the P-gp was significantly downregulated with an increase of intracellular anti-tumor drug accumulation. Conclusion
The analogues 3 and 4 of curcumin have the better hydrolytic stability than that of curcumin, while the anti-resistant tumor activity is
maintained.
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ST I B sy, B B PR B,
PO REE L, HILBEPERAG, IR IR W 4 N F
KO 12 g EHEMLTEMMENY. EEEMT
TRYT THRMRE | 22 R PR R A 0 CEN T I AR
BB, R B MR E - AT e S5 R R T A
Ko RIMEERAAEGE . Z WAk, AT PrE

(0] O R,
MSO:‘/\)WOME R, X
HO O O OH Ry O Rs

110 !

R, R, R, R, Rs
1H MeO  MeO H H
2 H H MeO H H
3 H MeO  THPO H H
4 H H OH H H
5 H MeO  OH H H
6Cl MO H H H
7Cl MeO  MeO H H
8 H H MeO H F
9 H Meo  H H F
10 H H THPO H H

T A, KRB T SR, )
SIS PR FH B BN — 52 F 0 22 PR e 2
Lt R, TR SRR R .
B DRI S T AN 7 A7 A, T ELA ke T
SRR A R L BRI, AR 28 AR
SE WA HAT S RO, R I SR
1~19 (|8 1), i HUtERE R, 3R 7
o B e LA 1 B L 38 0 25 3 0 4 g 2K
4.

NZ>N R

1
SOOI
R Ry SO0
R cM
jopoon t THPO
Rl RZ R3 R4 RS
11 H F MeO H H
12 H MeO OH MeO H
13 cl H H H H
14 H F OH H H
15 H MeO CcM H H
16 H H cM H H
17 H F CcM H H
18 H MeO MeO MeO H
19 H MeO cMm MeO H

1 ZEZREFEZREHEUYNEN

Fig. 1 Chemical structures of curcumin and its analogues
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RI, S 3. 4 FEAPREE T 220 200 i 2541
Rfmg e, At SRR e e, (HIF L
SR R . Rk, R HPLC ikik—
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Table 1 Inhibition of curcumin and its analogues
on growth of K562 cells (X +s, n=3)

. cl/ 3 if%fﬂﬁau sl C/ ) ’Ljé}fﬂﬁau
(umolL™) X /% (umolL™)  F /%

B 10 23474122 | 9 10 32274133
K&9 10 88.324+2.33%| 10 10  43.26+1.03"
AR 10 7453+345% 11 10 49.45+2.10"
LR 10  3398+1.09 | 12 10 35.09+0.89
1 10 42.93+1.67% 13 10  3367+1.21
2 10 38.9240.89% 14 10 29.94+0.77
3 10 49.874+2.11% 15 10  33.33+246
4 10 52124+212" 16 10  56.65+1.57"
5 10 49.66+1.37" 17 10  61.38+3.11"
6 10 29894077 |18 10  24.98+1.89
7 10 15024052 | 19 10 26.05+152
8 10 39.314+2.12%

HE AL #P<0.01
#P < 0.01 vs curcumin group

33 EHZERHELUMMATESIER

Wik 3 P, AGLEHER 10 pmol/L (123
LA 3, 4 XTT 2 41 i K562/A02 3= £l it
TS SAER A M s, IR T AR AR 4N
it b A B AR O LU . AR TRIRRIRBE R, R
3. A MAERIAL T B IN1E
34 EEHEZRHZLYIRATIHESHSR

Bl 2 25K, LRSI 3. 4 X%
K562/A02 41 A5 45 5% 1) caspase-3 #iG1EH (&
2-A), HFEFIHETAEH 5S4 MA MMP 2.2 R
iR (E 2-B), HEMREHAMELMA ROS
KRB EZTHE (B 2-C), Rt ZitAaE
BNy ROS KAEMEIHT-AEH . 1223 2240
Y13, A X4 ROS I — & MBFRVEH, H#E
DA AT Re S HPT AL RE I 5.
35 EEZENHE XL BE E HR A F2 0

Wik 4 FioR, 10 pmol/L 12235 38 S H2R ) 3.
4 Xt K562/A02 41 Go/Gy HHTC W &3m0, (HIHEMK
DREF Go/M RN S SN L LA, AH IV E A A4
G, RN TR, MRS Annexin
VIFITC-PI A& —5: LR S5ILAEPY) 3. 4
Yol BERINAn AR T, R 3. 4 VEHI .
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F2 EEFEZERHEMMI K562/A02 AR ERKIMNEMER (x+s,n=3)
Table 2 Inhibition of curcumin and its analogues on growth of K562/A02 cells (X +s, n = 3)
AR ClumolL™) AKIWEIR /% | A% C/umolL™) AKIMEIR /%] 4% C/ (umol-L™Y RAIHIE 1%
B 5 2% 1 31.95+1.22% 5 1 31.74+1.44% 13 1 37.51+0.57%
10 28.91+1.11 10 31.57+1.39 10 42.55+0.44*
100 34.9640.91 100 46.07+2.11 100 83.4442.83
KAH 1 29.47+1.62% 6 1 23.20+1.56% 14 1 37.9640.46"
10 48,2442 44% 10 35.6613.24 10 33.7540.48
100 96.43+4.47 100 38.69+1.82 100 22.89+3.12
YA 1 22.95+0.47% 7 1 16.28+0.67 15 1 26.65+2.32%
10 43.32+1,09% 10 20.67+2.19 10 29.53+3.22
100 79.774+2.12 100 32.4842.77 100 30.9042.04
EWE 1 18.8540.32 8 1 21.3540.89 16 1 25.92+1.75%
10 33.274+2.31 10 32.4042.17 10 27.7612.48
100 93.48+3.77 100 44.62+0.64 100 38.87+1.93
1 1 26.26+0.89" 9 1 34.12+2.14% 17 1 25.33+1.87%
10 63.65+3.22" 10 36.53+1.88 10 33.66+3.12
100 71.4842.32 100 45424278 100 26.49+2.64
2 1 30.16+2.11% 10 1 26.541-0.99% 18 1 40.88+-2.03%
10 41,05+2.12% 10 26.6541.53 10 39.9943.01
100 51.58+3.39 100 41.00+1.99 100 35.58+2.35
3 1 30.70+1.76" 1 1 25.80+1.43% 19 1 34.19+1.46"
10 46.56+0.78" 10 25.61+0.66 10 41.31+1.99%
100 92.9743.55 100 40.69+2.78 100 42.06+2.45
4 1 29.0142.01% 12 1 33.684-2.22%
10 35.6540.57 10 26.214+1.82
100 94.52+2.89 100 4414+192

LRI %TE F L P<0.01
#p < 0.01 vs curcumin group at same concentration

R3 EEFERHEMMX K562/A02 ARMENATIESER (x+s,n=3)
Table 3 Induction of curcumin and its analogues on apoptosis of K562/A02 cells (X +s, n = 3)

5 T 1% IEHE TR 1%
HHE T MR T SRR
pagist 2.324+0.78 1.574+0.21 96.11+1.12
LWHE 15.90+1.20" 6.75+1.10" 77.35+1.58"
3 29.37+2.937# 10.97+1.30" 59.66+3.85
4 25.54+3.68" "% 8.094+1.34" 66.37 +4.27"*

SXIRALLLE: TP<0.01; G HEAILE: P<005 *P<0.01
P < 0.01 vs control group; “P < 0.05 *P < 0.01 vs curcumin group

36 EEENHENMIN K562/A02 A P-gp *
ey: bl

Western blotting Al i, 5 ZHAHEL, 4 10
umol/L ZEFZRE IR 3. 4 43 5IfEM] 48 h )5,
K562/A02 4 it P-gp 1 H#IA R EFFIL (P<<0.01),
L FE IR 3.4 BIERIBCRAL, g5 3L 3.

3.7 EHEZERHEZLX K562/A02 M EEH
SN

e PR A PR RIS R SR K562/A02 4 il 1Y
B 25 (1) SR, SOt AR R (& 4): Xt
WA IR B 2 22 A4 b AR D . SOBRBEAR, T
T T 2200 % M R 3. 4 KA n] B
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caspase-3 AHNHE I

X 2EIEHR KW 3 K 4

1.2
1.0

MMP A4

1.4
1.2

ROS #H%HiE

B C
0.8 : o e ’ég . .
0.6 :
0.4 0.6
' 04
0.2 ool
0 ' - : L 1 L

0
X IR A 3 KU 4 X 2IEHR KW 3 K 4

*

HxHAl b "P<0.05 TP<0.01 T P<0.001, K[

P <0.05

*

“P<0.01 " P<0.001vscontrol group, same as below

2 ZEZERHEFENY 3. 45T K562/A02 HAE T 54AEMA caspase-3 & (A). MMP (B) #1 ROS (C) KFaIEX M
Fig. 2 Correlation between induction of curcumin and its analogues 3 and 4 on apoptosis in K562/A02 cells and intracellular
caspase-3 activation (A), MMP level (B), and ROS generation (C)

x4 EEBEHEREEOIX K562/A02 MEAEHARISEIN (X+5,n=3)
Table 4 Effect of curcumin and its analogues on cell cycle in K562/A02 cells (X +s, n=3)

A I A 1 %

24 5] -
Go/G, G,/M 1] S | 2 N
o) 57.42+1.26 21.1441.42 18.97+0.46 2.46+0.69
ELWE 57.79+1.60 16.54+0.69" 18.224+1.03 7.454+1.94"
3 58.57+1.54 13.58+0.69" 15.56+0.92" 12.30+2.00"
4 58.10+1.86 14.96+0.86" 15.38+0.51"" 11.5642.03™
20
18
__ 16
P-gD e e— e S 14
X 12
- 10
i
=
. R 6 .
P —— —— 2 4
17{
= 2
0
X e LHR B3 K4 S LR K3 K4

1.2
1.0

0.8
0.6

. I ' I

Xt LWFE K3

P-gp AHXJ FIE K

o o
N

Epi 4

3 EFZEREEBIMEIR K562/A02 48 P-gp EARIE

(X+s,n=3)

Fig. 3 Decreasing effect of curcumin and its analogues
on P-gp expression in K562/A02 cells (X +s, n=3)

INBTEEZAEAM N ) R SOt B . 1k

S S5 RBEPIRAIE T 20 R
i 25 2012 P-gp AR H] o

K 3. 4 Xt

4 EBRRHEMYIX K562/A02 AL M E R RN
FM (Xx+s,n=3)
Fig. 4 Effect of curcumin and its analogues on intracellular
adriamycin accumulation of K562/A02 cells

(X+s,n=3)

4 g

BAREW R AAWEMNPR . Pl PumiE.
PUR . PUREESEE, (HEZ M ENIE . 5.
AR R D [ A S AR BRI T LA AT S
Mo XHZWMENFEEAR, ERa 45
FEXpR. e, b B- W ) AN UG
WAL, o3 7o) o, B-RUAHIAIR 1, 3-
TR RAREE AR T B KR 2R, LR KRR i R %
TR 22T 2R ) B- AR S AR . DRIk A
LR E T O FRo)  T B0 2 P A M P R
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At (0 D PRI B AR R 2 o 0 L P P A i
WE T —RAEHERR, N IEIERIFEE
EMEE . TR S S . R, ARSI
T, R T O IR A BB ) T
S A E PR SR A5, AN B I SR
1, 3- A A TR e AEAT, i HLm PR B R T
JE OB AT B R BT WEIE ERYERE T 4310l
SRR s 2 MR TS A0S T
I ke S N SRS Ll ik NS SRR E I T
2 AMHRER AU Michael 52411t T DL KRS
FEMIGRER o BbAl, REARMCR 28 E L5 E,
[T LA 3, 4-50ARFN 2- < A0 AT A BEEUAR . AT
HRZRBIAH L, AL R0 2208 5=
Oy FER IR AR S, R E A T RE R B 22 R
JEA AR SRS

IR 22 25Tt 25 (MDRD 2 I R e A7 1) e K
R, BN PR Al Mk 450 % 57 AL 2
PRI = N 2 IR R 22 24T 24 1Y) 2 AL 2
P-gp Mk BEZRIE, AR 244 M LA 4 i Py i 21
FRORERL, Ye4 ik, MARTER A IAT H
Jtio T 20 AEARBIFIT RN 22 B 3 A 0 UK i Rg 4
PRUIAERS . 3G 2R R B R A 2 AN R A R
AR GBI 24 a9 e B0 AHIFo s TR
LN 25401 K562/A02 ] A -1y A= KA
HIVER, oG S BB I 22 3 R A5 iRt
FRE RIS B e AL 24 g A e v o o gt — 20t
FORW], LRGN 3. 4 B 24 s 75 H
52N, HUHRIBEER B SLhTm 24 g (1 1
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