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Research progress on structural modifications, biological activities
and structure-activity relationships of micheliolide

ZHAO Ru,ZENG Bing-lin,PAN Xian-dao *
Institute of Materia Medica ,Chinese Academy of Medical Sciences and Peking Union Medical College ,Beijing 100050 ,China
Abstract : Micheliolide is a sesquiterpene lactone isolated from various natural plants and has lots of biological activities. In

recent years,a wide range of micheliolide derivatives have been synthesized by structural modifications with valuable activi-

ties. In this review, we will highlight the advances in mechanism of action, structural modifications, biological activities and

structure-activity relationships of micheliolide.
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Fig. 1 The chemical structures of micheliolide(1) ,
parthenolide(2) , DMAMCL(3) , ACT001 (4)
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Fig. 2 The chemical structures of compounds 5-12

R1 FT4EW S ~13 3¢ HL-60 0 HL-60/A #93&I1/E B
Table 1  Biological activity of compounds 5-13 on HL-60 and HL-60/A

RN e L 1C50 (uM)

Ey

R PN p =R RNIREE ) e o o 7 3 T 245 0 i R
Compounds Human promyelocytic acute leukemia cell line Adriamycin-resistant cell line
HL-60 HL-60/A
DOX - 0.05 = 0.01 6.7 £ 1.1
MCL H 5.5 £ 1.4 6.2 £2.2
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2:5% 1( Continued Tab. 1)

R B 1C50 (wM)

AN N r
Ll R AR AR X1 T 2 26 40 R
Compounds Human promyelocytic acute leukemia cell line Adriamycin-resistant cell line
HL-60 HL-60/A
5 CHyOCH,-$- 3.5 +0.6 6.2 0.4
6 CHs—5- 9.9 +0.9 10.2 + 0.1
7 @”f\ 16.7 + 0.8 18.9 + 4.6
o}
8 \)L; 7.4 £ 1.6 8.5 + 1.8
o}
9 /\)er‘ 12.6 = 0.2 11.7 = 2.2
o
10 ©/\)£Ji 15.1 + 1.9 14.7 £ 1.9
[0}
11 e 2.8 £ 0.9 4.2 £0.2
(0]
12 /O\)er{ 7.2 £2.7 15.7 = 3.0

2.2 C1-C10 WBEIHETEY

2012 4f Zhang %% R B C-10 (M 91L&
P13 ~15 X HL-60 11 1C, 7 9.4 ~21.9 pM Z[H],
X HL-60/A (4 1C5,7E 9.9 ~17.9 pM Z i), %} HL-60
Je HL-60/A 114 48 J (% 41 i1 550318 T MCL, [W] Bisf %
N AML 2 R AEL 200 A R e 1 I 8555 , A%

B3 {LaW 13 ~16 MLFLE

Fig. 3 The chemical structures of compounds 13-16
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DOX PTL MCL 13 14 15

4 L& 13 ~15 3F3F HL-60 #1 HL-60/A B3N &l iE M
Fig. 4 Inhibitory activity of compound 13-15
against HL60 and HL60/A cell lines

®2 AML BEMRERDLEY
Xt SRR a AN E T/ 40 A ( CD34 " 4RiE ) B AEHE
Table 2 Biological activities of compounds against total
cancer cells and cancerous stem/progenitor cells

(CD34 " -labeled) from aml patient blood samples

N TR 7R
wEw Cancer cell viability
Compound
5 pM 10 pM
DOX 115.0 49.1
PTL 13.2 4.7
MCL 4.2 2.3
13 95.8 76.3
14 53.7 22.6
15 84.9 84.8
16 - 48.0

uM B, B 76. 3% B9 15 AML 41 Jifg, 2016 4% Chen
AL B C1-C10 R4 A7 2E 9 16, ¥k o 10 pM
B, 7 48% G AML 4 fifl, KX C-10 {75 AH
L It CL1-C10 IR FE A 2 C10-C14 o7 AU 5
PR I5 A AT R B, C1-C10 {57 F RUsH: sl A o 4
Ao
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Fig. 5 The chemical structures of compounds 17-28

R3 BT ~28 HRE AML 48Rk D & 1E
Table 3  Biological activity of compound 17-28

on different AML cell lines

EAM R AL 1C5o (uM)
Compound Human promyelocytic Adrldmycln'-rcblstdnl
acute leukemia cell line cell line
HL-60 HL-60/A
DOX 0.07 £ 0.01 7.8 £ 0.5
MCL 5.5 + 1.4 6.2 +2.2
17 8.4+2.1 7.2£0.1
18 31 £ 2.3 6.2 0.5
19 32 2.3 7.8 £0.2
20 45 + 0.9 9.2 0.6
21 52 2.5 10 + 1.2
22 >50 19 +0.4
23 >50 32 +5.2
24 >50 >50
25 >50 >50
26 >50 >50
27 >50 >50
28 >50 >50

2.3.2  C-13 faha At A4
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DL AEI & ) C-13 {37 5-HUR PR M BE Michael
TEL=49) 30 ~ 32, % HL-60 F1 HL-60/A [ 1C,, {H 5
KF 50, FBH C11-13 o7 RUEHE X B Jib g 3% v Ak
K
2.4 C2 K C-14 (fTEWY
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) M9-ENMI f£15% %8 87% 55 85% . ixWFo¢ 41 [w] it



536 FRT PS5 TT & Vol. 31

X AML 2 Jfl & 9 AMLOL , AMLO2 , AMLO3 , AMLO4 &, KW C2 fii ) C-14 5] AFREE IS 5L &9
PEAT T HUMEE VERESE, Horh 35 ~ 38 XF AMLOL 41 i 1E B 4R L (H5 ARG S0 S WiE e T R
Jfl LDsy A 2.5 ~9.0 pM AH T MCL M4 12 42

o6 fTHEMY 29 ~32 MLZEH
Fig. 6 The chemical structures of compounds 29-32

B 7 74433 ~40 k2 el
Fig. 7 The chemical structures of compounds 33-40
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Fig. 8 Biological activity of compound N —
0 - 4 S b ~
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B9 fiTE4 41 ~48 RILFE 5N
Fig. 9 The chemical structures of compounds 41-48
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Fig. 10  Synthetic route and structure of compound 49-56

&4 ALEW 9 ~56 FRIMTBETF
Table 4  Biological activity of compound 49-56

2PN TCs, (umol/L)

wEY
Compound HCT116 NCI-H1650 MGC803 HL60 K562 K562/A02 U-87 MG
MCL 15.7 19.3 12.4 141.1 5.51 98.0 1.96
49 21.1 23.3 15.9 143.4 78.6 84.5 7.68
50 8.51 9.41 2.96 7.60 6.24 18.1 1.01
51 7.70 7.78 7.15 17.0 4.25 6.70 1.62
52 17.8 19.3 9.83 7.56 6.61 21.7 1.54
53 8.36 10.4 9.62 9.45 4.85 168.8 1.08
54 4.71 12.1 7.25 7.30 6.55 145.5 4.56
55 7.38 16.0 16.4 8.28 3.99 84.7 3.76
56 4.33 8.68 9.13 13.5 6.23 8.28 1.08

1 HCT116 : A\ %5 i 9 20 ik s NCI-H1650 : A\ filidis 48 i ik s MGC803 : A B i 1 MLk s HIL-60 « A R-4J1 % 1 195 2 ik 5 K562 - A1 146 28 1 i 48
IRk s K562/ A02 : A8 1158 5 F 105 1 i) 25 28 20 A ke 5 U-87 MG« A IR 200 Mt e 4 A A
Note: HCT116 ; Human colon cancer cell line ; NCI-H1650 ; Human lung cancer cell line ; MGC803 : Human gastric cancer cell line ; HL-60 ; Human promye-

locytic leukemia cell line ; K562 ; Human chronic myeloid leukemia cell line ; K562/ A02 ; Adriamycin-resistant human chronic myeloid leukemia cell line;

U-87 MG :Human glioblastoma cell line.
xf C-9 I G W) 49 HE— AR 5] C9

LEERIAL S 56 . LS 56 % U-87 MG .HCT116 .
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NCI-H1650 ,\MGC803 , HL-60 , K562, K562/A02 %5 4f
J AR B A KA VR 2 25 00 T MCL. HfAR N4t
/INFRURPRE HLy, 16 PR 50 S 7 A 58 R S-Fu H230E
A PR X S 6 6 A e Jo 9 1 FH ) S B 45 2R B s,
Al 54 56 (40. 0 me/kg) FLAT 25 AP MR T 4

AU SR H G T B 5 o 24 1 B e

(TMZ) A3k, AT ACTOO1 , 3 XoF 77 983 /)N BRLI%) IffL ¥k %=
GLICREM o X /N R ASE BE RS GA22 41 il 4 FH B4 52

ZER BN, 7E 30. 0 mg/kg 252550 & F g il R
IKE| 89% ,F TMZ F1*4 . FAAE C-9 5| AFRILn]
I E R SIS s

&S5 LEWST ~60 KRHAMEE

Table 5  Anti-tumor activity of compound 57-60 in vivo

Jia g 41 1)
ik Tumor inhibition rate( % )
ety i
osage
Compound . .
(mg/kg) Lympho Carcino- Carcinoma Sarcomads Alveolar
sarcoma of Pliss sarcoma of worker of Geren arcoma Cancer of liver PC-1
Arglabin(57) 30 57.6 41.1 48.0 23.0 32.1
58 30 79.6 76.1 80.1 86.5 -
59 50 64.6 43.1 31.4 58.1 38.0
60 50 51.0 17.1 90.0 74.2 69.0

E : LymphoSarcoma of Pliss ; JT&- L85 2 4k POAT A L 25 B K E 998 5 Carcinosarcoma of worker ; J P98 ; Carcinoma of Geren ; J§% IR ; Sarcoma-

45 . XA E M 25 1998 98 3 Alveolar cancer of liver PC-1; [T 40 MY,

2.6 MCL ZIREEHIZEM

ey oarn T E N E Ll S S TR 7/ I S A S R
WERIR A BA 5,7, 5-PR450 B @ B A ke B A% il
B, S5 ke A AR K AR AR

1999 4F Adekenov " ﬁ%@%ﬂdﬂ/\@TIM/ i
BRI R AR = Wy BT A% $i 22 (Arglabin, 57 ) J HA
BT AT A, I T T RSN AR BT AEY
RSN IR G PE 7R 12 we/mL Arglabin X 588
AR (X-653) FIAZE A LA (K-562) 4] 58
75% ,25 wg/mL Arglabin b 70N BRAE R 40 B Jed ( P-
815) TR 75% o PRPBTIPIRE S M R |t 251k
G YR R IR A A RIE R (R 5) o BIA
< 3R LA AE C3-CA 3 B1 48040 35 mT 3 47 i 983 1% 12
Hrpr Arglabin — H1 28 JE3h 2 £k (58 ) X Z2 g 1
AEIARITROR . WAL S YRR/, BIVE T L —
FRCA FH A Ak Y7 ”75% £ aaWEﬂ?l%i/

o) 5 o o
Br
o]
o Bl o
o
59 60 Q

B 11 £T4E% 57 ~60 H{LF 551

The chemical structures of compounds 57-60

Fig. 11
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Fig. 12 Structure-activity relationship of MCL against tumors
TE A DI SURET T 52 W B 5 4, C-2 A2 lE 4k L C-14 iz g4k 1
e C1-C10 FRAA ML 75 B DX C4 o7 B AL IO S B
DA BTG, 5 FEBURG 16 T B € IXIk: C9 7 5] AR kel
PRI S5 TR S e, 5 AR BE S TR M 15 5 D DX« SR Xof 0 88 7%
PR, ORI T TR e, SV JUR TG PR VA 25, IS0 T 1
M (5 W k4 ) o Note: A region ; Opening double bonds
can affect anticancer activity. C-2 esterification, C-14 esterification
and C1-C10 epoxidation can maintain high activity; B region; C4
etherification or hydroxyl elimination maintained good activity, when
substituted by aryl group, the activity decreases. ;C region; The activi-
ty of C-9 site is increased by introducing hydroxyl, ester group or car-
bonyl group; D region: Double bond is very important for anti-tumor
activity. The activity decreases after substitution, the activity disap-
pears after reduction, and the activity disappears after addition( except

with dimethylamine addition) .
3 mIRARE

SN g — b = PR AL B A 2 i TR, BT
BRI HA ZF0 B A 25 BIE R, (H il TR AR
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