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Synthesis and Preliminary Anti-tumor Activity Evaluation of Ursolic Acid-resveratrol Conjugates

LI Yankui, AN Rong, LYU Juan(School of Medical Technology, Shaanxi University of Chinese Medicine, Xi’an 712046,
China)

ABSTRACT: OBJECTIVE To design and synthesize ursolic acid-resveratrol conjugates and investigate their anti-cancer
activitiecs. METHODS Ursolic acid-resveratrol conjugates were synthesized from ursolic acid by esterification reaction, and
the in vitro antitumor activity of target conjugates was assessed by MTT assay. RESULTS Twelve ursolic acid-resveratrol
conjugates were synthesized, and structures were characterized by '"H-NMR and MS analysis. The preliminary biological results
showed that these conjugates displayed inhibitory activity on both MCF-7 and MDA-MB-231. Specifically, the inhibitory
activity of conjugate 13b-c¢ and 15b-¢ on MCF-7 was stronger than that of ursolic acid, resveratrol and the positive drug of
tamoxifen. Additionally, all conjugates were nontoxic to normal MCF-10A cells. CONCLUSION The introduction of

resveratrol unit into the structure of ursolic acid can enhance its anti-tumor activity.
KEYWORDS: ursolic acid-resveratrol conjugates; synthesis; anti-tumor activity
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Fig. 1 Ursolic acid-resveratrol conjugates
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1.2

RERTR (125 . A65105). FIEREMR — 2
1895 : 114170250) . (4-H S AL 55 BEIR — 4 g (0%
5 L05226). Jones ik (185 : 2669673), #
AT (RS : 179510100) . N,N-—H %t B it e
(N,N-dimethylformamide, DMF, 85 . A81475),
DU WK (tetrahydrofuran, THF, 455 T2805),
Iy, B R =95%, ¥ E b i
gl BB A R A A 4 = OB & R e
(4-dimethylaminopyridine , DMAP , 1% 5 .
D109207) . 1-£.3&-(3-— F JL L N FL ik — W0 g £k
g &
iimide hydrochloride, EDC, #%%5: E106172], &
WE(52 5. P108563) . 4-H EIL K H B (1R 5 .
A108955), 3,5- " HAEFARHEE(TTS . DI123418),
—RALHi(boron tribromide, BBr3, 575 : B104686) .
AT A (555 P111076) . 18- 7 ik -6( 5% &
C105797), HEEI(TE5 . S108356, 4rral, i
L= 95%) ¥ A BTHL TR A RA A, Hs
LRI R ot s, e 5040 =95%, 1 B E 2y
LA =G BR AR LIRS MCF-7. MDA-
MB-231 4H AR FEH FLIR R 40 MCF-10A 1
TR BE bV 20 i e Gy, ARSI W R AR
ffiH; DMEM EigRFE(58%5: 10565-018). ffZf i
(5. 16000-044)H14 FH 2 # Gibeo A Fl .
2 BRBEE
2.1 (B)-1-HARH-4 TR OIHFIAE ) A K

AR, BN R — O BR(1.027 g,
4.5 mmol), AT E4HA(1.11 g, 9.9 mmol), 18- -6
(0.476 g, 1.8 mmol)IAJG7K DMF(10 mL)H, ¥
PEBANHAZE 70 ‘CRVE 1.5 h J/AHIZ S, A 4-
HAA LR HIEE(0.613 g, 4.5 mmol), ARSIk
PNFRE 120 °CR2V 5 h, RESON IR H0 2 =R AR
FLAHIA 200 mL vK7K A, 22 2 FR(3%20 mL) A< HY,
AHUZMN NaxSOq #AT T4, WENLE, H™WH
FERCFEAEALASH] 584 mg FIEEIA, 77F 61.7%,
1% 15 80~82 C; 'H-NMR(400 MHz, CDCl3): 6
7.49~7.57(m, 4H), 7.37~7.43(m, 2H), 7.29~7.35(m,
1H), 7.14(d, J=16.8 Hz, 1H), 7.06 (d, J=16.4 Hz,
1H), 6.93~6.98(d, J=8.4Hz, 2H), 3.88(s, 3H).
2.2 (E)-4-2RCIGHR I (4) A K

AR, B 3(841 mg, 4.0 mmol)
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[1-(3-dimethylaminopropyl)-3-ethylcarbod-

B3 oK CHaCL(20 mL) 1, —20 °C Fiéhn
BBr3(1.1 mL, 12.0 mmol), fMEE4KEE)N 12 h, [1]
R IMA 1 mL KEEKN, 2R
(3x15 mL)ZHL, AHUZEH NaxSOs i 78, Wi
s, R P R RERCAELlAL S 2] 648 mg [ 114,
FEER 82.6%, M5 86~88 C; 'H-NMR(400 MHz,
CDCl3): ¢ 8.58(s, 1H), 7.54(d, J=8.0 Hz, 2H),
7.44(d, J=8.8 Hz, 2H), 7.33(t, J=7.6 Hz, 2H),
7.21(d, J=7.6 Hz, 1H), 7.15(d, J=16.8 Hz, 1H),
7.03(d, J=16.4 Hz, 1H), 6.84(d, J=8.4 Hz, 2H).
2.3 (4-FRELER — CBR(6)M B L

Y HR(E)-4-7 LG FEART (@) I A O 14 1 (4-
FRILER — 2 1R(6). MR Yy, 7% 91.5%,
"H-NMR (400 MHz, Nii-ds): 6 8.87(s, 1H), 7.10(d,
J=8.0 Hz, 2H), 6.72(d, J=7.6 Hz, 2H), 3.94~4.20(m,
4H), 3.14(d, J=7.2 Hz, 2H), 1.24(t, J=7.2 Hz,
6H).
24 (E)-4-(3,5- WA IR R B (8) & 1

TR, KIS 6(1.221 g, 5.0 mmol),
FH 44 (810 mg, 15.0 mmol), 18-7&fE-6(529 mg,
2.0 mmol) /il AJC7K DMF(10 mL)H, 5 5 b e hinA
270 ‘CIV 1.5 h JGAEZEZE, A 3,5- - H4&
FLIEHE(997 mg, 6.0 mmol), LRSS A
£ 120 “CJW 5 h, Ff SN 2 2R e R AR
A 200 mL yk7KH, i 2 mol- L~ HCLH 45 ¥ pH=3,
MR 2 BR(3>x20 mL)AHL, A HLZH NaxSO4 47
T, TS, MU R AR 2l k153 920 mg
AR, 774 71.8%, &, 91~93 COCHR{ER™:
92~95 C); 'H-NMR (400 MHz, CDCls): 6 7.42(d,
J=8.4Hz, 2H), 7.07(d, J=16.4 Hz, 1H), 6.94(d,
J=16.4 Hz, 1H), 6.86(d, J=8.8 Hz, 2H), 6.68(d,
J=1.2Hz, 2H), 6.41(t, J=6.8 Hz, 1H), 3.86(s, 6H).
2.5 3-AAC-IIRAE - 12-05-28-FR IR (9) A5 Ik

P BE SR (10.002 g, 21.9 mmol)il A THF
(30 mL)H', 0 CTMA Jones i{7(8 mL), 4k&L)%
N1 h, PRV, R A A A 4l Ak A 2]
9.609 g [ [E{A , ;=4 96.5% , 45 15, 277~279 ‘C (3L
HR(EP®) . 278~280 “C); 'H-NMR(400 MHz, CDCls):
5 5.42(s,1H,H-12),2.88(dd,J;=4.0 Hz,.,=13.6 Hz,
1H, H-18), 1.25(s, 3H), 1.16(s, 3H), 1.10(s,
3H), 1.05(s, 3H), 0.96(s, 3H), 0.91(s, 3H), 0.84(s,
3H).
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2.6 3-SAAC-ELIBERL-1,12- " K-28- R IR (10) A AL

AT, ¥ 3-FRILAER R (2.730 g,
6.0 mmol)#l PhSeCl(1.379 g, 7.2 mmol)I ATC/K &
R 2. TR(30 mL)H, =R 3 h, R, sk
P CHyCl(10 mL) ¥, JAMERE (1 mL) Al
H202(1.2 mL), ZRAKEEN 20 min P[] 5
20 min, SRR E E AR NaCl Al
NaHCOs; I T0E%, AHLZH NaxSO4 i 471
P, R R, ML PR A A 4k 55 1.526 mg
o R, 72 56.2%, 45 264~266 C;
'"H-NMR(400 MHz, CDCls): ¢ 7.07(d, J=10.4 Hz,
1H, H-1), 5.83(d, J=9.6 Hz, 1H, H-2), 5.37(s,
1H, H-12), 2.89(dd, Ji=4.0 Hz, J,=13.6 Hz, 1H,
H-18), 1.27(s, 3H), 1.15(s, 3H), 1.09(s, 3H),
1.04(s, 3H), 0.94(s, 3H), 0.89(s, 3H), 0.86(s,
3H).

2.7 [3,2-b]MI M- 55 B -1 245 -28-FR R (1) Y
G

AT, ¥ 3-FRILAERIR(2.730 g,
6.0 mmol) FIR I A VKSR (30 mL)Hr, Jn#A el it
N 2 h, RNIERENZE R A VKK (30 mL)
W, BT R, MRS S E] 1.840 g 7R
BRI, 773 58.1%, # M 231~233 COCHk
. 230~232 °C); 'H-NMR(400 MHz, CDCl3):
5 7.76(s, 1H, NH), 7.48(d, J=7.6 Hz, 1H),
7.28~7.32(m, 1H), 7.05~7.11(m, 2H), 5.42(s, 1H,
H-12), 2.87(dd, J1=3.6 Hz, J,=13.6 Hz, 1H, H-18),
1.25(s, 3H), 1.17(s, 3H), 1.10(s, 3H), 1.05(s,
3H), 0.93(s, 3H), 0.89(s, 3H), 0.84(s, 3H).
2.8 FERR-HIEETEETAY) 12a-b (13a-b . 14a-b
15a-b A4 %,

AP T, BRERARLEGTAEDYD
9~11(1 mmol). FZEEEATAY) 4 55 8(1.1 mmol),
DMAP(24 mg, 0.2 mmol)Fl EDC(383 mg, 2.0 mmol)
PIATEIK CHoCl(10 mL)H, Z3R N 24 h, ]
M HAIA 20 mL 7K, ] CHaCly(3%25 mL)ZEHL,
AHUZH NaxSO4 A7 T8E, W, B H
RER AR Afb A5 2] HARME S
2.8.1 3B-FRIL-ELIRBERL-12-075-28-FR-[(E)-4- K 2
WAL PRHER(12a) B RAR, IR 63.5%, M
171~174 °C ; '"H-NMR(400 MHz, CDCL): J 7.53(d,
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J=8.8 Hz,2H), 7.41(d,J=8.0 Hz, 2H), 7.24~7.36(m,
3H), 7.21(d, J=8.4 Hz, 2H), 7.13(d, J=16.4 Hz,
1H), 7.02(d, J=16.4 Hz, 1H), 5.29(s, 1H, H-12),
2.81(dd, J,=3.6 Hz, J»=13.6 Hz, 1H, H-18), 1.16(s,
3H), 1.14(s, 3H), 1.07(s, 3H), 0.92(s, 3H), 0.85(s,
3H), 0.83(s, 3H), 0.76(s, 3H). MS(ESI): m/z
635.9[M+H]".

2.8.2  3B-FIL- IR LE R 12-45-28-BR-[(E)-4-(3,5-
THARIAR ORI PR ER(12b) A R
70.2%, 5 182~185 ‘C; 'H-NMR(400 MHz,

CDCly): d 7.47(d, J=8.0 Hz, 2H), 7.29(d, J=8.4 Hz,
2H), 7.09(d, J=16.4 Hz, 1H), 6.92(d, J=16.4 Hz,
1H), 6.81(d, J=8.0 Hz, 2H), 6.47(t, J=7.2 Hz,

1H), 5.25(s, 1H, H-12), 3.81(s, 6H), 2.86(dd,
Ji=4.0 Hz, J,=13.6 Hz, 1H, H-18), 1.19(s, 3H),
1.10(s, 3H), 1.02(s, 3H), 0.97(s, 3H), 0.89(s,

3H), 0.87(s, 3H), 0.82(s, 3H). MS(ESI): m/z
696.0[M+H]".

2.8.3  3-GAUC- TG IRLEI-1,12- 45 -28-FR-[(E)-4-TE
LIGHEIRH ER(132) B AR, WOR 59.3%, &
& 170~172 °C; 'H-NMR(400 MHz, CDClL): 6
7.54(d, J=8.0 Hz, 2H), 7.34(d, J=8.0 Hz, 2H),
7.27(d, J=8.0 Hz, 2H), 7.21~7.25(m, 1H), 7.17(d,
J=8.0 Hz, 2H), 7.14(d, J=16.0 Hz, 1H), 7.04(d,
J=10.0 Hz, 1H, H-1), 6.96(d, J=16.4 Hz, 1H),
5.82(d, J=10.0 Hz, 1H, H-2), 5.39(s, 1H, H-12),
2.99(dd, J,=3.6 Hz, J»=14.0 Hz, 1H, H-18), 1.21(s,
3H), 1.16(s, 3H), 1.14(s, 3H), 1.09(s, 3H), 0.99(s,
3H), 0.94(s, 3H), 0.89(s, 3H). MS(ESI): m/
631.9[M+H]".

284 3- A AU- 5 g5 L A -1,12- TR -28- R
-[(E)-4-(3,5- —H ALK 2530 PR H R (13b) - o
o AR, IR 64.8% , #F N 186~189 C ;

'H-NMR(400 MHz, CDCls): 6 7.57(d, J=8.0 Hz,
2H), 7.29(d, J=8.4 Hz, 2H), 7.01~7.06(m, 2H),
6.96(d, J=16.4 Hz, 1H), 6.84(d, J=7.6 Hz, 2H),
6.40(t, J=8.0 Hz, 1H), 5.81(d, J=10.0 Hz, 1H,
H-2), 5.43(s, 1H, H-12), 3.84(s, 6H), 3.02(dd,
J1=3.6 Hz, J,=14.0 Hz, 1H, H-18), 1.22(s, 3H),
1.17(s, 3H), 1.15(s, 3H), 1.00(s, 3H), 0.99(s,

3H), 0.95(s, 3H), 0.91(s, 3H). MS(ESI): m/z
690.9[M+H]*,
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2.8.5 3-FAAC-L TRk A -12-4 -28- TR -[(E)-4- 7K &
IR HEE(14a)  BEAREIA, B 64.7%, I
182~185 °C ; '"H-NMR(400 MHz, CDCls): § 7.57(d,
J=8.0 Hz,2H), 7.31(d,J=8.0 Hz, 2H), 7.23~7.32(m,
3H), 7.18(d, J=8.0 Hz, 2H), 7.11(d, J=16.0 Hz,
1H), 6.98(d, J=16.4 Hz, 1H), 5.38(s, 1H, H-12),
2.89(dd, J1=4.0 Hz, J,=13.6 Hz, 1H, H-18), 1.21(s,
3H), 1.14(s, 3H), 1.09(s, 3H), 1.07(s, 3H), 1.04(s,
3H), 0.97(s, 3H), 0.91(s, 3H). MS(ESI): m/z
632.9[M]",

2.8.6  3-FEAC-1L IR b A -12-45 -28-BR -[(E)-4-(3,5-
THAIIR ORI PEHER(14b) R R, 1ok
58.9%, MM 207~209 C; 'H-NMR(400 MHz,
CDCly): & 7.55(d, J=8.4 Hz, 2H), 7.32(d, J=8.0 Hz,
2H), 7.04(d, J=16.0 Hz, 1H), 6.95(d, J=16.4 Hz,
1H), 6.87(d, J=7.6 Hz, 2H), 6.42(t, J=7.6 Hz,
1H), 5.40(s, 1H, H-12), 3.85(s, 6H), 3.00(dd,
Ji=4.4Hz, J,=13.6 Hz, 1H, H-18), 1.21(s, 3H),
1.09(s, 3H), 1.07(s, 3H), 1.05(s, 3H), 0.95(s,
3H), 0.90(s, 3H), 0.87(s, 3H). MS(ESI): m/z
692.9[M]",

2.8.7 [3, 2-b]-M[We- L F ke Hl - 12-455-28- iR -[(E)-4-
KO IEREE(15a)  BEEEA, BeE 70.4%,
1515 179~181 °C; 'H-NMR(400 MHz, CDClL): ¢
7.84(s, 1H, NH), 7.56(d, J=8.0 Hz, 2H), 7.47(d,
J=7.2 Hz, 1H), 7.34(d,J=8.0 Hz, 2H), 7.22~7.30(m,
4H), 7.16(d, J=8.0 Hz, 2H), 7.07~7.14(m, 3H),
6.95(d, J=16.0 Hz, 1H), 5.50(s, 1H, H-12), 3.04(dd,
Ji=3.6 Hz, J,=13.6 Hz, 1H, H-18), 1.32(s, 3H),
1.26(s, 3H), 1.22(s, 3H), 1.02(s, 3H), 0.99(s,
3H), 0.97(s, 3H), 0.96(s, 3H). MS(ESI): m/z
707.0[M+H]",

2.8.8  [3.2-b]- 5| Wi 55 Ty ke AU -12- H -28- IR -
[(E)-4-(3,5- W A IIHK LI F 1R H R (15b)  #%
@ A, Ik E 68.2% , A 211~213 C;
'H-NMR (400 MHz, CDCls): 67.86(s, 1H, NH),
7.55(d, J=8.0 Hz, 2H), 7.42(d, J=7.6 Hz, 1H),
7.24~7.32(m, 3H), 7.11~7.16(m, 1H), 7.05~7.09(m,
1H), 7.03(d, J=16.0 Hz, 1H), 6.91(d, J=16.0 Hz,
1H), 6.89(d, J=8.0 Hz, 2H), 6.46(t, J=8.0 Hz,
1H), 5.50(s, 1H, H-12), 3.86(s, 6H), 3.03(dd,
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Ji=3.6 Hz, J,=13.6 Hz, 1H, H-18), 1.31(s, 3H),
1.26(s, 3H), 1.25(s, 3H), 1.22(s, 3H), 1.02(s,
3H), 0.97(s, 3H), 0.96(s, 3H). MS(ESI): m/
767.1[M+H]".
29 FENRMR-HFFBEEAY) 12¢. 13c, 14c. 15¢
()65 1

e B(E)-4-28 206 3L 8 8 (4) 19 A R 2
12a-b. 13a-b. 14a-b. 15a-b JFF7/i FH HLA R I
A9 12¢. 13¢. 14c. 15¢,
2.9.1 3B-FHE- I bE - 12-04-28- B2 -[(E)-4-(3,5-
TREROEIPEHEE(12¢) AR, R
88.3%, YA 174~177 °C; 'H-NMR(400 MHz,
CDCls): 6 7.43(d, J=8.4 Hz, 2H), 7.33(d, J=8.0 Hz,
2H), 7.05(d, J=16.0 Hz, 1H), 6.88(d, J=16.0 Hz,
1H), 6.87(d, J=7.6 Hz, 2H), 6.39(t, J=8.0 Hz,
1H), 5.25(s, 1H, H-12), 2.86(dd, J,=4.0 Hz,
J,=13.6 Hz, 1H, H-18), 1.17(s, 3H), 1.12(s, 3H),
1.01(s, 3H), 0.98(s, 3H), 0.88(s, 3H), 0.86(s,
3H), 0.83(s, 3H). MS(ESI): m/z 666.9[M]*,
292 3-FA -5 o ke AU -1,12- M -28- R -
[(E)-4-(3,5- IR LI R HEE(13¢)  #H M
R, IR 87.4% , A A 184~186 TC ;
'H-NMR(400 MHz, CDCl3): 6 7.57(d, J=8.0 Hz,
2H), 7.35(d, J=8.0 Hz, 2H), 7.04(d, J=10.0 Hz,
1H, H-1), 7.01(d, J=16.4 Hz, 1H), 6.84(d,
J=16.4Hz, 1H), 6.81(d, J=8.0 Hz, 2H), 6.43(t,
J=8.0 Hz, 1H), 5.81(d, J=10.0 Hz, 1H, H-2),
5.41(s, 1H, H-12), 3.01(dd, J1=4.0 Hz, J,=13.6 Hz,
1H, H-18), 1.22(s, 3H), 1.17(s, 3H), 1.15(s,
3H), 1.10(s, 3H), 0.99(s, 3H), 0.96(s, 3H), 0.94(s,
3H)., MS(ESI): m/z 663.9[M+H]",
2.9.3  3-FAMC-12 IR ke AL -12-K5 -28- R -[(E)-4-(3,5-
TRER O PEHEE(14c) AR, oK
82.5%, ¥ 191~193 C; 'H-NMR(400 MHz,
CDCls): 6 7.51(d, J=8.0 Hz, 2H), 7.30(d, J=8.0 Hz,
2H), 6.99(d, J=16.4 Hz, 1H), 6.85(d, J=16.4 Hz,
1H), 6.85(d, J=8.0 Hz, 2H), 6.40(t, J=8.0 Hz,
1H), 5.41(s, 1H, H-12), 3.01(dd, J,=4.0 Hz,
J,=13.6 Hz, 1H, H-18), 1.20(s, 3H), 1.09(s, 3H),
1.06(s, 3H), 1.05(s, 3H), 0.98(s, 3H), 0.95(s,
3H), 0.90(s, 3H), MS(ESI): m/z 665.9[M+H]*,
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2.9.4  [3,2-b]- M| Wt - 15 F5 ke B -12- 45 -28- i -
[(E)-4-(3,5- “F I L IH IR R (15¢)  # {0
WA, W& 86.2%, A 199~201 ‘C; 'H-NMR
(400 MHz, CDCl3): ¢ 7.81(s, 1H, NH), 7.52(d,
J=8.0 Hz, 2H), 7.42(d, J=7.6 Hz, 1H), 7.29-7.37(m,
3H), 7.12(m, 1H), 7.09(m, 1H), 7.05(d, J=16.0 Hz,
1H), 6.92(d, J=16.4 Hz, 1H), 6.87(d, J=8.0 Hz,
2H), 6.51(t, J=8.0 Hz, 1H), 5.47(s, 1H, H-12),
3.04(dd, J1=4.0 Hz, J,=14.0 Hz, 1H, H-18), 1.33(s,
3H), 1.27(s, 3H), 1.26(s, 3H), 1.24(s, 3H), 1.02(s,
3H), 0.98(s, 3H), 0.96(s, 3H). MS(ESI): m/z
739.0[M+H]".
3 IBREEM

VERCELIE MCF-7 A1 MDA-MB-231 4l itk
SR AR, I H B LR R i MCF-10A
X RN, Ah B 25 R BHAEXT R ZY . BOW Bk
KA AN 3R T 96 fLARH, AL % N AL
8x10° 4>, BT 5%CO,. 37 CHYMH IR F-46 b
H 12h, FEEFRW, A 200 pL A 15
e &Y, SrREREL 6 fL, HphsadmA
SRFURESRIE, IR E 72 h, FERFR,
JA 5 mg-mL~" MTT(%4L 20 L)W, ke s
4h, FERFRW, HFLIMA 150 uL DMSO, IR
FE3) 15 min, (45 @Y, FBFRAE 570 nm
WA AL I 3 A FL WG G BE(ODYE, 1158 iy 44 a1
Hil%, AR EAWR ICsoE.
4 SRS
4.1 BiMEEmE K

e, DANSIEEIR — 2 W5 5 AR TR R
J5RE, i Wittig-Horner Jz b il 75 T F1 28 7 AT
Y48, B, B% B I S YL
U TR A RRE R IR AT A . LAREIR R M J5RL
WLt Jones BFAPK I C3 I T4 L, 158 T
3-FRFLAERMR 9, TSRS Ho00 KR
B ANEBR O, 32T 1-45-3-Hi RE SRR (10);
[, 2T Fischer MW f kol 3-F L AE Rz
(9) 5 Rk B A5 W5 R RE SRR (11) . fe)5, HFRER
i ST A 9~11 5 (2P EEATT AR W) 4 R 8 kA
EALO R AR T HARF= 9 12~15, i &L 4
¥J(12a-b. 13a-b. 14a-b. 15a-b)ifi i BBr; i Ff 3t
B T AN IS A WI(12¢. 13¢, 14c. 15¢).

-796 - Chin J Mod Appl Pharm, 2021 April, Vol.38 No.7

4.2 IRIMTELIY IS T

DI B S5 N BAPEXT 3R 2, SR MTT 32058
T RERR- B B A M RSN IR T, T
PERE L 1. 250K, 12 D HERES Y
IR T [ER (+) | FLARJE MCF-7 Fl = BAPEZL IR
MDA-MB-231 4 il 4 34 J& Bl th 1 A W) %) 4100 i) 3
P, H ICso ¥ <40 umol-L~', BASKUL, &
Prx} MCF-7 4i iR B T s s i il 6, I
IR TS A Y RE IR LA M RE R R 5 2
IR G, A5 13b-c. 15b-¢ X} MCF-7
AN IDRITE M R RE R BRI 2 f5LA L, HEE T
L7/ L Ry @ 7 ST CI NS E a7
FA LT RE A 3 9 BE SR R A BT IR 15 12k o

R 1 TSGR £ B, XL HbR
AW BT BE LS AL BT A R SR R X MCF-7 411
TG PR B BRI o X 3 45 PO 5
KIL, AV BE P RS H BRI AR B S A
PO T 6 e 0 I Y AR B R B S
fF%(lZc vs 12a-b, 13c vs 13a-b, 14¢ vs 14a-b, 15¢ vs
15a-b), X EE45 5L B (22 P B BRI X LAY
TE R A HEAEN, IR A S T
PEATEUOB FRAR IS P 5 % RE SR BR 4544 BT 5% &
B, MAERIR S R R T IS 2 2
B 12a-¢ RAEXT MCF-7 JEILH T4 S0 i%
PE, (HEH ICs (EAR TS HI5 . MAERERIR A
WEIA 1-M-3-F3 R MBS 13a-c THEHERERE
Y1 12a-¢ A e, JLHIEZ A 13b-¢ X MCF-7
(R 1 B S s s B % (HOE, A 3-
BRILREIR IR 5 R T AT E T PR, &
AW 14a-c¢ XF MCF-7 U@ B T Ho A5 A il 15 1k
H ICs [ 8 = TREY 13a-¢, X EELERFIKIE
B T 7ERESRIR A BRGI A 1-9-3-Hil RE S 12 = e e
TWPE. AN, TERESRER A FRT|AN|NEIL RS S )
250 15a-¢ WRELR B R AT A PT s v v , (IS
PEATY SRAR T A0 B A 1- %8 -3- il 45 2 10 28 &
13a-c(13a vs 15a, 13b vs 15b, 13c vs 15¢).

Fh, AT ST RS EE, A
ERAFUIR F 2 A0M0 MCF-10A IR 4H Rk Sk Ad:m)
HFpME BRI, B4 12~15 XFIEH 1) MCF-10A
BAEITE:, DAYt aeql, M2
MEEEISHIRIE T —E aitE . 4R IL#E 1.
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F1 HAE AW E MCF-7.MDA-MB-231 # MCF-10A
MR ICso H(X s, n=3)

Tab. 1 ICso values of target conjugates inhibiting MCF-7,
MDA-MB-231 and MCF-10A cells(x s, n=3) pmol-L™!

& MCF-7 MDA-MB-231  MCF-10A
12a 17.4+2.28 26.8+3.07 >100
12b 20.3+1.99 15.9+1.82 >100
12¢ 15.7+1.85 19.342.46 >100
13a 16.6+1.42 15.5+1.18 >100
13b 11.3£0.97 22.7+2.39 >100
13c 8.7+1.56 19.242.08 >100
14a 25.4+3.28 38.9+3.48 >100
14b 29.6+5.73 18.8+1.53 >100
14c 20.8+2.66 32.243.61 >100
15a 19.0+1.28 25.6+2.69 >100
15b 13.9+1.57 21.842.36 >100
15¢ 9.2+0.93 17.4+2.05 >100

RERTR 32.7+3.96 38.6+2.53 >100

2 i 24.142.42 44.5+4.79 >100
RERMR+IZE MY 30.4+2.58 41.843.67 >100

fib 5 2 15.5+1.96 17.0+1.28 38.343.05
5 it

T K T M R RS AL BT P B R R R
H, 153 T RERMR- B, 3-ERAR IR -2
P, 10 -3- A AR RE SRR - 1 B B R [3,2-b] 7
RERIR-IZE IR 4 DFRINBAY . Ltk
X ZE A Y] faf /R SR T LA MCF-7 #1—FH
PEFLIRIE MDA-MB-231 4 Rk 4 A [al B g4
HIER, HAZ%EY 13b-¢ F1 15b-¢ XF MCF-7 1Y
0 35 1 5 T A AL ) AR SRR R 1 R LA
PR 25 fh 58 5% . A, BARZEA YIXTIEH 1
MCF-10A 4iJBAT 5tk X EeE5 R, ¥ 2 4>
TG M PR T R T PR RE S 1S BITE M SR I R S
Y, XA a2 T R AR R 10 25 Fa 1B AN 4T
G PEE AR L T — S

REFERENCES

[1T SUNY, GE F L, XUE C M, et al. Advances in determination
method of pentacyclic triterpenoids in natural products[J].
Mod Chin Med(*}'EI B CrP2Y), 2019, 21(4): 552-558.

[2] TAN J, HUANG W, CHEN S L, et al. Synthesis and
anti-inflammatory activity of ursolic acid derivative-chalcone
conjugates[J]. Acta Pharm Sin( 2§ 2% 2% ), 2016, 51(6):
938-946.

[31 GUO Y Y, ZHU D Z. Research progress on the action
mechanism of ursolic acid improving insulin resistance[J].
Hebei Med J(HLEEZY), 2019, 41(11): 1732-1736.

[4] % ESME, BRERE, S5, SRARRRUGENTANMUAR I A TR
SLISIFIE[I]. TEGH, 2015, 38(5): 1049-1052.

[5] SUN L, LI B, SU X H, et al. An ursolic acid derived small
molecule triggers cancer cell death through hyperstimulation

o E AR 22 2021 4F 4 A4 38 4 7 )

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

of macropinocytosis[J].
6638-6648.

MENG Y C, ZHAN J H, XIAO S P, et al. Synthesis and
antibacterial evaluation of ursolic acid derivatives[J]. J Tradit
Chin Med Univ Hunan(i¥iFg 1B 25 K 24244), 2017, 37(5):
493-498.

WANG J C, ZHAO H T, ZHI K K, et al. Exploration of the
natural active small-molecule drug-loading process and highly

J Med Chem, 2017, 60(15):

efficient synergistic antitumor efficacy[J]. ACS Appl Mater
Interfaces, 2020, 12(6): 6827-6839.

HE M, ZHANG M, SUN Q, et al. Mechanism of ursolic acid
in regulating colorectal cancer cell HCT116 autophagy through
hedgehog signaling pathway[J]. China J Chin Mater Med(*} [
h2Z%k), 2021,46(5):1217-1223.

WEN R, ZHOU C J, WANG C F, et al. Effects of ursolic acid
on expression of AMPK and LPIN1 in HepG2 cells[J]. Chin J
New Drugs(H E Hi2li44ik), 2019, 28(2): 208-213.

CHUANG W L, LIN P Y, LIN H C, et al. The apoptotic effect
of ursolic acid on SK-hep-1 cells is regulated by the PI3K/Akt,
p38 and INK MAPK signaling pathways[J]. Molecules, 2016,
21(4): 460.

TANG Q, LIU Y J, LI T, et al. A novel co-drug of aspirin and
ursolic acid interrupts adhesion, invasion and migration of
cancer cells to vascular endothelium via regulating EMT and
EGFR-mediated signaling pathways: Multiple targets for
cancer metastasis prevention and treatment[J]. Oncotarget,
2016, 7(45): 73114-73129.

LUO J, HU Y L, WANG H. Ursolic acid inhibits breast cancer
growth by inhibiting proliferation, inducing autophagy and
apoptosis, and suppressing inflammatory responses via the
PI3K/AKT and NF-kB signaling pathways in vitro[J]. Exp
Ther Med, 2017, 14(4): 3623-3631.

HARMAND P O, DUVAL R, LIAGRE B, et al. Ursolic acid
induces apoptosis through caspase-3 activation and cell cycle
arrest in HaCat cells[J]. Int J Oncol, 2003, 23(1): 105-112.
LENG S L, HAO Y L, DU D B, et al. Ursolic acid promotes
cancer cell death by inducing AtgS-dependent autophagy[J].
Int J Cancer, 2013, 133(12): 2781-2790.

SARASWATI S, AGRAWAL S S, ALHAIDER A A. Ursolic
acid inhibits tumor angiogenesis and induces apoptosis
through mitochondrial-dependent pathway in Ehrlich ascites
carcinoma tumor[J]. Chem-Biol Interactions, 2013, 206(2):
153-165.

LIYH,LI X B, LU X Y, et al. Antitumor effect and immune
regulation activity of ursolic acid on hepatoma H22 in mice[J].
Lab Anim Sci(SEHsh#El %), 2013, 30(5): 1-5.

ZHANG Y, HUANG L C, SHI H Z, et al. Ursolic acid
enhances the therapeutic effects of oxaliplatin in colorectal
cancer by inhibition of drug resistance[J]. Cancer Sci, 2018,
109(1): 94-102.

HODON J, BORKOVA L, POKORNY 1J, et al. Design and
synthesis of pentacyclic triterpene conjugates and their use in
medicinal research[J]. Eur J Med Chem, 2019(182): 111653.
PEI T, WANG Y Y. Synthesis and preliminary anti-tumor
activity of novel ursolic acid derivative-chalcone conjugates[J].
J Chin Pharm Univ(* EIZ5RIR222440), 2017, 48(1): 31-41.
LIU X Y, GAO X Q, JIN X J, et al. Synthesis, characterization
and cytotoxic activity of novel oleanolic acid and ursolic acid
derivatives[J]. Chin J Org Chem(f3#l{k2%), 2018, 38(12):

Chin J Mod Appl Pharm, 2021 April, Vol.38 No.7 -797 -



(21]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

-798 -

3227-3235.
RAY M, RAI N, JANA K, et al. Beta catenin is degraded by
both  caspase-3 and  proteasomal

activity  during

resveratrol-induced  apoptosis in Hela «cells in a
GSK3pB-independent manner[J]. Indian J Biochem Biophys,
2015, 52(1): 7-13.

ZHAO Y W, TANG H C, ZENG X, et al. Resveratrol inhibits
proliferation, migration and invasion via Akt and ERK1/2
signaling pathways in renal cell carcinoma cells[J]. Biomed
Pharmacother, 2018, 98: 36-44.

RASHEDUZZAMAN M, JEONG J K, PARK S Y.
Resveratrol sensitizes lung cancer cell to TRAIL by p53
independent and suppression of Akt/NF-«xB signaling[J]. Life
Sci, 2018(208): 208-220.

HEO J R, KIM S M, HWANG K A, et al. Resveratrol induced
reactive oxygen species and endoplasmic Reticulum
stress-mediated apoptosis, and cell cycle arrest in the A375SM
malignant melanoma cell line[J]. Int J Mol Med, 2018, 42(3):
1427-1435.

FAN Y Y, CHIU J F, LIU J, et al. Resveratrol induces
autophagy-dependent apoptosis in HL-60 cells[J]. BMC
Cancer, 2018, 18(1): 581.

GARVIN S, OLLINGER K, DABROSIN C. Resveratrol
induces apoptosis and inhibits angiogenesis in human breast
cancer xenografts in vivo[J]. Cancer Lett, 2006, 231(1):
113-122.

JUAN M E, WENZEL U, DANIEL H, et al. Resveratrol
through ROS-dependent
pathway in HT-29 human colorectal carcinoma cells[J]. J
Agric Food Chem, 2008, 56(12): 4813-4818.

HE T, GUAN X, WANG S, et al. Resveratrol prevents high
glucose-induced epithelial-mesenchymal transition in renal
NADPH

Endocrinol,

induces apoptosis mitochondria

tubular  epithelial  cells by  inhibiting
oxidase/ROS/ERK  pathway[J]. Mol Cell
2015(402): 13-20.

LIU H C, DONG A J, GAO C M, et al. Structure modification
of resveratrol and pharmacological activity[J]. Prog Chem(ft
2£3EJ), 2009, 21(8): 1500-1506.

NING W T, HU Z Y, TANG C, et al. Novel hybrid conjugates
with dual

suppression of estrogenic and inflammatory

Chin J Mod Appl Pharm, 2021 April, Vol.38 No.7

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

activities display significantly improved potency against breast
cancer[J]. J Med Chem, 2018, 61(18): 8155-8173.

YU TT, LI L, CUI H B, et al. Syntheses and antitumor
activities of ursolic acid C-3, C-28 derivatives[J].
Chemistry(fb2%18412), 2017, 80(11): 1055-1060.

CHEN Y H, HOU X Y, ZHI D F, et al. Synthesis,
characterization and antitumor activity of oleanolic acid and
ursolic acid derivatives of ring[J]. Chin J Org Chem(f5#¥l1t
2£), 2016, 36(4): 795-802.

LIU X H, LI B L, ZHANG Z, et al. Synthesis and discovery
novel anti-cancer stem cells compounds derived from the
natural triterpenoic acids[J]. J Med Chem, 2018, 61(23):
10814-10833.

CHENG Y S, GONG Y, QIAN S, et al. Identification of a
novel

hybridization from isosorbide 5-mononitrate and

bardoxolone methyl with dual activities of pulmonary
vasodilation and vascular remodeling inhibition on pulmonary
arterial hypertension rats[J]. J Med Chem, 2018, 61(4):
1474-1482.
WONG M H, BRYAN H K, COPPLE I M, et al. Design and
synthesis of irreversible analogues of bardoxolone methyl for
the identification of pharmacologically relevant targets and
interaction sites[J]. J Med Chem, 2016, 59(6): 2396-2409.
PAN H S, LI L, CUI H B, et al. Synthesis and anti-tumor
activity of derivatives of ursolic acid in vitro[J]. Acta Pharm
Sin(Zj2£2E4R), 2017, 52(12): 1890-1894.
LIX L, HE G D, HU Y Q, et al. Synthesis of pterostilbene[J].
Chin J Pharm(* [H & 25 Tl J455), 2014, 45(9): 816-817,
839.
CHEN J, LIU J, GONG Y C, et al. Synthesis and biological
evaluation of ursolic acid derivatives as novel inhibitors of
glycogen phosphorylase[J]. J Chin Pharm Univ(" B 258l k2%
2231%), 2006, 37(5): 397-402.
WEN X A, ZHANG Y X, LIU J, et al. Synthesis and
biological activity of heterocycle-fused derivatives of
pentacylic triterpenes as glycogen phosphorylase inhibitors[J].
J Chin Pharm Univ( # B 25 Bl K 2% % 3), 2009, 40(6):
491-496.

Wi H#I: 2020-02-24

(R3ICTE%: TLAH)

R E BN 2452 2021 4F 4 H 45 38 45 7 1



