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Anti-tumor effect of asiatic acid and its mechanism

okiF, ABL(EREERF PEA, LE 200433)

(8 E] MEERE - MRAEAN DI A =R . JTFEHT RIS SR GE 4518 5 2 ML @ 4200 e 40 2t 47
AV, 095 00 ) TR 2R D 8 B 5 17 O LR R 0 L S V0 ) e R I 4 I A R A PR 4 AR SR A B BT 0 e
TT 2 AT R AT LA 2 408 ) 30t 0, L E A PR BRE  AR WD 5 o AR 5 R (1 i P BT 7 LA S 33 PR T 1 20 R R

(LR A AT AT AR B F 7T 25 ]
[KEF] R ER TUMR LS

[hE52S] R730.59 [XRAFRIRIE] A [XEHRES] 1007-385X(2019)05-0597-05

FR T HFR (asiatic acid, AA; 20, 3p,23- =2 3E-12-
fif1-28-1 , C3oHusOs , AHXS 73 1 & 504.7) /& —Fh 7L 3h
=S EY), T I B 2 2] B 1 A 2
I VR T I 1T 2 B T ORI OGN AA TR
Z & M2 Y K EAFTE, WS 5 (Centella
asiatica) . ZEHE AW FRERH, AAH AT HE A R IR
KR EBEZ WS A —, H Tt — P2yt
RANE R B S, FEIE 2 JLAE R 300E T AA B —
SE WP 77, 2 U T ELE AR R T AA KT ik
0 O S AN S ARG IR E A . T AATE
P2 3K O AT DA R BR A 2 5 T LA L SR
M, AA BA ORI B2 Ik Ao 32 6B 45 B 1B 2 4
0o g b 28 el IS 2 B A L FLAE TR DA K
P B R e A 22 ISR U R At e B R
HEFRRCR . H AT AA MARTENR R BRI
FH AT {5 & SONGVUT Z5I7E i HKs AA il B 1)
e B (ECa 233) X {g Ji¢ 5 JE 3 2R AT 13 R K568, DF
W Hoz YRI5 RE) IR E, A — & B R
WEICIAR AN R BT {5 1R 5 5, R AA B —5¢
KU 24tk . At AA TR 1E T ML RO
BERAE— 28R

1 AAPEELARIGE

i 8 4T 7 35 DR /K B S A 4, 5 B e
AR o PNV PR 2 R AT R e B A B 6 K
ADFEVE BB IR IR A K. AARE IR 2
BT IR RN 2 A R AR K (B B R AA HER I
1V F#E S8 RIR N E . CHEN Z8098F 58 2 B, AA
BE % 3 3 #1171 400 1) NDR 1/2 385 fifg 2 32 170 700 41 HepG2
St 189 B [ B A REAR TR p2 1A i R T, TR

BT p2 1MV NDR1/2 4 38 M B BR 1L AE - NDR
WU 5 e i i S S P i A KA 22y R ad R
(1 G1/S gH 0 i WAL, T p21 ™" R H i 2 5 4
JH6 R SR R R R ) 200 B e S G 1RS84 S T .
TEFHR AR A K B R MBS 5
p53 & H B (W I ], pS3 1 RARAE PR FF A AR e
TR IEE EEERHY,. LEE WA KL, AA g
WA T H IR I HepG2 41 Mo H 1 25 A5 5 20K
AA I 040 i PN Y Ca /KPR A 41 3 12, 14 5
p53 HIRIE , T # il HepG2 F R 4 fL i 2B K o BF
FUR B, AA BE W DL [E) R AR 1 1 7 A
B 188 20 i RPMI 8226 4 Jifd J&) JU10E Fi& 5% ¥, AN T7 410
) 240 JH 4 SO A A A5 0 Y e 45 i AE G2/M B,
[e 1) 22 P R 4 L RPMIL 8226 1 Ja) i 2 5 3
B4 (focal adhesion kinas, FAK) ] 1A DL & 8k TR 1t
FAK M FHIE5H S

AA T DL i B ) A 5T I b AR A 1 5 i R
Y1 B 98 T2 .  GURFINKEL 25 % 3, 1§ 41 Jig 7
PPC-1 41 firh , AA RERS U AH O T2 22 H caspase 2.
caspase 3.caspase 8 fll caspase 9, MM 175 F caspase 1
P AT AR PR AN B AE T . AA BN I8 1 51 W) i IR
YT I 2O B AR RS R 3 PPC- 1T 4H BRI R T2
CHO S5 78 K I, AA Re A5 N B2 T1 IR o3 I8 48 il U-
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87 MG I T-FNIRFE , 331 LA 5 A0 TA) 436t 12 1 7 =X
BT AT . AA Bt T IL 3, Hae e
T s A ) O o) 28 s A B B LI caspase 9 1 caspase 3
B AT, (7] Ik R B = 40 B A T 4E B T
MIIRFEH] Ca> /K. WU ZECHE FE R B, AA R 155
G I 4 B T o AR R P A R R N A
RUILRAR S AA HIEEAR , JF H AATT DASg i 13l
I A 1848 3(LC3), [ p62 & AL

2 AABREYEFRHLE]

RIEIA BT, AA BUMIEALE] P S 259 5284
i1 e 73 4 A 498 B 5 35 S O BEL Y AR 4 B U 4
o) ek T I 4 A S A0 o) e e 4 LA 2R AT AR
BhAL T B s A0 F . AA T 22 B0 b e 4 i A
FAMLE 3 2R R E e ) IG5 5 75 3 M Tl
G N
2.1 ApEI AT mAe e 5k F AT
6 PR MG B A K TR T A B2 1 448 A2 8 2 i )
BURE L, T R BN W IR 2=, AR IR H A 2
ALY B0 A7 AP 490 1) e 24 P ) 9 B A L T
FEVEIT T BB k. PARK Z5PIHE 78 £ B, AA fg
% DA B ) 801 751) &2 4 8 14 7 =X B I N 2B 5 3598 SK-
MEL-2 20} 135 77, AA J ] DL 35 38 02 i 35 v
A (ROS /KT, FAe e im i 5 oA R R (A, 3 o
1 H BAX 3k 1 ##i] 25 F Bel-2. caspase-3 1] £
ik, AT A0 4] SK-MEL-2 41 g 7 -2, YOSHIDA
GO AL UE BT T AA 7E /) R €4 ZK R 41 L B16F 1
B PO BE B PERY . HSU Z5P9HF 50 2 B, AA g
%% 5 LI 40 i MCF-7 1 MDA-MB-231 12, I
P p38 A ERK /2 Wk , M T #0061 40 JH A K | B AR e
2 M (%) A7 3 26 A5 2 PR 04 9 AE S-G2/M P,
SAKONSINSIRI Z2 I , AA L 75 S A IE T
Z A1 ) LA P A0 L 7, B8 E TR R B T
FE R (Bel-2 FIAF3E 2 FH/BIRCS ) 11 34 i1 -5 4 A0 A 3 7
oM, UESE T AA 75 S A0 T 1 R A2, KA-
VITHA 5P 58 3 B, 78 /N B A N 1R AT S 67 e Fp g
T USTMG R i BE4T i J8 USTMG 4 i J5 , i A AA
RE0% 25 98/ roRg AR AR T AN = A dE e, Jf B
AT Y caspaseBel-2 K R B A AE A7 R 4540
P AT T, AT 5 5 USTMG it it 441 it 983 44
M T AA IR R A & 12 7= A2 ] /) 240 B e
R a5 J2 o 5 4 i 988 41 i (TCso 420 F- 1E 85 Y D) 1) 4 i
BEPEPS. GO, AA IR REIE— D IR/ AR P b
& AR ) 1) A A B, e ELAE of S AN i B AR
YT R % . THAKOR 25208 72 R B, AA B 05401
B LA 2 AT (SVG p12) AT IV 2 R fise Ji B 401 it

e 24 T P 240 i 38 5 RT S ) T 5 AR AR T 24 P A
FHIE SRR,

AA BT [FIRE R B 3502 P 41 i) el T8 200 i 3
PR T BE R . LIZEP AA fiTAE P06 MGC-
803.NCI-H460.HepG2Hela F1 7404 Ji& 41 il & [ 44 41
Pl s M 5 I R o 259 5- 3R NE (5-FUD 1#E4T
P XM AT AE PO EETE L AATE 5L 15
ROS A= i 3 3 i caspase 3 Fl caspase 9, M 1Ml i75 5 4]
JIE T, A HepG2 M2 A A4 17 G 1 HHP7,

2.2 R A I fmAe B AR

I Hf R R R E A AME SIS,
R Bk Z 3E MBS T, KA e N — B B A
T —ANBr B, IR B SR N A B IR T . 40 R
SRR A B T 4 RF TR 1) S e P 4 PR T 4R
FE IR AR R (0 e e R R E AR . HSU %62
W LR B, AA REWE 755 FL IR 40 fis MCF-7 #1 MDA -
MB-231 1, 35 p38 A1 ERK1/2 ¥ , M i 4111 1
2 L A K R e 20 IR PR A 3 26 S 4 R S A v A
S-G2/M 1. WFFF I AA GES INi% & [ p21 F1 Cdc2
2 1022 HAE F 99 /> Cde2. Cde25C cyclin B1 Al cy-
clin A R , W00 240 Al B3 e

JING F5EP G B T e 32 MR JT 18 Ae 1) AA T A
Y (AA-PMe) , [F] i i4 K I 5 AA FH LG B B85 2t
YBIT B . IXPE AT AR A BRI PUE T M
FLRB % DL A 77 A N B e 48 il (SGCT7901
ATHGC2D) K48, B A 252w N 5 26 E Rz 40 i
(GES-1D. AA-PMe /b 1 40 JH I ER 1 D1 48 fifd J&]
B M SRR CD4 AN R R A0 X I 40 i 9e
T RIE , [F] I 2 38 0 A 3 2 40 P g 4
I P1S BRI, WIS 40 M J& A 4535 72 GO/G 1 A FF:
N G1-S 5%k . AA-PMe ifs REMS 05 I T 25 19 Bel-
2.BAX.Myc i caspase 3, M BEHE 75 5 A\ 5 % 41
AT s AAFE R S A Ve Ak 5 2 77 AR 3 Y B AN AT
AW X AT AN 22 Bl N g A R S B B
RSP
2.3 PRI IE e e dn B A AR

I3 AR R B A e S B 22 1) 97 43 (2 A e
(R E— 2 R F , (R Bt 2 ) T e 8 1 i 7%, DRtk A |
ML AR ks 0] iR ) 3 e A AR A . MR
ST 200 P IR PN R A K TR A A ) AR K BT
JE LA A2 B SR B R T 2 — , 2 IR VR 97 A T
e A ARG A b R 1) B LR 0, B FEPOR B, AA
ARG Ath e i A A SR AT e 50 A 8 o R ) e
15 o AR I A BT LA T AR AL 0 o) e 22 1 5 R 4 R
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() VEGFR2 Wi #1041 771, FLAG 58 0K I 0 10 38 AR il v
P BAEWRPER, L AA SR T C-28 T B N
JcEk, HAE C-11 W B N— 807 Bics , I DA s o 1
o 55— AP UE B , B 4 AA S50 ) C-28 4b
() Bk e 36 31 6F C-2. C-3 Al C-23 b ¥2 L i3k 4T 2 kAL
REAE 7 A — o B0 A R0 1) 22 Fhofee e 40 i AR K 1) AA
AWM S AAFLEL) . AARTAYITEC-2.C-3.C-23
HTC-28 FRAL A LSS, A5 HAE A [F) 1 e 8 20 P 5% o
7R AT A (R A FH I e A A ) Ak P AR Y afn
AR
2.4 ApHIIF T b PR L AS AR R

JigRe 7 B 2 VR T JE I R . Rt P
A E A e FE T R R K 90 % LA b, B g wfk DLSE 3 b
BEFF AR B ML 297 32 B T AT IR T R
FHREAMBEEE N LY EAEZERZ L. HAO
SEIRE T T AA KT 45 7 JE SW480 ATHCT116 41 it
Fe REMP T RIS, 45 BRI, AA fe % @ T
PI3K/Akt/mTOR/p70S6K {5 5 54 T i 42 15 Pdcd4 K
03] 455 P s A L ) AT A AR 2R A R AR T2 . JING
SOOI R L, AAfITAEY) AA-PMe i@ T R 1R 281T
F M 2 1 MMP-2 I MMP-9 [ % i G2 30141 A B
A (SGCT7901 FI HGC2D) i i R AR 28, %
W AARTAEY) AA-PMe A TELE I HUMIR AR
2.5 HEBIALIT RS &

T R R VR T R E BB — (BRI
Y1 2 DR 9 A8 25 22 i iR DR A T 24 40 7 A T 24 AT
BREARALTT I 280 DAL bl 4 R 0% 184 i Ak 797 R0 s
M 2525 B EEE L. P-HEEH (P-gp, B
MDR D) 5 )8 2 24 24 14 (MDRO [ 38 BLAH ¢, T 5
7 R . -3 4 20 MDR i 5 7 308 2 5 Y
i 4E & 2 — oA T S BP0 MDR KBS . CHENG
SRR TR I, AA T LR 25 1 5 ISR ) Mg AS549 4
MR EE P, I H AA W] DS H T MDR 1 2 R % 5% 5
U P-gp KIA , X P AE FH /& t NF-«xB 1 MAPK -
ERKE/EA S, R AA 7] AR IR 58 A ia
J7 ) MDR W #5774, kA6 SRS R I, AA TT
A3 58 USTMG JI Joii Y83 2 it o) 55 A2 it (PTXO (1) Uk
P, FHLH AT e 5 BRAS T 24 2 I MRP1 5 LRP [ 3Rk
ks AN H AL HE T caspase-3 £ 1 00 5 2
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4.54 pmol/L; (HAE I EAK T 10 pmol/L B , AA Hi I 12
YRR PEAE A, S EURARTE S 2 50 , AAR S E AN T
FR b I AT S O B R K ANE B 1 BRI

R HETN T AA BH R LA T — 2 ik
W ARAIA S AR T IR, VR F A2 I8 4 i 1) 237 AL
HAS AR B, I ELE 2 I R AT 5 254 2R i, #5
BRETRE— DB 5C, BAERRTE IR R A S A 75 4
i — B K M AR S 118 B

[& % 3 K]

[1] KAMBLE S M, PATEL H M, GOYAL S N, et al. In silico evidence
for binding of pentacyclic triterpenoids to keapl-nrf2 protein-pro-
tein binding site[J]. Comb Chem High Throughput Screen, 2017, 20
(3): 215-234. DOI:10.2174/1386207319666161214111822.

[2] KAMBLE S M, PATIL C R. Asiatic acid ameliorates doxorubicin-in-
duced cardiac and hepato-renal toxicities with NRF2 transcriptional
factor activation in rats[J]. Cardiovasc Toxicol, 2018, 18(2): 131-
141. DOI:10.1007/512012-017-9424-0.

[3] PATIL S P, MAKI S, KHEDKAR S A, et al. Withanolide A and asiat-
ic acid modulate multiple targets associated with amyloid-beta pre-
cursor protein processing and amyloid-beta protein clearance[J]. J
Nat Prod, 2010, 73(7):1196-1202. DOI: 10.1021/np900633;.

[4] LEEY S, JIN D Q, KWON E J, et al. Asiatic acid, a triterpene, in-
duces apoptosis through intracellular Ca’ release and enhanced ex-
pression of p53 in HepG2 human hepatoma cells[J]. Cancer Lett,
2002, 186(1): 83-91.

[5]1 WU T C, GENG J, GUO W J, et al. Asiatic acid inhibits lung cancer
cell growth in vitro and in vivo by destroying mitochondria[J/OL].
Acta Pharm Sin B, 2017, 7(1): 65-72[2019-03-22]. https://www.nc-
bi. nlm. nih. gov / pmc / articles / PMC5237705/. DOI: 10.1016 /j.
apsb.2016.04.003.

[6] REN L, CAO Q X, ZHAI F R, et al. Asiatic acid exerts anticancer
potential in human ovarian cancer cells via suppression of PI3K/
Akt/mTOR signalling[J]. Pharm Biol, 2016, 54(11): 2377-2382.



+ 600

F [ R AR IR AR K, 2019, 26(5)

DOI:10.3109/13880209.2016.1156709.

[71 THAKOR F K, WAN K W, WELSBY P J, et al. Pharmacological ef-
fects of asiatic acid in glioblastoma cells under hypoxia[J/OL]. Mol
Cell Biochem, 2017, 430(1/2): 179-190[2019-03-22]. https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC5437181/. DOI:10.1007/s11010-
017-2965-5.

[8] WANG Z H. Anti-glycative effects of asiatic acid in human keratino-
cyte cells[J/OL]. Biomedicine (Taipei), 2014, 4: 19[2019-03-22].
https://www. ncbi. nlm. nih. gov/pmc/ articles/ PMC4264986/. DOI:
10.7603/s40681-014-0019-9.

[9]1 SOO LEE Y, JIN D Q, BEAK S M, et al. Inhibition of ultraviolet-A-
modulated signaling pathways by asiatic acid and ursolic acid in Ha-
CaT human keratinocytes[J]. Eur J Pharmacol, 2003, 476(3): 173-
178.

[I0]LU Y P, KAN H W, WANG Y, et al. Asiatic acid ameliorates hepatic
ischemia/reperfusion injury in rats via mitochondria-targeted protec-
tive mechanism[J]. Toxicol Appl Pharmacol, 2018, 338: 214-223.
DOI:10.1016/j.taap.2017.11.023.

[11] WEI L W, CHEN Q S, GUO A J, et al. Asiatic acid attenuates CCls-
induced liver fibrosis in rats by regulating the PI3K/AKT/mTOR
and Bcl-2/Bax signaling pathways[J]. Int Immunopharmacol, 2018,
60: 1-8. DOI:10.1016/j.intimp.2018.04.016.

[12] ZHANG X N, WU J Y, DOU Y, et al. Asiatic acid protects primary
neurons against C2-ceramide-induced apoptosis[J]. Eur J Pharma-
col, 2012, 679(1/2/3): 51-59. DOI:10.1016/j.¢jphar.2012.01.006.

[13] LEE K'Y, BAE O N, WEINSTOCK 8, et al. Neuroprotective effect
of asiatic acid in rat model of focal embolic stroke[J]. Biol Pharm
Bull, 2014, 37(8): 1397-1401.

[14] RAVAL N, BARAI P, ACHARYA N, et al. Fabrication of peptide-
linked albumin nanoconstructs for receptor-mediated delivery of asi-
atic acid to the brain as a preventive measure in cognitive impair-
ment: optimization, in-vitro and in-vivo evaluation[J]. Artif Cells
Nanomed Biotechnol, 2018, 46(sup3): S832-S846. DOI: 10.1080 /
21691401.2018.1513942.

[15] SONGVUT P, CHARIYAVILASKUL P, TANTISIRA M H, et al.
Safety and pharmacokinetics of standardized extract of centella asi-
atica (ECa 233) capsules in healthy thai volunteers: A phase 1 clini-
cal study[J]. Planta Med, 2019, 85(6): 483-490. DOI: 10.1055/a-
0835-6671.

[16] CHEN J Y, CHEN J Y, XU Q W, et al. Asiatic acid promotes p21
(WAF1/CIP1) protein stability through attenuation of NDR1/2 de-
pendent phosphorylation of p21(WAF1/ CIP1) in HepG2 human
hepatoma cells[J]. Asian Pac J Cancer Prev, 2014, 15(2):963-967.

[17] ZHANG H R, CHEN J M, ZENG Z Y, et al. Knockdown of DEP-
TOR inhibits cell proliferation and increases chemosensitivity to
melphalan in human multiple myeloma RPMI-8226 cells via inhibit-
ing PI3K/AKT activity[J]. J Int Med Res, 2013, 41(3): 584-595.
DOI: 10.1177/0300060513480920.

[18] ZHANG J, AL L, LV T, et al. Asiatic acid, a triterpene, inhibits cell
proliferation through regulating the expression of focal adhesion ki-
nase in multiple myeloma cells[J]. Oncol Lett, 2013, 6(6): 1762-
1766. DOI: 10.3892/01.2013.1597.

[19] GURFINKEL D M, CHOW S, HURREN R, et al. Disruption of the
endoplasmic reticulum and increases in cytoplasmic calcium are

early events in cell death induced by the natural triterpenoid Asiatic

acid[J]. Apoptosis, 2006, 11(9):1463-1471. DOI: 10.1007/s10495-
006-9086-z.

[20] CHO C W, CHOI D S, CARDONE M H, et al. Glioblastoma cell
death induced by asiatic acid[J]. Cell Biol Toxicol, 2006, 22(6):
393-408. DOI: 10.1007/s10565-006-0104-2.

[211 WU Q L, LV T, CHEN Y, et al. Apoptosis of HL-60 human leuke-
mia cells induced by Asiatic acid through modulation of B-cell lym-
phoma 2 family proteins and the mitogen-activated protein kinase
signaling pathway[J]. Mol Med Rep, 2015, 12(1): 1429-1434. DOI:
10.3892/mmr.2015.3534.

[22] PARK B C, BOSIRE K O, LEE E S, et al. Asiatic acid induces
apoptosis in SK-MEL-2 human melanoma cells[J]. Cancer Lett,
2005, 218(1): 81-90. DOI:10.1016/j.canlet.2004.06.039.

[23] YOSHIDA M, FUCHIGAMI M, NAGAO T, et al. Antiproliferative
constituents from Umbelliferae plants VII. Active triterpenes and
rosmarinic acid from Centella asiatica[J]. Biol Pharm Bull, 2005, 28
(1): 173-175.

[24]HSU Y L, KUO P L, LIN L T, et al. Asiatic acid, a triterpene, induc-
es apoptosis and cell cycle arrest through activation of extracellular
signal-regulated kinase and p38 mitogen-activated protein kinase
pathways in human breast cancer cells[J]. J Pharmacol Exp Ther,
2005, 313(1): 333-344. DOI:10.1124/jpet.104.078808.

[25] SAKONSINSIRI C, KAEWLERT W, ARMARTMUNTREE N, et
al. Anti-cancer activity of asiatic acid against human cholangiocarci-
noma cells through inhibition of proliferation and induction of apop-
tosis[J]. Cell Mol Biol (Noisy-le-grand), 2018, 64(10): 28-33.

[26] KAVITHA C V, JAIN A K, AGARWAL C, et al. Asiatic acid induc-
es endoplasmic reticulum stress and apoptotic death in glioblastoma
multiforme cells both in vitro and in vivo[J]. Mol Carcinog, 2015,
54(11): 1417-1429. DOI:10.1002/mc.22220.

[27] L1J F, HUANG R Z, YAO GYY, et al. Synthesis and biological eval-
uation of novel aniline-derived asiatic acid derivatives as potential
anticancer agents[J]. Eur J Med Chem, 2014, 86: 175-188. DOI:
10.1016/j.ejmech.2014.08.003.

[28] JING Y, WANG G, GEY, et al. AA-PMe, a novel asiatic acid deriva-
tive, induces apoptosis and suppresses proliferation, migration, and
invasion of gastric cancer cells[J/OL]. Onco Targets Ther, 2016, 9:
1605-1621[2019-03-23]. https://www. ncbi. nlm. nih. gov/pmc/ arti-
cles/PMC4806767/. DOI:10.2147/0OTT.S98849.

[29] GUO F F, FENG X, CHU Z Y, et al. Microbial transformation of
asiatic acid[J]. J Asian Nat Prod Res, 2013, 15(1): 15-21. DOI:
10.1080/10286020.2012.741124.

[30] ONISHI M, ICHIKAWA T, KUROZUMI K, et al. Angiogenesis and
invasion in glioma[J]. Brain Tumor Pathol, 2011, 28(1): 13-24. DOI:
10.1007/s10014-010-0007-z.

[31] KAVITHA C V, AGARWAL C, AGARWAL R, et al. Asiatic acid in-
hibits pro-angiogenic effects of VEGF and human gliomas in endo-
thelial cell culture models[J/OL]. PLoS One, 2011, 6(8): ¢22745
[2019-03-23]. https://www. ncbi. nlm. nih. gov / pmc / articles /
PMC3149605/. DOI:10.1371/journal.pone.0022745.

[32] MATO L, WATTANATHORN J, MUCHIMAPURA S, et al. Centel-
la asiatica improves physical performance and health-related quality
of life in healthy elderly volunteer[J/OL]. Evid Based Complement
Alternat Med, 2011, 2011: 579467[2019-03-23]. https://www.ncbi.
nlm. nih. gov / pmc / articles / PMC3136695/. DOI: 10.1093 / ecam /



FRUK, 55 RS EER A PO R 1E S L

601

nepl77.

[33] SHINOMOL G K, MURALIDHARA, BHARATH M M. Exploring
the role of “Brahmi” (Bacopa monnieri and Centella asiatica) in
brain function and therapy[J]. Recent Pat Endocr Metab Immune
Drug Discov, 2011, 5(1): 33-49.

[34] JING Y, WANG G, GE Y, et al. Synthesis, anti-tumor and anti-an-
giogenic activity evaluations of asiatic Acid amino Acid derivatives
[J]. Molecules, 2015, 20(4): 7309-7324. DOI: 10.3390 / mole-
cules20047309.

[35] HAO Y, HUANG J, MAY, et al. Asiatic acid inhibits proliferation,
migration and induces apoptosis by regulating PDCD4 via the PI3K/
Akt/mTOR/p70S6K signaling pathway in human colon carcinoma
cells[J]. Oncol Lett, 2018, 15(6): 8223-8230. DOI: 10.3892 /
01.2018.8417.

[36] CHENG Q L, LIAO M X, HU H B, et al. Asiatic acid (AA) sensitiz-
es multidrug-resistant human lung adenocarcinoma A549/DDP cells
to cisplatin (DDP) via downregulation of P-glycoprotein (MDRI)
and its targets[J]. Cell Physiol Biochem, 2018, 47(1): 279-292. DOI:
10.1159/000489806.

[37] sk, WRad, BRAN, & AV SRt 400 i 245 F O 2 (1 3R IR0 it

USTMG 5 A0 NI S A2 IS A BB D). b I g 2B o7 2 &,
2018, 25(4): 340-345. DOI:10.3872/j.issn.1007-385x.2018.04.004.

[38] AREI, it J7 e, 45 . B B 5 40T 25 I FH B R RS 1
WIB W TELI]. 1L 95K 5 40 (B2 5 hiR), 2008, 18(6): 494-497. DOL:
10.3969/j.issn.1671-7783.2008.06.009.

[39] CHAISAWANG P, SIRICHOAT A, CHAIJAROONKHANARAK
W, et al. Asiatic acid protects against cognitive deficits and reduc-
tions in cell proliferation and survival in the rat hippocampus
caused by 5-fluorouracil chemotherapy[J/OL]. PLoS One, 2017, 12
(7): e0180650[2019-03-23]. https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC5503269/. DOI1:10.1371/journal.pone.0180650.

[40] WANG G, XIAO Q, WU W X, et al. Assessment of toxicity and ab-
sorption of the novel AA derivative AA-pme in SGC7901 cancer
cells in vitro and in zebrafish in vivo[J/OL]. Med Sci Monit, 2018,
24: 5412-5421[2019-03-23]. https://www.ncbi.nlm.nih. gov/pmc/ar-
ticles/PMC6088512/. DOI:10.12659/MSM.909606.

[FsBHA]  2019-03-25 [f&EBHA] 2019-04-20
[Axiwig]  HifFHa



