- 1962 - 2% %R Acta Pharmaceutica Sinica 2022, 57(7): 1962 -1976

REERRRER]

I

InSEMEMMRAR

W

AR, EXEY, e, RARY, B WY

(L. BV [E B s A 2 Be 5 25 2B, Bt R 712046; 2. B 44 h 245 43 (b it R Wb 5] 61397 v s,
BV JakPH 712046; 3. PHZ TR K F B R R 2=, BEDE 7% 710126)

FEEE: BUS R R B R SRR (1 5 o Joe L B =ik, LA 2 P 2 B I, 0 e R B RE BT R DU SR . H
T AR ZE R R R REAR S PR T RS R TE IR IR LR N . O T e IR R T, S A I AT T KR
SERB M s, R T KGR R RIS FRAT A . A LR T S R 20 4R SR I 45 B 1
AW TR AR R A ML R ST 7T 33k, DU S FERR R AW RIS %

KRR RS R ATAR; SR AR S MR R

FESHES: R4 HRFRIRES: A X EHS: 0513-4870(2022)07-1962-15

Advances in the study of structural modification and
biological activities of asiatic acid

LIU Bin*?*, TANG Wen-giang*?, TONG Hong-juan*?, ZHU Zhou-jing*?, TANG Chu*"

(1. School of Pharmacy, Shaanxi Institute of International Trade & Commerce, Xianyang 712046, China;
2. Collaborative Innovation Center of Green Manufacturing Technology for Traditional Chinese Medicine in Shaanxi
Province, Xianyang 712046, China; 3. School of Life Science and Technology, Xidian University, Xi‘an 710126, China)

Abstract: Asiatic acid (AA) is a ursane pentacyclic triterpenoids, which possesses a wide range of pharmaco-
logical activities, such as anti-tumor, hypoglycemic, anti-inflammatory, anti-bacterial. Due to poor solubility and
low bioavailability, clinical application of asiatic acid is limited. To address these defects, the structural modifica-
tions of AA have been carried out, and large numbers of AA-based derivatives with novel structure and eximious
biological activity have been developed. In this paper, the research progress of structural modifications, biological
activity, structure-activity relationship and mechanism studies in recent twenty years are reviewed, which provides
reference for development of AA-related drugs.
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Figure 1  Structure of asiatic acid (AA) and its major modifica-
tion sites
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Figure 2 Structures of asiatic acid derivatives 1-24 with anti-tumor activity
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Figure 3  Structures of asiatic acid derivatives 25-30 with anti-tumor activity
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Figure 4  Structures of asiatic acid derivatives 31-36 with anti-tumor activity
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Figure 5 Structures of asiatic acid derivatives 37-41 with anti-tumor activity
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Figure 6 Structures of asiatic acid derivatives 42-46 with anti-tumor activity
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Figure 7  Structures of asiatic acid derivatives 47-50 with anti-
tumor activity
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FRACAL &4 58 (IC,, = 1.204 umol-L™) #1i] HT-1080
F 35 M A R S BER (1C,, > 50 umol-L™) #9140 £ LA L.
1.3 C-28{IRE1EH

TS iR C-28 FR AL BN+ ER NG T RER 5 i Ath
T A 0 10 e A R S ) S P e T A
Ha2, KERHT TR, B 5 5L C-28 ¥ e 4k 12 1
3 T 3 R v B R I A, T 4 0 T A2 1
13 BNAT AP R H R I L RGP H IR 1 . BRI, AH
X SR, RS R ) R R AT AR R T R 2
THELY
1.3.1 FEEIEIE 45 2008 4F, i A ROt 3 i i
T ERAMAPAHBEAT R, @ 72 MR T
PR AT £ 59 F160 (14 9), B J& HA 4 Py 470 Jif I8 3% 14 1
TR IR AL A WINT Lewis fitife 47 5. 25 (1 TR RCR
2017 4, Pattnaik S5 AR 45 24 ) Pf & JR B T S i Al
PR E IR S R R IR AT RIS 3] T MR 61 (K
9), Xt #L IR EE MCF-7 (IC,, = 12.8 + 2.1 umol-L™?) Al
MDA-MB-231 (IC,, = 7.4 + 1.9 umol-L™") B I H T
RAF B HNE I, IR T e A S =R (MCF-T:
IC,, = 19.1 £ 0.9 umol-L*; MDA-MB-231: IC,, = 18.1 +
0.6 ymol-L™) 5EEHR (MCF-7: IC,, = 21.0+ 1.0 ymol-LY;
MDA-MB-231: IC,, = 11.1 + 1.3 umol-L™).
1.3.2 FRBRIEME BERABI AR B R HAT Y &
LI Rh S G s . FLAE 2014 4F, Li 4k
BRI IEGINE T 12-BREEFR T BERR (1) C-28 47 |, 14
T 20 MRE BRI AL ATAEY) (B110). X LEATAEY)
FAT VSO HUR B B HUVEC B 8, TR
51 62 % MGC-803 (IC,, = 14.33 £ 0.25 umol-L™).
NCI-H460 (IC,, = 23.58 + 0.31 umol-L™).HepG2 (IC,, =
5.97 + 0.34 umol-L™).HeLa (IC,, = 28.18 + 0.083 umol-L™)
H1BEL-7404 (IC,, = 14.13 + 0.16 umol-L™) [ 41 3if 4
5T BAVE 254 5- R MERE o B S BT R LI 7T R
0, 1k & 62 Al 38t _E i HepG2 4 it 7 1) Bax caspase-
3 Ml caspase-9 & AR IA . F i Bel-2 8 R I8 KK E
TR . BEJG, R 2B SO B 8 2 sk ] -
R R T V% 1 T 5 N B = 2 AN S SR AT AR i
T 20N RRRATAEY . X AT AR A IR
T AR T24 FE B 1 R A RS k. @i ROk R
BIF R I, TR TR I 5 TG b R B 1) RO A0 S 500 7 12
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SR 82 S hH

: 51 :H 53
HO™ 1
MCF-T7: ICsq = 6.611 pimol=L"

Figure 9 Structures of asiatic acid derivatives 59-61 with anti-tumor activity

AL NIIVNESE i SZN ORI DA E 2 e S SR S e
4k A9 63 (IC,, = 6.59 + 0.16 umol-L™) 311 il T24 (1
TR RS HER (IC,, = 33.72 + 1.25 umol-L™) (15 1%;
) B 3 R B, TEIX Be AT AR I C IR B A BRI A
E AR m bR EYE . Wi &) 64 0| T24 1 1C,,
74 17.81 pmol-L*, T 75 3 C 3 51 A ¥k EE (b5 4 65,
ICy, = 33.72 £ 1.25 pmol-L™) J& S B A 1 Pt s i «
H2, B SRS AR B C IR ERFE AT, il
TR R AR S R = R M AT AE M B A A% IR T
xB (NF-xB) & [, ifi H.C-2.C-3 fll C-23 fii A2 FE 1k
GEUNETEE ST O EEATAEY . HohiE R R A
166 (&1 10) #] NF-xB 1) K, {E £ 3] T 0.36 pmol-L™.
I > T X FUR I, A1 66 11 C-2 Fl C-23 F Ak
% 5 NF-xB i P H AS ) 2 2R IR k2 ASP291 FI1 ARG295
TERESEIE . X WVFIRRE 7 O 4 B AT AR P 4 )
NF-xB G P58 T LW 5 AL SR R R o B s 4
IR IS TR IF 7T B, LA 66 XF T24. HepG2.A549. A

K24 it fii 2 40 B2 NC1-H460 Al Dox () NC1-H460 X 71
o firb e 40 B 25 e B LR T R A IR A A A, 3 1C, 430
4 3.96.5.24.,2.67.4.46 f1 4.84 pmol-L™*. X SEHff 5T 45
BRI FERRAT AW W AE A NF-B 1l 71 ok & %
ENiR e

2015 4F, Jing S5 KL 55 Fil 2 ok 1 Iok Pk M S 17 B
FINE T AL HER C-28 47 b, (HR 4G 0 B S SR
FERRAT AR BRI M55 TR S BERR, 1K X ST AR )
R EAT OGS 20 B35 & T R g . H ik
967 (K 10) #0 A549 (IC,, = 2.4 + 0.4 umol-L™).
B16F10 (IC,, = 4.2 + 0.2 umol-L"). HelLa (IC,, =
4.8 + 0.3 umol-L™").HepG2 (IC,, = 0.9 + 0.3 umol-L™).
SGC7901 (IC,, = 4.6 0.1 umol-L™).MCF-7 (IC,, = 4.5 +
0.1 umol-L™) F1PC3 (IC,, = 9.2 + 2.0 umol-L™) ff135 1%
R TFEERRI AR UL L. 3B pLEIE 7 R B, b
G 6T & — > 2 B8 p A R, 8 % BEL b R 40 i £E
GO/G1 i, 1 cyclin D1 J& 344 #6 14: Bi lfF CDK4 LA K
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G 54 S 57 S BUE R 7 3 (STAT3)4,

2016 4, Sommerwerk i &5 21 4 BL0KG 52 Jk g ik
SN 2,3,23- = LBk HEAR T RERR b o] 45 2 R B Al
A1) 68 (&1 10) I N 8 298 20 i 518A2. N &5 i e 4
ff HT29. MCF-7.A549 il A2780 i) IC,, fE ik 2| T 4/ i
JRIKAF, 43 524 0.19.0.22.0.54.0.29 #110.08 umol-L™;
M2 2,323- = OB TFRHR S P P BHEE)E
(1% P 69, [ 10)™, JL ] 518A2 (IC,, = 0.006 +
0.002 umol-L*).A2780 (IC,, = 0.008 + 0.002 umol-L™).
HT29 (IC,, = 0.017 + 0.013 umol-L™) A1 MCF-7 (IC,, =
0.012 + 0.002 umol-L™) FiE PR S Bt s 1 2 /b
1500 fi .

1.4 HApgin

IR AR S B ERAG U 5 8 I T R Y SR A R
1R A S SRR AT AR, BRI Z A, IR SRR TF R T —
ST ) D7 VE AR AB AR 5 B DU IR MR R AT 2R
Yo N, skEAN UG TS R S R R B SR
TR L AR B SRR T 3 MR T R EL &)
LnAA (NO,),*3C,H,OH*nH,O (Ln = La, Ce, Eu),n =1
B 20 AN i R i M 5T R B, IX SR S ) 4
ECa-109 13t P /2 U E BERR 1 2 £, 1 L 1C, & K
T 27 pmol- L™, {HIX 240 & AT BLHAE F T 4hifds, ix
SR IR ) 2 R A BE 1] 25 M B R AR E T 2% . Ab,
N TR T R e 2 e DL 5 3 L G 5 e ) R,
Garanti 2517 FH H J Be R LA 22 1) T [ 44 494 K i
Ao BESRIX PR T RERR IR 0T 1A B A L R KV M T R A

TR HREL 1 i P2 TR A L, H TR S R I A RN 2
6%, 15 751 g 53 AR TR vl M s TR T AR S

I R M SCER VR, T DAAS H AR S B 1 2
S PUMREE A RO R (B11): © HIREH R
[ C-2.3 F1 23 fi F2 FE [R5 JHEAT L Bk Ak R 0% 0 35 3 L
Jig v P, AN 1k 2 SRR 2 B AL AN RE B AR RS
P, @ BT ER K C-2 3 5L Ak i AR TS M, 2
HE— DA R Tk i i T B G RE , B AT R
1% 1) C-3 1 23 o7 () F2 3 15 2,2- — F 480 ik 1 6 I o o) o
ik B8 i 2 B RS 1 @ R RS REER 1) C-23 i R AL A
A IR R S5 Wi T S WA AN K, A 2 gk — 2R A R IR
B J e B 4R e v P, FLERSRATAE s v E = T ik
HERAT A, ® HBAE BRI ARG S oA F T
PTG, © TER S BRI A BRI AL G | e g ik 55
WTH gt @ B S BRI A BN IEAT T IR )5 e Y
TRIETE; ® ERR T R C-11 47 5] AFRIEE K a,f-A
LN AN R B S B R R 1 © FEAR T EER ) C-11 £
S5 B R T e W R RS M O KRS
fiz C-12 11 C-13 4372 [a] 3 XU E N B B C-12 F1 C13 4
TR A RE R R 1 D RS HR C-13 1 5 C-28
PEFRIE AT O B PR TR AL A T $ v v 1 02 g AR
I HPR C-28 A7 R FEAE i B e Ak 5 W 3 1 38
XF B EE R A A o
2 MEEBREWEISSIERRBEME

R B R R AT AR ) 3 2 8 o 0 o SR o R 1
AR o086 26 B T SR R HE SR PRI A« A7F 2009 45

Figure 10  Structures of asiatic acid derivatives 62-69 with anti-tumor activity
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8. Introduction of keto group at C-11 did not significantly affect activity;
9. Introduction of hydroxyimino or Br groups at C-11 increased activity;
10. Introduction of hydroxyl group at C-12 and C-13 increased activity;
11. Lactone at the C-13 and C-28 increased activity;

' 12. The activity of
¢<——{amide derivatives
! is usually higher

than that of esters

1. Acetylation of hydroxyl groups at C-2, 3 and 23 increased activity;

2. Conversion of hydroxyl group at C-2 to hydroxyimino group increased
activity;

3. Formation of isoisopropyl ether at C-2 and 3 increased activity;

4. The oxidation of hydroxyl group at C-23 to carboxyl ester increased
activity;

5. The transformation A ring to 5-carbon ring increased activity;

6. Ring A fused heterocyclic to enhance activity;

7. A-ring cleavage increased activity;

Figure 11  Schematic representation of the structure-activity

relationship of asiatic acid for the antiproliferative activity

Zhang S50 FR S BERR I T 45 M 1 0 B A 20 %)
B R R AL R A S AT A, R AR
LR 1) C-2.C-3 fl C-23 fr 2 HL b 4T < Wk Ak (B 12), 10
J& AT A 11 (1IC,, = 33 £ 2.9 pmol-L™) Fil ik J&
Tk 2 A TR 1Y 9 PR RS B TR (IC,, = 17 £ 1.2 pmol-L™)
BEAR T 3T 2 %, 1 7E AR 25 B R C-28 17 5] NS [A] f) 22 Jk
B R B (B4 70) HL &k T B S R I, KA
L RS M G e % A Ak 4 ) R R A i, e

76:R; =R, =H, Ry = TBS
77: Ry =R, = Ac, Ry = TBS
?B:R1=P\1=RC.R2=H

B AT AR Ve B R T e B ER AT AR . A, SRR
) TL A0 B 5 R AL I 1) 1C,, {5 3.8 umol L,
ke ls (th 5972, 1IC,, = 173 £ 27.4 umol-L™) fi74E
Y HI1Co 15 38 7 T 100 umol-L ™ {H &, ¥ &M 71 1)
C-2 {7 o-OH ¥ 1.4 p-OH (. & 73, IC,, = 55
3.2 umol-L™Y) JEIEPEREAC T 14 £, FIFEHL, HEKAS
LR C-2 fif a-OH #4k A B-OH (th &4 74, 1C,, = 93 +
7.1 pmol-LY) JEiE R T 5% . X RIS HR
) C-2 fL a-OH 2 4 ] 47k i 5 1% A Tl 3% 178 ) 245 28 4]
55 0 A B, Wen 2589958 i 4y - R0 R AR 55 LR C-3
1 C-23 {7 3 J= R 0% 5 0 Jor 5 1R 0 Tl O 2 10 48 1
TR 5% JE GIn72 Fl Aspd2' T il S8 /E F, TR C-2 1 F2 4k
RET 5 GInT2 . s E Ty . X MVFARRE T At 4%
R 3N R R R AT 4 WA AB 1 B H C-2 47 a-OH
AN B-OH JE BIBEAC 1 iE e BbAb, 18R BK A B
FRIEAT HEFAL (T & 75, B 12) A i 1 .

5 2016 4F, T R AESEPOUB R SE T R B L A9 7140
A R JE Tl R il 1 0 M AR T AR S B RR (VS M [RII
KBTI — R AR E =R
B (& 76~78, B 12) BIRRAK T35, HIK T 2%
SUEMREER . 50k, 120508 4 AR 24 2%
B G I B R RE FAG U PR 0 i 1 W P Jo. — il A
L-F% 2 MR 70 9| N B SR 1Y C-28 fi. (HAE, X
ANRTAY (F A9 7980, B 12) 40 i b 5 63 1 14 1l 1)
BT AR B R,

NH, TFA
80

Figure 12  Structures of asiatic acid derivatives 70-82 with anti-diabetes activity
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bR 1 bk DUBE SR R AL B N HE RUTT R 1 B
PURE PRI TS AR T R AT AL o, — 28 L o- 7 &) B
T HG L R RS SR AT AE BRI T . i, 7R
2020 4E Ahn ZB9 )\ Actinidia arguta #7143 &5 tH 1 5 %)
o761 6] W EF A DR 75 SRS M I G S SR AT AR
). £ 2021 4F, Huang %593 iof Wk e R4 (linker) #5
2 7 N-"F S R B -L- R IR AR IC B 7 A T TR 1) C-28
L3RR T 24 BAT o- 1 &1 BE B0 HE T AT AR (T
AW 8182, K112). {HZ, &4 81 (IC, = 1505 +
19 pmol-L™") 182 (IC,, = 1 193 + 22 pmol-L™") [ 3% ¥4
R HR (1C,, = 214 + 25 pmol-L™Y) 1) 20%.

3 HEEMEMEITSITAENENS

JHF £ 4 AX R — ol b i P RS h RE R T A  2 HY ER
AR T 9 B R A A5 SR R 1 MR IR A e, A AF
YAk RF 2L R R K TR SRR AL R, A TR
5, R IET . BAE AN 2 90 SRR 4 RIE
TR =G B A SO E Y. 7E 2004 4 Dong
SEBOR B T RS BR (EC,, = 29.80 pg-mL™?) fE WLt
P RT DRG0 (HSC-T6) RAEPUIT AF 4EAF H, IF3k43
TR E RERRAT AP G HSC-T6 KIS R (L&Y
83, K1 13): O A5 FER 1) C-2 Ar F2 FAZ UM Bl 1
FHE \ £ 19t 25 B SR A Bl 3 R R S AN RE W) 2 32 v i,
P, TR HEE A UL (CN) TR R miE e, @ C-3

1.Keto group greatly
reduced activity

2. OBn, AcO, OCHj did not _ R
significantly increase activity e

3. CN modification greatly ‘HO),.
increased activity

HO i 5. Sugar group
4. Bulky groups greatlyl_". . * H BT
increased activity “HOY

83

S
HO 89: R; = H, Ry = CHj,
90: R, = OH, R,=H
91: R, =H, R, = CH,0H

A1 C-23 fir ¥ 5] NARFR K 1) ] (19 n H 2,2- — H4R
B e ¥ C-3 Al C-23 A F2 B AR 47) 5 B F 42 i 1k
@ CIF M C-11 AL 51 N B EE FRARTE 1, @ C-28 4%
B B G B R B I 5 R ) AR S 1 . AR X LERT AR
Y, {484 (EC,, = 5.56 ng-mL?) FEBLH T 58
() HSC-T6 il & 1, RS EHERI 5 5. HLkw iR
B, 3X A G T LA i 1 2 S5 A R 4- AL 2
24 R A B R 7 2 (TIMP2) Fl#E 4k 4 KK 1 g1
(TGF-pL) 55 2 Za A kMBI HF R4 . B 5, Jeong
LB BT AN BER e C-2 (W AB M 5 11T AR MR
F- LM (GalN) A PU & A6 B (CCL,) B2 FF 46 49 1 £
PAEH .. BECRIL, MR S R C-2 o 32 Bk 4 S AL i
BRI (A7) 85) BLH HIEH bR (&9 86) 5, AR
FIATAENCE 10 pmol L IR FE F I AFRCRIE T8 %
A YRR S B A B 259K KB .

7E 2015 4F, Li S50 i 5 F1 55 FE R C-28 i F2 2 Al
ARERILBIGIRG T 240 RIS HRATED (I
) 87 F188, 1 13), £ VU A B FUS 1 452 45 B o
R LI LT AR A AT DLE i PR I R T T A R R R
G (AST) FI N 2 IR = 2L i (ALT) & &=k K
P HEER . N850 &, 14 &4 87+ C-28
B7 e 3 0 IE T 28 (k&4 87d) F#1Ik AST A2 ALT 1)
RO T H AR ] RSP 88 R LAZRIR b5 T

O CH,C0,C.Hs

O‘CHZCONHR
a:Ry=R;=CH,4
a: R =NH; : b: Ry = CgHs, Ry = H
b: R = CH,CH3 R1/}\O/ c: Ry = CHyCHy, Ry = H
c: R = CH,CH,CH; Ry d: Ry =4-OH-C¢Hs, R, = H
d: R = CHoCH,CH,CH; 88 €: Ry = 4-OCHy-CgHs, R; = H
e: R = CH(CH3). f: Ry =4-NO,-CgHs, Ry = H

Figure 13  Structures of asiatic acid derivatives 83-94 with anti-fibrotic activity
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THEH (LA 88f) il EEUE . i, Guo S5 I fill
VA TE R T — RIVEA U4
Z RIS HRATAEY (L& 89~94, K 13). B
X AT AR Py T e g ) BT A0 B (HCV) IR ek
RIFVEH, A XA G HT HCV S PRI A, 1
HA AW b 3 1A BOR T B B2 A K
I, 3 75 AR S R SR ARAS T ke gk — AP 4 i
PLHCV iEE.
4 MEEREMEHSRHIFNERE

I A R —AES X E A p) i R, BARIER
LR 3 1 7E — 8 B (0] Y BB 6 ), (HURAE B & %
RE JJ IR B B T 52 R Ged 2> i il 1 & AT, K
DURBIEN G — BAE SRR A I EEM LY. £
60 ARt HIF 5 ol AN T B R LA ) T A 4
B = (LA I 78 2 B, AR BR AT LU I 3 hn 4 i i
TEREATIE S AR IS P A 30t 7 0k B 4T 4 41 i 184
DA B 1Y Jie Jii B 1 R 44 3 4 B 1 1) 4 7 SRR
e DA A0V, [F S, AR R v 4 M AME S
TG (ERK) {5 5 18 6 K Ik 17 1 52 45 4 22 T8 1) 18
I A, R R R I S A A A 1 T A
TS24~y (PPAR-y) K N 1 TGF-B1 Al 4F 1 il S5 S 2
177 -1 (PAI-1) mRNA [ ik | |- Smad-7 mRNA
) 23 SR 1) e IR 3 A

7E 2006 4, Jeong™ i F 25 B G HEAT T 45 AAE 1,
B S RS BER 1) C-3 Al C-23 £ ¥4 3 HEAT Bk AL L -5
C-28 i R ELHEAT iR AL, G X R 145 2 (AT A= V0%
PR T e U AT BB, (M08 R R R B
FES (th &% 95, 1E 14) A 3L Z Bk s (1L &4 96,
14) fP A EVEEAR T MK B ERAT A . BG4
16454 95 F1 96 1) C-2 1o ¥4 35 S Ak B (1h 4 4 97 Al
98) Wik — ¥t E TIEME (K 14), NI IREMT ALY
98 ¥ HT,, (¥4 77 50% il 14 Ifil it 75 I [A]) A 24K T 5k &

+o/ 97: HTj, (day) = 6.01

WEVR TR, X RRY, C2h R EEA A
FIF (et Gl & A
5 MERMEWERIRSIMEERMRESY

LA PRRIE, CRRBA /R M BRI, A2 — = £
N fit B (R A A 2B AT M . BLE 1999 4F, Mook-
Jung ZEO g e IR 55 FLRR T ] p-VE M AR B BT (AB)
Rk, FA TS BRR & — PR I7 & AR50 R E (198
TEA . B JE HLEIT 7R B, R Bl vl idE
P 4 40 R T B AR AL R A ) tau BR R
8 R A0 100 1) 2 15 LBk 56 B (AChE) 1% METV DL 2 4l
i1l 9 7 S5z I VAE A FETATL 1) Sk A #7038 4 0 R e i 1

JUER S RLRR AT I8 R 1 22 200 R 1 HtrA2/0mi
FIA . 1 Bax. caspase 3 ik LA K ERK1/2 [ 25 i 1R
b BE PISK/AKYGSK-38 15 5 il B 55 £ kI8 R R K
FEUE S R E A, AH 2 0 AR 5 RERR kAT 45 M A Ak
DA 50 P SR P RV PE O AL A > . BT
Jew ZEUUTE 2000 AEHRIE ) — T 7L, BRA R T — R 51E
A ABIE AT RRATAEY . B MBRRK
PR, 31X AR BRR AT AR W) C-28 7 Fi KL 28 TR i 1 B i
Bk, Hh s (LA 25, 9 3) MK BEke 3L FefiT A
99 (& 15) W& A R T R I — 2 Ze A, T 24 R 46
RO & 5 (fk A9 100, 1 15) JEiE T S R R
A2 K RS BER ) C-2 (L BRI AT 4 AL (tb B
12, 1 2) 4k (kA9 85, 81 13) 5k C-3 L Fl C-23 {1 ¥4
SEHEATEAL (T A9 10170 102, 18] 15) DK B #% 2 [1k
9186 (P 13) F1103 (18] 15)] £40F & Hh FAAR 1 951 .
6 FIRSRE

MR =) h FH B BH L EER AU E
W FEx FLHEAT S M, DABR i A i P B
AL PERE OO RCH 24 13T 250 R I — A EE A A R
U2, R ME R RIE) Z HAE 2 M BE
P, ER VA R 22 AR R S B = S 8RR AR S

O Th
71\0/ 98: HTso (day) = 5.67

Figure 14  Structures of asiatic acid derivatives 95-98 with activity of promoting wound healing
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99: R = CH,OCgH,7
100: R = THP

101: R = CH,0CgH,7
102:R=H

Figure 15 Structures of asiatic acid derivatives 99-103 with anti-
Alzheimer's disease activity

A L RN 52 2 7 PR BRI, X AR R
AT ER B MR i HL G 1k CL BN R AR 25 TT R sk
K — AT

MR SCER 23R AT LU I, H TR AR S R
it ST R T ORE R AR, B X C-2.C-3 /M
C-23 fir o3k BEAT £ I Ak B C-28 i F2 FE T B I JH% i
L UM RS I R A R D H R e e de
NN v N EP RN E B IR T NP NE 2B
TERR S RERR AT AP0 B UM R I A, T X A 24 B A
MR TR, XA S IR AT K B —E W
J R YE . tEAh, RN AR S FERR AT A YA R AL R F
FEABARXT D

PRIk, AR SROxT AR 5 B 1) 45 K A 0 o B R AT BT
Z HIBIE T, 3R — 24T a MR ROk &, DL S AT A+
XA FERR AT & BB AN g R, I 7 EYTR
NI R N AT AW A P R e SR, IR A
FIHLH AN L (AT BEIR AN ST . A A SCHY A 40
HEEREN IR T IR R A RIS % .

YEE BTk X SR A ZLAR AN A JA 0 47 9 SRR 1 45
B RAEHG RS TE SRS S A .

FIZEZE: B 1E & A A EEAR TR 2 R
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