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Research progress on natural pentacyclic triterpenoids and derivatives in
anti-cardiovascular and cerebrovascular diseases
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Abstract: Cardiovascular and cerebrovascular diseases are the leading cause of death among adult populations in China. The incidence
and mortality rate shows an upward trend, and age of onset is younger trend. It is necessary to treat cardiovascular and cerebrovascular
diseases with Chinese materia medica. Natural products have been the important and productive source of leading compounds for the
development of anti-cardiovascular and cerebrovascular drugs. Naturally occurring triterpenoid saponins are generally plant-derived
secondary metabolites with various valuable pharmacological properties. Pentacyclic triterpenoids of which show obvious
anti-inflammatory, antitumor and antiviral effects. In recent years, increasing researches focused on the anticardiovascular and
cerebrovascular mechanisms and modifications to improve the pharmacological activity and druggability of pentacyclic triterpenes.
Based on previous studies, the literatures and patents of nearly 10 years on pentacyclic triterpenoids and their derivatives have been
consulted. The research progress of anti-cardio-cerebrovascular activities of four types of compounds, oleanane, ursane, lupane, and
friedelane, related to pentacyclic triterpenoids is reviewed, which provides a basis and reference for its further development and
utilization in the treatment of cardiovascular and cerebrovascular diseases.
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WEWEA TR, BRI L Bl T A )
VA2 2GR . W TR LR =R A S
Y BATIR YT O I 008 (R4 FH 5 HG b S IR e Y
Ay 5 e AL S IR T RCRAR S B B, 2P Eobe Y
S ARKE e B R AH DGR 2D o AR SONE LR = 2R A
B S AT A i 0 i LA 9 O T 8t e AT
ZRIR, Ui IILE BRI VR TT 250 R RIE R 2 LA 4t AN
Z%,
1 RIRZGERAEMEER
1.1 FEREE

FIREM IR B-F a8, RS
TERE AT 1z, EELLF R . B ElCE 1 45
AREFE. ZEXBELEWEHN P RZ T
C;-B-OH, H 5 A7SuHH A/B. B/C. C/D #¥°h
KA, DIE BZHONMM A Hp 53R iR
(oleanolic acid, OA). HH¥PR (glycyrrhizic acid,
GA). HHRE (glycyrrhetinic acid, GTA). &
2 1F 6 (hederagenin, Hed). IR (maslinic

acid, MA). LM R (rotundic acid, RA) %54
F= B0 i L S B S SR e 2 UEE = 2R Ak
HEW. S ILE 1.
1.2 B7kEE

L9 e B PR a- B R GE Y, b2 To3h =i K
Z RS HRIFTEY . H A/B. B/C. C/D ¥ #h%
X, D/E MM Li . HhReRER Cursolic acid,
UA). I EEER (asiatic acid, AA). FHEHIF
(asiaticoside, AS). £} &K (corosolic acid, CA)
S LA PO 2 EEAE A . S50 LK 2.
1.3 PREiE

P SRR TR =% E RN L ThIR, H E ¥
C-19 fitf o-t8 RN, A/B. B/C. C/D.
D/E #uxa. P Gl AR =5 RGN
MR (betulinic acid, BA). FAMEfGEZ (betulinic
acid). Zit WK 3.
1.4 Kigkil

AR JGE R IR = 7E AR YR H 5 SR H S

1 AECRnERFERMSTEREE LA =FERLSUEN

Fig. 1 Structures of oleanane type pentacyclic triterpenoids with anticardiovascular and cerebrovascular activities
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Fig. 2 Structures of ursolic type pentacyclic triterpenoids with anticardiovascular and cerebrovascular activities
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Fig. 3 Structures of lupane and friedelane types pentacyclic triterpenoids with anticardiovascular and cerebrovascular

FIHTE

activities

BAAR MR 1. A/By B/C C/D # ¥4 %50, D/E
WA ARFebe Y 73R =gk AR G E A
JELL 2 (celastrol, Cel). &5 ILIE 3,
2 AR=RERELTEYIUO K ERR R ZAIEE R
HIR =M RUAE Y AT O R R
PO HOOEE. FULHERE . PushlikoRFeas
oy Priiae . HUONUER R LF4ab /A s
BRI SRS R AR DR E A
of i e 22 24 0 T A A A H
2.1 fRIPCAERIIER
2.0 HOOAUERIM Kim S5 B AR K R
D iEAT S8, DLARIEAR OGN 77 2045 T OA 3 hn 2%
Lo JEEARK Catrial natriuretic peptide, ANP) 7K°F,
HIG 055 ANP 2 #H ANP mRNA ff15RIL, 4558
FH], OA[10~30 mg/(kg-d)] ALFH A1 b 55 LA
KT ANP 7RI B, T8 BT O IERRAS
() AR o T 2R 5 37 K B JUTL B R 5 4 A5
B, WHFT GA FRAR BT R R Co LR L PR VRE T 452477 1)
RYER, 45REW, SHERMAIE, GA kb
RFIEA (2 mgkg). FHIEH (4 mgkg). =il
B2 (10 mg/kg) B IAE O LER ML P REVE 55475 5
3 PR ALER I A4G (lactate dehydrogenase olding,
LDH). W& H T (troponin T, ¢TnT). MRIAIE
[A-F-0. (tumor necrosis factor-o, TNF-0). 1404}
% -6 Cinterleukin-6 , IL-6 ) . i & 1k ¥ W
(meloperoxidase, MPO) 7KF; &2 F w4
LS (sphincter of oddi dysfunction, SOD). %k
H AL E AL YIEE (glutathione peroxidase, GSH-Px)
JEPE (P<<0.05. 0.01); 3 BEC.0 L0 T4
o (P<0.01):; 23 LI B MR -2 B
(B-cell lymphoma-2, Bcl-2) Fix, T B k4
fogRg-2 FEK B Al (Bel-2-associated X, Bax) #
1% Sz _EiH Bel-2/Bax ik (P<<0.05. 0.01); GA
U200 B o JULTRI , O% K B L o P 4 0 R

ARPER . BRSO UA XK R WL i 7
BB RYERT, 8RR, £ 120 mg/kg UA
PR S, IfLVE TR BT MLRE /T (total antioxidant
capacity, T-AOC) WETHE (P<0.05), CIHZLH
SOD i RE & (P<<0.05. 0.01), GSH-Px Witk
B EJEm (P<005. 001), H &
(malondialdehyde, MDA & i 2 B (P<<0.01),
UA BEA RO sm BT A LB 1, $ ) A4k S
5, s UgEME T MR AA X/
W EBK S g B ARG VR )RR ER, FHERIT
HOTREMIMLE], 25K, ig 50, 100 mg/(kg-d) AA
AR 25 A I B U4 (transverse  aortic
constriction, TAC) %S OIUEE, &0 6,
FEAIC N % 46 2 K K] 7 -B1 Chuman  transforming
growth factor-B1, TGF-B1) J:RIAIE KL, FF
il p38 22 R FIH LR B (p38 mitogen-activated
protein kinase, p38MAPK) FHI4H g 4N AT & H
(extracellular regulated protein kinases, ERK1/2) f
21k, Der Sarkissian Z5PVR B Cel W3 b if1 41
Z -1 (heme oxygenase-1, HO-1) HI#VATE
SRR AR SR O L, Cel 7] BLREK K RO L4
Jil HOe2 FEBREUIME T BRI I A], Cel A fik & Lol
&3 HO-1 Ki&, R4 ABIIEIA; fEMIME
JAAIX, Cel FEARNLRCET 440 Mo A B 240 f i i,

] TGE-p A RIERE I . B4k &Pl RA
NEFWEY, EWENT PSR RA iT4EY)
3B,190- — BEFIMEIL- b N R = B3R, @I E RA
TN 3B,190- — BEFAME LR SRR — 44 #5550 L
SR IR B O WUBEZE T AR 820, R IR =4 ER AT R
FECUER M2 R, AT AR o L = B HRE I, Ok
BOIEGREE; HHAESAFIEMFEZG T, X
WUFR M (creatine kinase, CK) 1 LDH Bt H4)
Hil4E B o T P 2GR s RA =Nk
AT A4 2 550 B 20 B ) i v ol AR R B AR =
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MDA & =B B Tk B RY2H; 1f] SOD ¥ 1 4]
AR T ok B2 . 488 RA =8N AT A Re
g 0 e m AR Y SOD g v, B T LU R s>
AR BRI A MDA BIAE R, A e R
AN, IR IR RE RS . Tian 25005 T
— R YH Y S IR -3-O-B-D- 1 %) R 1% TR WLk e 4%
HATAY (SR 4), £V R, S

HIAT AP HoO, 55 1K BRUC LA ML HOC2 i 4%
BAEPEZR RIFMIENE, REald, 744 28-N-
ST KL RE R 2 -3-O-B-D- M I 2 FUBE T EL A A X
HE 55 Y5 R - 3-O-B-D- ] 7 ik 1tk TR Wb g 7 L o
SRR VER, 7E 0.1 pg/mL FATAEY 28-N- T
H RE TR i -3-O-B-D- Mt g Y= 7L 0% 7 58 5 4 b 354
H9c2 4115 71 -

B4 STERER-3-0-p-D-FE BRI MIEEITEY S

Fig. 4 Structures of oleanolic acid-3-O-f-D-glucuronopyranoside derivatives

212 FinE  HESULIKR O Hc2
LIS R, IRR GA FI GTA X BG4 (reactive
oxygen species, ROS) 7K-FHIggmm, S5HEKH,
R EWRE 0.1 pg/ul GTA B 5& M4
Pt (P<<0.01), #FJEIREE GA Y6 WM EEE;
0.1~1X10"° pg/uL GA. 0.01~1X10"°® pg/uL GTA
WA BERIRAIEEEER (P<0.01); 1X107°
ng/uL M KK 2 11 AT LU TS 41 il N ROS /K-
(P<0.01). 1X10° pg/uL GA 1 GTA 7] LL & %
R 5K & T ESH ROS /K°F (P<0.01). R
GA 1 GTA i B4 N ROS /KPS 0o 3
213 Pk O BEREPA K RA ATED
3B,190- - BRFAMESE-ROLh N = BN SRATA, W FL R
IRA =8NERATAEY (1004 50, 25 mg/kg) RERAE
LR iv EABET SRR BRI = O R E R
A [ R4 R I L B SR )RR ), ELR I
BIFM BN R R OAREKI/ER T, 100
mg/kg RA = ENERATAEN IIAE F 0 SR AR T BH 1 X6 B
ZPRAH A (100 mg/kg), FERERILZAT AW O
FREIRITE AR .

2.1.4  HiEHBKMEREREALAIGTIMAS  Pan 25y TR
7t OA TEZN KBS FERE AL H VB, B %6 100 pg/mL
A AR % B R B (oxidized low-density

lipoproteins , ox-LDL) 4k ¥ A fiff & ik P Bz 40 g
(human umbilical vein endothelial cells, HUVECs)
24 h @ E KRR AR, SR BN, 5
XPREZHAHEL, A2 A0 MG i 4 2 ) SR,
AN FIR FE #T OA (04 10+ 20+ 40+ 80+ 160 umol/L)
A ox-LDL 5 3 20 Jifg 369 5 40 ) /E Y, 40
umol/L OA i B f 8 s ox-LDL i3 ) HUVECs
S B G FE A HAF H od I OA RIT MITHFR: OA #
YT ox-LDL 55 ff) HUVECs A% fiL 5 5K
%-(1-7) [angiotensin (1-7), Ang (1-7)] MIEMERK
FEUEN K AE A - Niels 258 58 17 OA fE#IR &
HE bR/ BRI IPTEh KR REEA AR, R B
OA Pl RIEA R PIEN K FEREALAE A, A sz i3k
JiE BKSF 52, HAN 508 N R — SR il
(endothelial nitric oxide synthase, eNOS) /S
PR RE B FA ot = A KB . Tzakos 250 I BA H
ARG E-E, H BA full/ ML
i 5 A7 R Z AR Bt AL, BA BE BT IE 2 b
5 R MR AR I T s BERL AR, B T AE I TR
TR, Cel HA VAT B0 ik ol £ A8 14 1) 24 72
P U e e R I Hed BAT 1T AR B kA
WHIZGEAE, LIRS RRY], SOt B4
b, Hed 452540 K R IMAKWIER ULEG [ T-5§ (creatine
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kinase-MB, CK-MB) FIJl#5% -1 (troponin I, Tn
D KPFRE TR, SIEFRAME, &ttty
HAR RN 6-li-77 77 2% Flo (human 6-ketone-
prostaglandin Fla, 6-k-PGFlo) A Ifil # %t 2% B,
(thromboalkane B,, TXB,) HJFiA/K -8 & 217,

M Hed A LA 400 % 5k O o B Y K BRI % 6-k-
PGFlo 1 TXB, 245, il MEREE; Hed X T
e IR AR AR RO R A —E R ER . b

kAU R IR ER L 7, K CA BLAA 5
FFERET . WS SRR TR RS, 153]— R5I5R
FARP CA B AA fiTAEY) (S5HILE 5D, R R
BH AT AR 00 W Do T TR A T 2L A A [ R ) o £
i, HARrEY N-o,3p-— LB A I AR H be-12-)3-
28Tt % )-L -t 2 8 F R 4 F B o B35 (ICs0=
11.2 umol/L), CA B{ AA 7A=Y B A Tl Aia T 3
ik S AR L S5 905 (1 1 o

5 RFRBREASERIERITED

Fig. 5 Amino acid derivatives of corosolic acid and asiatic acid

2.1.5 Piebdith EHEIHTT AS X O R
e = O WUEF 44 AT LA 20 TGF-B1. 1 R R
(collagen I, Col D A1 III i (collagen 111, Col
D FIEW s, S5RER, AS Al L IEEZE
KRIEMIEIX TGF-B1 MIFRIE, MMkss AL X
DL Col 1. Col I 5 & S YT, JAR 0L
FEBE S 7o 2 D VA A FR L, JE % I = BRI )R
FHPIEE AS XK RO 5 A ThE R A SRR
R . S5 IREREH, AS R ORURR A E
Dige, > e s AEREAE I O LA ZUR TR e KIS,
IR K BRO B 5 O ULET 4EA
2.2 {RIPRNLELBIER

Martin %2R I OA FA et Se s e 19 & 4y
AR HiE 2 (experimental autoimmune encephalomyelitis,
EAE) MR, ARV PRkt 4 2240 4 I
3 592 Ve 2 AR 288 VA 4 L 92 il DA B B T 4

1 Chelper T cell 1, Th1) /4#Bh T 40f 2 (Th2) &
ISR A . XUFIEEPIET OA Yot ik I 5
Mg (subarachnoid hemorrhage, SAH) J5 - #H
515 Cearly brain injury, EBD) s, Z5HRE
N, SRAE, OA HHAEEZEIEM KRN &
MR TRETE 7, I 25 B AR 500 B S R 0 e 2R AT
1 5 5% K -F--«B  (nuclear transcription factor-xB,

NF-«kB) /40 a5 4> 7-1 Cintercellular adhesion
molecule-1, ICAM-1) {55k 8 H I FRIAKF,

ESYEASG ¥R (P<0.05. 0.01); OA g
B SR K B SAH G 19 EBL e 4430 252N 5 b 7
/IN BRI 5 L 200 2 ik S 3 7 A 428 4 1k 4 fi kI
TR, 5T Hed V097 G2 R 25 B4, 45 R R,
BRI/ SRS IR TR (128.631.5) s; Hed %47
29N RIS B T35 7E 200 s B b, B TR
H (P<<0.05). Hed X I 4 fxi 2 o BA R 4B G
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YEH . Zhang 2525 1 UA EA FRARE A SISz 36
SAH J& EBI fIfEF, WEFTEREN], UA G450 R
FEE KR SAH Ji5 EBI ELHE i 7K fi | i fii e B A AR
FRES A M T FI PR ThRe R be, b IR R R ORI K
JZ ik, UA AI{EJy SAH J& EBI KB IR
ST, Lu SR, BA T LABE G AL
PRI R A AR S B0 70 R s of PR v 9245
BA F {4 TNF-o 511 HUVECs i, J&/> TNF-a
S H N B AIpRL I 40 -5 N I K T P B 4
Rl B, ESCaRTR T AS St i P A
P BRI F B, SR FH 2 A v 2 7 K BROR i
SPkREFERLRY, SRIMHEE 24 h 5, WEE AS (80,
40+ 20 mg/kg) X ER I FHEE R AP DI REVE S
HLTEEF B Z MM T e, 458 5o,
SR LA, AS RE S35 BRI HR I PR R SR 4
DiRevEsy, Wi e, SeE 0 H 0
i, $EmMd4lZl SOD. GSH-Px iG{E, F#fik MDA,
B E PRI, KRS H R Caspase-3+ Bax mRNA
FiL, $Em Bel-2 mRNA £k, AS Wik L FF#E:
KA BERFER
2.3 RIPHE RS

Li 2P IR R BHEY 5 B UA, K81 UA
AT DAGRAP KRG e 52 ke M 12 453 495 980 3% s (Rl B2 AH
KEF (nuclear erythroid 2-related factor 2, Nrf2)
@AR; Nrf 2 JEEAHE A BT UA X s 51
MLy ER. R MA BAHEMPER
TR, FAE LSS 38 b0 B2 % i ot 40 M 4 2 R &%
BRI FIEP) WA E 88 B (protein kinase B,
PKB) /HE i & B B3 EE -3 (glycogen synthetase
kinase-3, GSK-3) {5518, (kIR fim A A FnHh R
FRAEPYSEAT S, Cel X il i If P FEVE A5 105 4 Fe 2 4
FAEA, IF BIXP R S HAmE T4, #0H]
2 5 A M A A OG22, o R VI A i g i
BB B =528 (LK 6) RHHIE
R, A SV R SR L A 1 ORI E A
TS IX LeAT AL ) e B 2. G Sh W R ph 22 4T N PR A
WK, BRI, HAHANNAT RIE 5
X HRALMH B 22 R (P<<0.01. 0.001); fiki
BRI B RN T A IR, g2, a2

2H 21 V) i e 4534 X 3k 5 9 751 6 B ZELAH LR R
EEMEZER (P<0.001).
24 MAER

Martin Z5PER] OA J& 7497 Thl 40/ S 4 1

6 UIHEEEEEK R IR ZRERITEY (A) FIEHAEER
iTE£% B)
Fig. 6

derivative (A) and derivative of betulinic acid (B)

IR A 0T, OA TR AV TT SEie i B & f ik
PO L% (experimental autoimmune myocarditis,

EAMD HAGRME, L3Ry, OA JHITH] EAM
SIS RAER P SIPFE L, O T F DA R i 2R i A
FACTFIIEREE A e e B B Pk ™ & 0 3 PRI

HALZEOHE TR OA YRTT AT/ D4l igIRiE, 41
YRS TR BRI OA I RERFAR O UL 4T 4
BRI IETE, ok g 1O L 28 AH G A i IR 115 5 1)
5 MR SR TR o Teong 28 M0F 57 2 B GA &£ 3477 SAH
J& SN VER R A I ARG 258, GA W R EHGE
MAETNREVES, /> HMGB1 FHPE4HRE, T i
HMGBI1 fJ mRNA AH [ K, 0 i i 5 fe
(blood brain barrier, BBB) #i&EYE, i SAH
JERIARZE A AE TR T GA AT SAH KRR &
JEA K7 (TNF-a. IL-1p) (¥ Fif. Wang Z8°
PRI UA X0 R P Co UL R BRSO I OR3P A

KIS SE R B, UA BEMERER P4 CK. LDH. MDA
KFFHE, SOD JEPERRAK, Horh /o0 2 D ReFEAG
O JVLARBRAE IR - 8 JE 24 322 v 0 Co JUL T Jo 41 44k 2%
fitt; LEAh, O VLZHZH A TNF-a. 10 2 F-1 (monocyte
chemotactic protein-1, MCP-1) fl TGF-B1 {5R1A &
= B, Bi&EEAN (matrixmetalloproteinase-
2, MMP-2) [FERIE R T UA Beigi it i
o BB RORE AT A 4E b R X B IR B R
(streptozocin, STZ) 5 IHE R 14 - Zhang
SBTRSE T GA ST 2 E B 3 # (coxsackie
virus group B type 3, CVB3) FH S AR OILR
PAITVE R LT RN, 45 REW], GA B3
MGE 1 CVB3 i RINIMBEAK, &35 TR E, B
D T U G 22K, BEAC TS 3, GA 7]
HRORE CVB3 R OALR B P B, TR
VER— RGBT IR T R B QLR (5. % 61208
FE I &AM T 40 B4 0 254 Hh R I e R IR AT A

Caffeoyl substituted pentacyclic triterpenoid
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) (S5 6) BEFFAK EAE /N R AR 48 M4 g IR 1
PR, fRIER TR 1= A, EIMEIRIRAT
AW REAMHI EH Th17 480 75 W B 48 X5 TL-17A
IL-17F BI3IK, Ty 91t T 48 5304 i) IL-10 F
IL-4 NI — e R B . il ke feRR T A4
A USRIV I i 2% IR
3 FiE5RE

hI =R EMERR ARz, SR
FE, ARRMNEBN. TR =GR A
BAPLOM SR EN, JOHXD UL, ik
BB R R . Bk L. MAe . Wi
P ) B R S TR o ARIEYT 0 i I 2 9
(1) FIR = R A VAR CEVE R 22 AR DR FE A
IR SR 22 25 ity . IR BERFE U R B, S8 FLFR
= RA G VAT A B RT3 SR AR F RS
AN, FHR =R AR & BYT O
ERIRIIER . RN UT 24 A BHEIT O
i L7500 30 75 B TR IR JZ IR 9T, MEEEAA
PRk, TR =mE KA G S AT AT ATz H
I FH B 76 4o Jil 0L 995 [0 W R E 9

S 30k
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