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Anti-inflammatory Effects and Mechanisms of Betulinic Acid

XU Xianxiang, QIN Si, LI Qiong(School of Biomedical Science, Huaqiao University, Quanzhou 362021, China)

ABSTRACT: OBJECTIVE To review anti-inflammatory effects of betulinic acid and the mechanisms. METHODS
Literature about anti-inflammatory effects of betulinic acid was summarized and the pathways and mechanisms were analyzed.
RESULTS Betulinic acid had significant anti-inflammatory effects on experimental inflammatory models and other models.
The anti-inflammatory mechanisms involved glucocorticoid receptor, nitric oxide, oxidative stress, immune regulation, cytokines,
adhesion molecules and inflammatory signaling pathways. In addition, betulinic acid could perform synergistic anti-
inflammatory action with other natural products. CONCLUSION Betulinic acid exerts anti-inflammatory effects through
multiple pathways. Studies on the anti-inflammatory activities of betulinic acid have important significance for the mechanism of
its therapeutic effects.

KEY WORDS: betulinic acid; anti-inflammation; mechanism; signaling pathways; synergistic action

PR XA AR . FIHEIRIR, AP EH  MARRIRM) T, MOARm M B B, MEARmR R
BT = RAC ) . MERRDUIL B F MU PR/ WU BT 225 40 TPA S1HE /) B JAE i
gL HIV S35k, FIARRRNA, Sl &2 K, REG0HRE Do) 0.6 pmol- B, fE] 5]

FVEMAE S AN, JERE R H I I B A B 5ot
B, R JRE AR AT DL 2 e 1 A R
J& . PR MR B EYEE e P, b
FEMERBRVT 2 A Wi T () 2l 28 5 X HEAR R BT
RAEH HHLEME 25k .
1 MEARBRRIIAKIER
1.1 MEARER XSG VE 58 RE B (1 5T R AE H
MR 4% 50 mgkg™ F1 100 mgkg ™' 2 Fif &
FIIR, X A SR e R 3 28 5 1S 1K A2 I ik A
W S (R AR A S5 o o S0 (TPA) AT P R R 2,
@H(EPP)gliﬁ"Jd\BB&HWHK@%EP&&K%&E‘JTE
RAEH, 752300 3 PP =it S (HEAREE. HER

I3 - (IDsp J9 0.8 umol- F YA 2410, 78 /)N B 1%
FI ARG FAE K E ARG T, MEARTR o 1 Sk 11
BURAE T R R B U (T 25 M BRI A
") HAPRMEH, BEMH] TPA 5K/ B
Vo MTHE B I RN ORG 40 5 L (KD RE AR IR AR A I
mm%mwaim¢mHW%%
1.2 HMEARPERAE HABARIY b 1) 40 9 A
1 mg ) TPA ¥R T/ R E AT 51K, 5 mg
(1 TPA ¥RFHR TN BRZ Ik )P 30 5 | e 15 1 i 2 il
(ODO)MERAE, MERIRX H KR ODC RAELH
SEMHEWER . X T 50 mg 7,12- — FEEF I E
RN BB R BB 1, 5 pmol [RMEAR TR A7 8. 2%

ESTIWE: FEA BRI A (2012Y0049); RN RHGIRITH (201128); S K2 s KA ARHITL 55 9% ha @4 A6 HH 77 4Rk

ERE VR L IB-SI1012)
fEERIN: fRoekE, 5B, WL, B R

<1284 . Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10

Tel: (0595)22692300

E-mail: xuxianxiang@]163.com

P S EAC Y 252 2014 47 10 H55 31 4525 10 4]



1 2.5 mg TPA [ i ed 41 HI , R WIHEAR TR X TPA
5 B A JRE R R 76 FH AT P AT sl it 3
UM 22 B (LPS) 5 1L I K U e a4, i/ 3
T 52 B ST DU s 2 WA R A M i, i 4
FAE R A AT WL S R N, 25 mgrkg ™ (A
PR I 7 d AT I S A BRI s o A 48 e 1t
S 3 a9 R 20 ik A A A P e R )
FEHE, MORER Y IR SR SER F(TNF-0) 5 A2 1)
OB ER K LA A B2 40 (HUVEC) 4%, 32> TNF-a
512 HL-60 4135 HUVEC 40 flal BR12. B
SR AT T R 4, BOR (0 AU e
PEEEESA 3 M =it 59 FTHURIR. RERRM
MEARWR, W] LPS 51 Mono Mac 6 ELIE41 Y
B E A A Z-6(IL-6), Hrh FEHUR IR . AR SRR
B BAT IR, TREAR R R, (HHEARIR S
32 b il A FH A L G R A B R T
St IR JE B TR T R AR, KR
pimaradienoic acid SRR 1415 GeA RAIH &
SRR T 2R J SRR, 1117 3 b 5 e A B4 ek 5
IR IHIE ] . = H A B MR IR
NARH 40 0 A 0 i A 2-1B(IL-1p) A1 TNF-a 7K°F,
N AR OB R L R R (1 ADAMTS-4
ADAMTS-5. MMP-1 fil MMP-13 /K~F, L3R
< JeE £ I B ZUMEIY)-3 (TIMP-3).o 111 24> B4
TNF-a. & (20BN TIMP-3 %17 semill,
2 HEARERIRAIERAHLH
2.1 AR TR 2 Ak

R T 3 I LA IR T DT R LAY, HEARTR
RAEBTRAEF (0358 40 I DR T2 B 5 B 1 o
IS AR, T A A0 MR SRR R I R S AR B
FIL B & D FIFR B B I HAE I BUR, %
I 5 9 1 o 2 3 AR A A P
2.2 e AR DU R IR A

1625 DU A7 R 28 3K 46 Ak i (COX) AR it i 42 77 2E
(ORI A1 I 38 02 51 JRRE N ) SR BV PR L, R
B i A A, R A0 s Ak 2R A R A
PEAE R B B, SRR RORE RN . MEAR TR
PR Hh E AT ST 5 IR 3 A A, 2RO ROk
(ICs0) 49 0.66 mmol-L™", 11115 Z WK #ieAr 241,
FE T TR F AR R G PR e g5 R R MEARTR &
COX-1 EHEMEMHIF, 1Cso ZI7E 10 mmol-L™" ',
TR L) HAT L Bom /e, JLAE Y5
FLfl 55 b O ME AR R 25 = AT ¢, VR ML AR )
PEBLACRY 255 2014 45 10 F145 31 %5 10 1

530 COX-2 1 « FRAR P it 257 38 58 1 2 g L0,
2.3 AL A (NO)Y A

i BEAE DL T 155 AR A — A A S B (INOS) 7 B
KA NO A EEAE A, N ST I N o MEARTR
RSN T HIAE] LPS A3 5L RAW 264.7 FIGE 40 il ik 5 |
i@ NO B, 2.5~ 20 mgrmL IR, HEA
PR AEANHI LPS 5110 B it NO & iNOS 7= |
i, JEn] I COX-2 #ik, 20 mgmL™ [HEA R
W51 RAW 264.7 4l DNA FBifk, H5s4
BT AEAR TR LPS o1 K RSk
[l HEAIR A #H] INOS kst
2.4 PrEALN I

SUE HIE T U (gl i Ak, I T
Thir, PR RE RN . fE R IE TR A B3t
WK, 500 mgrmL ™ RIMEAR R B 3055 (1 1 2k
TR AE S, BRI IA 26.38 mgmL P, Sk
I A )T H a7 G R, b
HERTRXS N-FF - L- F O S - L2 S k- L- K T &
PR — TR (TMLP) S 2519 Hp Vs 40 i BB 48 Ak 4 7= A=
BRI, R - 12- A 5 R-13-4
BR(PMA) T B A TCAE T, AR A DY I R 5
S AL A AT 55 A T P MER R
AT TNF-a 51#2 ) HUVEC i Py 6 M 40 %
(ROS) & &1 11, 38 B il 45 44 41 U . MEARRIE
i LPS 51 ROS JE A LDH Bl $Em M
T RSN B A, 05T 8 IR 3 (PGEL) ™ A A i
A AL YRR (MPO)TEPER . JES) LPS 5l K il 2
PEIGA47, AR S AL N, & B H IK(GSH) R
AL AL B (SOD) TG T %, MEA TR W AT 12 i 44
ETIER (1P I
2.5 iy

WY G35 mT 5E MR G T8 A B TR B 98 D) e R %
PEZH M DR 1 2 b, MER R e 42 v /D BRUI S gz 2%
HIREL PrRMERE ) 2 (ConA)EL LPS 5311/
SRUME T bR EL M B, B ybk E 40 P G B T, 4
T T IR AN CD4TE A, Uk B 40
CD19" P43 LL K CD4"/CD8 fH T 43 e s MEAR MR
TIZE 220 40 0 G s /N SRS I S BE K, S R i
Wik 41 B e s P LR RE D), 2R BRI X /s BRI
00 G e . PRI G g T REAN RS S G0 e AT W] Sk )
A P2,
2.6 F0HI4 IR R4 PR BN o TR IA

TERPEAN P 740 TL-1 A1 TNF-o 255 2 M4
-1285-

Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10



6 P A A T AE 98 M e N e 2B I R 4 R BEAE A
RAE R, A MR 2B P R A )
G T A RS B (1) 43 T FERIAE T 1 40 i 5 A Py
I Mo RGP 2 7 0OAH AR, DA A i TR -5
X B 2> 1 R IE R AT . MEARER XS T LPS BB
RAW 264.7 48 iy U I E vz 4 i, 52D g i
W2 YU RIEA B IL-1B A1 TNF-a, MEARMRTE
0.625~5 mg-mL~" ¥ JEHT, 575 LPS 35 m] 3 i
AR CD g0 20 T (KL, MEAR BRI/ L
S 53 WA B DR, RIS IL-2(Thl 43 W) Al
IL-10(Th2 73-), & B 38 3 H0 ] T 40 S B 25
FEHTR AR P . MR R AT ) & K a7 AW )
TNF-o 511 HUVEC k40 i 555+ o4 i
F 5> T (ICAM-1) 1L 40 B B B 7> T VCAM-1,
E-ik £ LPS Sl KR Ak mdig, S
TNF-a FIEEAL A K R (TGF-B1) & 140, MEA R
GRS S
2.7 IR YA T E B EA

G B 2% WS A OCAF 5l % % Rl B
(NF-xB) 1 %, 15 5 3% 136 10 X2 5 2040 g A
T R DA SORE SR R, 2 ol i 1 O R 3R
1K, DN RAE R o MEA R 0 28 Y5 Pk JORE 15 3
TR IREE . W RS R M SR e,
A 8 O C(PK.C) s 71 B e 24k & P (an
TPA). &EEHIEIZE 1 555 M R R I B
PURAE R, B HLAE AT se it Py 3l PRC PO,
HEARTR AT 4] TNF. TPA. FMH. X HEE. IL-1
A H,0, RFEIESHIGHEN NF-«xB 351k, HHEA
P (1400 o1 - A 40 B e S o AR R T B 0 H B
F1(IcBo) BB (193610, AT 25 B8 IxBa 1B R 1h F1
Weftt . MEARBRINE] NF-«B I 430 i s PR 38 R T
ZAK(TNFR-1). TNFR FIKHIZET- 455K TNFR
FHORIEF 2. NF-xB 15 S A [xBo #6F, 41
TINHEA 2 T 400 efi) 58 P 05 | L ) NF-IxBa 458
(4 4t 6 DR 308 L=l COX-2 AL i 45 )& &R
FAF(MMP-9)1, HEARRBIL I LPS 512 H) kB
R Ak, M 75 M3 Fh B /KT IE# Ak, 44 LPS
5 1E AR A S LB R 41 i (hPBMCs) Y IL-6 722128,
HEAR TR M4 P R R4 A F AR 5 40 TNF-o 5121
HUVEC 41/l Py NF-xB i T3 iy e, HEAmR
AT 52 MAPK H1 PI3K-Akt 2 A5 530 %k, [w
J%%E LPS 512 ) hPBMCs ' ERK 1 Akt i1k,
M COX-2 2 (135 PGE, 7 A4,
-1286 -

Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10

3 e

LR EPTIE, MEARIR W 52 Wi L5 JONE A K (1 2 Fl
A, HrAfEs, R 2@ empiimrm. £
AL R O I B AR R R Y, KRR B
s JUPAT B PO (T R B 1 E JAE A
Ky RAEN T B 70 DLAR 28 515 TR 1 4 id
FC0, o R LI T I — S AT B0 AR,
FeA T LA IR R AERR RECY . Xt F AR IR
(KIPL R A F I 5, AN DU X /88 4 L 1) 25 1
TR i P 48 45 22 40 A T i AR S IR P2,
BE 20 ) WM R R BT I AE RIHL, 8 SR 20
B MERIRR 256 T DI AT, D T OB ¥
MR 5P 2P, BT R R IT
ESIVA LB

HERBRACRI oA )iz, AR IE
P52 B2 R AN H 8 s . . SRR
M. REIR. MUK, RRIAFF. Kenh. REEAL.
TR P AR A [ RS,
PR, R, MR, s, B, i
B AR, T B2 AkES. Wam. %4
B RRAPL BERE. RRAC. BRNEL. PTAEAE
h R RIS AR, . s H W)
AR SR P R, SRS
FRMEARTRAE 3 [ RAR =047 Y MEAR R =35
PR, TRAE A I IT WL 2 RIR )
WEFEUR, LA frih . HAGSEUR, MERMR M2
IR RAEOMELEAT ) 2 R0 . FFAIXT T2y S,
PEARTR e FAT At — R AT LA L (2 2y
P AL . MERRMPTR A S5, Feil2
5 AR o R, TRt eh 252
15/ N 2 L (A E VI [ R (R P o

REFERENCES

[11 BIY,XUJY, WU X M. The advances of anti-HIV-1 drugs [J].
Chin J Mod Appl Pharm(*H E AL FH252%%), 2005, 22(1):
461-465.

[21 LAN P, ZHANG D M, CHEN W M, et al. Advances in the
study of structural modifications and biological activities of
betulinic acids [J]. Acta Pharm Sin(Z42%2%4), 2010, 45(11):
1339-1345.

[31 ZHANG X J, LING L L, JT Y B, et al. Bioactivities of
betulinic acid [J]. Nat Prod Res Dev(KAR=#HF 575 T K),
2006, 18(1): 508-513.

[4] MUKHERIEE P K, SAHA K, DAS J, et al. Studies on the
anti-inflammatory activity of rhizomes of Nelumbo nucifera
[J]. Planta Med, 1997, 63(4): 367-369.

[5S] RECIOM C, GINER R M, MANEZ S, et al. Investigations on

P S EAC Y 252 2014 47 10 H55 31 4525 10 4]



(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

the steroidal antinflammatory activity of triterpenoids from
Diospyros leucomelas [J]. Planta Med, 1995, 61(1): 9-12.
YASUKAWA K, YU S, YAMANOUCHI S, et al. Some
inhibit
12-O-tetradecanoylphorbol-13-acetate in two-stage carcinoge-
nesis in mouse skin [J]. Phytomedicine, 1995, 1(4): 309-313.
KROGH R, KROTH R, BERTI C, et al. Isolation and
identification of compounds with antinociceptive action from
Ipomoea pescaprae (L.) R. Br [J]. Pharmazie, 1999, 54(6):
464-466.

DEHELEAN C A, SOICA C, LEDTI I, et al. Study of the
betulin enriched birch bark extracts effects on human

lupane-type triterpenes tumor promotion by

carcinoma cells and ear inflammation [J]. Chem Cent J, 2012,
6(1): 137.

REUTRAKUL V, ANANTACHOKE N, POHMAKOTR M,
et al. Anti-HIV-1 and anti-inflammatory lupanes from the
leaves, twigs, and resin of Garcinia hanburyi [J]. Planta Med,
2010, 76(4): 368-371.

YASUKAWA K, TAKIDO M, MATSUOTO T, et al. Sterol
and triterpene derivatives from plants inhibit the effects of a
tumor promoter, and sitosterol and betulinic acid inhibit tumor
promotion in mouse skin two-stage carcinogenesis [J].
Oncology, 1991, 48(1): 72-76.

NADER M A, BARAKA H N. Effect of betulinic acid on
neutrophil recruitment and inflammatory mediator expression
in lipopolysaccharide-induced lung inflammation in rats [J].
Eur J Pharm Sci, 2012, 46(1/2): 106-113.

YOON J J, LEE Y J, KIM J S, et al. Protective role of
betulinic acid on TNF-alpha-induced cell adhesion molecules
in vascular endothelial cells [J]. Biochem Biophys Res
Commun, 2010, 391(1): 96-101.

SAABY L, JAGER A K, MOESBY L, et al. Isolation of
immunomodulatory triterpene acids from a standardized rose
hip powder (Rosa canina L.) [J]. Phytother Res, 2011, 25(2):
195-201.

HUH J E, BAEK Y H, RYU S R, et al. Efficacy and
mechanism of action of KHBJ-9B, a new herbal medicine, and
its major compound triterpenoids in human cartilage culture
and in a rabbit model of collagenase-induced osteoarthritis [J].
Int Immunopharmacol, 2009, 9(2): 230-240.

DUNSTAN C, LIU B, WELCH C J, et al. Alphitol, a phenolic
substance which inhibits
prostaglandin biosynthesis in vitro [J]. Phytochemistry, 1998,
48(3): 495-497.

CAO H, YU R, CHOI Y, et al. Discovery of cyclooxygenase
inhibitors from medicinal plants used to treat inflammation [J].
Pharmacol Res, 2010, 61(6): 519-524.

WU CR, HSEU Y C, LIEN J C, et al. Triterpenoid contents
and anti-inflammatory properties of the methanol extracts of

from Alphitonia  zizyphoides

ligustrum species leaves [J]. Molecules, 2010, 16(1): 1-15.
RYU S Y, OAK M H, YOON S K, et al. Anti-allergic and
anti-inflammatory triterpenes from the herb of Prunella
vulgaris [J]. Planta Med, 2000, 66(4): 358-360.

YUN Y, HAN S, PARK E, et al. Inmunomodulatory activity
of betulinic acid by producing pro-inflammatory cytokines and
activation of macrophages [J]. Arch Pharm Res, 2003, 26(12):
1087-1095.

NGUEMFO E L, DIMO T, DONGMO A B,
Anti-oxidative and anti-inflammatory activities of some

et al.

P S EACY 252 2014 45 10 HEE 31 4525 10 4]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

isolated constituents from the stem bark of Allanblackia
monticola Staner L.C (Guttiferae) [J]. Inflammopharmacology,
2009, 17(1): 37-41.
YAMASHITA K, LU H, LU J, et al. Effect of three
triterpenoids, lupeol, betulin, and betulinic acid on the
stimulus-induced ~ superoxide generation and  tyrosyl
phosphorylation of proteins in human neutrophils [J]. Clin
Chim Acta, 2002, 325(1/2): 91-96.
VII V, HELEN A, LUXMI V R. Betulinic acid inhibits
endotoxin-stimulated phosphorylation cascade and
pro-inflammatory prostaglandin E(2) production in human
peripheral blood mononuclear cells [J]. Br J Pharmacol, 2011,
162(6): 1291-1303.
YI J E, OBMINSHKA-MRUKOWICZL B, DU J Y, et al.
Effects of Betulinic acid on immune function and antioxidant
activity pf mouse peritoneal macrophages [J]. Acta Nutrim Sin
(EF7244R), 2010, 32(3): 281-285.
YIJE, YUAN L Y, WEN L X, et al. Effects of btulinic acid
on lymphocyte and macrophages in mice [J]. Acta Vet Zootech
Sin(FHUE P2 243R), 2011, 42(1): 124-130.
KU C M, LIN J Y. Anti-inflammatory effects of 27 selected
terpenoid compounds tested through modulating Th1/Th2
cytokine secretion profiles using murine primary splenocytes
[7]. Food Chem, 2013, 141(2): 1104-1113.
HUGUET A, DEL CARMEN RECIO M, MANEZ §, et al.
Effect of triterpenoids on the inflammation induced by protein
kinase C activators, neuronally acting irritants and other agents
[J]. Eur J Pharmacol, 2000, 410(1): 69-81.
TAKADA Y, AGGARWAL B B. Betulinic acid suppresses
carcinogen-induced NF-kappa B activation through inhibition
of I kappa B alpha kinase and p65 phosphorylation: abrogation
of cyclooxygenase-2 and matrix metalloprotease-9 [J]. J
Immunol, 2003, 171(6): 3278-3286.
VII V, SHOBHA B, KAVITHA S K, et al. Betulinic acid
isolated from Bacopa monniera (L.) Wettst suppresses
lipopolysaccharide stimulated interleukin-6 production through
blood
mononuclear cells [J]. Int Immunopharmacol, 2010, 10(8):
843-849.
AGGARWAL B B, SHISHODIA S, SANDUR S K, et al.
Inflammation and cancer: how hot is the link? [J]. Biochem
Pharmacol, 2006, 72(11):1605-1621.
COUSSENS L M, WERB Z. Inflammation and cancer [J].
Nature, 2002, 420(6917): 860-867.
SULTANA N, SAIFY Z S. Naturally occurring and synthetic
agents as potential anti-inflammatory and immunomodulants
[J]. Antiinflamm Antiallergy Agents Med Chem, 2012, 11(1):
3-19.
LASZCZYK M N. Pentacyclic triterpenes of the lupane,
oleanane and ursane group as tools in cancer therapy [J].
Planta Med, 2009, 75(15): 1549-1560.
JAGER S, TROJAN H, KOPP T, et al. Pentacyclic triterpene
distribution in various plants-rich sources for a new group of
multi-potent plant extracts [J]. Molecules, 2009, 14(6):
2016-2031.
YADAV V R, PRASAD S, SUNG B, et al. Targeting
inflammatory pathways by triterpenoids for prevention and
treatment of cancer [J]. Toxins (Basel), 2010, 2(10): 2428-246.
ek H 3. 2013-12-18

modulation of nuclear factor-kB in peripheral

Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10

- 1287 -





