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Abstract — Purpose. To evaluate oleanolic acid derivatives on liver disease related bioactivities, 29
oleanolic acid derivatives of several series were tested for their inhibitory activity on hepatitis C viral
protease as well as for their cytotoxic and apoptosis-inducing effects on Hep G2 cells. Results. The amino
derivatives (17-19) showed potent cytotoxicity. The [3-amino isomer (18) showed strong apoptosis-inducing
effect and exhibited more distinct cytotoxicity than the a-isomer. The cytotoxicity of hemiesters and
hemiamides varied as the chain lengths varied. The oxalic and malonic hemiesters (4 and 5) showed weaker
cytototoxicity than oleanolic acid (1), while those with longer chain lengths (6-11) showed higher
cytotoxicity. Contrary to the cytotoxic activity, the free amino derivatives (17-19) showed little inhibitory
activity on HCV protease. All the hemiesters (4-11) and hemiamides (4-11) showed high activity against
HCV protease. Conclusion. The findings that addition of amino-group enhanced the cytotoxicity and that
introduction of acidic group increased the inhibition on HCV protease may be useful for further design and
synthesis of triterpene derivatives as drug candidates for liver diseases.

INTRODUCTION attractive therapeutic targets for developing

anti-HCV agents [7]. Previously, several series of
Oleanolic acid is a pentacyclic triterpene existing oleanolic acid derivatives were synthesized in our
widely in the plant kingdom and was reported to laboratory and were investigated for their inhibitory
have anti-cancer and other interesting bioactivity activity on HIV protease [8, 9]. These derivatives
[1]. This well-known triterpene compound was include oleanolic acid dicarboxylic acid hemiesters
marketed in China as an oral drug for human liver or hemiamides, amino derivatives, conjugates of

disorders [2]. Many semi-synthetic derivatives of oleanolic acid with AZT or with an alkaloid, FK300.
oleanolic acid were reported to have improved With these compounds in hand, we carried out the
anti-tumor activity [3]. Some oleanolic acid present investigation to examine the cytotoxicity
derivatives, such as 2 — cyano — 3 , 12 — and apoptosis-inducing activity on liver cancer cell
dioxooleanan - 1, 9 - (11) — dien — 28 - oic acid line Hep G2 and the HCV protease inhibitory
(CDDO) and CDDO-Me (CDDO-methyl ester) activity of 29 oleanolic acid derivatives.

were reported to have entered clinical trials for

cancer [4]. The 3-amino derivative of betulinic acid METHODS AND MATERIALS

methyl ester and ursolic acid methyl ester were

reported to have potent cytotoxicity on tumor cell Chemistry

lines than the parent triterpenes [5, 6], but no These compounds were synthesized and their
reports on the activity of 3-amino derivatives of  structures were confirmed as described in the
oleanolic acid were available. Chronic hepatitis C is previous papers [8, 9].

the leading cause for several liver diseases

including hepatocellular carcinoma. The protease of :
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All the compounds were pure compounds except
for 19 which is a mixture of two isomers, a- and -
forms in a ratio of 1:5.

Cytotoxicity Assay
Hep G2 cells (lot number: 07112007) were
purchased from Health Science Research Resources
Bank, Osaka, Japan.

Growth inhibitory effect on Hep G2 of the
oleanolic acid derivatives was determined by a 3 -
(4,5 — dimethylthiazol -2 —yl ) — 2, 5 - diphenyl
tetrazolium bromide (MTT) method on 96-well
plates.

Apoptosis Detection Assay

The apoptosis assay was carried out using an
annexin V-FITC apoptosis detection kit (BioVision,
Mountain View, CA 94043 USA) following the
protocol provided by the manufacturer. The early
apoptosis was assessed by evaluation of
phosphatidylserine (PS) residues on the cell surface
with annexin V staining. Late stage apoptosis when
the cells have lost membrane integrity was
measured by propidium iodide (PI) staining. Hep G
cells (3x10°) were seeded in 96-well plates and the
next day, were treated with 100 pg/ml of oleanolic
acid (1) or 10 pg/ml of 7 or 18. After being
incubated for further 48 hours in a 5% CO,
incubator, the cells were stained with Annexin V
and propidium iodide using the Annexin V-FITC
apoptosis detection kit I (BD Pharmingen,
SanDiego, CA92121, Lot# 89200). Cells were
collected and analyzed by a flow cytometry
(FACSCalibur, Becton, Dickinson). Annexin
VFITC binding was determined at Ex=488 nm and
Em=530 nm using an FITC signal detector (FL1).
PI staining was determined at Ex=488 nm and
Em=585 nm by a PE emission signal detector
(FL2).

HCV Protease Assay
HCV NS3/4A protease (lot# 046-079) and
SensoLyte™ 520 HCV Protease Assay Kit

*Fluorimetric* (lot# AK 71145-1018) were
purchased from AnaSpec, San Jose, CA, USA. The
substrate was a 5-FAM/QXL™S520 FRET peptide
based on the sequence of Ac — Asp — Glu — Asp
(EDANS) — Glu — Glu — Abu — y - [COO] Ala —

Ser — Lys (DABCYL) - NH,. Fluorescence was
measured by TECAN GENios plate reader at
excitation/emission 485/530 nm. The assay was
carried out on BD Falcon™ Microtest™ 384-well
120 pl black assay plates (lot#05391155) following
the procedure described in a previous paper with
DMSO as solvent for all compounds [10].

RESULTS

Cytotoxicity

The cytoxicity of the triterpene derivatives was
evaluated by MTT method. These compounds
inhibited the growth of Hep G2 cells in
concentration-dependent manner. The ECs values
of these triterpenes against Hep G2 were listed in
Table 1 represented as the concentrations that
inhibited 50 % of the Hep G2 cell growth when
compared with a control containing no triterpene
compounds.

Oleanolic acid (1), its methyl ester (2) and its
acetate (3) showed appreciable cytotoxicity on the
tumor cell line.

Of the dicarboxylic acid hemiesters (4-11), an
interesting phenomenon was observed that the two
compounds (4 and 5) with relatively short carbon
chains showed much weaker cytotoxicity than
oleanolic acid. However, as the chain length
increased (6-11), the cytotoxicity increased sharply.
Compounds 6-10 with chain lengths of 4-8 carbons
showed strong cytotoxicity on the cancer cell line
with ICsp < 10 pg/ml. Compound 8 with two methyl
side chains exhibited similar cytotoxicity as the
compound (7) with straight chain did. Methylation
of the 28-carboxyl group of these compounds
slightly increased the cytotoxicity (compounds 12,
13 vs. 8, 9). Though the -cytotoxicity was
significantly increased by introducing a 6-carbon
chain at position 3 (9 v.s. 1), the addition of a
similar chain at position 28 had little effect on the
cytotoxicity (14 v.s. 1).

The hydroxyimino compounds (15, 16) and the
3-amino compounds (17, 18) showed increased
cytotoxicity when compared with the parent
compound (1). Like that observed on the
cytotoxicity of ursolic acid derivatives [6], the most
potent compound on the cytotoxicity assay was the
3-B-amino derivative (18).
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Table 1. Cytotoxicity on Hep G2 cells and HCV protease inhibition of oleanolic acid
derivatives

O H3CO
H NJ\/”/ CHs
AZT= O)\N Fk3000= 1O '
—0 (@) “N—
v H3COCO OCHjs
N3
NO. R, R, ECs  (OFN
1 B-OH OH 84.1+3.1 26+3.9
2 B3-OH OCH3; 25.0£3.6  >100£13.3
3 B-OCOCH; OH 31.2+6.4 35+5.4
4 B-OCOCOOH OH >100£2.0 9+5.1
5 B-OCOCH,COOH OH >100+£2.0 9+3.9
6  B-OCO(CH,),COOH OH 5.642.7 136.5
7 B-OCO(CH,);COOH OH 4.5+£3.2 14+6.1
8 B-OCOCH,C(CHj3), CH,COOH OH 6.4+£2.8 10+4.0
9 B-OCO(CH,),COOH OH 8.3+4.5 13+4.8
10  B-OCO(CH,);COOH OH 8.7+1.4 11£2.6
11 B-OCO(CH,)sCOOH OH 16.243.5 12+5.7
12 B-OCOCH,C(CH;), CH,COOH OCH; 3.5¢4.5 743.8
13 B-OCO(CH,);COOH OCHj 5.443.6 27+6.1
14  B-OH NH(CH,)sCOOH 87.5+3.1 64+6.1
15 =NOH OCHj3; 6.0£1.9 >100+6.1
16 =NOH OH 3.1£2.2 35+11.3
17  o-NH, OCH3; 10.3£2.3 >100+4.4
18 B-NH, OCHj3; 1.9+1.6 85+10.8
19 a-NH,+p-NH, OH 4.944.6 68+2.1
20  o-NHCO(CH,),COOH OCH; 87.4+4.0 2147.5
21  B-NHCO(CH,);COOH OCHj3; 14.9+£3.6 7+6.2
22 0-NHCO(CH,);COOH OH >100+5.3 2045.7
23 B-NHCO(CH,),COOH OH >100+3.4 8+2.8
24  B-NHCO(CH,)4COoleanolic acid OH >100£1.2 3+4.9
25  a-NHCO(CH,);COOFK3000 OCHj3; >100+1.8 >100+£7.2
26  B-NHCO(CH;);COOFK3000 OCHj3; >100+2.6 75+8.9
27  a-NHCO(CH,)4,COOQazt OCH; >100+4.3 54+9.3
28  B-NHCO(CH,);COOazt OCHj >100+1.7 39+5.4
29  B-OCO(CH,),COOazt OH >100+3.9 8+6.8

ECs: Concentrations that inhibited 50% of the growth of the tumor cell line. The results were
expressed as pug/ml+RSD% (n=3). ICsy: Concentrations that inhibited 50% of HCV protease
activity. The results were expressed as pg/ml+RSD% (n=3).
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AZT, a nucleoside analog was originally designed
to treat cancer and was the first approved drug for
the treatment of AIDS through the mechanism of
inhibiting reverse transcriptase [11]. FK3000 is a
morphinan type alkaloid reported to have
anti-herpes simplex virus activity in vitro and in
vivo [12]. Though oleanolic acid (1) itself showed
appreciable cytotoxicity on the tumor cell line,
neither its FK3000 conjugates (25-26) nor the AZT
conjugates (27-29) showed cytotoxicity at a
concentration as high as 100 pg/ml.

Apoptosis

As oleanolic acid (1) and some of its derivatives
were reported to induce apoptosis in human cancer
cells [4, 13], we tested the present compounds for
their effects on annexin V-FITC binding and PI
staining of Hep G2 cells. We compared the annexin
V-FITC binding and PI staining results of Hep G2
cells treated with oleanolic acid (1) or 7 or 18 by
flow cytometric analysis. As shown in Figure 1 and
Table 2, cells treated with 10 pg/ml of 7 or 18

showed significant increase in apoptosis compared
with those treated with a higher concentration (100
pg/ml) of oleanolic acid (1). Especially for 18
treated cells, when compared with 1 treated cells,
both the early apoptosis (Annexin V staining,
17.21% v.s. 1.53% of total in the LR for 18 and 1,
respectively) and the late stage apoptosis when the
cells have lost membrane integrity [propidium
iodide (PI) staining] were significantly increased.

HCYV Protease Inhibition

As shown in Table 1, all the dicarboxylic acid
hemisters (4-11) and hemiamides (20-23) of
oleanolic acid showed better inhibitory activity on
HCV protease than oleanolic acid (1) itself, while
the derivatives with a free amino group (17-19)
showed much weaker activity on the protease. The
oleanolic acid-AZT conjugates showed inhibition
on HCV protease too. The most potent HCV
protease inhibitory activity was observed on a
dimeric compound (24).

Table 2. Quadrant statistics of Hep G2 cells treated with compounds 1 (100 pg/ml), 7 (10
pg/ml) or 18 (10 pg/ml) analyzed by flow cytometry.

Quad Events % Gate % Total
1 7 18 1 7 18 1 7 18
UL 47 240 248 0.84 4.22 3.94 0.47 2.40 2.48
UR 342 1151 1421  6.10 2023 2256 342 11.51 14.21
LL 5064 4170 2909 9033 7329 46.18 50.64 41.70  29.09
LR 153 129 1721 273 227 2732 153 1.29 17.21
b Data 033 A0 Data.037 = Data.049
oleanolic acid (1 : 7 (10 pg/ml) ERT: (10 pg/ml)
-, ] (100 ug/mi) o ] .
%10 :01 r_-|L\].='°;_| J 108 10t 91“00 1.L;1 FIIT?H T o I::ﬂ'mu iol F|I?-2:-| o 10t

Figure 1. Flow cytometry analysis of 1, 7 or 18 treated Hep G2 cells stained with Annexin V (FL1) and

propidium iodide (FL2).
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DISCUSSION

According to the world cancer report 2008, cancer
has become one of the most devastating diseases
worldwide and in most countries there is hardly a
family without a cancer victim [14]. Liver cancer is
among the most common malignancies worldwide
and is the second deadly cancer only next to
pancreatic cancer. The five-year relative survival
rate for liver cancer is less than 10% for all races
from 1995-2001 [15]. On the other hand, about 3 %
of the global population is infected with HCV and
the chronic infection of this virus is the leading
cause of cirrhosis, hepatocellular carcinoma and
liver transplantation in developed countries [7]. It is
urgently needed to develop new agents against liver
cancer and hepatitis C infection. Oleanolic acid is a
well known triterpene existing widely in plant
kingdom. The rich nature resource of oleanolic acid
is warrant for using this compound as starting
material to synthesize more bioactive derivatives.
The present results indicated that the
3-amino-oleanolic acids have high cytotoxicity on
Hep G2 cells. The mechanism of action may at
least partially due to the ability of the compound to
induce apoptosis of the cancer cells. Similar
compounds, 3-amino-ursolic acids [6] and
3-amino-betulinic acid [5] have been reported to
highly cytotoxic to other cancer cell lines. These
results indicated that addition of amino-group(s) to
triterpene skeletons may be an effective way to
enhance the anti-tumor activity of triterpenes and it
is worthwhile to do further research to evaluate the
in vivo anti-tumor activity and the toxicity of these
triterpene derivatives. The significant difference in
the cytotoxicity of the dicarboxilic acid hemiesters
suggested that besides acidity, other factors, such as
chain length or lipophilicities also play important
roles on the cytotoxicity. A dimeric compound (24)
and all the dicarboxylic acid hemisters (4-11) and
hemiamides (20-23) of oleanolic acid investigated
in this study showed impressive inhibition on HCV
protease. These data provided information for
understanding the structure-activity relationships of
oleanolic acid derivatives on Hep G2 cancer cells
and on inhibition of HCV protease. The present
results together with data from other literatures may
be used to design and synthesis of lead compounds

for the development of new type of anti-cancer and
anti-HCV agents.
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