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ABSTRACT

Background: It is well known that the naturally occurring modified
triterpenes in plants have a wide diversity of chemical structures and
biological functions. The lupane-, oleanane-, and ursane-type triterpenes
are the three major members of natural triterpenes with a wide range of
biological properties. A systematic approach is necessary to review their
structures and biological activities according to the backbones and the
different substituents. Objective: Thirty lupane-(L1-7), oleanane-(O1-14),
and ursane-type (U1-9) triterpenes with structural diversity were
examined to evaluate their cytotoxic activities against two cancer
cell lines, human hepatocellular carcinoma (HepG2) and AGS cells.
Materials and Methods: They were isolated from Hedera helix, Juglans
sinensis, and Pulsatilla koreana using a series of column chromatography
methods and were treated to evaluate their cytotoxic activities against
HepG2 and AGS human gastric adenocarcinoma cell. Further, two
triterpenes showing the most potent activities were subjected to the
apoptotic screening assay using flow cytometry. Results: The polar
groups, such as an oxo group at C-1, a free hydroxyl at C-2, C-3, or
C-23, and a carboxylic moiety at C-28, as well as the type of backbone,
explicitly increased the cytotoxic activity on two cancer cells. O5 and U5
showed significantly the potent cytotoxic activity in comparison to other
glycosidic triterpenes. In annexin-V/propidium iodide (PI) staining assay, the
percentage of late apoptosis (annexin-V*/Pl*) 12 and 24 h after treatment
with O5 and U5 at 25 uM increased from 14.5% to 93.1% and from 46.4%
t049.1%, respectively, in AGS cells. The cytotoxicity induced by O5 showed
a significant difference compared to U5 for 12 and 24 h. Conclusion: In the
study, we can suggest the potent moieties which influence their cytotoxic
activities against two cancer cells. The polar groups at C-1, C-2, C-3,
C-23, and C-28 and the linkage of sugar moieties influenced the different
cytotoxic activities.
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SUMMARY
e Thirty naturally occurring oleanane-, ursane-, and lupane-type triterpenes
were isolated from Hedera helix, Juglans sinensis, and Pulsatilla koreana

INTRODUCTION

Triterpenes are a member of terpenes, which are structurally diverse class of
natural compounds derived from the combination of C5 isoprene units, and
have been abundantly found in the plant kingdom." They mainly exist in
the cyclized form of squalene (30 carbons) which are acyclic hydrocarbons
formed by two units of farnesyl diphosphate. Triterpenes are precursors
of steroids in both plants and animals which have a wide range of
pharmacological properties, such as anti-inflammatory, anti-angiogenesis,
anti-oxidative, pro-apoptotic, and re-differentiation effects.”’! Especially,
lupane-, oleanane-, and ursane-type triterpenes showed the cytotoxicity
against various cancer cell lines and have been considered as promising
anti-cancer agents.*! Their cytotoxic activity on cancer cells is significantly
affected by the type of basic backbone and the present number and position
of derivatives, such as alkyl, hydroxyl, carboxyl, and amino acids.*® Among
these, triterpene glycosides (i.e., triterpenoidal saponins) occurring by the
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e An oxo, a free hydroxyl, a carboxylic moiety, and the types of aglycone
influenced the cell cytotoxicity

e Corosolic acid and a-hederin showed the most potent cytotoxicity via
apoptosis.
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combination of sugar residues to basic backbone also have significant
cytotoxic effects on cancer cells.”*!

To date, it has been mainly demonstrated the structure-activity relationship
between synthesized triterpene derivativeson cancer cells.* ! We evaluated the
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cytotoxic activities of naturally occurring lupane-, oleanane-, and ursane-type
triterpenes isolated from Juglans sinensis Dode (Juglandaceae),!'>"* Pulsatilla
koreana Nakai (Ranunculaceae),'” and Hedera helix L. (Araliaceae)
against human hepatocellular carcinoma (HepG2) and AGS human gastric
adenocarcinoma cell. We tried to suggest structurally some key determinants
in the structure of triterpene derivatives on the cytotoxicity against cancer cell
lines, and also explore their preliminary mechanisms through inhibiting cell
cycle and inducing apoptosis.

MATERIALS AND METHODS

General

Compounds L1-7, O1-14, and U1-9 were isolated from J. sinensis Dode
(Juglandaceae) (L1, O1-4, O10-14, and U1-9),'> P koreana Nakai
(Ranunculaceae) (L2-7, 06, and 09),! and H. helix L. (O5, O7, and O8)
using repeated column chromatography and high-performance liquid
chromatography. The structures of these compounds were unequivocally
determined by diverse spectroscopic analyses, such as 1D, 2D nuclear magnetic
resonance (NMR) experiments, mass spectrometry analyses, as well as by
comparison with the literature for the known compounds. The'Hand *"CNMR,
'H-'H correlation spectroscopy, Heteronuclear single quantum coherence
spectroscopy (HSQC), and heteronuclear multiple bond correlation spectra
were recorded on a Bruker AMX 400 (Bruker BioSpin GmbH, Karlsruhe,
Germany) or 500 (Bruker BioSpin GmbH, Karlsruhe, Germany) spectrometer
in pyridine-d.. High- and low-resolution FABMS (Fast Atom Bombardment
Mass Spectrometry) were obtained on a JEOL JMS-AX505WA. Detection of
DNA cycle and apoptosis on hepatic stellate cells-T6 cells was conducted by
flow cytometry (BD Biosciences, FACSCalibur, Franklin Lakes, NJ, USA).

Cell lines

HepG2 and AGS (human gastric adenoma carcinoma cells) cell
lines were purchased from ATCC (Manassas, VA, USA). HepG2 and
AGS cells were maintained in Dulbecco’s modified eagle medium
and Roswell Park Memorial Institute 1640 medium, respectively,
supplemented with 10% (v/v) fetal bovine serum, penicillin (100 U/mL),
and streptomycin (100 pg/mL). They were incubated in a humidified
atmosphere of 5% CO, gas at 37°C.

Cytotoxicity assay

The cytotoxicity of L1-7, O1-14, and Ul-9 against two cancer cell
lines was evaluated by modified 3-(4,5-dimethylthiazol-2yl)-2,5-
diphenyltetrazolium bromide (MTT) assay.*! All samples were dissolved
in dimethyl sulfoxide (final concentration, 0.1%) and diluted in distilled
water. Cells were seeded in 96-well plates at a density of 3 x 10* cells/well
for the cytotoxicity assay. After 24 h incubation, serum-free medium was
changed and two cell lines were treated with vehicle or L1-7, O1-14, and
U1-9 at the concentration of 100 uM for 24 or 48 h and incubated with
2 mg/mL of MTT for 2 h. Reduction of MTT to formazan was assessed
in an ELISA plate reader at 540 nm. Doxorubicin (Sigma-Aldrich, St.
Louis, MO, USA) was used as a positive control. Cell viability rate was
calculated as the percentage of MTT absorption as follows: % survival =
(mean experimental absorbance/mean control absorbance x 100). Data
were expressed as the mean of three independent experiments.

Flow cytometry for analyzing apoptosis and
caspase-3 activity

AGS cells were seeded in 6-well plates at a density of 6 x 10° cells/well for
measuring the DNA cycle, apoptosis, and caspase-3 using flow cytometry.
After 24 h, cells were treated with O5 and U5 at 10 and 25 uM, respectively.
After 12 or 24 h, cells were trypsinized, washed twice with PBS buffer,
and centrifuged at room temperature. For evaluating the DNA cycle, cell
pellets were suspended in ice-cold 70% ethanol for fixation of the stage of
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DNA cycle at 4°C. After overnight, cells were centrifuged and resuspended
in 500 uL of PI/RNASE staining buffer (BD Pharmingen, Franklin Lakes,
NJ, USA), incubated at room temperature for 30 min, and analyzed. For
measuring apoptosis using a fluorescein isothiocyanate (FITC)-Annexin
V apoptosis detection kit (BD Pharmingen, Franklin Lakes, NJ, USA),
cells were stained with annexin V and PI, subsequently, according to the
manufacturer’s manual, and measured by flow cytometry. The alteration
of caspase-3 activity by O5 and U5 was carried out according to the
manufacturer’s manual (FITC Active Caspase-3 kit, BD Pharmingen,
Franklin Lakes, NJ, USA). All experiments were performed by flow
cytometry (BD Biosciences, FACSCalibur, Franklin Lakes, NJ, USA).

Statistical analysis

The evaluation of statistical significance was determined by one-way
ANOVA test, with P < 0.001 and P < 0.01 considered to be statistically
significant.

RESULTS AND DISCUSSION

Cytotoxic activities of 30 triterpenes against HepG2
and AGS cell lines

We evaluated the cytotoxicity of 30 triterpene derivatives including
lupane-(L1-7), oleanane-(O1-14), and ursane-type (U1-9) against HepG2
and AGS celllinesby MTT cell viabilityassayin 24and 48 h.1**! All triterpenes

Table 1:The list of triterpenes L1-L7, 01-O14 and U1-U9

No. Lupane-type
L1 Lupeol
L2 Anemoside A,

L3 23-hydroxy-3f-[(O-a-L-rthamnopyranosyl-(1->2)-« -L-arabinopyranosyl)
oxy] lup-20 (29)-en-28-oic acid 28-O-B-D-glucopyranosyl ester

L4 Anemoside B,
L5 Pulsatilloside E
L6 Cussosaponin C

L7 3B-[(O-a-L-rhamnopyranosyl-(152)-O-[-D-glucopyranosyl-(1->4)]-
a-L-arabinopyranosyl) oxy] lup-20 (29)-en-28-oic acid 28-O-a-L-
rhamnopyranosyl-(1->4)-O-f-D-glucopyranosyl-(156)--D-
glucopyranosyl ester

Oleanane-type

01 Oleanolic acid
02 Arjunolic acid
03 1-0x0-3, 23-dihydroxy-olean-12-en-28-oic acid

04 2a, 3f3, 23-trihydroxy-olean-12-en-28-oic acid 28-O-f3-D-glucopyranoside
O5  1-oxo0-3B-hydroxy-olean-12-en-28-oic acid 28-O-f-D-glucopyranoside

06 Virgatic acid

07 Hederagenin 28-O-f-D-glucopyranoside
08 Lonicera japonica saponin 9

09 Pulsatilloside C

010 Pulsatilla saponin H

011 a-hederin

012 Hederacoside C

013 3f-acetoxy-olean-18-en-28-oic acid

014 1-0x0-3f-hydroxy-olean-18-ene
Ursane-type

Ul Ursolic acid

02 23-hydroxyursolic acid

U3 Corosolic acid

U4 2a, 3a, 23-trihydroxy-urs-12-en-28-oic acid

U5 3-0x0-23-hydroxy-urs-12-en-28-oic acid

U6 33, 23-dihydroxy-urs-12-en-28-oic acid 28-O-f-D-glucopyranoside

U7 2a, 3a, 23a-trihydroxy-urs-12-en-28-oic acid
28-0--D-glucopyranoside

U8 3p, 22a-dihydroxy-urs-12-en-28-oic acid

U9 Asiatic acid
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No. R, R, R,
LI H H CH,
L2 a-Ara>-a-Rha OH COOH
L3 a-Ara>-a-Rha  OH COO-B-Glc
L4 a-Ara>-a-Rha  OH COO-B-Glct-B-Glc*-
a-Rha
L5 a-Ara>a-Rha H COO-p-Glc-B-Glc'-
a-Rha
L6  a-Ara**-a-Rha H  COO-B-Glct-B-Glc*-
B-Glc a-Rha
L7 a-Ara*-a-Rha OH COO-f-Glc-B-Glc!'-
B-Glc a-Rha

Ara: L-arabinopyranose; Rha: L-rhamnopyranoside; Glc: D-glucopyranose

No. R, R, R, R,
O1 OH H H H
02 OH OH H OH
03 OH OH p-Glc H
04 OH OH p-Glc OH
O5 O-a-Ara>-a-Rha OH H H
06 O-a-Ara>-a-Rha  OH p-Glc H
07 O-a-Ara*-a-Rha OH p-Glc*--Glc*- H
a-Rha
08 O-a-Ara>-a-Rha  H  B-Glc*-f-Glc*- H
a-Rha
09 a-Ara%,*-a-Rha, OH p-Glct-B-Glc*- H
B-Glc a-Rha
Ara: L-arabinopyranose; Rha: L-rhamnopyranoside; Glc: D-glucopyranose
No. R, R,
010 H H
011 OH H
012 OH B-Glc

Glc: D-glucopyranose
Figure 1: (a-f) Structures of L1-L7, 01-0O14, and U1-U9

were isolated from J. sinensis Dode (Juglandaceae) (L1, O1-4, O10-14,
and U1-9),[>13 P koreana Nakai (Ranunculaceae) (L2-7, 06, and O9),!'4]
and H. helix L. (O5, O7, and O8). Their names and structures are listed
and provided in Table 1 and Figure 1, respectively.

Relationship of structures and activities of

30 triterpenes

The cytotoxic activity of L1-7, O1-14, and U1-9 at the concentration of 100
uM against HepG2 and AGS cells for 24 and 48 h was plotted in Figure 2. In
lupane-type triterpenes (L1-7), L2 including an O-linkage of two glycosides
at C-3, a carboxylic group at C-17, and a hydroxyl group at C-23 showed
the most significant cytotoxic activity than other lupane-type triterpenes
against two cancer cell lines. The substituents of sugar moieties at C-28
unambiguously decreased the cytotoxicity against cancer cells (L2 vs.
L3-7). In addition, L1 with a methyl group instead of a carboxylic group
at C-17 did not show the potent inhibitory activity compared to L2. These
results supported that a free carboxylic acid instead of a methyl or sugar
group at C-17 was essential for cytotoxic activity.'! Similar cytotoxic
results were also observed when oleanane-type triterpenes (O1-14)
were treated on two cancer cells. The compounds with sugar moieties
at C-28 (03, 04, O7-9, and O12) showed no potent cytotoxic activities
compared to those with a free carboxylic acid (O1, 02, O5, 010, O11, and

120
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No. R1 R2 R3 R4 R5
Ul a-OH OH H OH H
U2 a-OH OH B-Gle OH H
U3 B-OH H H H H
U4 B-OH OH H H H
U5 B-OH H H OH H
U6 B-OH OH H OH H
U7 B-OH OH B-Glc H H
U8 B-OH H B-Glc H OH
U9 o) OH H H H

Glc: D-glucopyranose

013). Interestingly, introduction of sugar moiety at C-3 did not influence
the loss of cytotoxic activity (O5). The presence of a hydroxyl moiety at
C-23 could significantly increase cell growth inhibition (O10 vs. O11). In
terms of ursane-type triterpenes, the cytotoxic results of HepG2 and AGS
cell lines treated with U1-9 generally showed more potent inhibition than
lupane- and oleanane-type triterpenes on cell proliferation. In addition,
some modifications, such as hydroxylation at C-2 (U3 vs. U5 and U4 vs.
U6) or C-22 (U7 vs. U8), oxidation from hydroxyl to oxo at C-3 (U4 vs.
U9), and glycosylation at C-28 (U4 vs. U7), did not significantly change
the cell viability. However, the configuration of hydroxyl group at C-3 had
an important influence on the anti-tumor activity. Ul and U2 which have
a-hydroxyl group at C-3 showed no cytotoxic activity compared to others
which have -hydroxyl group (U3-9). On the basis of the above results, it
was suggested that a free hydroxyl group at C-2, C-3, and C-23, and a free
carboxylic group at C-28 were essential for the cell growth inhibition, and
the addition of sugar moiety at C-3 or C-28 reduced the cytotoxic effect as the
length of glycosides was increased. In comparison between oleanane- and
ursane-type triterpenes having same modifications, ursane-type triterpenes
had slightly more potent cytotoxicity than oleanane-type triterpenes (U3 vs.
01, U6 vs. 02, and U7 vs. O3) as reported in the literature.['72°!

Apoptotic activities of O5 and U5 against HepG2
and AGS cell lines

We investigated the changes in progress of apoptosis induced by O5 (IC, 7.6
uMinAGScellsand 15.2uMinHepG2cells)and U5 (IC,  11.3uMin AGScells
and 24.5 uM in HepG2 cells), which showed the most significant inhibitory
activity against two cancer cells using the flow cytometry [Figure 3]. While
the structure of U5 includes all the factors, such as ursane-type aglycone, a
free hydroxyl group at C-2, C-3, and C-23, and a free carboxylic group at

Pharmacognosy Magazine, January-March 2017, Vol 13, Issue 49



HEEJUNG YANG, et al.: SAR Study of Triterpenes on HepG2 and AGS Cells

Percentage (%)
8

Percentage (%)
3

LT L2 L3 L4 L5 L6 L7 O1 02 O3 04 05 06 O7 08 09 010011012013014 U1 U2 U3 U4 US B U7 B U8

m Compounds

Figure 2: The cytotoxic activity of L1-7, 01-14, and U1-9 against HepG2
and AGS cell lines. Cytotoxic effect of L1-7,01-14,and U1-9 were evaluated
against AGS (a) and HepG2 (b) cells. The cells were treated with samples
at the concentration of 100 uM for 24 or 48 h as indicated in the materials
and methods. Each point represents a mean + standard deviation of 3
experiments. Doxorubicin was used as a positive control and showed
IC 50 for AGS and 3.7% (24 h) and 1.5% (48 h) for HepG2, respectively. a:
P <0.001, b:P<0.05,and c: P < 0.01 compared with control

C-28, which essentially influence the cell viability against cancer cells in the
cytotoxic assay, O5 as oleanane-type has not only a hydroxyl moiety at C-23
and a free carboxylic acid at C-28, but also two sugars at C-3. O5 and U5 at
concentrations of 10 and 25 uM were treated in AGS cells for 12 and 24 h.
The annexin-V/PI double staining results described that two compounds,
05 and U5, showed different aspects on the stage of apoptosis in AGS cells.
When treated with 10 and 25 uM for 12 h incubation, U5 had much more
potent cytotoxicity than O5 (Figure 3; bl vs. d1 and c1 vs. e1). While O5 at
10 uM for 24 h did not induce the significant apoptosis compared to control
group, the population of the apoptotic cells treated with O5 at 25 uM for
24 h in late apoptosis stage (annexin-V*/PI*) was dramatically increased
to about 93.1% compared to U5 at the same concentration (49.1%). Our
finding suggested that the delayed cytotoxicity of O5 might arise from the
alteration of cell permeability by two glycosides at C-3 in structure. In the
case of U5, the percentage of late apoptotic cells (annexin-V*/PI*) treated
with 10 uM has doubled from 20.9% in 12 h to 43.6% in 24 h, while the
number of late apoptotic cells induced by 25 uM showed no significant
change as time passed (46.4% in 12 h and 49.1% in 24 h).

Changes of caspase-3 activity by O5 and U5 in AGS
cell line

To further understand the mechanism of O5 and U5-induced apoptosis,
we evaluated the caspase-3 activity that plays a pivotal role in the process
ofapoptosis in AGS cells.?" O5 and U5 gradually increased the percentage
of the caspase-3 activity in a concentration-dependent manner, when the
cells were incubated with samples for 24 h [Figure 4]. The percentages of
the activated caspase-3 treated with O5 and U5 compared to those of the
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Figure 3: The flow cytometry analysis of the stage of O5 and U5-induced
apoptosis in AGS cells. After 12 (a1-e1) or 24 h (a2-e2) incubated with O5
(b and c) and U5 (d and e) at the concentrations of 10 (b and d) and 25 (c
and e) pM, respectively. (a1) and (a2) were the negative controls which
were treated with the vehicle.Values are represented as percentage. Data
are representative of three independent experiments

control cells increased gradually with increasing the concentrations from
10 (O5; 41.1% and US; 45.0%) to 25 uM (O5; 56.6% and U5; 55.2%).
These results suggested that active caspase-3 played an important role in
executing apoptosis by O5 and U5 in AGS cells.

CONCLUSION

In the present study, we examined the cytotoxic activities of 30 lupane-,
oleanane-, and ursane-type triterpenes against HepG2 and AGS cell lines.
The types of backbones and simple structural modifications, such as
hydroxylation and glycosylation, significantly influenced their biological
activities. O5, an oleanolic acid derivative with hydroxyl group at C-23 and
two sugar groups at C-3, and U5, an ursolic acid derivative with hydroxyl
group at C-2, were the most potent apoptotic activities on the two cancer
cell lines via caspase-3 regulation. Although further studies are needed
to clarify the mechanism related with apoptosis by O5 and U5 on the
inhibition of cancer cells proliferation, the structure-activity relationship
of 30 triterpenes including O5 and U5 might give an idea for developing
the therapeutic agents consisting of a triterpenes-concentrated preparation.
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Figure 4: The flow cytometry analysis of O5 and U5-induced caspase-3 activity in AGS cells. The cells were incubated for 24 h with vehicle (control, white
color), O5 or U5 at the indicated concentration (red color). Values are represented as percentage. Data are representative of three independent experiments
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