
Leaves of Eriobotrya japonica LINDL. (Rosaceae) have
been used in folk medicine to treat various skin diseases and
diabetes mellitus.1) Various triterpenoids have been isolated
from the leaves, and several of them have been reported to
possess anti-inflammatory,2) antiviral,3) antimutagenic,4) anti-
tumor-promoting,5) anti-oxidative,6) and hypoglycemic prop-
erties.7,8) In the course of our search for potential bioactive
compounds from natural sources,9,10) we have reported the
isolation and identification of sixteen triterpene carboxylic
acids from the methanol (MeOH) extract of the leaves of E.
japonica and their inhibitory effects on 12-O-tetrade-
canoylphorbol-13-acetate (TPA)-induced inflammation in
mice, and on the Epstein–Barr virus early antigen (EBV-EA)
activation induced by TPA.11) In addition, we have reported
that euscaphic acid (9) exhibited marked antitumor-promot-
ing activity in an in vivo two-stage mouse skin carcinogene-
sis.11) In this paper, we report the inhibitory effect on DNA
topoisomerase (Topo) I and cytotoxicity against human
leukemia (HL60) and melanoma cell lines (CRL1579) for
eleven triterpene acids isolated from the MeOH extract of E.
japonica leaves in our previous study.11) Furthermore, we re-
port the apoptosis-inducing activity in HL60 cell line of 3-O-
(E)-p-coumaroyl tormentic acid (8), which exhibited potent
cytotoxicity against both cell lines, and the mechanisms of
apoptotic cell death in HL60.

Results and Discussion
Eleven triterpene acids (Fig. 1), including four oleanane-

type: oleanolic acid (1), maslinic acid (2), 3-epiasiatic acid
(3), and d -oleanolic acid (4); five ursane-type: ursolic acid
(5), methyl ursolate (6), corosolic acid (7), 3-O-(E)-p-
coumaroyl tormentic acid (8), and euscaphic acid (9); and

two lupane-type: betulinic acid (10) and methyl betulinate
(11), isolated from the MeOH extract of E. japonica
leaves,11) were evaluated with respect to their Topo I in-
hibitory and cytotoxic activities. On evaluation of Topo I in-
hibition,12) four compounds, 4, 5, 8, and 10, exhibited potent
Topo I inhibitory activity (IC50 20.3—36.5 mM) (Table 1),
which being almost comparable with or more inhibitory than
reference camptothecin (IC50 28.1 mM), a well known Topo I
poison.13) Upon evaluation of cytotoxicity, three compounds,
5, 8, and 10, exhibited potent activity against both HL60
(EC50 5.0—6.9 mM) and CRL1579 (EC50 8.7—16.9 mM) cells
(Table 1), which being almost comparable with or more in-
hibitory than reference cisplatin (EC50 HL60: 2.5 mM;
CRL1579: 21.1 mM), one of the most effective and widely
used anti-cancer agents. In addition, compound 4 against
HL60 (EC50 8.1 mM) and compound 7 against CRL1579
(EC50 20.8 mM) showed potent cytotoxicity. Among these
Topo I inhibitory and cytotoxic compounds, compounds 514)

and 1014) for their Topo I inhibitory activity and compounds
5,5,14—17) 7,18) 819) (and its 3-O-(Z)-coumaroyl isomer),5,19)

and 1014,15,20—23) for their potent cytotoxicity against some
tumor cell lines have been reported. Moreover, compounds
5,16,17) 7,18) and 1020,21,23) have been demonstrated to induce
apoptotic cell death, and the mechanisms of the induction of
apoptosis have been investigated.16—18,21)

On the basis of the results in Table 1, the following con-
clusions can be drawn about the structure–activity relation-
ship of the compounds:

(i) Among the oleanane-type triterpene acids (1—4), hy-
droxylation at C-2 (2, 3) decreases the Topo I inhibitory and
cytotoxic activities against HL60 cells. On the contrary to
this, hydroxylation at C-2 enhances cytotoxic activity against
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CRL1579 cells.
(ii) Among the ursane-type triterpene acids (5—9), hy-

droxylation at C-2 (7, 9) decreases the Topo I inhibitory and
cytotoxic activities against both HL60 and CRL1579 cells.
However, esterification at C-3 with a p-coumaroyl group (8)
enhances these activities of C-2 hydroxylated triterpene acids
(7—9).

(iii) Methyl esterification of the carboxyl group at C-28
decreases the Topo I inhibitory and cytotoxic activities
against both HL60 and CRL1579 cells (5 vs. 6, and 10 vs.

11).
(iv) HL60 cells were more sensitive than CRL1579 cells

for all of the triterpene acids tested with two exceptions.
Thus, the cytotoxic activity of two triterpene acids, 7 and 9,
were more potent against CRL1579 cells than against HL60
cells.

Since the nature of cytotoxicity of compound 8 remained
unexplored, we undertook, in this study, flow cytometric
analysis of 8 in HL60 cells with 4�,6-diamidino-2-phenylin-
dol (DAPI) for cell cycle analysis, and annexin V-fluorescein
isothiocyanate (FITC) and propidium iodide (PI) for detec-
tion of early apoptotic cells. On treatment with 8, the cells
generated sub-G1 peak after 24 h (32.3% vs. 7.2% for 0 h)
and 48 h (53.1%) of incubation in cell cycle analysis (Fig. 2).
Sub-G1 peak means fragmentated DNA, which is known to
one of the features of apoptosis.24) G2/M cell cycle arrest also
was detected after 24 h and 48 h (51.2% for 24 h and 27.4%
for 48 h vs. 1.9% for 0 h). Furthermore, we detected the early
apoptotic cells with annexin V-FITC and PI double staining.
The phosphatidylserine externalization to cellular membrane
is one of the earliest markers of apoptotic cell death.25) An-
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Table 1. DNA Topoisomerase I Inhibitory Activity (IC50) and Cytotoxicity
(EC50) of Triterpene Acids 1—11 from the Leaves of Eriobotrya japonica

EC50 (mM)a)

Compound IC50 (mM)a)

HL60b) CRL 1579b)

Oleanane-type
1 Oleanolic acid 64.3 21.9 �100
2 Maslinic acid 80.6 63.7 68.7
3 3-Epiasiatic acid �100 62.6 98.4
4 d-Oleanolic acid 33.0 8.1 �100

Ursane-type
5 Ursolic acid 26.3 5.0 8.7
6 Methyl ursolate �100 14.1 47.3
7 Corosolic acid �100 46.4 20.8
8 3-O-(E)-p-Coumaroyl tormentic acid 20.3 6.9 15.1
9 Euscaphic acid �100 �100 66.8

Lupane-type
10 Betulinic acid 36.5 6.4 16.9
11 Methyl betulinate �100 56.7 75.9

Refernce compound
Camptothecin 28.1
Cisplatin 2.5 21.1

a) IC50 and EC50 based on triplicate three points. b) Cells were treated with com-
pounds (1�10�4—1�10�6

M) for 48 h, and cell viability was analyzed by the MTT
assay.

Fig. 1. Chemical Structures of Eleven Triterpene Acids (1—11)

Fig. 2. Flow Cytometric Analysis of Cell Cycle Distribution

The HL60 cells were treated with 40 mM 3-O-(E)-p-coumaroyl tormentic acid (8) for
24 and 48 h. Three independent experiments were carried out, and all gave similar re-
sults.



nexin V is a calcium-dependent phospholipid-binding protein
with high affinity for phosphatidylserine expressed on the
surface of early apoptotic cells. Because PI, a DNA interca-
lating agent, does not enter whole cells with intact mem-
branes, it is excluded from living and early apoptotic cells.
They were used to differentiate between early apoptotic (An-
nexin V possitive, PI negative), late apoptotic (Annexin V, PI
double positive), or necrotic cell death (Annexin V negative,
PI positive). The proportion of early apoptotic cells (lower
right) was significantly increased in a time-dependent-man-
ner after treatment with 8 (40 mM) (3.7% for 0 h vs. 17.0% for
24 h and 25.7% for 48 h) and late apoptotic cells (upper
right) significantly increased after 48 h of incubation with 8
compared with 0 h (1.3% for 0 h vs. 19.2% for 48 h) (Fig. 3).
Although a small number of necrotic cells (upper left) also

were detected, these results showed that cytotoxic activity of
8 against HL60 is mainly due to inducing apoptotic cell
death.

It is known that apoptosis is induced mainly by triggering
the death receptors (extrinsic pathway) and/or mitochondria
(intrinsic pathway), leading to the activation of caspases.26,27)

In the death receptor-mediated apoptosis pathway, tumor
necrosis factor family activates upstream caspase-8. Activa-
tion of caspase-8 can in turn directly activate caspase-3. The
mitochondrial-mediated apoptosis pathway activates procas-
pase-9 by releasing cytochrome c. Caspase-9 forms an active
holoenzyme that processes and activates downstream cas-
pase-3. In order to clarify the mechanism by which com-
pound 8 induces apoptotic cell death, activation of caspases-
3, 8, and 9 was evaluated by Western blot analysis. After
treatment of HL60 cells with 8 (40 mM), the level of procas-
pases-3 and 9 gradually diminished in a time-dependent-
manner, and cleaved caspases-3 and 9 were detected (Fig.
4A). On the other hand, compound 8 exerted almost no influ-
ence on the expression of procaspase-8 and cleaved caspase-
8. These results suggested that compound 8 induces apop-
totic cell death via mainly mithochondrial pathway through
activation of caspases-3 and 9 in HL60.

Next, we investigated the effect of compound 8 on Bax
and Bcl-2. The proapoptotic proteins Bax and Bid, and the
anti-apoptotic mitochondrial protein Bcl-2 are important reg-
ulators of cytochrome c release from mitochondria.28,29) Ex-
pression of these proteins was examined by Western blot
analysis. Treatment of compound 8 for 24 h in HL60 cells
decreased the level of Bcl-2 whereas increased the level of
Bax after 8 h (Fig. 4B). The Bax/Bcl-2 ratio is one of the in-
dices of the intrinsic mechanism of apoptosis in mitochon-
dria.30) Since compound 8 increased this ratio in HL60 cells,
it seems that compound 8-induced apoptosis involves
Bax/Bcl-2 signal transduction in mitochondrial pathway.

Activation of caspase-2 triggers the mitochondrial apop-
totic pathway,31) and Topo poisons such as camptothecin and
etoposide are known to activate caspase-2 and induce apop-
tosis.32,33) To clarify the trigger of apoptosis induced by com-
pound 8, we investigated activation of caspase-2 by Western
blotting. On treatment of HL60 cells with 8, procaspase-2
decreased and cleaved caspase-2 expressed after 8 h (Fig.
4C). Taking into account that compound 8 exhibited potent
Topo I inhibitory activity, it can be suggested that Topo I in-
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Fig. 3. Detection of Early Apoptotic Cells by Annexin V-PI Double Staining

The HL 60 cells were cultured with 40 mM 3-O-(E)-p-coumaroyl tormentic acid (8) for 24 and 48 h. Three independent experiments were carried out, and all gave similar results.

Fig. 4. Western Blot Analysis in HL60 Cells

The HL60 cells were treated with 40 mM 3-O-(E)-p-coumaroyl tormentic acid (8) for
the indicated times. Three independent experiments were carried out, and all gave simi-
lar results. (A) Western blot analysis of caspases-3, 8, and 9 in HL60 cells treated with
3-O-(E)-p-coumaroyl tormentic acid (8). (B) Effect of 3-O-(E)-p-coumaroyl tormentic
acid (8) on Bcl-2 and Bax proteins in HL60. (C) Western blot analysis of caspase-2 in
HL60 cells treated with 3-O-(E)-p-coumaroyl tormentic acid (8).



hibition followed by activation of caspase-2 is one of the trig-
gers of apoptosis in HL60 cells for compound 8.

In summary, we have revealed that compound 8 induces
apoptotic cell death in HL60 cell line via mainly the mito-
chondrial pathway by, at least in part, Topo I inhibition. This
is the first report for compound 8 that this induces apoptotic
cell death in HL60 cells. It appears that compound 8 as well
as compounds 5,16,17) 7,18) and 1020,21,23) may be promising
lead compounds for developing effective drugs for cancer
chemotherapy, especially for leukemia. In addition to com-
pound 8, the 3-O-p-coumaroyl esters of other types of triter-
pene acids, such as oleanane- and lupane-types triterpene
acids, might be worth to investigate for developing effective
drugs for cancer chemotherapy. It might be worthy to note
here that among the compounds exhibiting no significant cy-
totoxicity in this study, two compounds, 117) and 2,34) have
been demonstrated for their apoptotic cell death in some
tumor cell lines, and have been discussed for their potentials
to develop effective antitumor agents. Evaluation of apopto-
sis-induction activity of compound 4 in HL60 is now under-
going.

Experimental
Materials Eleven triterpene acids, 1—11, were isolated from the MeOH

exract of the leaves of loquat, Eriobotrya japonica LINDL. (Rosaceae).11)

Cell Lines and Culture Conditions HL60 (human leukemia) and
CRL1579 (human melanoma) cell lines, obtained from Riken Cell Bank
(Tsukuba, Ibaraki), were grown in RPMI 1640 medium (Invitrogen Co.,
Carlsbad, CA, U.S.A.). The cells were cultured according to the previous
method.35,36)

DNA Topoisomerase Inhibitory Assay DNA Topo I was performed ac-
cording to the previous method12,33) with a slight modification. Briefly, calf
DNA Topo I and supercoiled pBR 322 plasmid DNA were purchased from
Takara Bio Inc. (Ohtsu, Japan). Reaction mixture contained 35 mM Tris–HCl
(pH 8.0), 72 mM KCl, 5 mM MgCl2, 5 mM dithiothreitol, 5 mM spermidine,
0.01% bovine serum albumin (BSA), 0.5 mg DNA, the indicated compound
concentrations in dimethyl sulfoxide (DMSO), and 1 U of Topo I in a final
volume of 20 m l (concentration of DMSO: 2.5%). Reaction mixtures were
incubated for 30 min at 37 °C. Reaction products were electrophoresed on
1% agarose gel in TAE (Tris–HCl–acetate–ethylenediaminetetraacetic acid
(EDTA)) running buffer. The agarose gel was stained with ethidium bromide
(EtBr) and the DNA was visualized under UV light.

Cytotoxicity Assay Cytotoxicity assay was performed according to the
previous method.35,36)

Cell Cycle Analysis Aliquots of HL60 (4�105 cells) were incubated
with medium containing test compounds. The cells were then washed with
PBS with centrifugation. DNA was stained with Nim-DAPI (NPE Systems,
FL, U.S.A.) staining solution for 10 min at room temperature. Fluorescence
intensity was measured by flow cytometer (Cell Lab QuantaTM SC; Beckman
Coulter K.K., Tokyo, Japan). Cell cycle distribution was analyzed using
DNA Cell Analysis software (Multi Cycle AV; Phoenix Flow System, San
Diego, CA, U.S.A.).

Annexin V-Propidium Iodide Double Staining Apoptosis was de-
tected by the same way as described in our recent paper using an recombi-
nant human (rh) Annexin V-FITC kit.35,36)

Western Blot Analysis Western blot analysis was performed as de-
scribed previously.35,36)

References
1) Li W. L., Zheng H. C., Bukuru J., De Kimpe N., J. Ethnopharmacol.,

92, 1—21 (2004).
2) Shimizu M., Fukumura H., Tsuji H., Tanaami S., Hayashi T., Morita

N., Chem. Pharm. Bull., 34, 2614—2617 (1986).
3) De Tommasi N., De Simone F., Pizza C., Nahmood N., Moore P. S.,

Conti C., Orsi N., Stein M. L., J. Nat. Prod., 55, 1067—1073 (1992).

4) Young H.-S., Chung H.-Y., Lee C.-K., Park K.-Y., Yokozawa T., Oura
H., Biol. Pharm. Bull., 17, 990—992 (1994).

5) Taniguchi S., Imayoshi Y., Kobayashi E., Takamatsu Y., Ito H., Hatano
T., Sakagami H., Tokuda H., Nishino H., Sugita D., Shimura S.,
Yoshida T., Phytochemistry, 59, 315—323 (2002).

6) Huang Y., Li J., Cao Q., Yu S.-C., Lv X.-W., Jin Y., Zhang L., Zou Y.-
H., Ge J.-F., Life Sci., 78, 2749—2757 (2006).

7) De Tommasi N., De Simone F., Cirino G., Cicala C., Pizza C., Planta
Med., 57, 414—416 (1991).

8) Rollinger J. M., Kratschmar D. V., Schuster D., Pfisterer P. H., Gumy
C., Aubry E. M., Brandstötter S., Stuppner H., Wolber G., Odermatt
A., Bioorg. Med. Chem., 18, 1507—1515 (2010).

9) Akihisa T., Yasukawa K., “Biomaterials from Aquatic and Terrestrial
Organisms,” ed. by Fingerman M., Nagabhushanam R., Science Publ.,
Enfield, 2006, pp. 63—114.

10) Akihisa T., Oleoscience, 7, 445—453 (2007).
11) Banno N., Akihisa T., Tokuda H., Yasukawa K., Taguchi Y., Akazawa

H., Ukiya M., Kimura, Y., Suzuki T., Nishino H., Biol. Pharm. Bull.,
28, 1995—1999 (2005).

12) Song G.-Y., Kim Y., Zheng X.-G., You Y.-J., Cho H., Chung J.-H., Sok
D.-E., Ahn B.-Z., Eur. J. Med. Chem., 35, 291—298 (2000).

13) Paquet C., Sane A.-T., Beauchemin M., Bertrand R., Leukemia, 19,
784—791 (2005).

14) Syrovets T., Büchele B., Gedig E., Slupsky J. R., Simmet T., Mol.
Pharmacol., 58, 71–81 (2000).

15) Akihisa T., Kamo S., Uchiyama T., Akazawa H., Banno N., Taguchi
Y., Yasukawa K., J. Nat. Med., 60, 331—333 (2006).

16) Tu H.-Y., Huang A-M., Wei B.-L., Gan K.-H., Hour T.-C., Yang S.-C.,
Pu Y.-S., Lin C.-N., Bioorg. Med. Chem., 17, 7265—7274 (2009).

17) Yan S.-L., Huang C.-Y., Wu S.-T., Yin M.-C., Toxicol. Vitro, 24, 842—
848 (2010).

18) Xu Y., Ge R., Du J., Xin H., Yu T., Sheng J., Wang Y., Ling C., Cancer
Lett., 284, 229—237 (2009).

19) Numata A., Yang P., Takahashi C., Fujiki R., Nabae M., Fujita E.,
Chem. Pharm. Bull., 37, 648—651 (1989).

20) Fernandes J., Castilho R. O., da Costa M. R., Wagner-Souza K., Ka-
plan M. A. C., Gattass C. R., Cancer Lett., 190, 165—169 (2003).

21) Liu W.-K., Ho J. C. K., Cheung F. W. K., Liu B. P. L., Ye W.-C., Che
C.-T., Eur. J. Pharmacol., 498, 71—78 (2004).

22) Wada S., Tanaka R., Chem. Biodivers., 2, 689—694 (2005).
23) Kessler J. H., Mullauer F. B., de Roo G. M., Medema J. P., Cancer

Lett., 251, 132—145 (2007).
24) Darzynkiewicz Z., Bruno S., Del Bino G., Gorczyca W., Hotz M. A.,

Lassota P., Traganos F., Cytometry, 13, 795—808 (1992).
25) Martin S. J., Reutelingsperger C. P., McGahon A. J., Rader J. A., van

Schie R. C. A. A., LaFace D. M., Green D. R., J. Exp. Med., 182,
1545—1556 (1995).

26) Salvesen G. S., Dixit V. M., Cell, 91, 443—446 (1997).
27) Thornberry N. A., Lazebnik Y., Science, 281, 1312—1316 (1998).
28) Kluck R. M., Bossy-Wetzel E., Green D. R., Newmeyer D. D., Science,

275, 1132—1137 (1997).
29) Kluck R. M., Esposti M. D., Perkins G., Renken C., Kuwana T.,

Bossy-Wetzel E., Goldberg M., Allen T., Barber M. J., Green D. R.,
Newmeyer D. D., J. Cell Biol., 147, 809—822 (1999).

30) Oltvai Z. N., Milliman C. L., Korameyer S. J., Cell, 74, 609—619
(1993).

31) Roos W. P., Kaina B., Trends Mol. Med., 12, 440—450 (2006).
32) Paquet C., Sane A.-T., Beauchemin M., Bertrand R., Leukemia, 19,

784—791 (2005).
33) Lassus P., Opitz-Araya X., Lazebnik Y., Science, 297, 1352—1354

(2002).
34) Reyes-Zurita F. J., Rufino-Palomares E. E., Lupiáñez J. A., Cascante

M., Cancer Lett., 273, 44—54 (2009).
35) Kikuchi T., Nihei M., Nagai H., Fukushi H., Tabata K., Suzuki T., Aki-

hisa T., Chem. Pharm. Bull., 58, 568—571 (2010).
36) Tabata K., Motani K., Takayanagi N., Nishimura R., Asami S., Kimura

Y., Ukiya M., Hasegawa D., Akihisa T., Suzuki T., Biol. Pharm. Bull.,
28, 1404—1407 (2005).

March 2011 381


