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with 1M BaCO; and filtered. The filtvate was extracted with
CHEl, (3 = 10mi), In order to identify the constituents of the
sugars, the aqueous layer was evaporated. The residue was
putified by silica gel (16g) column chromatography using
CHCly-MeOH-H,0 (6:4:1, 350ml) as an elutant, which re-
sulted in 78.7 mg of thamnose (Ry 0.32) and 8.6 mg of glucose
“[Re 0.56). The optical rotation of the purified sugars were
equivalent to those of standard -rhamnose and o-glucose.

Tumor cell lines and cytotoxicity assay; Human stomach cancer
(5NU-1), human [ung (A549), leukemia (K-562], human
gvarian (S5KOV-3), and human melanoma {SKMEL-2) cancer
cell lines were supplied from the Callege of Medicine, Sequl
Mational University.' The in vitro cytotoxicity assay was
performed as described previpusly {10-12).
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Abstroct; Corosolic acid isolated fram the froit of Crateegus pi
natiftda var. psileso was tested for anticancer activity. Corosal
acid displayed about the same potent cytotoxic activity as urs
lic acid against several human cancer cell lines. In addition, ¢
compotnd displayed antagonistic activity against the photbi
ester-induced morphological modification of K-562 leukeri
cells, Indlcating the suppression of protein kinase € (FKC) act
ity by the cytotoxic compaound. The compound showed PKC |
hibition with dose-dependent pattern in an i vitro PKC assay.

Abbreviatiens:

DMENM:  Dulbecco's Modified Essential Medium
DMSG:  Dimethyl sulfoxide

EDgq: Effective dose at 50 % survival

EtOH: Ethyl alcohol

FBS: Fetal bovine serum

PBS: Phosphate buffared saline

PDBu: Phorboi 12,13-dibutyrate

PiC: Protein kinase C

SRB: Sulforhodamine B

]

The fruits of Crataegus pinnatifida Bunge var. psilosg Schneid
have been used traditionally as a peptic agent in orieng
medicine (1). Three triterpennid compounds (Fig.1), urso‘i
acid (USA, 3B-hydroxy-12-urs-12-en-28-oic acid), cartosd]
acid (CSA, 2o-hydroxyursolic acid), and euscapic acid (EG
20,30,100-trihydroxyurs-12-en-28-gic acid), and two off
glicosides ‘were isolated from the fruit of C pinnatifida ¥s
psilosa in the previous wark (2). Lirsolic acid is a well-kne?
terpenoid compound that exists widely in foods, medicid
herbs and other plants (3), but corosolic acid was fir ‘
isolated from C pinnatifida. The pharmacological activiti
these terpenoid compounds were liritedly lknown ex(8
ursolic acid. It has recently been reported that ursolic &
displayed anti-invasive activity on metastatic HT1080 hun
fibrosarcoma cells (4), the cell cycle arrest of MCF-7 breg
cancer cell at G1 phase {5), inhibition of skin tumarigency
(8), and antiviral activity (7). In this werk, the cytotoxicl

corosolic acid purified from the fruits of C j'Jl'ﬂlTlLTti_ﬁdﬂ‘t‘.)-.
psilosa against various human cancer cell lines and in Vik
PIKC inhibition by coroselic acid were elucidated. ;

Little is known about the pharmacological activities of cql'?
acid as yet, and this is the first repoct on antitumer a_u:rnnw
corasolic acid. Corosnlic acid displayed potent cytotoxic M.ﬂ J
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R=0H, Ro0-0F, R=F (coroselic aeld)
* Ri=Re=El, Ra=P-OH (ursolle acld)
i Ru=H, Bp=0-0H, Ra=OF {euscaple acld)

'-'L ‘structure of terpenoids isolated from the frult of C. pinnatifi-
psilosa.

ar to ursolic acid against several human caneer cell lnes
dfifished from varlous origins. The EDg of corosolic acid was
- uted as 0.4-5.0ug/ml depending on the cell lines (Table
th compounds were more cytotoxic against Hela 55 and
7, cells than against other cancer cells indicating that these
gunds have strong sensitivity to solid cancer rells. Prob-
he cytotoxicity against cancer cells was partly due to the
on of PR activity by corosolic acid because corosolic acid
ayed an antagenistic effect on the morphelogical change of
“hurnan myelogenous leukernic cells with phorbel esters
has been known as a PKC activator and potent tumaor
or {unpublished data). Also this morphological change
ported to correlate with the initfal cancer promoting
by way of abnormal PKC activation (8). Actually in vitro
qssay showed that corosolic acid inhibited PRC activity with
ependent patterns (Table 2) indicating that corosolic acid
d the eytotoxic activity related to PKC inhibition.
J
ove results show the growth inhibition with about
Lgfrnl but incomplete inlibition of rar brain PKC
| ‘i vitrp by concentrations higher than about 20 pg/ml.
1 _crepancy in effective concentrations is probably due to
i}v selectivity of cornsolle actd on PKC because various
| ph;lu: triterpennids. were known as relatively ineffec-
hibitars of protein kinases including PKC, except for
tAMDP-dependent protein kinase that was inhihited
Iy by the triterpenoids (9). This means that cerosolie
ay affect other susceptable targets related to the
diticity. According o another report, ursolic acid is
jritto be relatively non-toxic and effective in pmtectmg
them:cally induced liver injury (10). In this respect, it is
to clarify the mechanisms for the pharmacological
hie triterpenoid compounds on cytotexicity as yet, We
o clacify whether the cytotoxic activity of corosolic
d ursalic acid is related directly to the mechanism of
i fibition or not. In many cases, it was known that PICC
ton was related to a reduction of the multi-drug
re (MOR} acrivity (11, 12} unfortunately however,
-acid could not overcome the MDR of competent cell
{ta not shown). Whether corosolic acid can be used as
neer agent or not remains to be elucidated conclu-
iEven so, the above results inclicate that the cytotoxicity
salic acid is strongly related with its PKC inhibition,

Table 2 Effect of corosolic acid and ursolic acid on FKC inhibitian
(numbers represent mean £ standard deviations). :

Inhibitar concentration  *incorporated % decrease

{uagfml} {epm)* In PKC activity
Control 4820 + 352 100
Corosolic acid 0.1 4579 + 153 a5

1 4240 £ 102 g8

0 2985 + 220 62

S0 1926 + B2 40
Ursolic acid 50 2070 =105 43
Staurosporine
{10} 2406+ 13 50

* All experiments were triplicated.

Materials and Methods

Plant material and purificofion procedure: Froits of Cratoegus
pinnatifida var. psilosa were collected ar Kwangdul-San
{Kwangwon-do, Korea) In October 1994 and seeds were
removed. A voucher specimen is maintained in the Korea
Research [nstitute of Bloscience and Biotechnology, Dried
fruits of Crataegus pinnatifida var, psilosa (7 kg) were ground
and extracted with MeOH (20 liters, 3 =) followed by
evaporation under reduced pressure. The crude extract (2 k)
was dissolved in distilled water (0.5 liter) and extracted with
diethyl ether {2 liter, % 5) followed by drying under vacuum.
The solvent fraction (100 g) were separated by silica gel co-
Iumn chromatography with a step-gradient of solvent (CH,Cl;:
MeOH » 60:1 —1:1). Purification and structure analysis of
corosolic acid were conducted as in the previous report (13).

Cell Hnes and culture medla: K-562 (ATCC CCL 243), Hep Gz
(ATCC HB B0G65), Hela Sy (ATCC CCL 2.2), and A-548 (ATCC
CCL 185) cell lines were obtained from the American Tissue
Culture Collection {Rocksville, Maryland, WS.A.). SNU-C,
(IKCLE 00Q004) was obtained from the Korean Cell Line Bank
(Seoul National University, Szoul, Korea). Dulbecco's Modified
Essential Medium (DMEM) and RPMI-1640 were from Gibco-
BRL (Grand Island, NY, U.5.A.). Fetal bovine serum (FBS} and
antibiotics (penicillin and steeptomyein) wete from Hyclone
(Logan, UT, U.5.A.).

Biological activitles: Cytotoxic activity was evaluated by the
same procedure as used in the previous report (14) appling
the SEB method (15). For the assay of phorbol ester-antago-
nistic activity, [-562 cells were diluted to 1 = 107 cells/ml and
10041 of the cell suspension was dispensed in earh well of a
96-well plate. Aliquats of 101l of each sample extract {50 mg/
mi} were added Into the wells and the cells were incubated
for 1 h at 37 °C. Phorbol 12,13-dibutyrate (PDBuW) was then add-
ed to make the final concentration of 0,1 ugfml, After 30 min,
bleb-bearing K-562 cells were counted under a microscope and

Table 1 Effects of corosolic add on the

Cell Line (EDyy, pgfml)”

cytotoxicity against various human cancer

Hep G A349 SNU-Cy Hela 5; [K-562 cell lines (numbers represent means
: ‘ standard deviations).

48(£1.2) 50 (0.8 04{x0.1) 003 43(k1.5 ‘

30{£08 185(£03) 14{£0Q5) 15(x0 8) 12,5 (£ 4.3)

P 002/004
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compared with the positive and the negative controls treated
with and without 1 nM staurcsporine, respectively, PKC activity
was determined as jn the previous report (14).
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dea was analyzed by GC and GC{IVIS. Forty-slx components
identiffed, representlng rmore than 95% of the oil. The;
constituents were (EE)-farnesol (> 0.0%) and {Z, E}~farne5§$l
15.7 %).

AS a ¢ontinuation of our project of screening new ess
oils from medicinal plancs of Argentina (1-4), and be
sometimes the aromatic properties of a homeopathical;
could influence its uses, we have examined the n
variation in Grindeliq disceidea essential oil. About 60 sp
belong to genus Grindelta WL (5). Grindella discoidea Ho
Arn. is a resinous schrub {30 cm height) of yellow flowe
is found in Uruguay and the central area of Arg\entma‘
Its common name is cad-pé-mini and/or cai-pé-aici ang
widely used homeopathically for the treatment of asl:h 3
stomachache (7).

The components of the essential oils from G, discolde
pulations studied are given in Table 1. Forty-six com
were identified, representing more than 95 % of the

The monoterpene fraction was present in relative
amounts in almost all the populations, with the excepfi
3AG (21.4%). The essential oil of the 3AG populatig
tained (Z)-fB-ocimene (72%) as the most abundent
terpene. Oxygen-containing monoterpenes constitdg
minor part of these oils (= 2.0%). Another distingy
feature was the presence, in small amount, of trans- g
p-mientha-2,8-dien-1-ol and trans- and cis-p-menth
dien-2-ol, previously described in the essential oils o
from the leaves and flowers of Cymbopogen desifla]
and Chenopodium ambrosoides (12), Bornyl acetate,
and a-pinene were the major compounds of the monal
fraction of Crindelia robusta and Grindelio squarrosa (

The sesquiterpene hydrocarbons ranged frem 24.3%;
population 85 to 40.4% in SAG population. This
contained mainly j-cadinene {= 9.4%), valencene
and fA-selinene (< 1.1%). Mina Clavero populations {1,
2MC) had considerable amounts of §-caryophyhlent
and 5.6 %, respectively). (Z,E)-Farnesol {< 15.7%), ( BB
sal (= 0,0%) and globulol (< 6.2%) were the maj
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