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Inhibition of tumor promoter-induced Epstein-Barr virus (EBV) activation was screened using tissue culture
and thallus extracts of lichens. Usnea longissima Ach. thallus and Cetraria ornata MULL. ARG. tissue culture showed
strong inhibitory activity. We identified (+ )-usnic acid (1), barbatic acid (2), diffractaic acid (3), 4-O-demethylbarbatic
acid (4), and evernic acid (5) as inhibitors of EBV activation from the U. longissima thallus. Of these compounds,

(+)-usnic acid exhibited the highest inhibitory activity (IC5,=1.0 um).
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Lichens produce characteristic secondary metabolites®
and they have been used as crude drugs all over the
world. Recently, a variety of natural products isolated
from lichens have been found to exhibit a wide range of
potentially useful biological activities.?> An anthraqui-
none, norsolorinic acid, inhibits monoamine oxidase.¥
New phenolics from Protousnea species have been isolated
as tyrosinase inhibitors.¥ Metadepsides inhibit prosta-
glandin biosynthesis® and a dibenzofuran derivative, usnic
acid, inhibits cancer growth,® while lichen polysaccharides
exhibit antitumor and antiviral activities.” Usnic acid
and the depside diffractaic acid have anti-inflammatory,
analgesic, and antipyretic effects® and other depsides
inhibit plant and insect growth.® Orsellinic acid derivatives
exhibit nematocidal and anti-cholesterol activities.!®

Most types of carcinogenesis are known to be caused
by environmental factors. Chemically-induced carcinogen-
esis is known to pass through two successive stages,
initiation (changing normal cells into dormant tumor cells)
and promotion (changing these dormant cells into tumor
cells). Compounds acting at these stages are called
initiators or promoters, respectively. Recently, an assay
for inhibitors of tumor promotion using Epstein-Barr
virus (EBV) in Raji cells!? has been established. Con-
sequently, some natural inhibitors have been isolated; tri-
terpenoids'? (oleanolic, ursolic, and glycyrrhetinic acids)
and flavonoids’® (quercetin and kaempferol).

We established lichen tissue cultures in 1985'¥ and have
now accumulated cultures from about 400 species. These
cultures may be promising sources of novel biologically
active compounds. We previously reported the inhibitory
activity of tyrosinase in some of these cultures.’® In this
paper, we describe the results of screening tests to detect
inhibition of tumor promoter-induced EBV activation in
tissue cultures and thalli of lichens as well as the isolation
of some of these inhibitors.

* To whom correspondence should be addressed.

Results and Discussion

Screening Tests for the Inhibition of Tumor Promoter-
Induced EBV Activation The inhibitory effect of each
acetone extract from tissue cultures and thalli of the 29
species was tested at 10 ug/ml on EBV activation induced
by a potent tumor promoter, teleocidin B-4 at 20 ng/ml.
The activity was expressed by a relative index (RI) with
reference to the inhibitory activity of a positive control,
3-oxoursolic acid, at 2 ug/ml. As shown in Table 1, more
than half of the acetone extracts showed a greater in-
hibitory activity than that of 3-oxoursolic acid. The
extracts from Cetraria ornata MULL. ARG. tissue culture
and Usnea longissima AcH. thallus showed marked RI
values of 2.4 and 4.0, respectively. Cladoniaceae (Cladonia
and Gymnoderma) tissue cultures markedly inhibited EBV
activation.

Isolation of the Major Constituents of Usnea longissima
Thallus The acetone and methanol extract from U. lon-
gissima thallus gave five major constituents (1—5).
These compounds had been previously isolated as plant
growth inhibitors from U. longissima thallus collected in
Hokkaido Prefecture.”

Activities of Lichen-Derived Constituents on EBV
Activation The dose producing EBV activation inhibition
was measured in lichen-derived substances (1—9) (Table
2). (+)-Usnic acid exhibited a marked activity (ICs,
1.0 uM). We are currently testing the in vivo antitumor
promoting activity of (+)-usnic acid. The inhibitory
activity of (—)-usnic acid appeared to be somewhat lower
than that of (+)-usnic acid. Evernic acid is the strongest
active depside tested so far, suggesting that the balance
between hydrophobicity and hydrophilicity in the depsides
is significant for activity. Lichesterinic acid also exhibited
inhibitory activity, equal to that of evernic acid, and to
that of known antitumor promoters, quercetin (ICs,
23 uM)*® and oleanolic acid (ICs, 20 um).!?

In conclusion, we have performed screening tests on
lichens to investigate inhibition of EBV activation and
found that usnic acid exhibits strong inhibitory activity.

© 1995 Pharmaceutical Society of Japan

NII-Electronic Library Service



August 1995

1389

Table 1. Inhibitory Effects of Acetone Extracts of Tissue Cultures and Thalli of Lichens on Epstein-Barr Virus Activation Induced by

Teleocidin B-4

Culture Thallus
Family Species

RI? cvd RI Cv

Baeomycetaceae Baeomyces placophylius (LaM.) AcH. 0.0 83 1.0 94
Cladoniaceae Cladia aggregata (Sw.) NYL. 29 0.1> 1.6 94
Cladonia amaurocraea (FLORKE) SCHAER. 1.3 95 2.1 75

Cladonia cristatella TUCK. 1.7 96 1.5 93

Cladonia furcata (HUDS.) SCHAER. 1.7 94 1.8 97

Cladonia gracilis (L.) WILLD. var. dilatata (HOFFM.) 1.9 97 2.1 94

Cladonia nigripes (NYL.) TRASS. 1.9 98 2.1 99

Cladonia pleurota (FLORKE) SCHAER. 2.1 97 25 85

Cladonia rangiferina (L.) WEB. 1.6 96 2.1 98

Cladonia vulcani SAVICZ 19 84 2.8 87

Gymnoderma coccocarpum NYL. 1.8 90 1.7 88

Graphidaceae Graphis scripta (L.) ACH. 1.8 71 NT® NT
Parmeliaceae Asahinea chrysantha (Tuck.) W. CuLs. et C. CULB. 04 96 0.8 95
Cetraria ornata MULL. ARG. 24 85 3.1 78

Cetrelia japonica (ZAHLBR.) W. CuLB. et C. CULB. 0.6 97 1.0 94

Hypogymnia physodes (L.) NYL. 0.6 86 0.1 82

Parmelia saccatiloba TYL. 0.3 90 NT NT

Pseudevernia furfuracea (L.) ZOPF 0.5 92 1.9 92

Pertusariaceae Pertusaria flavicans LAMY 04 86 NT NT
Stereocaulaceae Stereocaulon intermedium (SAV.) MAGN. 0.5 92 14 88
Teloschistaceae Cualoplaca scopularis (NYL.) LETT. 0.0 89 02 91
Xanthoria fallax (HEPP) ARN. 1.7 91 1.3 91

Umbilicariaceae Umbilicaria kisovana (ZAHLBR.) KUROK. 1.2 87 2.3 80
Usneaceae Alectoria sulcata (LEV.) NYL. 0.2 94 2.5 89
Evernia prunastri (L.) Ach. 1.2 92 0.0 93

Letharia vulpina (L.) HUE 1.1 91 1.2 89

Ramalina farinacea (L.) ACH. 1.4 88 NT NT

Usnea longissima ACH. 0.7 88 4.0 75

No family Thamnolia vermicularis ACH. 1.5 90 1.0 93

a) RI, relative index = %I for the tested extract/%] for 3-oxoursolic acid. %I=(number of total cells—number of labelled cells) x 100/number of total cells.

b) CV, cell viability (%) after 48h. ¢) NT, no test.
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Fig. 1. Lichen-Derived Inhibitors of Epstein—Barr Virus Activation

Natural and cultured lichens are likely to be promising
sources for potential anti-tumor promoters.

Experimental

Preparative HPLC was carried out using a Waters model Delta Prep
3000 at 25°C under the following conditions: column, 19 x 150 mm
packed with pBondasphere 5pu Cm-lOOA; solvent system, a linear
gradient of 0.1% formic acid in methanol-0.1% formic acid in H,O,
70:30 to 100:0 over 30min at a flow rate of 10ml/min; detector,
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spectrophotometer (254 nm). Preparative TLC was performed on Merck
Kieselgel 60 F,s, (layer thickness, 0.25 or 1 mm) with hexane—ether—
formic acid (13:8:2, v/v). Spots were detected under UV light.
Materials Lichens were collected in Canada, England, Finland and
Japan. They were deposited in the herbarium of the Research Center,
Nippon Paint Co., Ltd. The lichen tissue cultures shown in Table 1,
which we have established'® from thallus segments, were maintained on
agar-plates of mait-yeast extract (MY) medium'® at 15°C in the dark
in our laboratory. Cultures were transferred to fresh medium every 8
weeks. Usnea longissima thalli for the isolation of inhibitors of EBV
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Table 2. Inhibitory Effect of Lichen-Derived Compounds on Epstein—Barr Virus Activation Induced Teleocidin B-4
%19 (CV?) Ic

Compound S0
50 um Sum 0.5 um 0.05 um (M)

(+)-Usnic acid (1) >99 (50) 77.8 (83) 36.7 (95) 01> (%99 1.0
Barbatic acid (2) 01 (92) NT? NT NT > 100
4-0-Demethylbarbatic acid (3) 447  (95) 01> (99 NT NT 72
Diffractaic acid (4) 300 (92) 01> (99 NT NT >100
Evernic acid (5) 64.6  (96) 13.3 96) 0.I> (99 NT 42
Lichesterinic acid (6) ND?Y  (0.1) 337 (96) 01> (91) NT 22

(—)-Usnic acid (7) >99 %94) 49.6 (99) 28.5 87 NT 5.0
Solorinic acid (8) 17 (73) NT NT NT >100
Methyl gyrophorate (9) 24 (72) NT NT NT >100

a) %I, (number of total cells—number of labelled cells) x 100/number of total cells. b) CV, cell viability (%) after 48h. ¢) NT, no test. d) ND, not determined.

activation were collected on Mt. Yatsugatake in Nagano Prefecture in
1990 and stored at —25°C for 2 years.

Chemicals Authentic 4-O-demethylbarbatic, barbatic, diffractaic,
and evernic acids were gifts from Dr. Huneck. Lichesterinic acid from
Cetraria islandica, solorinic acid, and methyl gyrophorate from Solorina
crocea for EBV assay were donated by Profs. Takahashi and Yamazaki.
(—)-Usnic acid was purchased from Extrasynthése (Genay, France).

Screening Tests of Lichen Extracts and Determination of the Activity
of Epstein-Barr Virus Activation Inhibition Lyophilized thalli or tissue
cultures (each 200 mg) were powdered in a mortar and then submerged
overnight at 4 °C in 10 m! acetone. The acetone solution was then filtered
and evaporated to dryness in vacuo. The Raji cells carrying the EBV
genome were prepared at a cell density of 5 x 10° cells/ml, and sodium
n-butyrate (3mm), teleocidin B-4 (20ng/ml), and the test extract
(10 pg/ml) dissolved in 5 ul dimethyl sulfoxide (DMSO) were added to
the medium. The Raji cells were incubated at 37°C for 48h in a 5%
CO, atmosphere. After harvesting the cells, smears were prepared from
cell suspensions. Early antigens induced by teleocidin B-4 were detected
by treatment of the smears with nasopharyngeal carcinoma serum, then
with FITC-labelled antihuman IgG. The percentage inhibition of EBV
activation (%]I) was calculated from cell counts and normalized to give
a RI by comparison with the %I determined for a positive control
(3-oxoursolic acid). In the screening test, each inhibitor activity was
measured in a single experiment and the average inhibitory activity was
measured in duplicate experiments for the inhibitors isolated.

Isolation and Identification of Major Constituents of Usnea longissima
Thallus Dry Usnea longissima thalli (10g) were cut into pieces and
submerged three times in fresh acetone (200 ml) overnight, then filtered
and submerged in the same way in methanol (200 ml). Combined filtrates
were evaporated to dryness in vacuo to obtain a dry extract (1.1 g) This
extract was subjected to silica-gel column chromatography to give 2
fractions (stepwise elution with hexane to ethyl acetate). Compound 1
was obtained from the first elute. Its physical data were consistent with
that of authentic (+)-usnic acid. The second elute was subjected to
preparative TLC and HPLC to give compounds 2 (51.7 mg), 3 (5.9 mg),
4 (9.0 mg), and 5 (6.2 mg). Their physical data were consistent with those
of authentic barbatic, diffractaic, 4-O-demethylbarbatic and evernic
acids, respectively.
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