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Abstract

Diffractaic acid and usnic acid were

identified as the analgesic and antipyretic components

ofa lichen, Usnea diffracta. Both compounds showed an

analgesic effect by the acetic acid-induced writhing and

tail-pressure methods in mice. Regarding the effect on

normal body temperature and LPS-induced hyper-

thermia in mice, diffractaic acid showed a significant

effect only on the former and usnic acid only on the

latter.

Key words
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Introduction

Usnea sp. had been mentioned as a crude

drug in the first Chinese herbal classic, Shen Nong 's Herbal

Classic, and later in the Compendium of Materia Medica

published in 1590. The material has been in use. not only

in China and Japan but also in some other countries in

Asia, Africa, and Europe for medicinal purposes including

pain relief and fever control. In order to clarify the phar

macological properties of this crude drug, we chose Usnea

diffracta Vein. (Usneaceae) and tested its pharmacological

effects in mice. The active principles and their potencies

are reported.

Materials and Methods

Instruments

Melting points {uncorrected): Yanagimoto Micro

Melting Point Apparatus. NMR: JEOL JNM-A500. 1R: HITACHI

260-10 Infrared Spectrophotometer. UV: HITACHI U-3200 Spec-

trophotometer. MS: JEOL JMS-AM20.

Materials

The plant material was collected at Sanryo-san.

Kouchi-ken, Japan, in May, 1990, and identified by Prof. 1.

Yoshimura, Kouchi Gakuen College. The dried voucher specimen

PlantaMed. 61(1995) 113-115
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(specimen number: J526-03) is deposited in the herbarium of Re

search Center, Nippon Paint Co.. Ltd. u-Usnic acid was purchased

from Nacalai Tesque, Inc., Japan, and the purity was checked by

TLC (silica gel, benzene-ethyl acetate 1:1) and 'H-NMR to be

almost 100% pure, Diffractaic acid was used as it has been iso

lated. The following materials were used for pharmacological

assay: Bacto Lipopolysaccharide E.coli O55:B5 (DIFCO Labora

tories), aminopyrine (Wako Pure Chemical Industries, Ltd.),

sodium pentobarbital (Tanabe Pharmaceutical Co., Ltd.). meth-

amphetamine hydrochloride (Dainippon Pharmaceutical Co.,

Ltd.), saline (Ostuka Pharmaceutical Co., Ltd.), gum arabic (Iwaki

Pharmaceutical Co., Ltd.), and Tween 80 (Wako Pure Chemical In

dustries. Ltd.).

Isolation of components

The acetic acid-induced writhing test was used

for an isolation-guide. The methano) extract (2.65g; 61% in

hibition, p < 0.01, 1 g/kg. p.o.) from the dried lichen was sus

pended in a small amount of methanol and water, and was

partitioned with ethyl acetate and water. The ethyl acetate part

showed the activity (76% inhibition, p < 0.01, 500mg/kg. p.o.),

which was chromatographed on silica gel (70 times the amount of

the sample). Fr. B (1.37g) was obtained as an eluate of benzene-

ethyl acetate [3:1 (ca. 900 ml)] following elution with benzene (ca.

700ml). The fraction showed the activity (31% inhibition, p <

0.05. lOOmg/kg.p.o.). and was purified by washing with benzene

to give compound-1 (1.06g). Compound-1 was directly identified

with authentic diffractaic acid by IR and 'H-NMR spectra and the

mixed m.p. Usnic acid was detected in the washings by com

parison with an authentic sample on TLC [silica gel, benzene-ethyl

acetate 1:1 (Rf 0.5) and ethyl acetate-benzene-acetic acid

30: 20:1 [Hf 0.8); ODS, methanol-water 10:1 (RfO.3)].

Diffractaic acid

Colorless needles from benzene-ethanol, m.p.

188-190°C (lit. 3: 189-190°C). 'H-NMR (4) (DMSO-d6) 8: 2.05
(3H, s), 2.07 (3H. s). 2.38 (3H. s). 2.49 (3H, overlapped with a sol

vent peak). 3.75 (3H. s). 3.83 (3H, s), 6.60 (1H, s), 6.77 (1H, s),

12.23(lH,br.s).

Pharmacological tests

Male ddy mice weighing 22-35g (5W) were

used for the experiments. The animals, bred at Japan SLC, Inc.

(Hamamatsu. Japan), were allowed free access to food and water,

and were housed for around one week under a 12-h light/dark cy

cle at 20-25 °C. Food was withheld 2h before the experiments.

Test samples were suspended in saline with 5% gum arabic or

10% Tween 80. The vehicle without sample was administered for

control, and aminopyrine for positive control.

Analgesic effect by the acetic acid-induced

writhing test: A slightly modified Whittle's method (5) was used.
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Samples were oraUy given 40min prior to an intraperitoneaJ in

jection of 0.7% acetic acid (0.1 ml/lOg mouse). The number of

squirms was counted in each mouse for 15min beginning 5min

after the injection.

Analgesic effect by the tail pressure test: Gradi

ent pressure was given at the base of the tail by the use of an anal-

gesy-meter (Ugo Basile, Italy) (6). Prior to the experiment, mice

were tested twice, and those having a pressure range of

100- 250 g for the pain-reaction were used. The reaction time of

the animals was measured and noted at 30, 60. 120. 180 and

240 min following sample administration ip.o.).

Hypothermic effect: Rectal temperatures in mice

were measured up to 4 - 6 h after sample administration [p. o.) with

a thermister (Takara Instruments Co., Ltd., Japan).

Antipyretic effect: Mice having a higher body

temperature than the mean temperature of the control (saline)

were used 12 h after the subcutaneous injection of LPS (50 mg/kg).

After 14 h of LPS-treatment, samples were orally administered,

and the rectal temperatures were measured hourly.

Statistics: Statistical significance was evaluated

by the Student's t test (unpaired).

Results and Discussion

The methanol extract of U. diffracta in

duced marked hypothermia in mice at an oral dose of

1.5g/kg. and also possessed fatal toxicity (2/6). The

analgesic effect by the writhing method was observed in a

dose-dependent manner at doses of 500 mg/kg and 1 g/kg,

although the latter dose was also fatally toxic (2/8).

Isolation was performed using the anal

gesic effect as a guide. After chromatography on a silica gel

column, the active fraction B. upon standing, yielded

diffractaic acid as crystals. The washings of diffractaic acid

indicated usnic acid by TLC (Fig. 1). Both compounds have

been obtained earlier in relatively high amounts from the

same species (1). Thus, diffractaic acid and usnic acid were

further tested for their pharmacological properties.

Diffractaic acid produced 47% (p < 0.05)

inhibitiDn of acetic acid-induced writhing in mice by oral

administration of 200 mg/kg (Fig, 2), and also raised the

pain threshold in a dose-dependent manner (Fig. 3). Usnic

acid was more potent than diffractaic acid, as was shown

by the writhing method by the administration of 30 and

100mg/kg of usnic acid (Fig. 2). At the same doses, usnic

acid exerted long-lasting analgesia by the tail pressure

method, compared with aminopyrine (50mg/kg, o.p.) as a

positive control (Fig. 3).

Hypothermic effect was observed in mice

by oral administration of diffractaic acid at a dose of

CH3

dilfraclaic acid

OH HaC 0 CH3
usnic acid

Fig. 1 The structures of diffractaic acid and usnic acid,
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Fig. 2 Analgesic effects of diffractaic acid (above) and usnic acid

(below) on acetic acid-induced writhing in mice. Each bar represents the

mean ± S.E. The number of squirms in control {22.0 ± 2.18 and 20,9 ±

4.00 for upper and lower panels, respectively) was taken as 100%; n =

6;a}p<0.05.

JO 0 SO 00 K> 110 I BO ISO SIC 140

Time alter adminlitration <mln.t

30 SO 90 ISO 150 ISO S10 HO

Tlmo after administration (mln.)

Fig. 3 Analgesic effects of diffractaic acid and usnic acid on the pres

sure pain threshold in mice. DA: diffractaic acid, UA: usnic acid, AP:

aminopyrine; n = 6-8; a) p < 0.05, b) p < 0.01, c) p < 0.001.
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200mg/kg, while usnic acid did not exert a significant

effect on body temperature up to 300 mg/kg (Fig. 4).

Antipyretic activity was tested against

lipopolysaccharide (LPS)-induced hyperthermia in mice.

Fig. 5 illustrates the significant effects of usnic acid at doses

of 100 and 300 mg/kg. On the other hand, diffractaic acid

did not suppress the fever even if the effective dose for hy

pothermia, 200 mg/kg, was administered. Reexaminalion

of both compounds at doses of 100 and 200 mg/kg con

firmed these results (data was not shown).

Taken together with the anti-inflammatory

activity of usnic acid and diffractaic acid (2). the results

suggest thai both compounds play a major role in the

action of the crude drug.
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