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The ether-soluble fraction of EtOH extract from the leaves of Eriobotrya japonica LINDL.
showed an anti-inflammatory effect when topically applied to rats. Ursolic acid, maslinic acid,
methyl maslinate and euscaphic acid were isolated from the ether-soluble fraction. Maslinic acid
was found to show an anti-inflammatory effect on carrageenan-induced edema and an inhibitory
effect on histamine-induced ileum contraction.
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Hot water extract of the leaves of Eriobotrya japonica LINDL. has traditionally been used
as a diuretic, a stomachic and a remedy for heatstroke, and topical application of the alcohol
extract has been used for the treatment of prickly heat, eczema and skin disease. Amygdalin,
sugars, organic acids, tannin, etc.”) have been isolated from this plant but no studies in
relation to the anti-inflammatory effect have been done.

In the course of chemical and pharmacological studies on the anti-inflammatory active
constituents of topically applied crude drugs, the effects of hot and cold water and alcoholic
extracts of Eriobotrya japonica were examined by using the carrageenan-induced foot edema
method® and only the alcoholic extract was found to have activity. In the present paper, we
report the identification of some chemical constituents of the leaves, and their anti-inflam-
matory activity toward carrageenan-induced edema and inhibitory effect on histamine-
induced contraction of the ileum isolated from guinea pigs.

The EtOH extract (fr. 1) was suspended in distilled water and extracted with Et,O (fr. 2),
AcOEt (fr. 3) and n-BuOH (fr. 4) successively (Chart 1).

In the carrageenan edema test with topical application of frs. 1—S5, fr. 2 showed a
stronger effect (5mg x 4 spread as 5% EtOH solution) than fr. 1 (Table I).

Fraction 2 showed four main spots colored red to orange (designated 1, 2, 3, and 4 from
the top downward), excluding the upper spots (chlorophyll) on thin layer chromatography
(TLC) (Kieselgel 60F,s,) using CHCl;~MeOH (20: 1) as the eluent. The spots were detected
by spraying the plates with 109 H,SO, followed by heating.

Fraction 2 was applied to a column of silica gel, and eluted with petroleum benzin
(P.B.)-AcOEt (10: 3) followed with P.B.—AcOEt (2: 1) to yield 1, 2 and a mixture of 3 and 4.
Compounds 3 and 4 could not be separated on a silica gel column because of the similarity of
their Rf values. The acetate of the mixture was further applied to a column of silica gel and
eluted with P.B.—AcOEt (5:1) to yield the 3- and 4-acetates (3a and 4a), which gave 3 and
4 after saponification with 5%, KOH in MeOH.

Compound 1 was identified as ursolic acid by comparison of the physical and spectral
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l I
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extd. with AcOEt

l |
AcOEt ext. (fr. 3) H,O
extd. with n-BuOH

| l
n-BuOH ext. (fr. 4) H,O ext. (fr. 5)

Chart 1

TasLe I. Inhibitory Effects of Frs. 1-—5 on Carrageenan Edema

Carrageenan edema (%)”

Fraction Df>se Time after injection (h)
(mg/site x 4)
1 2 3 4
1 5 — 25.6 27.6" —
2 5 18.4 27.39 28.1% 7.8
3 5 —-15.9 0 0 12.5
4 5 17.8 9.1 4.7 10.9
5 5 0 16.9 16.4 13.2

a) Inhibition %, n=5. b) p<0.05, ¢) p<0.01.

data with those of an authentic sample.

Compound 2 was concluded to be methyl maslinate® from the physical and spectral data
(given in the experimental section), and was confirmed to be identical with an authentic
sample.

Compound 3a gave a methyl ester (3am) on methylation with diazomethane; 3am still
showed a hydroxyl absorption band in the infrared (IR) spectrum, indicating the existence of
a sterically hindered hydroxyl group. The mass spectrum (MS) showed the characteristic
fragmentation pattern of retro-Diels-Alder cleavage, as is seen generally with pentacyclic
triterpenes having A'2-unsaturation. The fragment peaks at m/z 308 and 264 suggested the
presence of two acetoxyl groups in ring A or B and one hydroxyl (hindered) and one carboxyl
group in ring C or D. From the above results and a comparison of the chemical and physical
properties with those given in the literature, 3a was presumed to be 2a,3u-diacetoxy-19a-
hydroxyurs-12-en-28-oic acid.” '

Compound 3 was obtained by saponification of 3a with 59 KOH in MeOH and shown
to be identical with euscaphic acid® isolated from Euscaphis japonica PAX (IR, MS and mp).

Compounds 4 and 4a were identical with authentic maslinic acid 4 and its diacetate,
respectively (IR, nuclear magnetic resonance (NMR) and mp).
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TaBLE II. Inhibitory Effects of Compounds 1—4
and Indomethacin on Carrageenan Edema

Carrageenan edema (%)%

Dose Time after injection (h)
Compound (mg/site x 4)
1 2 3 4
1 5 0 —-2.8 —4.3 -55
2 5 12.5 13.9 12.8 12.7
3 5 11.7 0 8.8 15.0
4 4 47.1» 25.0 0 8.0
Indomethacin 0.5 12.5 19.4 21.39 16.4

a) Inhibition %, n=5. b) p<0.05.

Biological Activities of Compounds 1—4

Compounds 1—4 isolated from E. japonica in the present study were tested for anti-
inflammatory activity after topical application by using the carrageenan-induced foot edema
method in rats® as described in Experimental (Table I1). Among these four compounds, only
maslinic acid (4) showed activity (16 mg spread per rat, 1 h after carrageenan injection). In the
carrageenan-induced foot edema test, histamine, kinins and prostaglandins are known to be
involved as chemical mediators at about 1, 2 and 3 h after carrageenan injection, respective-

ly.

Compound 4 also showed a 35% inhibitory effect (2.4 x 10~5 g/ml dose) on histamine-
induced (1077 g/ml) contraction in ileum isolated from guinea pig, supporting the result of
the carrageenan edema test.

The anti-inflammatory effect of fr. 2 was found 2 and 3h after carrageenan injection,

while the active component (4) exhibited its effect at a shorter time. Generally the effect of a
crude drug is complex, and is sometimes lost after the separation of each constituent. We
concluded that maslinic acid is at least partly responsible for the pharmacological activity of
this plant, and its anti-inflammatory effect on topical application may be enhanced in
combination with other constituents of the plant.

Experimental

Melting points were determined on a Yanagimoto micro-melting point apparatus and are uncorrected. IR
spectra were obtained with a Hitachi 260-0611 spectrometer. NMR spectra were taken with Hitachi R-24B
(60 MHz) and JEOL XL-200 (200 MHz) spectrometers with tetramethylsilane as an internal standard, and chemical
shifts are given in & (ppm). The following abbreviations are used: s=singlet, d=doublet, t=triplet, dd =double
doublet, m=multiplet, and br=broad. MS were obtained on a JEOL-JMS-D 200 instrument. TLC was performed
with Kieselgel 60F,, plates (Merck) and spots were detected by heating after spraying 10% H,SO,.

Bioassay——Anti-inflammatory activity was assessed in male rats weighing 130 to 160 g, in which edema was
induced by injecting 0.1 ml of 19 carrageenan. Test material dissolved or suspended in 99.5%; EtOH was applied to
the hind paw 1h before and 0, 1 and 2 h after injection of carrageenan, and the paw volumes (in ml) were measured at
each time. In the reference group, only 99.5% EtOH was applied.

Inhibitory effect on histamine-induced contraction was assessed in ileum isolated from male guinea pigs weighing
300 to 350 g. Contraction of the ileum was induced by histamine at a concentration of 10~7 g/ml in a Tyrode solution
aerated with a mixture of 959 O, and 5% CO, at 32 °C. Test material was applied 3 min before addition of histamine.

Extraction and Fractionation Fresh leaves of Eriobotrya japonica LINDL. (1 kg) were extracted with EtOH (3d
at room temperature x 2). The EtOH solution was concentrated in vacuo (below 40 °C) to give the EtOH extract (98 g)
(fr.1). Fraction 1 was suspended in water and extracted with Et,0, AcOEt and n-BuOH, successively. Each solution
were evaporated to dryness under the same conditions as used for fr. 1 to afford fr, 2 (39g), fr. 3(10g), fr. 4 (10 g) and
water extract (fr. 5) (34 g) (Chart 1).

Constituents of Active Fraction (Fr.2)——Fraction 2 showed four main spots on TLC (designated as 1, 2, 3 and 4
from the top downward) with CHCl,-MeOH (20: 1). They were colored red, orange, dark brown and dark brown,
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respectively, by spraying with 109 H,SO, followed by heating. Fraction 2 was chromatographed on silica gel to give
1 (300 mg) and 2 (100 mg) from the eluate with P.B.—~AcOEt (10:3) and a mixture of 3 and 4 from the eluate with
P.B.~AcOEt (2: 1). The mixture of 3 and 4 was acetylated with Ac,O and pyridine and chromatographed on silica gel
using P.B.~AcOEt (5: 1) to afford 3-acetate (3a) and 4-acetate (4a). 3a and 4a were saponified with 59, KOH in MeOH
to afford 3 (88 mg) and 4 (90 mg).

Ursolic Acid (1)——White powder, mp 285—287°C (MeOH). MS m/z: 456 (M™). Anal. Calcd for C;,H,505-
1/2H,0: C, 77.37; H, 10.61. Found: C, 77.87; H, 10.31. IR vKBrem™: 3440, 1690.

Methyl Maslinate (2)——Colorless needles, mp 231—233 °C (P.B.—AcOEt). MS m/z: 486 (M ™). Anal. Calcd for
C;.H400,1/2H,0: C, 75.01; H, 10.37. Found: C, 74.80; H, 10.15. IR vXBrem~': 3440, 1725, 1620. Liebermann—
Burchard reaction: red to violet.

Methy! Maslinate Diacetate (2a)——2 (10 mg) was acetylated with Ac,O (0.5 ml) and pyridine (0.5 ml) at room
temperature (15 h) and chromatographed on silica gel (P.B.-~AcOEt (5: 1)) to yield 2a (7 mg), mp 157—159°C (P.B.—-
AcOEt). IR vXBr cm~1: 1745, 1725, 1620. MS m/z: 570 (M™). NMR (CDCl,) 6: 0.72, 1.08, 1.13 (each 3H, s, CH;), 0.91
(12H, CH, x 4), 2.00, 2.08 (each 3H, s, OCOCH, x 2), 2.88 (1H, dd, /=14, 4 Hz, C;4-H), 3.63 (3H, s, COOCH,), 4.78
(1H, d, J=10 Hz, C;-H), 5.13 (1H, m, C,-H), 5.29 (1H, m, C,,-H).

Euscaphic Acid Diacetate (3a)——Colorless needles, mp 186—188°C (MeOH). MS mj/z: 572 (M™). IR
vEBrem~1: 3500, 1745, 1740, 1690, 1640. NMR (CDCl,) é: 0.74, 0.89, 1.05, 1.22, 1.31 (each 3H, CHj,), 0.95 (6H,
CH; x 2), 1.98, 2.14 (each 3H, OCOCH,), 2.56 (1H, s, C,4-H), 5.00 (1H, d, J=2.5Hz, C;-H), 5.27 (1H, m, C,-H), 5.38
(1H, br, C,,-H).

Alkaline Hydrolysis of 3a (3)——A solution of 3a (98 mg) in methanolic 5% KOH was allowed to stand for 5h at
room temperature. After dilution with water, the reaction mixture was neutralized with 1 N HCl and extracted with
Et,0. The Et,0 solution was concentrated to give 3 (88 mg), white crystalline powder, mp 269—270 °C (MeOH). MS
mjz: 488 (M ™). Anal. Caled for C50H,305-H,0: C, 71.11; H, 9.95. Found: C, 70.73; H, 9.65.

Maslinic Acid Diacetate (4a)——White needles, mp 235—238 °C (MeOH). MS m/z: 556 (M*). IR vXBrem—1:
3440, 1745, 1740, 1695, 1650. NMR (CDCl,) §: 0.75, 0.91, 1.07, 1.13 (each 3H, CH,;), 0.90 (9H, CHj; x 3), 2.00, 2.08
(each 3H, OCOCH,), 2.85 (1H, dd, /=14, 4Hz, C,4-H), 4.79 (1H, d, J=10Hz, C;-H), 5.14 (1H, sextet, J=10, 10,
4Hz, C,-H), 5.30 (1H, m, C,,-H).

Alkaline Hydrolysis of 4a (4)——A solution of 4a (110 mg) in methanolic 59, KOH was treated as in the case of
3a to give 4 (90 mg), white powder, mp 252—254 °C (MeOH). MS m/z: 472 (M™*). Anal. Caled for C3oH,50, - H,0: C,
73.43; H, 10.27. Found: C, 73.32; H, 10.05. IR vXBrem™!: 3440, 1690.
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