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Abstract

The dried rhizome of the aquatic plant Alisma orientale Juzgp. (Alismataceae) has been used as a Chinese natural

medicine, Alismatis Rhizoma, which is prescribed for diuretic and anti-inflammatory purposes, and treatment of thirst

in various Kampo medicinal preparations. In recent years, Chinese Alismatis Rhizoma has been imported and com-

monly used in Kampo medicine, due to the poor supply of Japanese Alismatis Rhizoma. In Japan, Chinese Alismatis

Rhizoma is classified into two types named in Japanese as "Sentaku” (from Szechwan Province) and "Kentaku" (from

Fukien Province) according to their regions of origin. This article deals with our recent chemical and pharmacologi-

cal studies, which include the structures and biological activities on the sesquiterpene and triterpene constituents from

Sentaku, Kentaku, and Japanese Alismatis Rhizoma. In addition, the changes of the terpenoid constituents during the

drying process of the rhizome of Alisma orientale were investigated using quantitative method by HPLC and several

bioactive sesquiterpenes and triterpenes were found to be artificially formed during the drying process.

Key words Alismatis Rhizoma, Alisma orientale, alismol, alismoxide, alisol, alismalactone.

#®
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Table I. Inhibitory effects of sesquiterpenes (11 —19) from Chinese
Alismatis Rhizoma and the synthetic congeners (20 —22) on
contractile response of guinea pig bladder induced by
carbachol (CCh)

Compound Conc. Contractile response (%)

CCh (0.3 uM)

Control 0.1% EtOH 100.0=8.1

Alismol (11) 10 M 24.6£7.5%%
Alismoxide (12) 104 M 69.9=8.0%*
Orientalol A (13) 104 M 44.3£4.0%*
Orientalol B (14) 10* M 39.4£0.9**
Orientalol C (15) 10* M 52.113.7%*
Sulfoorientalol a (16) 10" M 52.00.8%*
Sulfoorientalol b (17) 10* M 51.3E£1.5%%
Sulfoorientalol ¢ (18) 104 M 56.51+3.8%*
Sulfoorientalol d (19) 10* M 462+ 4.4%*
20 104 M 59.8 1 1.6%*
21 10* M 53.3£0.4%*
22 104 M 65.5t5.6%*
Atropine 10" M 0.0£0.0+*

Each value represents the mean=S.E. of 4-5 experiments.
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Table II. Inhibitory effects of constituents from the rhizome of A. orientale on KCl-induced contraction in isolated rat thoracic aorta

Relaxation (%)

Concentration ( #M)

1 3 10 30 100

Vehicle (DMSO) 9 0504 14+0.6 27107 3.8%0.8 44109
Alismol (1) 4 25105 8.5+3.2% 17.3£4.2* 44417 6%+ 88.15.6%*
Alisol A monoacetate (2) 5 58+1.6 12.0+1.9 26.913.1%* 69.2E5.8%* 96.914.6%*
Alisol B (3) 4 4.911.0* 12.8£3.0%* 46.516.8%* 83.9£1.5%* 92.9£0.6%*
Alisol B monoacetate (4) 6 4.530.5%* 10.4£2.5%%* 35.716.6%* 76.8154.8%* 92.112.9%*
Alismalactone 23-acetate (37) 4 0604 63+t1.4 11.7£2.1 34,413 6%* 89.4+6.6%*
Alismaketone A 23-acetate (38) 5 26%12 73%1.1 21.4£2.2%% 53.9145.6%% 99.6£3.8%*
Alismaketone B 23-acetate (39) 4 3.1%1.1 12.44 7%+ 18.5+5.3% 33.9£8.2%+ 71.4E£3.5%*
Alismaketone D 23-acetate (41) 5 49122 7.8%2.1 20.811.8** 55.4£3.9%x 101.8£5.0%*
Alismaketone E 23-acetate (42) 5 04103 1.9+0.6 55%13 16.8+2.3 61.113.6%*
Alismaketone F 23-acetate (43) 4 03£1.9 23%1.2 81£1.7 32.9E7.0%* 85.0E5.4%
Alismaketone G (44) 5 29%0.4 7.1%0.6 17.7£1.5%* 30.61-2.0** 46.91£2.3%%
Alismaketone H (45) 4 1.6£0.5 4618 98+1.9 30.0£6.8** 74.610.3**
Alismaketone I (46) 5 38*13 79+1.7 17.9£2.9%% 53.0£7.6%* 100.1£6.7%*
Alismaketone J (47) 5 1.8£0.8 46x1.0 13.4+3.4 18.7£3.9 30.7£4.7%*
Alismaketone K (48) 5 3.410.6 73103 11.9%0.9 26.615.9%* 40.015.5%*

Each value represents the mean = S.E. (*p<0.05, **p<0.01).

Table III. Inhibitory effects of constituents from the rhizome of A. orientale on NO production in LPS-activated mouse macrophages

Inhibition (%)

Compounds 1 3 10 30 100 ICso (M)
Alisol A (1) 02%1.8 21.42.2%* 26.2F1.7%* 84.2£0.3%* # 113.5£0.2%* # >10
Alisol A monoacetate (2) 29+1.7 6.4+0.7% 13.4+0.6** 71.0E£1.3%* # 111.5£0.8** # >10
Alisol B (3) 13.2t1.4* 21.36.3%* 36.3E2.5%* 108.9£0.2%* # 108.210.1%* # >10
Alisol B monoacetate (4) 0.0+4.2 13.4+3.8 29.71+3.6%% 105.8£0.4%* # 105.0F0.5%* # >10
Alisol C monoacetate (5) 29%+20 13.3£1.4%% 21.11£2.5%% 43812 8%+ 67.3E1.8%* 42
Alismol (11) 34%1.6 17.6E£2.7%* 27.0£2.9%x* 57.5F£1.2%* 97.411.4%* 23
Alismoxide (12) 25t1.6 -1.8%1.6 04*42 12.01£2.6% 33.1+4.1%* >100
Orientalol A (13) 43%1.8 -3.1£0.8 48+3.2 21.27E3.9%* 64.113.6%* 68
Orientalol C (15) 09*12 5.0+t29 14.1£1.2%+ 29242 1** 74.9£0.9%* 53
Sulfoorientalol b (17) 28*+1.9 -227E25 49+2.4 16.3+2. 8%+ 21.3E£3.2%% >100
Sulfoorientalol ¢ (18) 8439 14.3+2. 5%+ 11.0+2.9% 21.51.5%* 27.112.6%* >100
Sulfoorientalol d (19) 33%20 2.1%30 43*+13 12.61+1.2%* 24.772.4%% >100
Alisol E 5.8+2.6% 21.4%1.6%* 30.0£0.9%* 112.7£0.2%* # 111.220.2%* # >10
Alisol E 23-acetate (23) 92+97 10.0+7.2 32.1E5.1%* 81.00.7** 103.7£0.3%* # 16
Alisol F (24) 7.5%1.6 14.814.0%* 4031 1.5%+ 69.611.4%* 99.5:0.6%* 15
Alisol G (25) 8.8 2.2% 21.413.0%* 29,7 1.7%* 104.2E£0.6%* # 106.4£0.5%% # >10
Alisol H 27) -5.1+10.7 17.2£1.5 26.713.9%* 71.37£0.5%* 97.21.4%* 17
Alisol I (28) -5.1%£3.8 21.7E1.2%* 31,2 1.7%* 84,2+ 1.1%* 100.4F1.4%* 12
Alisol K 23-acetate (30) 9.9t 2% 11.9F1.4%* 31.112.9%* 83.6E0.7+* # 113.6£0.2%* # >10
Alisol L 23-acetate (31) 17.8£3.9%* 27.9E5.4%* 54,82, 1%* 86.51.6** 104.010.3** # 84
Alisol M 23-acetate (32) 19.0£2.8* 29.7E7.4%* 50.8E3.1%* 86.31H1.4%* 104.1£0.2%% # 93
Alisol N 23-acetate (33) 59+46 4.0%£22 32.3E3.1%* 116.9E0.1%* # 115.7+0.3%* # >10
Alismalactone 23-acetate (37) 10.3+£2.0** 2321 1.7%# 38.2F 1.6%* 65.611.1%* 90.7+0.6%* 16
Alismaketone B 23-acetate (39) -4.5+59 7.5%4.7 13.5%3.6 42,92 8%% 90.812.3** 36
Alismaketone C 23-acetate (40) 29+25 10.2£0.7 22.7H2.5%* 61.0+5.7+* 113.8£0.3** # 23
3-Methylalismalactone 23-acetate -26%36 17.2£5.5 49.21+6.5%* 84.2E3.5%* 110.3X0.6** # 10
Germacrene D (50) 7.5+1.8* 1.6£1.9 1671 1.6%* 29.01.7%* 68.511.5%* 58
11-Deoxyalisol B (52) 39+1.7 0.7+2.8 38,71 1.2%* 107.1£0.0%* # 106.5E£0.1%* # >10
L-NMMA 44120 2016 17.7£2.8** 52.3E£1.5%% 79.210.9%* 28

Each value represents the mean X S.E.
# Cytotoxic effect was observed.

(N=4) and ICso was determined graphically (*p<0.05, **p<0.01).
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Table IV. Isolation yields (%) of sesquiterpenes from the fresh
rhizome of Alisma orientale

Fresh rhizome of Alisma orientale
originating from

China Taiwan  Japan Germany

Germacrone C (49) 0.03 0.08 0.006 0.02
Germacrone D (50) N.D. N.D. 0.06 0.07
Alismol (11) 0.003  0.005 Trace  0.001
Alismoxide (12) 0.003 0.004 Trace  0.001

Orientalols A—C (13—15) N.D. N.D. N.D. N.D.
Sulfoorientalols a—d (16 —19) N.D. N.D. N.D. N.D.

N.D. (No detectable amount)
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DFFNTH OHBR L 7219,

—H, P TFURVESE LTI, BARE, BEE,
POINEEKRTU FA vERWTFho P S HE bt
#BLTEDY, alisol B(3), alisol B monoacetate (4) ®
Ehic, FE b U F vy 1l-deoxyalisol B (52) R T*
11-deoxyalisol B 23-acetate (83) #&F L TWi, 52
L3 DMHENBEIR 40552 & 53 I{LFERES H &
Wk > THREL 1220, BIIAFEFROFHERS O H
KES VA TS HHERZEIC>VWTIHESEDTED,
EeoryFay (1, 2 3, 4, 5 25 35 52, 53) »
HEIxh3dEdbiz, ¥X*5~<Y 10-O-methyl-
alismoxide (54), ¥ 7/~ v 16(R)-kaurane-2,12-dione
(55) RU' + Y F i~ v 11-deoxy-13 8,17 B -epoxyalisol
B 23-acetate (56), 11-deoxyalisol C 23-acetate (57), 11-
deoxyalisol A (58) }& U¥11-deoxy-13 8,17 8 -epoxyalisol
A (B9 ZHEL TV B,

SR

germacrene C (49) germacrene D (50)
1%, OCH;
O
HO™ H
11-deoxyalisol B (5§2) : R=H 54 55

I 1-deoxyalisol B 23-acetate (§3) : R=Ac

11-deoxyalisol A (58)

Figure 5.
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Table V. Triterpene contents (%) in various Alismatis Rhizoma and the fresh and dried rhizome of Alisma orientale

Fresh rhizome of
Alisma orientale

Alismatis Rhizoma

Dried thizome of Alisma orientale
originating in Taiwan

China  Taiwan China  Taiwan  Japan Air-drying  Hot-air (45°C)  Hot-air (60°C)

Ailsol A (1) 0.0270 0.0165 - 0.0139 0.0004 0.0049 0.0004 0.0004
Ailsol A monoacetate (2) 0.0101 0.0071 0.0069 0.0122 - 0.0215 0.0250 0.0015
Alisol B (3) 0.0331 0.0247 0.8829 0.8506 0.1138 0.1290 0.1540 0.0810
Alisol B monoacetate (4) 0.0593 0.0200 0.9152 0.4031 0.0298 0.0815 0.0737 0.0585
Alisol E 23-acetate (23) 0.0038 0.0013 - - - - - -

Alisol F (24) 0.0076 0.0043 - 0.0015 - 0.0011 0.0070 0.0004
Alisol G (25) 0.0033 0.0084 - - - - 0.0006 -

13,17-epoxyalisol A (26) - 0.0043 - 0.0940 - 0.1300 0.1500 0.0560
11-Deoxyalisol B (52) - - 0.0801 0.0764  0.0026 0.0319 0.0238 0.0340
11-Deoxyalisol B 23-acetate (53) 0.0031 - 1.2683 0.9141 0.1742 0.0423 0.0669 0.0453
Total Triterpene 0.1517 0.0866 3.1534 2.2718 0.3206 0.4422 0.5019 0.2771

i) RERUYCTEINAFHRED MY FIARVES
? HPLC E RV

+ U4 B S HFERE L SRE~NOLZBERETO MY
FHANRVEDOEAERFT S, HPLC Z#H W1
alisol A (1), alisol A monoacetate (2), alisol B (3),
alisol B monoacetate (4), alisol E 23-acetate (23), alisol
F (24), alisol G (25), 13,17-epoxyalisol A (26), 11-
deoxyalisol B (52) % ¢ 1l-deoxyalisol B 23-acetate
(53) DABETEREZHEAE L, TOTEEEALHLT,
RETSHE2E (HRE, 88ERE) Uy Y4 ES
HERENE 3T (W)IEE, BRE, BERE) orY T
RS EERREL o,

5T, BEEYVAESARELAVCERERK
iR (45°C, 60°C) TORBUMEEITYV, JREELOD
PYFURYVESEERLE TS LItk - T, RN
B3 LEREEEITLIL, TOEREE TableV
R Lo

REdEm2E (IIRBEGBERB O Y 7
vESERRET B L, TR bHELTL, 2, 3, 4, 23,
24, 5%EELTHBY, BryFaxyERBIIINE
D BEBEICHANTE O EHBAL 7,

3EOH VX ESHFHRED LY F AV ELH
KT 2L, MIEEY YA ESHAFHEREOE N Y 7
~vid, 3, 4, 83 THD, R2MEhSD ) FNRY
DH /I BREEEINATED, $-VED20HEAE.
b ohtc, BEBEY VATV AHFERE IR, WIE
Ed VAT S HIRELEBET LI P TRV (2,3, 4,
52, 53) BEEEBOBSETEINTVWR2EM,IC, 26K
UHMEBDL UBEDOSNE, BrYVFURVORER
2, BEELD GIIEEY VA T 5 HFHEREO L H
BOWIEMHBEL, BAEY YA ES A REICR, M

NEEELEUC MY FU<y (3, 4, 52, 53) HEEEh
TWBE»MHEO I BRDLNAL, LoL, ErYF
Ry ERBIINEE, ABEIVELS, BrY 7o
VEBRMENEEDOH L/I0 LT X -, HEEY
VAT AMER L RETFARVES SAIEEPEE

i) Alismatis Rhizoma (Szechwan Province, China)
Preparation of Sample
Alismatis Rhizoma (powder, 2 g)
i) extraction with MeOH (15 ml x 3)
i) addition of standerd compound
(0.80 mg/ml, 5 ml)
4 iii) addition MeOH to 50 ml of
total volume
iv) filtration (0.45 ym)

s

HPLC sample (10 ul)

ii) Fresh Rhizome of Alisma orientale (Szechwan Province, China)

3 3] HPLC Conditions

Column: YMC 120 A ODS

(4.6 mm id x 250 mm)
Mobile phase: CH;CN-H;0

[50 : 50 —min g 100 : O (20 min)}
Flow rate: 1.0 ml/min (Waters 600E)
Temp.: 50°C
Detector: UV 210 nm (Shimadzu SPD-6A)

52

1: alisol A, 2 : alisol A monoacetate, 3 : alisol B, 4 : alisol B monoacetate,
23 : alisol E 23-acetate, 24 : alisol F, 25 : alisol G, 26 : 13,17-epoxyalisol A,
52 : 1-deoxyalisol B, 53 : 11-deoxyalisol B 23-acetate

IS : terephthalic acid diethyl ester (internal standard)

Figure 6. HPLC chromatograms of Alismatis Rhizoma and fresh rhizome
of Alisma orientale
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Figure 8. Chemical correlations of alisol B monoacetate
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