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Three new saponins, named palustrosides I, II and III, together with azukisaponins II, V and soyasapogenol
B monoglucuronide, were isolated from the aerial parts of Lathylus palustris L. var. pilosus LEDEB. The structures
of palustrosides I, IT and IIT were identified as 3-O-B-p-glucopyranosyl-(1—2)-f-p-glucuronopyranosides of soy-
asapogenol E, abrisapogenol E, and bredemolic acid 28-0-B-p-glucopyranoside, respectively, by spectroscopic
and chemical methods. As part of our studies on hepatoprotective drugs, we also examined the hepatoprotective
effects of these saponins towards immunologically induced liver injury in primary cultured rat hepatocytes. The
activity of the disaccharide group was greater than that of the trisaccharide group. This information regarding
the structure-activity relationships substantiated previously obtained data. Structure-hepatoprotective relation-
ships for the sapogenol moiety suggested that the hydroxyl group at C-30 reduces the hepatoprotective effect. On
the other hand, the carbonyl group at C-22 may be equivalent to a hydroxyl group at C-22 in terms of hepatopro-
tective action. Oleanolic acid-type saponins also exhibited hepatoprotective action.
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Lathylus palustris L. var. pilosus LEDEB. (Leguminosae) is
used not only as forage, but also as a folk remedy against
nephritic disease.? Although some flavonoids have been iso-
lated from this plant,” there are no reports concerning
saponins. As part of our studies on the chemical constituents
of leguminous plants,” we investigated oleanene-type triter-
pene glucuronides (oleanene glucuronides) in the aerial parts
of the titled plant. Furthermore, in a series of studies on he-
patoprotective drugs,” we examined the structure-hepatopro-
tective relationships of the obtained oleanene glucuronides.
Herein, we describe the structural elucidation of three new
oleanene glucuronides and their hepatoprotective activities.

A methanolic extract of the aerial parts of L. palustris var.
pilosus was separated by Sephadex LH-20 column chro-
matography to afford the total saponin fraction after several
solvent partitions. After repeated silica gel chromatography
of the total saponin fraction, saponins 1—6 were obtained.
Saponins 4—6 were identified as azukisaponins IL> V;**9
and soyasapogenol B monoglucuronide,” respectively.

Palustroside I (1) showed an [M—H]™ ion peak at m/z 793
in the negative ion FAB-MS. Exact measurement under high-
resolution (HR) conditions indicated that the composition is
C,Hg0,, at m/z 793.4380 [M—H]™ in the negative FAB-
MS. Acid hydrolysis of 1 gave soyasapogenol E, glucuronic
acid (glcA) and glucose (glc). The absolute configurations of
the sugars were determined to be p-form, according to the
procedure developed by Hara et al.” In the *C-NMR spec-
trum of 1 (Tables 1, 2), the signals for the aglycone moiety
were in good agreement with those of dehydrosoyasaponin
L'9 Since the sugar signals were identical with those of 4,
the structure of 1 was elucidated to be 3-O-f-p-glucopyra-
nosyl-(1—2)-B-p-glucuronopyranosy! soyasapogenol E.

Palustroside II (2) furnished abrisapogenol E,'V p-glcA
and p-glc in the manner described above. In the negative and
HR/negative FAB-MS, 2 showed a peak at m/z 811 due to
[M—H]™ and at m/z 811.4484 [M—H]~ (C,,H,;0,5), respec-
tively. In the '3C-NMR spectrum (Tables 1, 2), the signals

* To whom correspondence should be addressed.

due to the sugar moiety of 2 were in agreement with those of
1. On the other hand, the signals due to the aglycone moiety
were superimposable on those of wistariasaponin B,."'® Con-
sequently, the structure of 2 was concluded to be 3-O-B-p-
glucopyranosyl-(1—2)-B-p-glucuronopyranosyl abrisapogenol
E.

Palustroside III (3) showed an [M—H]™ ion peak at m/z
971 in the negative FAB-MS. The HR/negative FAB-MS
study indicated that the composition is C,H,s0,, at m/z
971.4830 [M—H]". Acid hydrolysis of 3 furnished the same
sugar units as 1 and 2. However, the obtained sapogenol was
completely different from those of 1 and 2. In the *C-NMR
spectrum of 3, the signals for the A-B rings of sapogenol and
the sugar signals linked at C-3 were superimposable on those
of 1 and 2, whereas the remaining signals were identical with
those of a 28-O-B-p-glucopyranosyl hederagenin deriva-
tive.'? Therefore, the sapogenol of 3 was assumed to be bre-
demolic acid,'® which has been isolated from Bredemeyera
floribunda. Since the *C-NMR signals for the aglycone moi-
ety of 3 were consistent with the reported data,'*” except for
C-2—4 due to glycosylation,'” the structure was character-
ized as 3-O-p-p-glucopyranosyl-(1—2)-B-p-glucuronopyra-
nosyl bredemolic acid 28-O-f-p-glucopyranoside.

Next, we compared the hepatoprotective actions of these
new compounds (1—3) with the two known ones (4, 5). In a
previous paper,* we reported that the activity of alanine
aminotransferase (ALT) in the medium was in good agree-
ment with the extent of hepatocyte damage induced by im-
munological liver injury. Therefore, cell damage was evalu-
ated by means of ALT activity. Hepatoprotective activity is
summarized in Table 3. All tested compounds exhibited pro-
tective activity. In particular, the activity of the disaccharide
group of compounds (1—4) was greater than that of the
trisaccharide group (5). This information substantiated previ-
ously obtained structure-activity relationship data.*”’ Fur-
thermore, we have already reported that the hepatoprotective
activity of 6 was comparable with that of a disaccharide (soy-
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asaponin II1).*”’ When the actions of 1 and 4 were compared,
they were very similar at any dosage. Therefore, the carbonyl
group at C-22 must be equivalent to the hydroxyl group at C-
22 in terms of hepatoprotective effect. In contrast, the action
of the hydroxyl derivative (2) at C-30 of 4 was depressed
compared with that of 4. Since we reported a similar effect
for the hydroxyl group at C-29,* the hydroxymethyl group
at C-20 seems to reduce the hepatoprotective action, regard-
less of configuration. On the other hand, oleanolic acid-type
saponin (3) which has a glucosyl carboxy group at C-28 also
exhibited hepatoprotective action, although it was weaker
than 1, 2 and 4, which have a methyl group at C-28.

Experimental

The instruments and reagents used in this study were the same as those
described in the previous papers.**'®

Extraction and Isolation The aerial parts (1.2 kg) of L. palustris var.
pilosus collected in the medicinal garden of Hokkaido University were ex-
tracted with MeOH, and the extract (50 g) was partitioned between EtOAc
and 40% MeOH after partition with n-hexane and 80% MeOH. The 40%
MeOH layer (39 g) was separated by Sephadex LH-20 column chromatogra-
phy to give the total saponin fraction. After silica gel column chromatogra-
phy using CHCl;: MeOH : H,0=7:3:0.5-56:4:1 to afford fractions 1 to 6,
these fractions were separated by silica gel (1-BuOH : AcOH:H,0=4:1:5,
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upper) to provide compounds 1 (0.001%), 2 (0.0007%), 3 (0.0007%), 4
(0.009%), 5 (0.003%) and 6 (0.002%), respectively. Azukisaponins II* (4),
V8 (5) and soyasapogenol B monoglucuronide” (6) were identified by
comparison of their physical data {[c]p,, FAB-MS, 'H-NMR and *C-NMR
(Tables 1, 2)} with reported values.

Compound 1 (Palustroside I) A white powder, [@]Z —9.8° (¢=0.52,
pyridine : H,0=1:1), HR negative ion FAB-MS m/z: 793.4380 (C,,H,O,,,
Caled for 793.4374). Negative ion FAB-MS m/z: 793 [M—H]", 631
[M—H—glc]". '"H-NMR (in pyridine-d,): 0.72, 0.86, 0.96, 1.17, 1.22, 1.27,
1.38 (each 3H, s, tert-MeX7), 5.24 (1H, s, H-12), 5.59 (1H, d, J=7Hz, glc
H-1). *C-NMR: Tables 1 and 2.

Identification of Sugars Present in 1—3 A small sample of 1 was hy-
drolyzed in 2N HCI/H,O at 90 °C for 2 h. After filtration of the mixture, the
filtrate was neutralized with 2N NaOH/H,0. After desalting, the sugar mix-
ture was subjected to TLC analysis [TLC, Kieselgel 60 F,,, (Merck Art
5554), CHCl;: MeOH: H,0=6:4:1, Rfs: 0.07 (glcA), 0.41 (glc)]. Accord-
ing to the above method, the sugars for 2 and 3 were also identified as being
composed of the same units.

D, L Determination of Sugars Present in 1—3 The absolute configura-
tion of glucuronic acid was determined after NaBH, reduction, according to
Tanaka et al.'® A sample of 1 (1 mg) was methylated in ethereal CH,N,. To
a methanolic solution of this methylated sample was added NaBH, (ca.
5mg), and the mixture kept at room temperature for 30 min. The reaction
mixture was worked up with MCI gel CHP 20P. The MeOH eluate was evap-
orated and heated in 2N HCI/H,O at 90 °C for 2 h. The hydrolysate was sub-
jected to MCI gel CHP 20P and Amberlite IRA-400 to give a sugar fraction.

NII-Electronic Library Service



1414

Vol. 46, No. 9

Table 1. '*C-NMR Data for Compounds 1—6 (Aglycone Moieties) Table 2. '*C-NMR Data for Compounds 1—6 (Sugar Moieties)
1 2 3 4 5 6 1 2 3 4 5 6
C-1 385 387 38.6 387 38.6 387 glcAC-1  105.1 104.5 1043 104.9 1050  106.5
2 26.6 26.5 26.3 26.3 26.5 264 2 81.1 80.8 80.5 7849 817 75.4
3 90.7 91.0 911 916 90.8 89.0 3 76.19 75.39 75.39 75.7 76.19 78.19
4 43.8 43.7 43.6 43.7 43.7 444 4 729 73.1 73.0 73.9 729 73.5
5 56.1 56.3 56.2 56.3 56.2 56.1 5 782 780Y 7799 7830  782Y 7819
6 18.5 18.7 18.6 18.6 18.3 18.9 6 172.4 1759 174.0 1754 174.8 172.4
7 33.0 334 334 334 332 334 gleC-1 1048 1042 1040 101.8 104.3
8 39.8 399 39.8 399 40.0 40.0 2 7587 7549 7539 1879 7587
9 47.8 47.8 478 47.8 47.7 478 3 7842  778Y 7799 159 78.4%
10 36.4 36.4 36.5 36.4 36.5 36.6 4 69.9 70.1 70.1 70.0 69.9
11 24.0 24.0 233 24.0 24.1 24.1 5 78.29 78.09 77.99 77.79 78.2%
12 123.0 123.0 122.8 122.6 1224 122.5 6 61.6 61.7 61.6 614 61.2
13 141.8 144.4 144.2 144.6 144.9 144.8 rha C-1 1019
14 42.0 424 42.1 424 424 424 2 72.1
15 26.0 26.3 282 26.4 26.5 269 3 722
16 273 19.0 233 28,9 28.7 28.7 4 74.0
17 47.8 38.1 472 38.0 38.0 38.0 5 69.4
18 475 455 417 45.6 453 453 6 18.7
19 46.7 42.0 46.3 46.8 46.8 46.8 28-glc C-1 95.6
20 34,1 359 30.8 308 31.0 309 2 73.7
21 50.9 383 34.0 419 424 43 3 78.1%
22 215.6 753 325 75.7 75.6 75.6 4 70.8
23 225 227 226 22.8 227 233 5 78.99
24 63.3 63.4 63.3 63.3 63.4 63.3 6 61.8
25 15.6 15.7 15.4 15.7 15.8 155
26 16.7 17.1 173 17.1 17.0 17.1 a, b) In each vertical column, these may be interchanged.
27 25.5 25.6 26.1 25.5 25.8 257 . .
28 20.9 21.0 1772 20.9 212 212 Table 3. Hepatoprotective Activity of Compounds 1—5
29 31.8 28.0 332 329 334 333 ALT
30 253 70.1 23.7 28.8 28.7 28.7 Substance 2;,;;
Chemical shifts (8: ppm) were measured in pyridine-ds. un Protection (%)
Control — 6.33+1.2 —
This fraction was dissolved in pyridine (0.1 ml) and added to a pyridine solu- Palustroside I (1) 0 (ref) 62.75+1.7 —
tion (0.2ml) of L-cysteine methyl ester hydrochloride (0.1 mol/l) and 10 60.00x3.2 5
warmed at 60 °C for 2 h. The solvent was evaporated under an N, stream and 30 58.75*1.3 7
dried in vacuo. The remaining syrup was trimethylsilylated with trimethylsi- 90 36.75+2.4*% 46
lylimidazole (0.1 ml) at 60 °C for 1 h. After addition of n-hexane and H,0, 200 14.00+2.4* 86
the n-hexane layer was removed and checked by GC. The retention time (t3) 500 16,00+1.4* 83
of the peak was 13.4 min (p-glc). Palustroside II (2) 0 (ref) 70.25+3.6 —
Identification of the Sapogenol of 1 A small sample of 1 was hy- 10 68.25+2.5 3
drolyzed in 2N HCI/H,0 at 90°C for 2 h. After filtration of the mixture, the 30 69.75+2.8 1
precipitate was identified as soyasapogenol E®'® by TLC. Rfs: 037 90 64.75+2.1 9
[CHCI,: MeOH (19: 1)], 0.35 [n-hexane : acetone (3 : 1)]. 200 35.50+2.6* 54
Compound 2 (Palustroside IT) A white powder, [a]5 +0.50° (c=0.68, 500 18.25x1.7* 81
pyridine), HR negative ion FAB-MS m/z: 811.4484 (C,,H,,0,, Caled for Palustroside III (3) 0 (ref.) 66.25+2.3 —
811.4480). Negative ion FAB-MS m/z: 811 [M—H]", 649 [M—H-glc]". 10 65.00+1.8 2
TH-NMR (in pyridine-d;): 0.69, 0.91, 1.18, 1.21, 1.25, 1.35 (each 3H, s, ters- 30 66.00+2.4 0
MeX6), 5.35 (1H, s, H-12), 5.48 (1H, d, J=7Hz, glc H-1). BC-NMR: Ta- 90 64.75+2.2 3
bles 1 and 2. 200 50.75+1.7* 26
Identification of the Sapogenol of 2 A small sample of 2 was hy- 500 29.00x1.4* 62
drolyzed in the same manner. The precipitate was identified as abrisapogenol Azukisaponin II (4) 0 (ref.) 69.75+4.6 —
E'™ by TLC. Rfs: 0.20 [CHCl;: MeOH (19:1)], 0.15 [n-hexane : acetone 10 68.00+3.3 3
3:1] 30 64.75£2.2 8
Compound 3 (Palustroside [I[) A white powder, [a]% —4.6° (c=0.52, 90 42.50%1.7* 43
pyridine : H,O=1:1), HR negative ion FAB-MS m/z: 971.4830 (C,gH,50,, 200 13.25*2.1* 89
Calcd for 971.4851). Negative ion FAB-MS m/z: 971 [M—H]~, 809 500 12.75+2.2* 90
[M—H-glc]~. '"H-NMR (in pyridine-ds): 0.62, 0.90, 0.95, 0.99, 1.24, 1.31 Azukisaponin V (5) 0 (ref) 62,25+4.4 —
(each 3H, s, fert-Me X6), 5.41 (1H, s, H-12), 5.47 (1H, d, J=7 Hz, glc H-1), 10 60.75+2.6 3
6.18 (1H, d, J=9 Hz, 28-glc H-1). *C-NMR: Tables 1 and 2. 30 59.75+4.5 4
Preparation of Primary Cultured Rat Hepatocytes Liver cells were 90 60.00x3.4 4
isolated according to the procedure developed by Berry and Friend.'” The 200 59.75+4.6 4
detailed procedure was described in the previous papers.* 500 42.75+2.1* 35

Preparation of Antiserum against Rat Hepatocytes The antiserum
was prepared according to the method of Shiki ef al.'® An antibody to the
rat hepatocytes was raised in rabbits, first by injection of 1108 cells, fol-
lowed by four injections of 5X107 cells over a period of 4 weeks. The anti-
serum to the rat hepatocytes was prepared by the method of Harboe and In-
gild."”

Hepatoprotective actions of compounds 1—5 toward in vitro immunological liver
injury in primary cultured rat hepatocytes. Control is the value of hepatocytes which
were not treated with the antiserum. Reference (ref.) value treated with the antiserum
and not treated with the tested samples. The percent of protection is calculated as {1 —
(substance —control)/(ref. —control)} X 100. Significantly different from ref., effective
* p< 0.001.
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Determination of Hepatoprotective Activity One day after the isolated
rat hepatocytes were plated, the cultured cells were exposed to the above-
prepared medium (300 ul) containing the antiserum against rat plasma mem-
branes (80 ul/ml) and a dimethyl sulfoxide (DMSO) solution (4 ul) of the
tested saponins or positive controls (glycyrrhizin and soyasaponin I) [final
concentration 0 (reference); 10; 30; 90; 200; 500 um]. At forty minutes after
the antiserum was administered, the medium was withdrawn for determina-
tion of ALT. Control is the value of hepatocytes which were not adminis-
tered the antiserum. The control value was 6.33*1.2 (IU/1). The percent of
protection is calculated as {1—(sample—control)/(reference—control)} X
100. The protection percentage for glycyrrhizin and soyasaponin I (positive
controls) were 32 and 42% at 500 uwm, respectively.

Instrument and Assay Method The activities of ALT were assayed by
autoanalyzer COBAS MIRA (Roche) using commercial kits based on the
ALT assay method.2”

Statistical Analysis The data are shown as mean+SD (n=4). After
analysis of variances, Sheffe’s test was employed to determine the signifi-
cance of differences between reference and experimental samples.
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