June 1994 Communications to the Editor Chem. Pharm. Bull. 42(6) 1357—1359 (1994) 1357

ESCINS-Ia, Ib, IIa, IIb, AND IIla, BIOACTIVE TRITERPENE OLIGOGLYCOSIDES
FROM THE SEEDS OF AESCULUS HIPPOCASTANUM L. : THEIR INHIBITORY
EFFECTS ON ETHANOL ABSORPTION AND HYPOGLYCEMIC ACTIVITY ON
GLUCOSE TOLERANCE TEST
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Five triterpene oligoglycosides named escins-Ia, Ib, Ila, IIb, and IIla were isolated from the seeds of
Aesculus hippocastanum L. and their chemical structures were determined on the basis of chemical and
physicochemical evidence. Escins-Ia, Ib, Ila, and IIb were found to exhibit inhibitory effect on ethanol
absorption and hypoglycemic activity on oral glucose tolerance test in rats. Among them, escins-Ila and
IIb showed the higher activities for both bioassays, while desacylescins-I and II had no activity.
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Escin, one of the most important saponin constituents, is known as a mixture of saponins occurring in the seed of

Aesculus hippocastanum L. (Seiyou-tochinoki in Japanese, Hippocastanaceae). Because of its antiinflamatory, anti-
edamatous, and capillaro-protective proparties, escin is widely employed in therapy of peripheral vascular disorders and also in
cosmetic field for prevention and treatment of cellulitis.}) In regard to the chemical study of escin, it has been extensively
investigated to shed light on its complex and unstable structure, so that the structures of two major saponins were presumed on
the basis of chemical and physicochemical evidence obtained by using the saponin mixture or sapogenol mixture.?) Recently,
it was reported that the two major saponins were isolated from the commercial B-escin and then only their MS data were
examined on the basis of th¢ previous presumed structures.3)
OR'! During the course of our studied on the bioactive constituents
«wOR2 of natural medicines, several saponins such as elatosides®) from
CH,OH  Aralia elata SEEM. and camelliasaponins®) from Camellia japonica
L. were found to show potent inhibitory effect on ethanol
absorption. As a continuing part of our screening to find a new
bioactive function of saponin, we have isolated five saponins
named escins-Ia(1), Ib(2), 11a(3), IIb(4), and II1a(5) from the seeds
of Aesculus hippocastanum L. This communication deals with
the structure elucidation of escins-Ia(1),8) 1b(2),%) I1a(3), IIb(4),
and IIIa(5) and the inhibitory activities of 1-4 on ethanol
absorption and on the elevation of plasma glucose level by oral
glucose tolerance test in rats.

The alcoholic extract and saponin fraction from the seeds

Rl R2 R3 R4 showed inhibitory effect on ethanol absorption and hypoglycemic
escin-la(1): tgloyl Ac OH D.Ghu activity. The saponin fraction with potent activities was purified
;Sccl:?IlI: g; a?gf]o¥l Ac OH D-Glu by repeated HPLC separation to afford escins-la(1, 23.9 % from
scin-lla @) tigloyl A OH DXyl o nin mixture), 1b(2, 17.1 %), 1a(3, 13.6 %), 1Ib(4, 6.0 %),

escin-IIb (4): angeloyl Ac OH D-Xyl
escin-Ilfa (5): tigloyl Ac H D-Gal and Illa(5, 1.5 %). Escin Ila(3), colorless fine crystals, mp

protoaescigenin (9)
barringtogenol C (10)

d«izzz;%‘l:e:cﬁnl{ Eg; g g 83 Eiﬁl‘{ 206.5-208.5°C, [a]lp -35.5°(MeOH), C54Hgq023, IR(KBr) :
desacylescin-I (8):  H H H Do 3450, 1733, 1719, 1653, 1647, 1638, 1075 cm-1, TH NMR (ds-
barxr’irsgzszz;iglegrz 1(33 g g %H pyridine, 8) : 4.19(d, J = 7.3, 1'-H), 5.18(d, J = 7.9, 1"-H),
D.Glu - B-D-glucopyranosyl 5.57(d,J = 7.3, 1"-H), 6.21(d, J = 10.2, 22-H), 6.56(d, J = 10.2,

D-Xyl : B-D-xylopyranosyl 21-H), FAB-MS(m/z) : 1123(M+Na)*, liberated acetic acid, tiglic

D-Gal : -D-galactopyranosyl acid, and desacylescin-11(7)7) upon alkaline hydrolysis. Methano-
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Table I. 13C NMR Data for 1,2,3,4,5, 6, and 7 ( 68 MHz, d5-Pyridine, d¢)

1 2 3 4 5 6 7 1 2 3 4 5 6 7

Sapogenol moiety Sugar moiety

C-1 38.6 38.6 389 389 389 385 389 3-0-B-D-
C-2 26.6 266 26.6 266 26.6 265 26.6 Glucurono-
C3 912 912 90.7 90.7 893 91.1 90.7 pyranosyl
C4 438 438 443 443 396 436 443 moiety
C-5 562 562 564 564 558 56.1 56.5

C-6 186 186 18.8 188 185 185 188

C-7 333 333 334 334 332 332 334

C-8 40.0 40.0 40.1 40.1 40.1 399 40.0 2-0-B-D-
Cc9 46.8 46.8 46.8 468 470 468 46.9 Gluco-or
C-10 365 36,5 366 366 368 363 36.6 Galacto-or
C-11 241 241 241 241 239 239 241 Xylo-
C-12 1227 122.6 122.7 122.7 122.7 122.8 122.7 pyranosyl
C-13 1429 1429 1429 1429 143.0 1438 1439 moiety
C-14 41.8 41.7 418 418 418 419 421

C-15 347 347 347 346 347 342 343 4-0B-D-
C-16 68.1 68.1 68.1 68.1 69.6 678 679 Gluco-
C-17 480 48.1 48.0 48.1 48.1 472 473 pyranosyl
C-18 402 402 402 402 402 41.1 413 moiety
C-19 475 473 473 473 473 482 482

C-20 365 363 36,5 363 365 362 364

C21 794 79.0 794 789 794 78.6 788

C22 745 745 744 745 746 713 774  Acyl moiety
C-23 225 225 227 227 281 224 227

C24 634 634 629 629 168 632 629 Tigloyl C-1"" 168.0 1679 168.0 167.8 168.0

104.6 104.6 1048 1049 105.1 1045 104.8
9 790 79.0 823 79.8 79.0
765 765 763 763 76.0 763 763
81.6 8l.6 822 822 817 815 822
758 758 756 756 754 756 75.6
171.8 171.8 1718 171.8 172.0 1718 1719

(P
~
O
\O
~)
\O
\O

N

&G

1044 1044 1048 1049 106.6 1042 104.8
758 75.8 757 757 146 15.6 757
782 782 784 786 748 780 785
699 699 708 70.8 682 69.7 708
784 784 671 672 769 782 67.1
61.6 61.6 61.6 61.5

'

104.6 104.6 104.7 104.6 104.6 104.5 104.7
749 749 749 749 748 747 749
78.1 78.1 781 78.0 781 779 781
716 716 716 716 716 714 71.6
785 785 784 786 8.6 785 785
625 625 625 625 626 623 625

1

NaNANA 0ONaNA NON0OAQ
S h b= 3

abhby~

C-25 156 156 155 15.8 157 155 155 or C-2"  129.6 129.1 1295 129.0 129.6

C-26 168 168 168 16.8 170 16.7 169  Angeloyl C-3" 136.8 137.0 136.8 137.0 136.8

C27 274 274 2714 274 275 273 274 moiety C4™ 142 159 142 155 142

C28 640 640 639 640 640 683 684 c-s5"™ 124 210 124 21.0 124

C29 296 295 295 295 29.6 304 305

C-30 201 203 201 202 202 193 194  Acetyl c-1" 171.1 171.0 1711 171.0 171.1
moiety c-2" 209 209 209 20.8 20.9

lysis of 7 furnished protoaescigenin(9)8) together with methyl D-glucoside, methyl D-glucuronide, and methyl D-xyloside in a
1:1:1ratio. The assignment of 1H NMR(ds-pyridine, J in Hz) and 13C NMR(Table I) data of 3,7, and 9 was completely
accomplished by COSY('H-1H, 1H-13C), HMBC and HOHAHA('H-1H, 1H-13C) experiment. HMBC correlations were
observed between the following carbons and protons in the acyl and oligosaccharide moieties of 3 : [21-H&1""-C (tigloyl
carbonyl), 22-H&1""'-C(acetyl carbonyl), 1'-H&3-C, 1"-H&2'-C, 1"'-H&4'-C]. Based on these findings together with ROESY
data for 3 and 13C NMR comparisons for 3,7, and 9, the structure of escin-Ila has been determined as 3.

Alkaline hydrolysis of escin-11b(4)?) furnished acetic acid, angelic acid, and 7. Comparisons of 1H NMR and 13C NMR
data for 4 with those for 3, 7, and 9 have corroborated the structure of escin IIb(4) as shown. The structures of escins-
Ia(l),lo) Ib(2),11) and I11a(5)12) were elucidated in the same way. By alkaline hydrolysis, 1 and 2 yielded desacylescin-I(6),
which was identical with desacyl-esculoside I (aesculuside—B),13) and organic acid(1 : acetic acid and tiglic acid; 2 : acetic acid
and angelic acid), while 5 furnished acetic acid, tiglic acid, and desacylescin-III(8)14) which liberated methyl D-galactoside,
methyl D-glucoside, and methyl D-glucuronide in a 1 : 1 : 1 ratio and barringtogenol(10) upon methanolysis. Finally detailed
examinations of lH NMR and 13C NMR experiments as described for 3 led us to furnish the structures of escin-Ia(1), Ib(2)
and IIla(5).

Inhibitory effects of escins-Ia(1), Ib(2), ITa(3) and IIb(4) and desacylescins-I(6) and II(7) on ethanol absorption are
summarized in Table II. Escins(1-4) were found to exhibit inhibitory effect on ethanol absorption, while desacylescins(6, 7)
showed no activity. On the other hand, hypoglycemic effects of escins (1-4) and desacylescins(6, 7) on oral glucose tolerance
test are summarized in Table III. Escins(1-4) also showed hypoglycemic effect and desacylescins(6, 7) did not have the
activity, indicating that the acyl moiety in escins was essential to exerting the activities in these two bioassays. It is
noteworthy that escins-I1a(3) and IIb(4) having 2'-O-xylopyranosyl group in the oligosaccharide moiety showed much more
potent activities for both bioassays than escins-Ia(1) and Ib(2) having 2'-O-glucopyranosyl group. We are currently working
on the further characterization of structure-activity relationships for acylated triterpene oligoglycosides.
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Table II. Inhibitory Effects of Escins-Ia(1), Ib(2), Ia(3), and IIb(4) and REFERENCES AND NOTES

_Desacylescins I(6) and 1(7) on Ethanol Absorption ___ 1)a) V. M. Rothkopf, G. Vogel, Arzneim. Forsch.,
Dose n Ethanol concentration in blood (mg / ml) 26, 225(1976); b) F. Annoni, A. Mauri, F

(mg /kg’ ,‘ v . E3 . E .

p.0.) 1h 2h 3h Marincola, L. F. Resele, ibid, 29, 672(1979); c) G.

Control 10 054001 0.19£001 003001  Froserpio, S. Gatti, P. Genesi, Fitoterapia, 51,

113(1980). 2)a) W. Hoppe, A. Gieren, N. Brodherr,
R. Tschesche, G. Wulff, Angew. Chem., Int. Ed.
Engl., 7, 547(1968); b) G. Wulff, R. Tschesche,

Escin-Tla(3) 50 5 037+0.08* 0.14:003 0.02:000 T 25 415 (1969): ¢) J. W q
10 3 0.08:0.04+ 0141005 0.0s:002 Leirahedron,25, 415 (1969); c) J. Wagner, H.

5 0.504£0.02*%* 0.2240.02  0.04£0.01
S
5
5
Escin-1Ib(4) 50 g 0.29+0.10  0.21+£0.03  0.02+0.00
5
S

0.43+0.03**  0.20+0.01 0.04£0.02

Escin-Ia(1) 100
Escin-Ib(2) 100

Hoffmann, 1. Low, Hoppe-Seyler's Physiol. Chem.,
351, 1133(1970). 3)a) R. M. Facino, M. Carini, J.
Chromatogr., 478, 259(1989); b) R. M. Facino, M.
Carini, G. Moneti, E. Arlandini, P. Pietta, P. Mauri,
0544001 0.20:0.01 0028000 ;g Mass Spectrom., 26, 989(1991). 4) M.

* %ok
p<0.05, ** p<001  y hikawa, E. Harada, H. Matsuda, T. Murakami, J.

Table III. Inhibitory Effects of Escins-la(1), Ib(2), Ia(3), and 1Ib(4) and ) .
Desacylescins-I(6) and II(7) on the Elevation of Plasma Glucose Level by Yamahara, N. Murakami, Chem. Pharm. Bull., 41,

100 0.1440.04**  0.24+0.12  0.06+0.02
Desacyl-escin-I(6) 100 0.54+0.02  0.23£0.02  0.02+0.00
Desacyl-escin-II(7) 100

Oral Glucose Tolerance Test 2069(1993). 5) M. Yoshikawa, E. Harada, T.
Dose n Plasma glucose concentration (mg / dl) Murakami, H. Matsuda, J. Yamahara, N. Murakami,
(me e 05h 1h 2h Chem. Pharm. Bull., 42, 742 (1994). 6) The
structures of escins-Ia(1) and Ib(2) were found to

Control (normal) 5 81.9+6.0%* 96.3+4.8** 87.9+4.4 . )
corresponent to the presumed structures of major escin

Control 6 153.5+6.2 134.845.6 98.9+4.5 : 2) i .

(glucose tolerance) (T1.6562)  (38.545.6)  (11.0£45) glycosides.) 7) Desacylescin-II(7) : colorless fine

crytals, mp 234.0-236.2°C, [a]lp +12.0°(MeOH),
Escin-Ia(1) 100 5 117.1#3.6**  130.9+5.7 100.5%6.1 . 11
(35.453.6¢%)  (34.645.7) (12.646.1) C47H76021,' I'R(KBr) : 3451, 1736, 1638 cm™*, ‘H
NMR (ds-pyridine, ) : 4.92(d, J = 6.3, 1'-H), 5.16(d, J
Escin-Ib(2) 100 5 127.144.9%  143.7#42  107.7+8.0 > .
(45214.9%)  (47.4+42)  (19.8480) = 1.6, 1"-H), 5.44(d, J = 6.6, 1'-H), FAB-MS(m/z) :
Escin-Tla(3) 100 5 98.4472%% 1059478+ 929474 999(M+Na)*.  8)a) L Yosioka, T, Nishimura, A.
(16.5+7.2%%)  (9.617.8%) (5.0£7.4) Matsuda, K. Imai, 1. Kitagawa, Tetrahedron Lett.,
Control (normal) 5 78.5+4.2%* 107.5+5.8*%* 97.0+1.9%* 1967, 637; b) 1. Yosioka, A. Matsuda, K. Imai, T.
Control 5 143.043.9 140.644.6 120.3+4.6 Nishimura, I. Kltagéwa, Chem. Pharm: Bull., 14,
(glucose tolerance) (64.5+3.9) (33.114.6) (23.3+4.6)  1200(1971).  9) Escin-Ila(4) : colorless fine crystals,
Escin-TTb(4) 100 2 107.9473% 1236469  113.5:¢57 M™p 197.3-199.0°C, [a]p -19.4° (MeOH),
(29.447.3%%)  (16.146.9)  (17.745.7) Cs4HgsO23, IR(KBr) : 3453, 1736, 1719, 1658,

Desacylescind 100 5 1406457 1366436  1147¢18 1649 cm™!, TH NMR(ds-pyridine, 8) : 4.93(d, J = 6.9,

(6) (621i57) (291i36) (177i18) 1'_H)’ 5.]6(d, J = 7.6’ 1""H), 5.44(d, J = 69, l"-H),
Desacyl-escin-II 100 5 146.2+4.5 140.417.5 118.9+3.8  6.15(d, J = 9.9, 22-H), 6.58(d, J = 9.9, 21-H), FAB-
) (67.7445) (32.9+7.5) (19438)  nig (myz) : 1123 (M+Na)*.  10)Escin-la(l) :

* p<0.05, ** p<OOL ) ess fine crystals, mp 224.9-226.7°C, [op -22.0°
Each sample was orally administered to rats 30 min before oral administra- colorless line crysials, mp ITEEN. - 12D N
tion of D-glucose(0.5g / kg). Values in parenthesis showed the difference (MeOH), Cs5Hge0O24, IR(KBr) : 3453, 1731, 1719,

in plasma glucose concentration between normal control and each sample 1653 1649 cm-1, 1H NMR (ds-pyridine, 8) : 4.19(d, J

reatment =73, 1H), 5.18(d, ] = 7.9, 1"-H), 5.57(d, J = 7.3,
1"-H). 6.21(d, J = 10.2, 22-H), 6.56(d, J = 10.2, 21-H), FAB-MS(m/z) : 1153(M+Na)*.11) Escin-Ib(2) : colorless fine
crystals, mp 186.8 - 189.3°C [a]p -23.1°(MeOH), Cs55HgeO24, IR(KBr) : 3432, 1731, 1719, 1653, 1649 cm-1, IH NMR(ds-
pyridine, 8) : 4.91(d, J =7.3, 1-H), 5.18(d, J = 7.9, 1"-H), 5.57(d, J = 7.3, 1"-H), 6.17(d, J = 10.2, 22-H), 6.69(d, J = 10.2,
21-H), FAB-MS(m/z) : 1153(M+Na)*.  12) Escin-IIla(5) : colorless fine crystals, mp 194.1- 196.5°C, [a]p -17.2°(MeOH),
Cs55HggO23, IR(KBr) : 3432, 1734, 1719, 1655, 1649 cm-l, 'H NMR(ds-pyridine, 8) : 4.97(d, J = 6.6, 1'-H), 5.15(d, J =
7.6, 1"-H), 5.21(d, J = 7.6, 1"-H), 6.21(d, J = 10.2, 22-H), 6.57(d, J = 10.2, 21-H), FAB-MS(m/z) : 1137(M+Na)*.  13)a)
I. Kitagawa, K. Kobayashi, M. Yoshikawa, the 26th Annual Meeting of the Japanese Society of Pharmacognosy, Fukuoka,
Nov. 1979, Abstract of Papers, p21; b) B. Singh, P. K. Agrawai, R. S. Thakur, J. Nat. Prod., 50, 781(1987). 14) 1.
Yosioka, T. Nishimura, A. Matsuda, I. Kitagawa, Chem Pharm. Bull., 18, 1610(1970).
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