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Abstract—Six biotransformation products of digitoxigenin by cell suspension cultures of Strophanthus amboensis are

described.

INTRODUCTION

In our previous paper, we investigated the biotransform-
ation of digitoxigenin (1) by cell suspension cultures of
Strophanthus gratus, and reported on 17fH-digitoxig-
enin, 3-epi-17pH-digitoxigenin, 17pH-acovenosigenin-
A, periplogenin, 17H-periplogenin, 3-epi-17H-periplo-
genin and 3-epi-4f-hydroxy-17fH-digitoxigenin as pro-
ducts [1]. The biotransformation of 1, a precursor of
cardiac glycosides, by plant cell cultures has been carried
out with Digitalis lanata [2,3], D. purpurea [2,4],
Thevetia nerufolia [5] and Daucus carota [6] in the hope
of obtaming new cardenolides. Strophanthus amboensis is
one of the Apocynaceous plants containing a number of
cardiac glycosides [7, 8]. Dohnal et al. [9] have reported
on the growth and phytochemical analysis of S. amboensis
callus tissue culture and identified phytosterols and ur-
solic acid but cardenolides could not be detected. This
paper deals with the biotransformation of 1 by a cell
suspension culture of this plant.

RESULTS AND DISCUSSION

The cell strain used for this work was derived from the
leaves of Strophanthus amboensis [See Experimental].
However, no cardenolides were detected by TLC analysis
of extracts of the cells. After digitoxigenin (1) (600 mg) was
incubated with the cells (1.0 kg fr. wt) for 18 days, the cells
and the medium were extracted with chloroform and
chloroform-methanol (2 1), respectively. Seven Kedde-
positive spots were detected on TLC of the chloroform
extracts and four Kedde-positive spots were found in the
chloroform—methanol extracts. These spots were distinct
from the brotransformation products of 1 found in the cell
cultures of Strophanthus gratus [1]. After these extracts
were combined (6.1 g) and separated, the products 24, 5-
tetraacetate and 7 were 1solated as crystalline compounds
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and their chemical structures were elucidated. Further-
more, product 6-tetraacetate was 1dentical with an auth-
entic sample by HPLC and TLC.

Product 2 was 1solated as colourless prisms (25.0 mg,
yield 4.2%), and had the composition C,3;H;,0, on the
basis of high-resolution mass spectroscopy. In the
'H NMR spectrum of product 2 (Table 1), the H-3 signal
appeared as a multiplet (W,,,=26 Hz) at §3.59, thus
showing that H-3 had the f-configuration. The other
proton signals were similar to those of 1. These results
mdicate that 2 1s 3a,14-dihydroxy-56,14p-card-20(22)-
enolide (3-epidigitoxigenin) Compound 2 has been ident-
ified previously as a product of the biotransformation of 1
m a D. purpurea cell culture [4].

Product 3 (33.0 mg; yield 5.3%), the main product in
this experiment, had molecular formula C,;H;,0; (high-
resolution mass spectrometry), and 1its structure was
determined as 38,5,14-trihydroxy-5p8,14p-card-20(22)-
enolide (periplogenin) through the 'H and !3C NMR
spectral data (Tables 1 and 2). 5-Hydroxylation of 1 by
plant cell cultures has been previously observed with D.
purpurea [4], D. carota [6] and S gratus [1].

Product 4 (9.0 mg; yield 1.4%) had molecular formula
C,;H;,0; (high-resolution mass spectrometry), and the
'H NMR spectral data of products 3 and 4 were similar to
each other except for the proton signal of H-3, at §4.12
(1H, brs, W,,=7Hz, H-3a) and 4.05 (1H, m, W,
=22 Hz, H-3f). In the }3C NMR spectra, the data for C-1
to C-10 of products 3 and 4 showed moderate differences
From the data, the structure of product 4 was established
to be 3a,5,14-trihydroxy-58,14f-card-20(22)-enohde (3-
epiperiplogenin). The formation of 3-epiperiplogenin (4),
which has been isolated from leaves of Adonis vernalis
[10], is now demonstrated n plant cell cultures.

Product 5-tetraacetate (7.5 mg, yield 0.7%) was 1so-
lated after acetylation, had molecular formula
C;,H;,0,; (high-resolution mass spectrometry). The
main mass spectral fragment peaks were observed at m/z
704 [M]", 357 [C,3H;505]" and 331 [C,,H,,0,]".
The peak at m/z 357 suggested that the aglycone part was
a digitoxigenin analogue, and the peak m/z 331 suggested
that product 5-tetraacetate was a tetraacetyl D-glucopyr-
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Table 1 'HNMR spectral data for biotransformation products 2-4, S-tetraacet-
ate and 7 (400 MHz, CDCl,)

Protons 2 3* 4% S-tetraacetate T+t
H-3 359m 412brs 405m 40t brs 422 brs
(26) (7) (22) (75) M
H-17 27N dd 284 dd 279dd 277 dd 283dd
9, 6) 9, 6) 9, 6) 9,55) 9, 6)
3H-18 080s 088s 088 s 087s 089s
3H-19 0855 093s 089s 090 s 0935
H-21a 453 dd 491 dd 481dd 480 dd 491 dd
{18, 2) (18, 2) (18, 2) (18,18) (18, 2)
H-21b 492dd 503dd 4.99 dd 498 dd 503dd
(18, 2) (18,2) (18, 2) (18, 18) (18, 2)
H-22 580dd 589 dd 589dd 588 dd 590 dd
22 2 2 2.2 (18,18) 2.2
H-1 455d 441d
(8) ®
H-2 500 dd 317dd
95, 8) 9,9)
H-3 522dd -
95,9.5)
H-4' 508 dd —
95,95)
H-5' 3.67 ddd —
(95,5,25)
H-6' 412dd 365dd
(12, 25) (12,25)
H-6" 425dd 385dd
(12, 5) (12, 5)
MeCOO 2015,2025,
2025,208s

*Measured in CD,0D
tMeasured at 300 MHz

—Indicates signals were unresolved for signals of solvent.
The figures 1n parentheses are coupling constants in Hz except for W, values

for br s and m

anoside [11]. In the 'H NMR spectrum, the signal for H-
3 was observed at 4.01 (1H, br s, W,, =7.5 Hz, H-3q),
and the signal for an anomeric proton was observed at
64.55 (1H, d, J =8 Hz), indicating that the sugar had the
f-configuration [12] Moreover, consideration of the
13C NMR spectral data of product 5-tetraacetate showed
that the compound was digitoxigenin §-D-glucoside tet-
raacetate At the same time, product 6-tetraacetate was
identified as 3-epidigitoxigenin fB-bD-glucoside tetraacet-
ate by comparison with the authentic compound (HPLC
and TLC) The formation of digitoxigenin g-D-glucoside
() and 3-epidigitoxigenin f-D-glucoside (6) has been
demonstrated using cell cultures of D purpurea, with
production of compound 6 predominating over com-
pound S [4]. This fact is consistent with the results of
enzymatic studies which showed that digitoxigenin (1)
has a very low affimity for sterol. UDPG glucosyltransfer-
ase punfied from the cells and plant {13]. From these
results, 1t 1s interesting to note the different extents of
glycosylation, the axial 3 f-hydroxy group (5) was gluco-
sylated preferentially compared to the equatorial 3a-
hydroxy group (6), as was observed with the cell cultures
of S amboensis

The main mass spectral fragment peaks of product 7
(26 5 mg, yield 3.0%) were observed at m/z 552 [M]", 390

[C,3H3,0:]" and 318 [C,yH,40,]" The peaks at m/z
390 and 318 suggested that the aglycone part was a 5-
hydroxydigitoxigenin anologue [14] In the 'HNMR
spectrum, the signal for H-3 was observed at 64.22 (1H, br
s, W,,,=7Hz, H-3a), and the signal for an anomeric
proton was observed at 441 (1H, d, J =9 Hz), mmdicating
the f-configuration On comparison of the '3CNMR
chemucal shift values of product 7 and periplogenin (3),
the data for the aglycone part were similar to each other
except for the C-2, C-3 and C-4 signals The data for the
sugar part, C-1" to C-6, corresponded to the data for the
sugar part of digitoxigenin f-D-glucoside [15]. From
these data, the structure of product 7 was elucidated as
perplogenin  -D-glucoside, which was 1solated from
seeds of Strophanthus vanderijstii [16], and 1s a new
biotransformation product of 1 produced by plant cell
cultures.

The possible biotransformation pathway of 1 by cell
suspension cultures of S. amboensis 1s shown in Scheme 1
The epimerization of 3-OH to 32-OH and 5#-hydroxy-
lation performed by the cell cultures of S. gratus have
been observed with the cell cultures of S. amboensis, but
18- and 4f-hydroxylation and 1somerization of the 178-
butenolide ring were not demonstrated in S amboensis.
On the other hand, the glycosylation ability exhibited by
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D purpurea, was also found in S amboensis but not in §
gratus The new biotransformation products, 3-epiperi-
plogenin (4) and periplogenin §-D-glucoside (7), are being
evaluated for cardiotonic activity in vitro The various
biotransformation abilities of plant cell cuitures from the
different origins will contribute possibly to the provision
of novel cardiac glycosides, some of which may prove
useful 1n the pharmaceutical industry [17]

EXPERIMENTAL

Mps uncorr NMR 300 and 400 MHz (CDCl; or CD;0D)
FDMS was taken with a JEOL JMS D-300 instruments equip-
ped with a direct inlet system HPLC of the biotransformation
products was performed using a Nucleosil 5C18 (10 x 300 mm)
column, coupled to a UV detector and a differential refracto-
meter

Culture methods The leaves of Strophanthus amboensis were
sterthized by 70% EtOH and a saturated soln of bleaching
powder and then rinsed with sterile H,O and cut nto ca 5 mm
segments These segments were placed on modified Murashige
and Skoog’s tobacco medium contaimning 1 0 ppm 2,4-dichloro-
phenoxyacetic acid, 0 1 ppm kinetin and 3% sucrose m Jan,
1983 The calli were subcultured at 30 in the dark every 4 weeks
In the biotransformation experiments, the calli were transferred
to a hquid medium containing digitoxigenin (1) suspended with
Tween 80, and ncubated 1n a shaker (90 spm) for 18 days

Detection and separation of hwotransformation products Digi-
toxigenin (1) (600 mg) was added to the calli(1 0 kg fr wt) from 4-
week-old static cultures. and after 18 days, the CHCl, and the
CHCI;-MeOH (2 1) extracts from the calli and the medium
were obtained according to the method described in a previous
paper {[1] The CHCI; extracts from the callt and the medium
were examined on TLC with Kedde's reagent and 10% H,SO,,
seven Kedde-positive spots (R, 041,026,018, 015, 010, 004,
001, CHCI,-EtOH 10 1) were detected Four Kedde-positive
spots (R, 034,029, 024, 014; CH,Cl,-MeOH-H,0 84 15 1)
were detected similarly in the CHClL,-MeOH (2 1) extracts
These extracts were combined (6 1 g), chromatographed on a
sihica gel column (250 g Wako gel C-200) and eluted as follows
fraction A, CHCI, (4 0 1), fraction B, CHCl,-MeOH (19 1,1 81),
fraction C, CHCl;-MeOH (9 1, 24 1) and fraction D, CHCl;-
MeOH (4 1,081)

Isolation of 3-epdigitoxigemn (2) Fraction A yielded the crude
product 2 Further purification of product 2 was achieved by
repeated HPLC (Nucleosil 5C18,70% MeOH in H, O, flow rate
3 mi/min) and product 2 was 1solated from the fraction contain-
ing the peak at 154 min Product 2 was recrystalhized from
MeOH to give colourless prisms (250 mg), mp 268--271",
C,3H;3,0, (requred 3742457, [M]" at m/z 374 2468), IR
vKBrem ™1 3430, 1745, 1635 For 'H and '3C NMR spectral data
of product 2 see Tables 1 and 2 EIMS my/z (rel int) 374 [M]*
(6), 356 [M—H,01" (25, 338 [M—-2xH,0]" (4), 246
[C,-H;60]" (34), 203 [C,5H;51" (100), 162 [C1,H, 51" (20),
147 [C;,H,s]" (14)

Isolation of periplogenin (3) Product 3 (33 0 mg) was 1solated
from fraction B after punification by HPLC (R, 8 | mun solvent
80% MeOH i H,0) Product 3, mp 136-140° (from MeOH),
C,3H;,05 (required 3902405, [M]" at m/z 3902398), IR
vKBrem ™1 3320, 1775, 1740, 1620 "H and '*C NMR see Tables
1and 2 EIMS m/z (rel int) 390 [M]* (1),372[M —-H,0]" (16),
354 [M—2xH,0]* (22), 318 [C,;,H,,0,]1" (100), 300
[C1oH,,0,17 (7), 262 [C,H160,1" (9), 219 [C, H,50]" (40),
201 [Cy5H,, 17 (59). 145 [Cy H, 517 (18)
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Table 2 3C NMR chemical shifts of biotransformation pro-
ducts 24, 5 tetraacetate and 7 (100 MHz, CDCl;)

5.

C 2 3* 4+ tetraacetate 7*t
t 331 265 294 296 26 6
2 305 288 298 269 270
3 715 694 676 734 759
4 361 362 416 331 346
5 414 765 748 363 751
6 268 381 365 264 362
7 214 251 237 214 250
8 419 422 410 419 416
9 361 404 389 357 401

10 349 420 397 351 41 8

11 209 231 210 212 226

12 399 413 398 400 409

13 494 512 493 496 509

14 855 866 853 856 864

15 347 336 330 331 334

16 269 283 267 269 280

17 508 523 505 509 520

18 156 167 159 158 16 4

19 23.1 176 158 237 173

20 1743 1775 1743 174 4 1773

21 733 757 736 741 754

22 1176 1181 1176 1177 1179

23 174 4 1787 1743 1744 1784

I 987 1019

2 715 751

3 728 782

4 68 6 716

5 717 783

6 621 628

MeCOO 206

206
207
208
MeCOO 1691
169 4
1704
1707

*Measured in CD;0D
+tMeasured at 752 MHz

Isolation of 3-epiperiplogemn (4) Product 4 (30 mg) was
1solated from fraction B after purification by rechromatography
on silica gel (Wako gel C-300) Product 4, mp 232-235° (from
MeOH-H,0). C,;H;,05 (requred 3902405, [M]" at
myz 3902383), IRvEBrem™! 3400, 1750, 1630 'H and
I3CNMR see Tables 1 and 2 EIMS m/z (rel nt) 390 [M]* (4),
372 [M—-H,0]}* (19), 354 [M—-2xH,0]" (20}, 336 [M -3
x H,017 (4), 318 [C14H,604]7 (4), 262 [C,H,,0,]7 (7), 247
[C16H;,0,17 (10), 219 [C,;H,;3077 (18), 201 [C, <H, 17 (100),
160 [C,,H,¢]" (12), 145 {C, H5]" (12)

Isolation of digitoxigemin B-D-glucoside (5) tetraacetate After
acetylation of fractions B and C with pyridine-Ac,0 at room
temp and purification by HPLC (R, 26 3 mun solvent 70%
MeOH 1n H,0), product 5-tetraacetate was recrystallized from
MeOH-H,0 (75mg), mp 164-170°, C;,H,,0,; (required
704 3407, [M1* atm’/z 704 3411) 'H and !3C NMR see Tables 1
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and 2. EIMS m/z (rel. int.): 704 [M]* (2), 357 [C,;H;,0,]"
(100), 331 [Cy,H,50,]1" (66), 246 [C,,H,c0]* (27), 203
[C,5H231" (50), 169 (61)

Identification of 3-epidigitoxigenin B-D-glucoside (6) tetraacet-
ate During S-tetraacetate purification by HPLC, the minor
fraction, with a peak at 31.5 muin, was detected Because of the
small amount of sample, the product was not isolated but instead
identified with authentic 3-epidigitoxigenin B-D-glucoside tet-
raacetate [4] by HPLC and TLC [R; 0 56 the first development
with CHCI,-EtOH (7 1); the second development with
Ce¢Hg—Me,CO (3 1)]

Isolation of periplogenin B-D-glucoside (7) Product 7 (26 5 mg),
mp 215-218° (from EtOH), was 1solated from fraction D after
purtfication by DCCC [DCCC, CHCl,-MeOH-H,O (5 6.4);
ascending method, using a column of 1d 2mm]. 'H and
I3CNMR see Tables 1 and 2 EIMS m/z (rel. int) 552 [M]*
(04), 534 [M—H,O]* (1), 516 [M—2xH,0]* (1), 390
[C23H3,051" (20), 372 [C,3H;,0,1" (20), 354 [C,3H;300;]"
45), 336 [C,3H,50,1" (25), 318 [C,oH,40,]1" (100), 299
[C,sH,3051" (18), 273 (10), 219 [C,sH,;0]1" (18), 20t
[CisH,117 (34), 145 [C,,H,5]" (32). FDMS m/z (rel nt) 552
[M]™* (100), 373 (15), 163 (32)
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