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Spectroscopic examination of purified extracts of the rumen content of sheep intoxicated by Brachiaria 
decumbens revealed the presence of two spirostanes, identified as epi-sarsasapogenin and epi-smila- 
genin. Sarsasapogenone was obtained by the oxidation of sarsasapogenin. The reduction of sarsasapo- 
genone using lithium aluminum hydride yielded isomeric products, sarsasapogenin (20%) and epi- 
sarsasapogenin (80%). (Steroids 58:387-389, 1993) 
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Introduction 

Brachiaria decumbens (signal grass), a high yielding 
grass which is well adapted to the tropical climate, L2 
is an important source of  fodder for ruminant produc- 
tion in Malaysia. However ,  the grass has been con- 
firmed to be hepatotoxic and nephrotoxic to sheep.~'3 

It has also been reported that the ethanolic extract 
of  rumen liquor from B. decumbens intoxicated sheep 
contains a hepatotoxic substance or substances causing 
marked enlargement of  the liver and severe necrosis 
of  hepatocytes of  rats. 4 The infusion of  rumen liquor 
from B. decumbens intoxicated sheep into the rumen 
of  cattle caused hepatic and renal dysfunction, whereas 
the grass itself when fed directly to cattle did not pro- 
duce toxic s y m p t o m s )  These observations suggest 
strongly that the grass is not toxic per se but contain 
compounds  which as a result of  ruminal activities of  
the sheep were converted to their derivatives responsi- 
ble for causing the toxicity. This paper describes the 
identification of  two sapogenins isolated from the ru- 
men content of  B. decumbens-intoxicated sheep. 
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Experimental 

General 

Melting points were recorded using a Kofler hot bench and were 
uncorrected. Mass spectra were recorded on Varian MAT CH7 
and Finnigan MAT GC-MS SSQ 710 mass spectrometers. Infra- 
red (IR) spectra were recorded with a FTIR 1650 Perkin Elmer 
spectrophotometer. ~H and ~3C NMR spectra were recorded with 
a Bruker CPX 300 spectrometer. Resonances are referenced to 
TMS. 

Reagents 

Commercial chromium trioxide, lithium aluminum hydride (BDH 
reagent grade) and sarsasapogenin (Aldrich) were used without 
prior purification. Reagent grade pyridine (BDH) was shaken 
with solid sodium hydroxide and then stored over 5/~ molecular 
sieves. Commercial meth)dene chloride was purified by distilla- 
tion and stored over 5 A molecular sieves. Silica gel Merck 
Kieselgel 60 (230 mesh) and Merck Kieselgel 60 PF254 were used 
for column and thin-layer chromatography, respectively. 

Oxidation o f  sarsasapogenin (1) 

The oxidation of the title compound using chromium trioxide 
was carded out according to the published procedure .6 The crude 
product sarsasapogenone (2) was fractionated on silica gel col- 
umn to obtain white crystalline product (60% yield) which melted 
at 222-224 C. Spectral data of sarsasapogenone (2) are as 
follows. 
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IR (KBr) cm - l .  3411 (br-w), 2953 (br-s), 2859, 1721, 1448, 1380, 
1218, 1173. 1134, 1068, 986, 920,840. 

MS, m/z (%). 414 (M*, 2.5), 335 (1.8), 342 (6.6), 327 (0.6), 300 
(6.2), 285 (5.4), 272 (5.6), 271 (24.7), 140 (12.2), 139 (100), 115 
(31.2), 107 (6.1), 95 (6.5), 93 (5.6), 81 (6.4), 69 (19.1), 55 (7.8), 
43 (3.8). 

~H NMR 6 (300, MHz, CDCI3). 4.41 (1 H, ddd, J - 8.0, 8.0, 
6.4 Hz, CI6-H), 3.95 (1 H, dd, J = 11.0, 2.7 Hz, C'%H), 3.30 (1 
H, b r d ,  J = I I . 0 H z ,  C26- H ) , 2 . 6 9 ( 1 H ,  dd, J = 14.4, 14.4 Hz, 
C4-H), 2.30 (1 H, ddd, J = 14.5, 14.5, 5.3 Hz, C'--H), 1.08 (3 H, 
d, J = 7.1 Hz, C2LCH3), 1.04 (3 H, s, Cm-CH3), 1.00 (3 H, d, 
J = 6.7 Hz, C2°-CH3), 0.79 (3 H, s, CJLCH3). 

Reduction of  sarsasapogenone (2) 
The reduction of 2 (0.4 g, 1.0 mmol) was carried out in tetrahydro- 
furan (THF) using LiAIH 4 (22 mmol). The crude yellowish solid 
product  obtained was fract ionated on silica gel column to afford 
50 mg sarsasapogenin,  mp 190-192 C and 300 mg epi-sarsasapo- 
genin (3) mp 200-201 C. The thin-layer chromatographic analysis 
on silica gel revealed that the Rf of 1 was 0.34 while that of 3 
was 0.22 when CHCI 3 was used as developing solvent. The spec- 
tral data of epi-sarsasapogenin (3) are as below. 

IR (KBr) cm -1. 3336 (br-s), 2938, 2865, 1654 (br-w), 1448, 1368, 
1214 (w), 1172, 1132 (2), 1052, 986, 922, 850. 

MS, m/z (%), 416 (M +, 1.3), 357 (1.7), 344 (4.7), 329 (3.1), 302 
(4.9), 287 (5.1), 284 (7.6), 273 (15.1), 255 (11.9), 140 (12.4), 139 
(100), 122 (9.2), 115 (18.6), 109 (6.9), 107 (7.5), 95 (7.1), 93 (6.7), 
81 (7.3), 69 (17.7), 55 (8.1), 44 (9.9), 43 (6.3). 

IH NMR 8 (300 MHz,  CDCla). 4.40 (1 H, ddd, J = 8.0, 8.0, 6.4 
Hz, C 16 - H), 3.95 (1 H, dd, J = 11.0, 2.6 Hz, C 26 - H), 3.64 
( I H ,  m, fl - C 3 - H) ,3 .30 (1  H, b r d ,  J = l l . 0 H z ,  C 2 6 -  H), 
1.08 (3 H, d, J = 7.1 Hz, C 25 - CH3), 0.99 (3 H, d, J = 6.7 Hz, 
C 2° - CH3), 0.93 (3 H, s, C m - CH3), 0.75 (3 H, s, C 13 - CH3). 

Extraction and purification 
of  epi-sarsasapogenin and epi-smilagenin 
from the rumen contents 
The rumen contents  of B. decumbens intoxicated sheep were 
collected and dried in the oven at 40-50 C. The dried rumen 
content  was ground and 40 g was extracted with chloroform 
according to the procedure described by Stahr. 7 Approximately 
8 g of crude semi-solid extract  was obtained. 

Several fractions were separated after column chromatogra-  
phy on silica gel using CHCI3: light petroleum bp 60-80 C (6 : 4) 
as the eluent.  The major fraction was further  purified by thin- 
layer chromatography on silica gel using chloroform-dichloro- 
methane as the solvent.  Two compounds,  3 and 4, each nearly 
0.10 g, with mp 199-201 C and 204-206 C, respectively,  were 
isolated. Thin-layer chromatographic  analysis on silica gel with 
CHCI 3 as the developing solvent gave R r for 3 and 4 as 0.22 and 
0.25, respectively.  

The IR, JH NMR,  and MS spectral  data of isolated com- 
pounds 3 and 4 were identical with the corresponding spectral 
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Figure 1 Structures of spi ros tane and its derivatives:  

1, B ="-HJOH; (25S)-5B-spirostan-3B-ol (sarsasapogenin) ;  

2, R - 0; (25S)-5/3-spirostan-3-one ( sa r sasapogenone) ;  
j H  

3, R . . . .  OH; (25S)-5/3-spirostan-3o~-ol (opi-sarsasapogenin); 

4, R = / N  • (25R)-5B-spirostan-3~-ol (oOi-smilagenin); 
" ' -OH '  

5, R = j O H  "--H ; (25R)-5/3-spirostan-3/3-ol (smi lagenin) ;  

6, R = ~-H...H; (25R)-5/3-spirostane. 

data of synthetic epi-sarsasapogenm (3) and epi-smilagenin, 8-m 
respectively (Figure 1). 

Results and discussion 

The colorless powder (3 and 4) isolated from the rumen 
contents was shown by mass spectrometry to be iso- 
meric. The mass spectra indicated that these compo- 
nents, 3 and 4, MW 416, which were consistent with 
the molecular formula C27H4403, were 3-spirostanols 
closely related to but not identical with, sarsasapogenin 
and tigogenin. 

The isolation of sarsasapogenone and epi-sarsasapo- 
genin from Dioscorea collettii have been reported al- 
though the structural elucidation has been carried out 
without J3C NMR and detailed IH NMR spectra stud- 
ies.ll We could not find the exact comparison between 
the characteristic IH NMR signals for the isolated 1~ 
and synthesized epi-sarsasapogenin. The presence of 
epi-smilagenin /3-D-glucuronide in the bile of sheep 
grazing Panicum dichotomiflorum (smooth witch 
grass) 9'12 and Panicum schinzii (sweet grass) 13 has been 
recently reported, l0 Structure 3 for epi-sarsasapogenin 
was established based on comparison of the spectral 
data of the synthetic analog derived from sarsasapogen- 
one. The assignment of ~H NMR and 13C NMR data 
for sarsasapogenone was carried out based on the pub- 
lished data on related compounds. 8J4-16 

The ~3C NMR chemical shifts of the compounds 3 
and 4 isolated from rumen content are shown in Table 
1. The ~3C NMR signals of 3 and 4 were consistent 
with those of our synthesized epi-sarsasapogenin and 
reported epi-smilagenin, respectively. The characteris- 
tic signal of C 25 of 4 showed downfield shift by 3.2 
ppm as compared to that of 3. This signal was in turn 
consistent with that of reported value for epi-smila- 
genin (Table 1). 

It is interesting to note that the ~-C3-H of sarsasapo- 
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Table 1 13C NMR chemical shifts of spirostanes 

Carbon 
atom 1 2 3 3 a 4 a 4 b 5 c 6 b 

1 29.9 37 .1  35.3 35.3 35.3 35.5 29.9 37.6 
2 27.8 36.9 30.4 30.5 30.5 30.5 27.8 21.3 
3 67.0 213.1 71.7 71.8 71.8 71.8 67.0 27.0 
4 33.5 42.3 36.4 36.4 36.4 36.5 33.6 27.2 
5 36.5 44.2 42.0 42.0 42.0 42 .1  36.6 43.7 
6 26.5 26.0 26.7 26.7 27 .1  27 .1  26.5 27.4 
7 26.5 26.5 27 .1  27 .1  26.7 26.7 26.5 26.8 
8 35.2 35 .1  35.4 35.4 35.4 35.5 35.3 35.5 
9 39.6 40.7 40.5 40.5 40.5 40.6 40.3 40.6 

10 35.2 35.0 34.7 34.7 34.7 34.7 35.3 35.5 
11 20.7 20.9 20.6 20.6 20.6 20.6 20.9 20.6 
12 40.3 40 .1  40.2 40.2 40.2 40.3 39.9 40.3 
13 40.7 40.6 40.6 40.6 40.7 40.6 40.7 40.6 
14 56.4 56.2 56.3 56.3 56.3 56.4 56.5 56.5 
15 31.7 31.6 31.7 31.7 31.8 31.8 31.8 31.7 
16 81.0 80.6 81.0 81.0 80.9 80.9 80.9 81.0 
17 62.0 62.0 62.0 62.0 62.2 62.3 62.4 62.3 
18 16.5 16.4 1 6 . 5  1 6 . 5  16.4 16 .5  16 .4  16.4 
19 23.9 22.6 23.4 23.4 23.4 23.4 23.8 24.2 
20 42.1 42 .1  4 2 . 1  42 .1  41.6 41.6 41.6 41.6 
21 14.3 1 4 . 3  1 4 . 3  1 4 . 3  14 .5  1 4 . 5  14 .4  14.5 
22 109.7  109.7 109.7 109.7 109.2 109.2 109.1 109.2 
23 25.9 25.9 25.9 25.9 31.4 31.4 31.4 31.4 
24 25.7 2 5 . 7  2 5 . 7  25.8 28.8 28.8 28.8 28.8 
25 27.1 27.0 27.0 27 .1  30.3 30.3 30.3 30.3 
26 65.1 65 .1  65 .1  65 .1  66.8 66.8 66.8 66.8 
27 16.0 1 6 . 0  1 6 . 0  1 6 . 0  17 .1  17.1 17.1 17.1 

a Obtained from rumen-extract, measured at 75.4 MHz. 
b From reference 8. 
c From references 8 and 16. 

genin resonated at 4.10 ppm and produced a broad 
singlet while the fl-C3-H of epi-sarsasapogenin, 3 and 4 
resonated at considerably higher field (3.64-3.63 ppm) 
with its coupling to vicinal protons produced a multi- 
plet. The )H NMR chemical shift of one of the CH 3 
groups attached to a quaternary carbon which is tenta- 
tively assigned to the C~°-CH3 protons showed a sig- 
nificant dependence on the substituent and configura- 
tional characteristic at C 3 carbon. 

The proton spectrum for sarsasapogenone (2) has 
not been reported. However, Drewes et al.17 have re- 
cently reported that the IH NMR peaks for 2a-H of 6fl- 
hydroxy-lup-20(30)-en-3-one appeared at 8 2.26 (ddd, 
J = 15.01, 6.48, 2.85 Hz) and that of 2fl-H appeared 
at 8 2.82 ppm (ddd, J = 15.01, 6.41, 2.91 Hz). Based 
on this observation the peak at 8 2.30 ppm in the proton 
spectrum of 2 is then tentatively assigned to 2a-H or 
2fl-H while that at 8 2.69 ppm is assigned to 4fl-H. 

A number of 3-spirostanols have been isolated from 
plants.18 These include tigogenin, epi-tigogenin, sarsa- 
sapogenin, neotigogenin, smilagenin, epi-smilagenin 
and epi-neotigogenin diastereomer. ~9 Sarsasapogenin 
has been isolated from Asparagus adscendens and 
showed considerable antibacterial activity. E° It has also 
been reported that the extract of Y. shidigera which 
also contained sarsasapogenin has been used as an anti- 
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stress agent in poultry and as a growth promotant in 
cattle. 2~ 
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