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Photosensitivity in South Africa. VIII 
Ovine metabolism of Tribulus terrestris saponins 
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ABSTRACT 

MILES, C.O. , WILKINS, A.L., ERASMUS, G.L. & KELLERMAN, T.S. 1994. Photosensitivity in South 
Africa. VIII. Ovine metabolism of Tribulus terrestris saponins during experimentally induced geeldikkop. 
Onderstepoort Journal of Veterinary Research, 61:351 - 359 

Geeldikkop was induced in a sheep by dosing it orally with a crude extract of the steroidal saponins 
from Tribulus terrestris. GC-MS analysis of the sheep's ruminal contents, bile, faeces and urine for 
free and conjugated sapogenins, revealed the general features of the metabolic pathway by which dios
genin and yamogenin glycosides were converted into the glucuronides of epismilagenin and episarsasa
pogenin, the major constituents of the biliary crystals that usually form during geeldikkop. Other steroidal 
saponins in the T. terrestris extract, including those derived from tigogenin, neotigogenin, gitogenin and 
neogitogenin, appear to be non-lithogenic. The implications of these findings are discussed. 

INTRODUCTION 

Geeldikkop is one of a number of hepatogenous pho
tosensitization diseases associated with the consump
tion of certain plants by ruminants, and characterized 
by the deposition in the biliary system of optically 
active, birefringent, crystalloid material (Miles, Wil
kins, Erasmus, Kellerman & Coetzer 1994). Recently 
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we demonstrated that geeldikkop can be induced in 
sheep by oral administration of a crude extract of the 
saponins from T terrestris (Kellerman, Erasmus, Coet
zer, Brown & Maartens 1991), and that the resulting 
biliary crystals are the calcium salts of the ~-D-glucu
ronides of epismilagenin [1] and episarsasapogenin [2] 
(Fig.1) (Mileseta/.1994) . 

Two similar ovine hepatogenous photosensitization 
diseases (caused by Agave /echeguilla and Narthe
cium ossifragum) have also been induced by dosing 
sheep with crude extracts of the saponins from the 
causative plants (Abdelkadar, Ceh, Dishington & 
Hauge 1984; Patamalai 1988). The crystalloid mate
rial present in the bile of sheep photosensitized while 
grazing Panicum dichotomifforum (Holland, Miles, 
Mortimer, Wilkins, Hawkes & Smith 1991 ; Miles, Mun
day, Holland, Smith, Embling & Wilkins 1991; Miles, 
Wilkins, Munday, Holland, Smith, Lancaster & Em
bling 1992b), Panicum schinzii (Lancaster, Vit & 
Lyford 1991; Miles, Munday, Holland, Lancaster & 
Wilkins 1992a; Miles et at. 1992b), and Narthecium 
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1 R1 =CH3, R2=H Epismilagenin !3-D-glucuronide calcium salt 

2 R1 = H, R2 = CH3 Episarsasapogenin !3-D-glucuronide calcium salt 

FIG. 1 Chemical structures of the components of the biliary sedi-
ment from a sheep with geeldikkop 

ossifragum (Miles, Wilkins, Munday, FlaJ2lyen, Hol
land & Smith 1993) was also found to be composed 
of insoluble salts of epismilagenin and episarsasapo
genin ~-D-glucuronides (Fig. 1 ). Epismilagenin [5] 
and episarsasapogenin [6] (Fig. 2) have also been 
identified in the ruminal contents of a sheep photo
sensitized while grazing Brachiaria decumbens (Ab
dullah, Lajis, Bremner, Davies, Mustapha & Rajion 
1992; Lajis, Abdullah, Khan, Jalaludin, Salim & Brem 
ner 1993). However, for each of these diseases, in
cluding geeldikkop (Miles eta/. 1994), saponins de
rived from epismilagenin and episarsasapogenin 
were not significant constituents of the causal plants. 

It has been proposed that the epismilagenin [5] and 
episarsasapogenin (6] in the biliary crystals that form 
during geeldikkop, result mainly from the metabo
lism of the diosgenin- (13] and yamogenin- (14] con
taining saponins present in T. terrestris (Miles eta/. 
1994). The aim of the present study was to elucidate 
the metabolism ofT. terrestris saponins in sheep dur
ing geeldikkop, in order to provide information about 
the aetiology of the disease. 

MATERIALS AND METHODS 

General 

Standards of smilagenin (3], sarsasapogenin [4] and 
tigogenin [7] were obtained from Upjohn Laborato
ries. Diosgenin (13] was obtained from Sigma Chem
ical Co. , and epismilagenin [5] was obtained from 
Steraloids Inc. Episarsasapogenin [6] was prepared 
from sarsasapogenin (Miles eta/. 1993), and epiti
gogenin (9] was prepared from tigogenin [7] by the 
method of Blunden, Jaffer, Jewers & Griffen (1979) . 
Similarly, oxidation and then reduction of diosgenin, 
gave a mixture of diosgenin [13] and epidiosgenin 
[15] . The identiV, of each standard was confirmed by 
comparing its 1 C NMR spectrum with that reported 
in the literature (Agrawal, Jain, Gupta & Thakur 1985). 
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51}-spirostanes 

3 R 1 = OH, R2 = R3 = H, R
4 

= CH3 smilagenin 

4 R1 = OH, R2 = R4 = H, R3 = CH3 sarsasapogenin 

5 R1 = R3 = H, R2 = OH, R
4
= CH3 epismilagenin 

6 R1 = R4 = H, R2 = OH, R3 = CH3 episarsasapogenin 

5a-spirostanes 

7 R 1 = OH, R2 = R3 = R5 = H, R4 = CH3 tigogenin 

8 R1 = OH, R2 = R4 = R5 = H, R3 = CH3 neotigogenin 

9 R1 = R3 = R5 = H, R2 = OH, R4 = CH3 epitigogenin 

10 R1 = R4 = R5 = H, R2 = OH, R3 = CH3 epineotigogenin 

11 R1 =R5 = 0H, R2 =R3 = H, R4 =CH3 gitogenin 

12 R1 = R5 = OH, R2 = R4 = H, R3 = CH3 neogitogenin 

spirost-5-enes 

13 R1= OH, R2 = R3 = H, R4 = CH3 diosgenin 

14 R1 = OH, R2 = R4 = H, R3 = CH 3 yamogenin 

15 R1= R 3= H, R2 = OH, R4 = CH3 epidiosgenin 

16 R1= R4 = H, R2 = OH, R3 = CH3 epiyamogenin 

FIG. 2 Chemical structures of steroidal sapogenins mentioned 
in the text 
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TABLE 1 Relative contenta of free and conjugated sapogeninsb in samples from a sheep with geeldikkop 

25R-sapogenins 258-sapogeninsc 

Sapogenin Coned OH 

Dio Smil Epi- Tigo Gito 25R Yam Epi- Neo- Neo- 258 (%) 

smil (%) sars tigo gito (%) 

T. terrestris extract (conjugates)• +++ 10,1 ND 0,8 11 ,5 36,6 59,0 7,6 ND 7,0 26,4 41,0 37,0 
Ruminal sapogenins ++ 0,2 0,1 2,5 2,3 53,8 58,9 0,1 4,2 1,7 35,0 41 ,1 11,1 
Ruminal conjugates +++ 2,4 0,1 0,2 18,3 34,3 55,3 1,8 ND 15,6 27,3 44,7 38,4 
Biliary crystal conjugates•' ++ ND ND 86;5 ND ND 86,5 ND 13,5 ND NO 13,5 100,0 
Bile supernatant sapogenins + NO 6,0 12,9 26,3 21,7 66,9 NO 4,1 9,1 19,9 33,1 58,4 
Bile supernatant conjugates +++ 0,7 0,1 26,8 1,6 32,7 61,9 0,2 13,3 0,6 24,0 38,1 43,3 
Faecal sapogenins +++ 1,6 1,3 24,2 8,6 24,0 59,7 0,9 11 ,2 6,2 21 ,9 40,3 54,0 
Faecal conjugates + 2,2 0,4 13,6 17,3 25,5 59,0 1,2 4,6 11,3 23,8 41 ,0 50,6 
Urinary conjugates' + NO NO 25,5 NO 59,8 85,3 NO 5,9 NO 8,8 14,7 31,4 

a Expressed as % of total mono- and dihy
droxy-sapogenins identified in each ex
tract 

b Abbreviations 

Yam 
Episars 
Neotigo 
Neogito 
OH (%) 

yamogenin (14] 
episarsasapogenin [6] 
neotigogenin [8] 
neogitogenin (12] 

c Sarsasapogenin (4] was not detectable 
in any samples (see Results) 

ct Relative concentration of sapogenins 
+ = trace; + + = moderate; +++ = high Dio diosgenin [13] 

Smil smilagenin (3] 
% monohydroxy sapo
genin isomers • From Miles eta/. (1994) 

Epismil epismilagenin (5] 
Tigo tigogenin (7] 
Gito gitogenin (11] 

25R (%) 
25$ (% ) 
ND 

% 25R-sapogenins 
% 25S-sapogenins 
not detected 

1 No free sapogenins detected in the bili
ary crystals or urine 

The calcium salt of epismilagenin ~-D-glucuronide 
[1] and specimens of neotigogenin [8], yamogenin 
[14], gitogenin [11], and neogitogenin [12] were avail
able from previous work in our laboratories (Miles et 
a/. 1992b; 1993; 1994; Wilkins, Miles, Smith, Meagher 
& Ede 1994). Spirostanols were acetylated and ana
lysed by GC-MS by use of standard methods (Miles 
eta/. 1994; Wilkins eta/. 1994). 

Extraction of free and conjugated 
sapogenins from ovine samples 

The lyophilized bile supernatant was that obtained 
from a sheep photosensitized with crude saponins 
from T. terre5tri5 during the experiment described by 
Miles eta/. (1994). Samples of ruminal contents, fae
ces, and urine were also obtained during the same 
experiment, and were immediately frozen and lyoph
ilized. Subsamples of the lyophilized material were 
extracted with hexane over a period of 6 h by means 
of a Soxhlet apparatus. The resulting extract, which 
contained free (unconjugated) sapogenins, was work
ed up and acetylated as described previously for hy
drolysed T. terre5tri5 saponin extracts and biliary crys
tal hydrolysates (Miles eta/. 1994). The extracts were 
then analysed by selected ion GC-MS. The residue 
which remained after the hexane extraction was air
dried, refluxed for 3 h with ethanol-water (85:15) con
taining 1 % acetic acid, and then filtered. The filtrate 
contained conjugated sapogenins, which were hydro
lysed, extracted, washed, acetylated and then ana
lysed by GC-MS, in the manner described by Miles 
eta/. {1994) for plant saponins. 

RESULTS 

The identities of the acetylated sapogenins in the ex
tracts were determined by comparing their GC-MS 
retention times and fragmentation patterns with those 
of authentic acetylated specimens of smilagenin, epi
smilagenin, sarsasapogenin, episarsasapogenin, tigo
genin, epitigogenin, neotigogenin, diosgenin, epidios
genin, yamogenin , gitogenin, and neogitogenin. The 
results of the GC-MS analysis for free and conjugat
ed sapogenins in the ruminal content, bile superna
tant, faeces and urine, are reported in Table 1, along 
with those previously determined by Miles eta/. (1994) 
for the biliary crystalloid material and the administered 
T. terre5tri5 extract. Results are given as a percent
age of the total spirostanol content of each sample. 

Upon GC-MS analysis, the acetates of sarsasapo
genin [4] and epismilagenin [5] coeluted (Miles eta/. 
1994; Wilkins eta/. 1994), so that the peak observed 
was due to the sum of the contributions of these two 
components. Analysis of the ratio of the intensities 
of the ions at m/z 284 and m/z 344 for this peak, per
mits quantitation of [4] in the presence of [5] (Wilkins 
eta/. 1994), but only when [4] is present in a con
centration greater than c. 10 % of that of [5]. The 
concentration of sarsasapogenin [4] did not exceed 
this threshold in any of the samples examined, though 
it may have been present at low levels. 

DISCUSSION 

The saponins present in T. terre5tris have been im
plicated in the aetiology of geeldikkop (Kellerman et 
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a/. 1991; Kellerman, Miles, Erasmus, Wilkins & Coet
zer 1994; Miles eta/. 1994). Geeldikkop is thought 
to be caused by occlusion of the bile ducts by biliary 
crystalloid deposits (Coetzer, Kellerman, Sadler & 
Bath 1983), so it is particularly notable that epismila
genin [5] and episarsarsapogenin [6]-the only gen
ins present in the biliary crystalloid material deposit
ed during geeldikkop-were present only at very low 
levels in the administered saponin extract (Table 1 ). 
This indicates that metabolism plays a crucial role 
in the conversion of the ingested T. terrestris sapon
ins into the biliary crystals (Miles eta/. 1994). Detail
ed examination of the data in Table 1 reveals much 
about ovine metabolism of steroidal saponins, and 
how it leads to the formation of the biliary crystals. 

Ruminal metabolism 

The concentration of free sapogenins in the rumen 
was approximately 20% that of conjugated saponins, 
indicating rapid hydrolysis of the ingested saponins. 
The GC-MS profile of the conjugated sapogenins (i.e. 
saponins) recovered from the rumen was generally 
similar to that of the sapogenins identified in the hy
drolysed T terrestris extract [the dominant saponins 
were identified as conjugates of tigogenin [7] (18,3%), 
neotigogenin [8] (15,6%), gitogenin [11] (34,3%) and 
neogitogenin [12] (27,3%)], suggesting that metabolic 
transformation of the steroidal nucleus occurs primar
ily after removal of the sugar moiety. 

Epismilagenin [5] (2,5%) and episarsasapogenin [6] 
(4,2 %) were found to be significant components of 
the free (non-conjugated) ruminal sapogenins, while 
less epismilagenin (0,2%) and no episarsasapogen
ins were detected in the conjugated ruminal material. 
Also of note is that only low levels of free diosgenin 
[13] (0,2 %) and yamogenin [14] (0, 1 %) were pres
ent in the rumen, even though most of the diosgen
in- and yamogenin-containing saponins originally pres
ent in the administered extract had been deconjugat
ed. This suggests that the ruminal microflora rapidly 
converts most of the diosgenin and yamogenin liber
ated by hydrolysis to epismilagenin and episarsasa
pogenin. 

We have already shown (Wilkins et a/. 1994) that 
metabolism of oral!y administered diosgenin [13] in 
the sheep, generates epismilagenin [5], tigogenin [7], 
and smilagenin [3] , along with traces of smilagenone. 
The present experiment indicates that these metabo
lites are generated by the action of the ruminal flora 
on diosgenin, and that diosgenin itself is rapidly libe
rated from dios·genin-containing saponins in the ru
men. The conversion of diosgenin into epismilagenin 
requires reduction of the 5(6)-double bond, and 
epimerization of the hydroxyl at C-3 (conversion of 
3~-0H to 3a-OH) (see Fig. 3) . The same sequence 
of reactions would convert yamogenin [14] (the 25S
isomer of diosgenin) into episarsasapogenin [6] (the 
25S-isomer of epismilagenin). 
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Ruminal reduction of the 5(6)-double bond of dios
genin [13], to give smilagenin [3] and tigogenin [7] 
derivatives, presumably occurs mainly after hydroly
sis, because the diosgenin:smilagenin ratio is very 
much higher in the conjugated sapogenin fraction 
(23:1) than in the free sapogenin (2:1) extract from 
the rumen. It is possible that some reduction of the 
5(6)-double bond of conjugated diosgenin also oc
curs, because smilagenin conjugates were present 
in toe rumen, but were not detected in the adminis
tered saponin extract. The absence of detectable 
levels of epidiosgenin [15] from the rumen suggests 
that epimerization of the hydroxyl group (3~-0H to 
3a-OH) takes place after the 5(6)-double bond has 
been reduced. 

Interestingly, tigogenin [7] and neotigogenin [8] do 
not undergo epimerization in the rumen, as shown 
by the absence of detectable levels of epitigogenin 
[9] and epineotigogenin [1 0]. These observations are 
consistent with the view that rumina! metabolism of 
diosgenin yields smilagenin [3] [via ~-face (upper 
face) hydrogenation of the 5(6)-double bond] and/or 
tigogenin [7] [via a-face (lower face) hydrogenation 
of the 5(6)-double bond] (Fig. 3). The C-3 hydroxyl 
group of smilagenin [3] is axially inclined with respect 
to ring A, whereas that of tigogenin [7] is equatorially 
inclined. Oxidation of the foregoing pair of spirostan
ols by rumina! oxido-reductases would afford the cor
responding spirostanones (smilagenone and tigoge
none, respectively). It is well known that axial hydrox
yl groups are more sterically congested than equato
rial hydroxyl groups, and that reduction of ketones 
generally proceeds preferentially to give the less ste
rically congested alcohols. Thus, rumina! reduction 
of the spirostanones would be expected to yield spi
rostanols in which the C-3 hydroxyl group is equatori
ally inclined with respect to ring A. It might therefore 
be anticipated that reduction oftigogenone would af
ford tigogenin [7], whereas reduction of smilagenone 
would afford epismilagenin [5] (rather than smilagen
in). Similarly, rumina! metabolism of yamogenin [14] 
would afford episarsasapogenin [6] and neotigoge
nin [8]. 

Alternatively, the apparent non-epimerization of tigo
genin [7] could be due to 5a-spirostan-3-ols being 
poor substrates for the oxido-reductases present in 
the rumen of the experimental animal. This view is 
consistent with the absence of detectable levels of 
epitigogenin [9] in the rumen; if non-epimerization of 
tigogenin were due solely to thermodynamic consid
erations, then small but significant amounts of epiti
gogenin should have been present. 

Rumina! hydrolysis of tigogenin [7] and neotigogenin 
[8] saponins appears to be slower than hydrolysis of 
saponins derived from diosgenin [13] and yamogenin 
[14]. For example, the administered plant extract con
tained 10,0% diosgenin saponins, but of the sapo
nins remaining in the rumen, only 2,3% were derived 
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FIG. 3 Proposed pathway for metabolic conversion of diosgenin-containing saponins from T. terrestris into the major component [1] 
of the geeldikkop biliary crystals. An analogous series of transformations would convert the yamogenin-containing saponins 
of T. terrestris into the minor component [2] of the biliary crystals 

* This figure is a corrected version of Fig . 2 in the previous article in this series (Onderstepoort Journal of Veterinary Research , 
1994, 61 :22) in which the arrow was inadvertently reversed 

from diosgenin. In contrast, the plant extract contain
ed 11 ,5% of tigogenin-derived saponins, and tigo
genin saponins still constituted 18,0% of the sapo
nins remaining in the ruminal extract approximately 
6 h after dosing. Another intriguing aspect of ruminal 
metabolism is that monohydroxy spirostanes consti
tute about a third of the sapogenin conjugates (sapo
nins) present in the crude T. terrestris extract (37,0 

%) and rumen (38,4%), whereas monohydroxy spiro
stanes constituted only 11 ,1 % of the free sapogenins 
in the rumen. This suggests that free monohydroxy 
sapogenins are more rapidily removed from (or de
graded in) the rumen than are dihydroxy sapogenins. 

Amongst the monohydi'oxy sapogenins, epismilagen
in [5] appears to be more readily removed from the 
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rumen than does episarsasapogenin (6], since it is 
only in the free ruminal sapogenin fraction that the 
level of episarsasapogenin (4,2 %) exceeds that of 
epismilagenin (2,5 %). In each of the other samples 
(bile, faeces, urine, etc.), the level of epismilagenin 
is typically two to six times greater than that of epi
sarsasapogenin (Table 1). 

Biliary metabolism 

High concentrations of conjugated sapogenins were 
present in the bile of the sheep, but low levels of free 
sapogenins were also present. The major unconju
gated sapogenins were epismilagenin (5] (12,9 %), 
tigogenin (7] (26,3%), gitogenin (11] (21 ,7%), neoti
gogenin (8] (9,1 %) and neogitogenin (12f (19,9%) . 
The proportions of tigogenin and neotigogenin in the 
free sapogenin fraction were much larger than in the 
conjugated fraction, where tigogenin (1 ,6%) and neo
tigogenin (0,6%) were only minor constituents. The 
reverse of this situation occured for epismilagenin [5] 
and episarsasapogenin [6], which constituted 26,8 
and 13,3 %, respectively, of the conjugated biliary 
sapogenins, but only 12,9 and 4,1 %, respectively, of 
the free biliary sapogenins. Possibly this is because 
conjugation of 5a-spirostan-3(3-ols (tigogenin and neo
tigogenin) is less efficient than that of 5(3-spirostan-
3a-ols (epismilagenin and episarsasapogenin), or be
cause tigogenin and neotigogenin conjugates are 
more rapidly removed from the bile than are epismila
genin and episarsasapogenin conjugates. 

Another notable feature of the bile is the relatively 
high level of free smilagenin (3] (6 %). This could 
possibly reflect comparatively inefficient conjugation 
of smilagenin, or formation of smilagenin by hepatic 
metabolism of epismilagenin (5]. The latter proposi
tion is supported by our observation (data not pre
sented) of low, but significant, levels of spirostan-3-
ones (e.g. smilagenone, tigogenone) in the unconju
gated sapogenin fraction from the bile supernatant. 

In contrast to the bile supernatant, the biliary crystals 
contained only epismilagenin (5] (86,5%) and episar
sasapogenin [6] (13,5%) glucuronides (i.e. [1] and 
[2], respectively); no derivatives of diosgenin [13], 
smilagenin (3], tigogenin (7], gitogenin [11], yamo
genin (14], neotigogenin [8], or neogitogenin [12] 
could be detected (Miles et at. 1994), even though 
conjugates of these sapogenins were present in the 
bile from which the crystals had precipitated (Table 
1). Another feature of the biliary crystals is that their 
25R:25S ratio is almost 6:1 , whereas the ratio for the 
administered plant extract was 6:4. Because the ratio 
of diosgenin:yamogenin (the precursors of epismila
genin and episarsasapogenin) in the plant extract 
was also almost 6:4, it appears that (25R) -spirost-5-
en-3-ols (and hence also (25R)-5(3-spirostan-3-ols) 
may be more lithogenic than their 25S-isomers. This 
is supported by the results of Miles et at. (1993) , who 
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found that lambs fed N. ossifragum containing smila
genin (3] and sarsasapogenin [4] (1 :9), produced bili
ary crystals derived from epismilagenin [5] and epi
sarsasapogenin [6] in a ratio of 1 :4. 

Excretion and metabolism of sapogenins 
in the faeces 

Free sapogenins predominated in faeces recovered 
from the colon, although appreciable quantities of con
jugated sapogenins were also present. As might be 
expected, the colonic microflora appear to be capa
ble of deconjugating the conjugated sapogenins. 
Again, there was a 5(3-spirostan-3a-ol/5a-spirostan-
3(3-ol dichotomy, with epismilagenin [5] (24,2%) pre
dominating over tigogenin (7] (8,6 %) in the free sap
ogenin fraction, while tigogenin (17,3 %) was more 
abundant than epismilagenin (13,6 %) in the conju
gated fraction. The same dichotomy also applies to 
their respective 25S-isomers, episarsasapogenin (6] 
and neotigogenin [8]. 

Urinary excretion of sapogenin metabolites 

In accord with the earlier work of Fla0yen, Smith & 
Miles (1993b), only very low levels of conjugated sap
ogenin derivatives, and no free sapogenins, were de
tected in the urine. 

The urine contained conjugates of epismilagenin [5] 
(25,5 %), episarsasapogenin [6] (5,9 %), gitogenin 
(11] (59,8 %) and neogitogenin [12] (8,8 %). No con
jugates of tigogenin (7], neotigogenin (8], diosgenin 
(13], or yamogenin (14] were detected. In this respect, 
the composition of the urine parallels that of the bili
ary crystals, except that the urine also contained con
jugates of gitogenin and neogitogenin. This is not un
expected, because conjugates of dihydroxyspirostanes 
are likely to be more hydrophilic than their monohy
droxy analogues (and hence more water-soluble) and 
so would be more easily excreted in the urine. The 
25R/25S discrimination observed for the biliary crys
tals (86,5% 25R) is also present in the urinary sap
ogenin conjugates (85,4 .% 25R). 

A remarkable feature of the urine extract is the ab
sence of tigogenin [7] and neotigogenin [8] conju
gates. Given their presence in both free and conju
gated forms in both the bile and faeces, it is difficult 
to account for their absence from the urine. 

Implications of the results 

The present study shows that rapid hydrolysis of in
gested saponins to form free sapogenins, occurs in 
the rumen. Subsequent reduction of the 5(6) -double 
bonds of diosgenin [13] and yamogenin [14] also 
takes place in the rumen. This reduction affords a 
mixture of both the 5a- and 5(3-spirostanols; reduc
tion of diosgenin, for example, gives both smilagenin 



[13] and tigogenin [7]. Although the conversion of di
osgenin to tigogenin cannot be detected in the pres
ent dosing experiment due to the presence of tigo
genin in the T. terrestris extract, Wilkins et at. (1994) 
identified conjugates of both smilagenin and tigogenin 
in the bile of a lamb dosed with diosgenin (Fia0yen 
et at. 1993b). Analogous reactions occur for the 25S
isomer of diosgenin, yamogenin [14] glycosides be
ing converted to sarsasapogenin [4] and neotigogen
in [8]. 

Smilagenin [3] and sarsasapogenin [4] are then epi
merized to form their thermodynamically more stable 
isomers, epismilagenin [5] and episarsasapogenin 
[6], respectively. Again, this process takes place in 
the rumen, and Wilkins et at. (1994) presented evi
dence that smilagenone is an intermediate in the epi
merization of smilagenin during ovine metabolism of 
diosgenin. 

The present study shows that all of the metabolic 
steps shown in Fig. 3, with the exception of glucu
ronide conjugation and calcium salt formation, oc
cur in the rumen. The metabolic processes identi
fied are consistent with the observations of Wilkins 
et at. (1994), in their study of the ovine metabolism 
of diosgenin (Fia0yen et at. 1993b). The ovine rumi
na! metabolism of saponins (see Fig. 3) in some re
spects parallels the metabolism of the steroidal gly
coalkaloids a-solanine and a-chaconine by bovine 
ruminal fluid in vitro (King & McQueen 1981 ). These 
alkaloids were rapidly converted to their aglycone 
(solanidine), followed by reduction of the double bond 
at C-5 of the steroidal nucleus, to give 5[3-solanidan-
3[3-ol. However, neither reduction to 5a-solanidan-3[3-
ol, nor epimerization at C-3 (to give solanidan-3a
ols)-which by analogy with our results might have 
been expected-were observed by King & McQueen 
(1981). 

Recently, other authors (Abdullah et at. 1992; Lajis 
et at. 1993) reported that epismilagenin [5] and epi
sarsasapogenin [6] were present in the rumen of a 
sheep photosensitized while grazing B. decumbens, 
whereas this plant contained saponins derived from 
yamogenin [14] and diosgenin [13] (Smith & Miles 
1993; Wilkins et at. 1994). As with geeldikkop, rumi
na! metabolism of diosgenin and yamogenin appears 
to play a crucial role in B. decumbens photosensiti
zation. The ruminal metabolism of plant steroidal sap
on ins therefore appears to be a general phenome
non that is important in the aetiology of crystal-asso
ciated photosensitization diseases. 

Conjugation of the spirostanols presumably occurs 
in the liver, and the resulting 5[3-spirostan-3a-ol glu
curonides can then precipitate throughout the biliary 
system in the form of their insoluble calcium salts. 
Remarkably, the biliary crystals are composed only 
of the glucuronides of epismilagenin [5] and episar
sasapogenin [6], even though conjugates of other 
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sapogenins (e.g. tigogenin [7], neotigogenin [8], gito
genin [11], neogitogenin [12]) were the dominant sap
onin constituents of the dosed T. terrestris extract, 
and of the bile from which the crystals had precipitat
ed. It appears, therefore, that 5a-spirostan-3-ols such 
as tigogenin and neotigogenjn, and 5a-dihydroxyspi
rostanes such as gitogenin and neogitogenin, are not 
lithogenic. This is an important observation which 
may eventually provide some control options for al
leviating the animal welfare and economic problems 
which crystal-associated hepatogenous photosensiti
zations such as geeldikkop and alveld pose to farm
ers throughout the world. 

If biliary crystals are ultimately responsible for the 
retention of phylloerythrin, as has been suggested 
(Coetzer et at. 1983; Kellerman et at. 1994; Miles et 
at. 1994), then saponins derived from these non-litho
genic 5a-spirostanols and dihydroxyspirostanes would 
not cause photosensitization. Equally, it follows that 
plants containing saponins derived from diosgenin 
[13], epidiosgenin [15], yamogenin [14], epiyamogen
in [16], smilagenin [3], epismilagenin [5], sarsasapo
genin [4], or episarsasapogenin [6]- all of which can 
be metabolized by sheep to give to epismilagenin or 
episarsasapogenin [3-D-glucuronides (i.e. [1] or [2])
would be capable of causing biliary crystal-associ
ated hepatogenous photosensitization. In addition, 
plants containing 25R-spirostanols (e.g. smilagenin 
[3]) would be more toxic than those containing equi
valent amounts of their 25S-isomers (e.g. sarsasa
pogenin [4]), because the former appear to be more 
lithogenic. Furthermore, 5[3-spirostan-3-ol (e.g. smila
genin [3]) glycosides would be expected to be more 
toxic than their spirost-5-en-3-ol .analogues (e.g. di
osgenin [13]) , because a proportion of the latter are 
converted into non-lithogenic 5a-spirostan-3-ols (e.g. 
tigogenin [7]) during passage through the rumen. It 
is therefore noteworthy that two populations ofT. ter
restris are believed to occur in Australia (Morrison & 
Scott 1993). That which occurs in southern Australia 
is believed to have originated from South Africa (Mor
rison & Scott 1993), and is considered to be respon
sible for periodic outbreaks of photosensitivity (Jacob 
& Peet 1987), whereas no photosensitivity problems 
appear to have been reported from the T. terrestris 
population in Queensland. Wilkins eta/. (1994) report
ed that a specimen of T. terrestris from Queensland 
contained saponins derived from tigogenin [7] and 
neotigogenin [8], both of which are non-lithogenic. 
In contrast, saponins derived from diosgenin [13], 
yamogenin [14] (both of which are lithogenic) , tigo
genin [7] and neotigogenin [8] (both non-lithogenic) 
were present in a T. terrestris specimen from a site 
in southern Australia. 

Although our experiments have established that ster
oidal saponins are involved in the aetiologies of geel
dikkop and other crystal-associated photosensitiza
tions, it has not yet been demonstrated that these 
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compounds are solely responsible for these diseas
es. The possible involvement of mycotoxins in the 
aetiologies of geeldikkop (Kellerman, Van der West
huizen, Coetzer, Raux, Marasas, Minne, Bath & Bas
son 1980) and alveld (Aas & Ulvund 1989; Flae~yen , 
Di Menna, Collins & Smith 1993a) was proposed in 
order to account for the sporadic nature of these pho
tosensitizations, and for the difficulties sometimes 
encountered (e.g. Flae~yen, T0nnesen, GmnsteJI & 
Karlsen 1991) in reproducing these diseases py ad
ministration of saponins extracted from the causative 
plants. However, it is equally possible that variations 
in the quantitative and qualitative saponin content of 
the plants, possibly in combination with variations in 
the activity of the ruminal flora, may be responsible 
for these features of this group of diseases. 

There is anecdotal evidence that young foliage from 
T. terrestiis (Theiler 1918; Kellerman et a/. 1980) 
and B. decumbens (Low, Bryden, Jephcott & Grant 
1993) is more toxic than mature foliage. It is interest
ing, therefore, to note that the concentration of litho
genic saponins in young foliage from an Australian 
specimen of B. decumbens was almost six times that 
present in mature foliage from the same plant (Wil
kins et at. 1994). Similarly, Patamalai (1988) report
ed that immature P. coloratum contained higher lev
els of sapogenins than did the mature plant; and En
der (1955, cited by Stabursvik 1959) found higher 
levels of saponins in the leaf tips and newer foliage 
of N. ossifragum than in the older leaves. If this dif
ference in saponin content with age proves to be a 
general phenomenon, it would help not only to ex
plain the apparently sporadic nature of these photo
sensitization diseases, but also to raise the possibili
ty of using grazing management to assist in disease 
control. 

The observation that many saponins are non-litho
genic, coupled with the large intraspecies variation 
in plant-saponin content that has been observed 
(Wilkins et at. 1994), suggests that it may be possi
ble to breed plants that contain no, or only non-lith
ogenic, saponins. Such an approach would not be 
feasible for adventitious species such as T. terres
tris , N. ossifragum or P. dichotomiflorum, but for spe
cies such as B. decumbens , P. maximum, P. schinzii 
or P. coloratum, which are cultivated for fodder, it 
might prove practical. 

In summary, the general features of the metabolic 
processes by which ingested T. terrestris saponins 
are converted to biliary crystals in sheep with geel
dikkop have been revealed. Many of the saponins 
in T. terrestris appear to be non-lithogenic, and a 
number of strategies have been proposed for reduc
ing the intake of lithogenic saponins by stock graz
ing this and other plants that cause crystal-associat
ed cholangiohepatopathy. However, it has not yet 
unequivocally been proved that the biliary crystals
and hence the lithogenic plant saponins- are solely 
responsible for causing geeldikkop. 
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