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Abstract 

A general review of saponin chemistry, bioactivities and of chemical aspects of saponin­

associated hepatogenous photosensitization of ruminants (sheep, goats, and cattle) is 

presented. 

A field trial was undertaken to explore the genin dose/response hypothesis that saponins 

produced by the plant Narthecium ossifragum may be the direct cause of the toxicity 

leading to the photosensitization disease alveld seen in Norwegian lambs grazing N. 

ossifragum containing pastures. The genin content of N. ossifragum leaves from 2 control 

and 2 outbreak pasture areas, in a region of Norway known for periodic livestock outbreaks 

of alveld, ranged from 4553 to 10879 mg/kg DM. No significant statistical differences in 

the mean sapogenin content from the 2 control and 2 outbreak pasture areas were found. 

Total faecal sapogenin levels determined for lambs grazing the 2 control and 2 outbreak 

areas ranged from 973 to 36314 mg/kg DM. No obvious relationships between faecal 

sapogenin levels of lambs exhibiting external alveld symptoms and lambs not exhibiting 

symptoms were identified. The data does not support the hypothesis that saponins are the 

sole causative agent for the development of alveld disease symptoms in lambs grazing 

pastures containing N. ossifragum. 

Genin levels in Scottish collections of N. ossifragum plant material, gathered from pasture 

on which sheep were photosensitized, were determined. Elevated levels of sarsasapogenin 

and smilagenin containing saponins were found in flower heads (ca. 18000 mg/kg DM). 

Significant levels of free genins were found in plant roots (832-1184 mg/kg DM). The 

percentage contribution (ca. 45-65%) of smilagenin (a 25R-genin) in the Scottish samples 

was typically 2-4 times greater than is the case for Norwegian collections of N. ossifragum 

(typically ca. 10-15% ). 

A field trial involving the daily intraruminal administration of a 1 :4 mixture of [2,2,4,4-

2H4]sarsasapogenin and [2,2,4,4-2H4]episarsasapogenin to 4 ewes, their twin lambs, and to 

3 weaned lambs over a 21 day period was undertaken in Norway. The results showed that 

the isotope-dilution methodology can be applied under field conditions to estimate the 

uptake of sapogenins from plant material under conditions characteristically associated with 

the development of al veld. 
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Mother ewes, on average, consumed 2-3 times the daily weight of N. ossifragum (ca. 700-

750 g DM/day) consumed by the lambs (ca. 200-250 g DM/day). Percentage deuterium 

ratios, determined using SIM GC-MS protocols, while lower that anticipated, were 

consistent across the animals involved in the trial (between ca. 2-3%). Average N. 

ossifragum intakes, calculated relative to live-weights, were determined for all sheep 

involved in the trial. No correlation between the quantity of N. ossifragum consumed and 

live-weight (g DM day/kg) and the development of alveld was identified. 

The synthesis of sarsasapogenin P-D-galactoside, episarsasapogenin P-D-glucoside, 

episarsasapogenin P-D-galactoside, betulin 3-(P-D-glucoside) and betulin 3,28-(P-D­

diglucoside), was performed via Koenig-Knorr coupling of sarsasapogenin, 

episarsasapogenin, or betulin with 2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl bromide, or 

the corresponding galactoside, followed by hydrolysis of the resulting tetra-0-acetyl-P-D­

glycosides. Structures of intermediates, and product glycosides were established using a 

combination of ES-MS and one- and two-dimensional NMR spectral data. 

The synthesized sarsasapogenin, episarsasapogenin and betulin saponins, 4-methoxyfuran-

2(511)-one 5-(P-D-glucoside), Yucca schidigera 70° Brix extract, a methanol conjugate 

extract of N. ossifragum leaves and the active triketone fraction (triketone oil) from East 

Cape Manuka oil were subjected to a bioactivity evaluation against a range of bacterial and 

fungal organisms using the agar gel well diffusion technique. A possible structure-activity 

relationship amongst the synthesized saponins is discussed. 

The activity of triketone oil against two fish-pathogenic strains of Saprolegnia parasitica 

was evaluated. The evaluation, performed in vitro, required the use of small percentages of 

water-miscible organic solvents and phosphate buffer solutions to obtain homogenous 

aqueous solutions. Inhibition of S. parasitica growth was seen at triketone oil 

concentrations of: (i) 150 and 200 ppm using aqueous solutions containing 0.5% and 1.0% 

pyrrolidinone, each containing 0.5% Tween 80 and (ii) at 150 and 200 ppm, at both pH 7 .0 

and 7.5 of a 0.25 mo1L"1 phosphate buffer solution. An in vivo toxicity trial found that East 

Cape triketone oil at 200 ppm was acutely toxic to Atlantic salmon fry, with a 50% 

mortality rate after a 2 h single dose static bath exposure. 
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There's only one sure thing in life and that's doubt. .. 

. . . .I think .... 
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Chapter One 

Introduction 

1.1 General Introduction 

Saponins are a naturally occurring class of high molecular weight glycosides. They are 

widely distributed throughout the plant kingdom (most commonly in higher plants), and in 

a few marine organisms. They consist of a sugar moiety (glycone) linked to triterpene, 

steroid or steroid alkaloid aglycones. A classical property of saponin compounds is their 

characteristic foaming in aqueous solutions. Indeed, the name saponin comes from the 

Latin word sapo (soap), hence saponin = soap forming compound. Historically, the 

definition of saponins is based on their surface activity. Many possess detergent properties, 

show haemolytic activity, piscicidal activity (fish poison), anti-inflammatory activity, 

impart a bitter taste and have antibacterial properties. However due to the vast range of 

structures and the numerous exceptions which exist, saponins are now more conveniently 

defined on the basis of molecular structure, either as triterpene or steroid glycosides. 

Saponins are notorious for their disparate activities and applications (Waller and Yamasaki, 

1996; Renault et al., 2003). 

Saponins are constituents of many plant drugs and folk medicines (Hostettmann and 

Marston, 1995). For example, Maesa lanceolata is a shrub or small tree growing in many 

African countries including Rwanda, where traditional healers include it in medical 

preparations for a wide range of diseases (Rwangabo, 1993). In a methanol extract of M. 

lanceolata, 6 oleanane-type triterpenoid saponins have been identified (Sindambiwe et al., 

1998). There has been great interest shown in the investigation of the pharmacological and 

biological properties of saponins. 

The field of saponin research has undergone remarkable advances since Kofler' s 1927 

book, Die Saponine. Although at the time not a single saponin had been characterized, his 
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description of the properties and pharmacological activities of saponins was very detailed 

(Hostettmann and Marston, 1995). By 1987, the structure of over 360 sapogenins and 750 

triterpene glycosides had been elucidated (Bader and Hiller, 1987). The rapid progress in 

this area is the result of the astounding advancement of isolation and structure elucidation 

techniques. Further advancement over the last 2 decades has benefited from recent research 

interest in the search for naturally occurring bioactive compounds. 

This search is due in part to the increased number of immuno-compromised patients over 

the last 20 years which has seen a steady rise in the frequency and types of opportunistic 

fungal infections (De Lucca et al., 2002; Renault et al., 2003; Favel et al., 1994). This 

situation, in addition to the emergence of fungal pathogens resistant to available antibiotics 

and the ongoing problems of toxicity and/or adverse drug interactions, has given impetus to 

the search for safe, novel and effective antifungal compounds. In the field of natural 

products with antimycotic activity, higher plants still remain largely unexplored compared 

to microorganisms and marine invertebrates (Favel et al., 1994; Hamburger and 

Hostettmann, 1991). Saponins fall firmly into the higher plants category, besides their 

other biological properties, they have been shown to be active against human and plant 

pathogenic fungi (Renault et al., 2003; Takechi et al., 1991). 

1.2 Definitions 

Saponins can be divided into 3 major groups or classes depending on the type of genin: 

backbone present: (i) triterpene glycosides, (ii) steroid glycosides and (iii) steroid alkaloid 

glycosides. Depictions of these 3 genin classes can be seen in Figure 1.1. 

p H 25 
27 - ~N 27 -22 22 

0 0 
28 

HO HO HO 

Triterpene Steroid Steroid Alkaloid 

Figure 1.1. Skeletal genin types of the 3 main classes of saponins. 
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The genins are typically hydroxylated at C-3 and certain methyl groups may be oxidised to 

hydroxymethyl, aldehyde or carboxyl functionalities. When an acid group is esterified to 

the genin, the corresponding glycoside is often termed an ester saponin. All saponins have 

in common the attachment of sugar residues at 1, 2 or more points of the genin backbone. 

Monodesmosidic saponins have a single sugar chain attached at one point of the genin, 

usually through a glycosidic linkage at C-3. Bidesmosidic saponins have 2 sugar chains 

attached, normally at C-3 and 1 attached through an ester linkage at C-28 (triterpene 

saponins) or at another glycosidic linkage at C-26 (steroid furostanol saponins). 

Attachments of 3 sugar chains, termed tridesmosidic saponins, exist but are rarely found 

(Hostettmann and Marston, 1995). Bidesmosidic saponins can easily be converted into 

monodesmosidic analogues by partial hydrolysis, for example, of the C-28 sugar in 

triterpene saponins. 

The carbohydrate or sugar portion of a saponin may consist of 1 or more glycosyl units. 

There exist 3 structural possibilities for each attached carbohydrate unit: (i) a single 

monosaccharide residue, (ii) sugars linked together in a linear chain and (iii) sugar residues 

linked in a branched chain. Often saponins from a particular plant differ only in the 

number of glycosyl residues in the saponin, and in their point(s) of attachment. Glycosyl 

units commonly encountered in saponins include glucose, galactose, rhamnose, xylose, 

arabinose and fucose. Glucose, arabinose, glucuronic acid and xylose are the 

monosaccharides most frequently directly attached to the genin (Hostettmann and Marston, 

1995; Wilkins et al., 1996; Deng, 1999). Configurations of the interglycosidic linkages are 

denoted by a- and P- and the glycosyl residues can be in either pyranosyl or furanosyl 

forms. Arabinose and rhamnose in the sugar chains are generally in the L-form and linked· 

a-glycosidically while other monosaccharides are generally in the D-form and are P­

glycosidically linked. 

1.2.1 Genin or Aglycone Classes 

1.2.1.1 Triterpenes 

Pentacyclic triterpenes can be divided into 3 main classes, depending on whether they have 

a P-amyrin, a-amyrin or lupeol skeleton (Figure 1.2). The most frequently occurring 

triterpene saponins are those belonging to the P-amyrin type (>50% ). Important structural 

characteristics of the triterpene classes are: (i) unsaturation at C-12(13), 
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(ii) functionalization of 1 or more of the C-28, C-29 or C-30 methyl groups and (iii) 

multiple polyhydroxylation possibilities at C-2, C-7, C-11, C-15, C-16, C-19, etc. Through 

esterification or lactonization, formation of an additional ring is possible. Other classes of 

triterpenes can be obtained via minor modifications of these skeletons. 

HO 

~-Amyrin type 
(oleananes) 

HO 

a-Amyrin type 
(ursanes) 

HO 

Lupeol type 
(lupanes) 

Figure 1.2. Three commonly encountered triterpene genin classes. 

22 

Another class of triterpenes are the dammaranes which are tetracyclic triterpenes. 

Pentacyclic and tetracyclic triterpenes are visualized in Figure 1.3. X-ray crystallographic 

studies show a relatively planar conformation of the triterpene ring system (Roques et al., 

1978). As can be seen in the pentacyclic (~-amyrin type) example of Figure 1.3, rings A/B, 

B/C and CID are generally trans linked, while rings DIE are cis linked. 

PENT ACYCLIC 

23 

TETRACYCLIC 

HO 

~-Amyrin type 
(olean-12-enes) 

Dammaranes 

Figure 1.3. 3D configurations of 2 representative groups of pentacyclic and tetracyclic 

tri terpenes. 
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Chapter Eight 

Experimental 

8.1 General 

8.1.1 Nuclear Magnetic Resonance (NMR) Experiments 

One- and two-dimensional 1H and 13C NMR spectra were obtained from CDCh, DMSO-D6 

or C5D5N solutions using a Bruker DRX-400 instrument with a 5 mm inverse probehead 

operating at 400.13 (1H) and 100.62 (13C) MHz. Chemical shifts are reported relative to 

internal tetramethylsilane (TMS), where 8 (1H) TMS + 8 (1H) CDCh = 7.26 ppm and 8 

( 13C) TMS + 8 (13C) CDCh = 77.06 ppm, or 8 (1H) TMS + 8 (1H) DMSO-D6 = 2.60 ppm 

and 8 (13C) TMS + 8 (13C) DMSO-D6 = 39.50 ppm, or 8 (1H) TMS + 8 (1H) C5D5N = 7.20, 

7.57 and 8.72 ppm and 8 (13C) TMS + 8 (13C) C5D5N = 123.5, 135.6 and 149.8 ppm. 

8.1.2 Gas Chromatography-Mass Spectrometry (GC-MS) Analysis 

Sample Preparation 

Sheep faecal material and plant samples were extracted and hydrolyzed at The National 

Veterinary Institute (NVI), Oslo, Norway as described in the relevant chapters and 

forwarded (air freight) to the University of Waikato, Hamilton, New Zealand for GC-MS 

analysis, except for the Scottish N. ossifragwn samples which were analyzed at The NVI, 

Oslo. 

Primary Standard Solutions 

Standard 1: 249.0 mg of sarsasapogenin propionate was weighted into a 10 mL glass vial, 

dissolved in ca. 5 mL CHCh, and transferred with repeated washing into a 250 mL 

volumetric flask and made up to the mark with CHCh to give a standard solution of 0.996 

mg/mL of sarsasapogenin propionate. 
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Standard 2: 29.7 mg of sarsasapogenin propionate was weighted into a 10 mL glass vial, 

dissolved in ca. 5 mL CHCh, and transferred with repeated washing into a 100 mL 

volumetric flask and made up to the mark with CHCh to give a standard solution of 0.297 

mg/mL of sarsasapogenin propionate. 

Standard 3: 7 .5 mg of sarsasapogenin acetate was weighted into a 10 mL glass vial, 

dissolved in ca. 5 mL CHCh, and transferred with repeated washing into a 25 mL 

volumetric flask and made up to the mark with CHCh to give a standard solution of 0.30 

mg/mL of sarsasapogenin acetate. 

Sapogenin Analyses 

The National Veterinary Institute, Oslo 

GC-MS analysis of sapogenin acetates was performed using a 0.22 mm id (internal 

diametre) x 25 m HP-5 (Hewlett Packard) methylsilicone capillary column installed in a 

Karlo-Erba 8000 GC and interfaced to a VG Trio 1000 mass spectrometer. GC-MS 

analyses were oven programmed from 200°C ( 1 min hold) to 265°C at 40°C/min, and then 

to 290°C at 5°C/min with a 16 min hold. Column head pressure was typically set at 15 kPa. 

The University of Waikato 

GC-MS analysis of sapogenin acetates was performed using a 0.22 mm id (internal 

diametre) x 25 m HP-1 (Hewlett Packard) methylsilicone capillary column installed in a 

HP-5980 GC instrument fitted with a HP-7673A auto-injector and interfaced to a HP-

5970B mass selective detector (MSD) operating with electron impact ionisation (El) at 70 

eV. The GC oven temperature was routinely programmed from 200°C to 250°C at 

35°C/min and then to 295°C at 3°C/min with a 15 min hold. Column head pressure was 

typically set at 15 kPa. 

Identification of sapogenin acetates was carried out by comparison of the retention times of 

a series of standard samples, and by examination of the total ion chromatograms (TIC) and 

the selected ion mode (SIM) profiles of a series of characteristic ions: m/z 139, 255/315, 

269/329, 284/344 and 458 for saturated sapogenin acetates, m/z 282 and 396 for 

unsaturated sapogenin acetates, and m/z 271 and 300 for saturated 3-keto-sapogenins. 
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Quantitation of the acetylated sapogenins was performed by integrating the m/z 139 ion 

profile extracted for selected ion mode (SIM) chromatograms. The level of deuterium 

retention in sapogenin substrates was determined by assessment of the m/z 315 to 320 ion 

cluster of the corresponding acetates. Concentrations of sapogenins were determined 

relative to an internal standard (sarsasapogenin propionate) using appropriate response 

factors (RF), 

Calculations 

Calculations were performed using purpose written Microsoft Excel™ spreadsheets. 

Response factor (RF) 

Response factors (RF) were determined from slopes of routinely run 3-point calibration 

curves using standard solutions of sarsasapogenin acetate (0.30 mg/mL) and sarsasapogenin 

propionate (0.297 mg/mL) in the ratios 1:1, 1:2.5 and 2.5:1 respectively. 

Levels (mg/kg) 

The level (mg/kg) of compound (x) in each sample (y) is calculated by the formula: 

Level (x) = Aw x 
A (std) 

Wt (std) X 

Wt (y) 
~1- x RM(x)x 1000 
RF (x) 

where: A (x) is the integrated peak area of compound x 

A (std) is the integrated peak area of internal standard added to the 

sample 

Wt (std) is the mass of internal standard added to the sample (mg) 

Wt (y) is the mass of plant or animal sample 

RM (x) is the ratio of the molecular weights of the target 

alcohol and the corresponding acetate 

1000 is a multiplier included in the equation to convert a level of 

mg/g to a level of mg/kg (ppm) 
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8.1.3 Chromatography 

Thin Layer Chromatography (TLC) 

TLC was performed on silica gel plates (E. Merck 5554) using the following solvent 

systems; (i) hexane:ethyl acetate (2: 1) for synthesized glycoside tetraacetates, (ii) 

CHCh:5% aqueous MeOH (85: 15) for synthesized glycosides and (iii) CHCIJ:MeOH:H20 

( 40: 19: 1) for N. ossifragum saponins. Plates were developed with 10% H2S04 solution and 

heating on a hot plate. 

Radial Chromatography (RC) 

Radial chromatography was performed using a Chromatotron 7924T and 22.5 cm diametre 

x 2 mm thick silica gel (E. Merck 938) plates. 

Column Chromatography (CC) 

Column chromatography was performed using a 2.5 x 23 cm silica gel 60 (0.063-0.200 

mm) column, and wet packed using petroleum spirits (40:60). 

8.1.4 Electrospray-Mass Spectrometry (ES-MS) 

ES-MS was performed on a Thermo Finnigan LCQ Advantage instrument equipped with a 

quadrupole ion trap mass analyzer, a Pfeiffer TMH 261-130 split-flow turbomolecular 

pump, and interfaced to a Gateway 2000® PC with an Intel® Pentium® III processor. 

Negative ion mode was performed with a cone voltage of -30 V to -40 V and a capillary 

temperature of 280°C. Positive ion mode was performed with a cone voltage of +30 V to 

+40 V and a capillary temperature of 280°C. Samples were dissolved in MeOH (-ve ion 

mode) or MeOH:CH2Ch (l:1) (+ve ion mode) and introduced via a direct infusion syringe 

pump. 

8.1.5 High Resolution-Mass Spectrometry (HR-MS) 

HR-MS analysis of the five synthesized saponins (see Chapter 5) was performed at the 

University of Auckland, New Zealand, utilizing Fast Atom Bombardment (FAB) and m­

nitrobenzyl alcohol as the liquid matrix. 
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8.2 Chapter Five - Synthesis 

8.2.1 2,3,4,6-Tetra-0-acetyl-a-D-glucopyranosyl bromide 

Typically, 1,2,3,4,6-penta-0-acetyl-P-D-glucopyranose (5.0 g, 0.013 moles), glacial acetic 

acid (10 mL) and 45% hydrobromic acid in acetic acid (2.5 mL, 0.02 moles) were mixed 

and held at 6°C for 24-36 h until TLC and/or GC-MS showed complete reaction. The 

solution was poured into a mixture of CHCh (40 mL) and ice water (125 mL), shaken and 

separated. The aqueous layer was further extracted with CHCh (2 x 20 mL). The 

combined CHCh extracts were combined, washed with a saturated solution of NaHC03 (3 

x 50 mL) and dried over anhydrous Na2S04 for 16 h. Solvent removal by rotary evaporator 

gave an oil. Recrystallization from diethyl ether afforded 2,3,4,6-tetra-0-acetyl-a-D­

glucopyranosyl bromide as white needles (4.59 g, 87.2%), m.p. 87-88°C [lit. 88-89°C 

(Merck Index 131h edn.)]; 1H and 13C NMR (6 ppm, CDCh): see Table 5.1. 

8.2.2 2,3,4,6-Tetra-O-acetyl-a-D-galactopyranosyl bromide 

Typically, 1,2,3,4,6-penta-0-acetyl-P-D-galactopyranose (5.0 g, 0.013 moles), glacial acetic 

acid (10 mL) and 45% hydrobromic acid in acetic acid (2.5 mL, 0.02 moles) were mixed 

and held at 6°C for 24-36 h until TLC and/or GC-MS showed complete reaction. The 

solution was poured into a mixture of CHCh (40 mL) and ice water (125 mL), shaken and 

separated. The aqueous layer further extracted with CHCb (2 x 20 mL). The combined 

CHCh extracts were combined, washed with a saturated solution of NaHC03 (3 x 50 mL) 

and dried over anhydrous Na2S04 for 16 h. Solvent removal by rotary evaporator gave an 

oil. Recrystallization from diethyl ether afforded 2,3,4,6-tetra-O-acetyl-a-D­

galactopyranosyl bromide as white needles (4.34 g, 82.4%), m.p. 77-79°C [lit. 77-80°C 

(Mary et al., 1990)]; 1H and 13C NMR (6 ppm, CDCh): see Table 5.1. 

8.2.3 Synthesis of Episarsasapogenin P-D-glucoside 

Episarsasapogenin P-D-glucoside tetraacetate 

For a typical synthesis, a mixture of episarsasapogenin (1.0 g, 2.40 x 10-3 moles), CdC03 

(1.0 g, 5.8 x 10-3 moles) and toluene (50 mL) was refluxed in a 100 mL round bottom flask 

fitted with a Dean and Stark trap and an anhydrous CaCh water trap fitted to the condenser 

for 30 min. A solution of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide (2.0 g, 4.87 x 

10-3 moles) in toluene (15 mL) was added dropwise to the reaction mixture over 30 min and 
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the mixture was refluxed for 24-36 h until TLC showed complete reaction. The reaction 

mixture was hot filtered and solvent removal via rotary evaporation gave an oil. A sub­

sample of the oil was then separated by radial chromatography using a 22.5 cm diametre x 

2 mm thick silica gel (E. Merck 938) plate and mixtures of petroleum spirits (40:60):diethyl 

ether (1 :0, 3: 1, 3:2, 1: 1, 1 :4, 0: 1 ). Episarsasapogenin P-D-glucoside tetraacetate eluted in 

the late 40% to 50% diethyl ether portions, m.p. 125-130°C; ES-MS (+30 V, 

MeOH:CH2Ch): m/z 769 (M+Nat and m/z 1515 (M2+Na)\ 1H and 13C NMR (8 ppm, 

CDCh): see Table 5.4. 

Episarsasapogenin P-D-glucoside 

The episarsasapogenin P-D-glucoside tetraacetate oil was dissolved in MeOH (100 mL) in a 

250 mL round bottom flask, KOH pellets (4 g, 0.71 molL-1) were added and the mixture 

refluxed for 24 h. After cooling the mixture was poured into water (600 mL) and CHCh 

(200 mL) shaken and separated. The aqueous layer was further extracted with CHCb (150 

mL and 100 mL). The combined extracts were dried over anhydrous Na2S04 for 16 h. 

Solvent removal by rotary evaporator gave an oily residue, which was separated by radial 

chromatography using a 22.5 cm diametre x 2 mm thick silica gel (E. Merck 938) plate and 

mixtures of CHCh:5% aqueous MeOH (1:0, 9:1, 17:3, 4:1, 3:1, 1:1, 0:1). 

Episarsasapogenin P-D-glucoside eluted in the late 10% to early 15% aqueous MeOH 

fractions, (276 mg, 19.9%), m.p. 213-217°C; ES-MS (-30 V, MeOH): m/z 623 (M+COOH)" 

, m/z 637 (M+CH3COO)" and m/z 1155 (M2-H)"; HR-MS: m/z 579.3886 (M+Ht (C33HssOs 

requires 579.3897); 1H and 13C NMR (8 ppm, DMSO-D6): see Table 5.4. 

8.2.4 Synthesis of Episarsasapogenin P-D-galactoside 

Episarsasapogenin P-D-galactoside tetraacetate 

A mixture of episarsasapogenin (2.1 g, 5.05 x 10·3 moles), CdC03 (2.5 g, 0.0145 moles) 

and toluene (60 mL) was refluxed in a 100 mL round bottom flask fitted with a Dean and 

Stark trap and an anhydrous CaCh water trap fitted to the condenser for 30 min. A solution 

of 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide (4.0 g, 9.73 x 10·3 moles) in 

toluene (15 mL) was added dropwise to the reaction mixture over 30 min and the mixture 

was refluxed for 24-36 h until TLC showed complete reaction. The reaction mixture was 

hot filtered and solvent removal via rotary evaporation gave an oil. A sub-sample of the oil 

was then separated by radial chromatography using a 22.5 cm diametre x 2 mm thick silica 

gel (E. Merck 938) plate and mixtures of petroleum spirits (40:60):diethyl ether (1:0, 3:1, 

3:2, 1:1, 1:4, 0:1). Episarsasapogenin P-D-galactoside tetraacetate eluted in the late 40% to 
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50% diethyl ether portions, m.p. 102-105°C; ES-MS (+30 V, MeOH:CH2Ch): m/z 769 

(M+Nat and m/z 1515 (M2+Nat; 1H and 13C NMR (8 ppm, CDCb): see Table 5.5. 

Episarsasapogenin P-D-galactoside 

The episarsasapogenin P-D-galactoside tetraacetate oil was dissolved in MeOH (100 mL) in 

a 250 mL round bottom flask, KOH pellets (4 g, 0.71 molL-1) were added and the mixture 

refluxed for 24 h. After cooling the mixture was poured into water (600 mL) and CHCb 

(200 mL) shaken and separated. The aqueous layer was further extracted with CHCb (150 

mL and 100 mL). The combined extracts were dried over anhydrous Na2S04 for 16 h. 

Solvent removal by rotary evaporator gave an oily residue, which was separated by radial 

chromatography using a 22.5 cm diametre x 2 mm thick silica gel (E. Merck 938) plate and 

mixtures of CHCh:5% aqueous MeOH (1:0, 9:1, 17:3, 4:1, 3:1, 1:1, 0:1). 

Episarsasapogenin P-D-galactoside eluted in the late 10% to early 15% aqueous MeOH 

fractions, (890 mg, 30.5%), m.p. 223-227°C; ES-MS (-30 V, MeOH): m/z 623 (M+COOH)" 

and m/z 1155 (M2-H)"; HR-MS: m/z 579.3902 (M+Ht (C33H550s requires 579.3897); 1H 

and 13C NMR (8 ppm, DMSO-D6): see Table 5.5. 

8.2.5 Synthesis of Sarsasapogenin P-D-galactoside 

Sarsasapogenin P-D-galactoside tetraacetate 

A mixture of sarsasapogenin (1.5 g, 3.61 x 10·3 moles), CdC03 (1.6 g, 9.3 x 10·3 moles) 

and toluene (55 mL) was refluxed in a 100 mL round bottom flask fitted with a Dean and 

Stark trap and an anhydrous CaCh water trap fitted to the condenser for 30 min. A solution 

of 2,3,4,6-tetra-0-acetyl-a-D-galactopyranosyl bromide (3.0 g, 7.3 x 10·3 moles) in toluene 

(15 mL) was added dropwise to the reaction mixture over 30 min and the mixture was 

refluxed for 24-36 h until TLC showed complete reaction. The reaction mixture was hot 

filtered and solvent removal via rotary evaporation gave an oil. A sub-sample of the oil 

was then separated by radial chromatography using a 22.5 cm diametre x 2 mm thick silica 

gel (E. Merck 938) plate and mixtures of petroleum spirits (40:60):diethyl ether (1 :0, 3: 1, 

3:2, 1: 1, 1 :4, 0: 1 ). Sarsasapogenin P-D-galactoside tetraacetate eluted in the late 40% to 

50% diethyl ether portions, m.p. 180-184°C; ES-MS (+30 V, MeOH:CH2Ch): m/z 769 

(M+Nat and m/z 1515 (M2+Na)\ 1H and 13C NMR (8 ppm, CDCb): see Table 5.6. 
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Sarsasapogenin P-D-galactoside 

The sarsasapogenin ~-D-galactoside tetraacetate oil was dissolved in MeOH (100 mL) in a 

250 mL round bottom flask, KOH pellets (4.l g, 0.71 molL-1) were added and the mixture 

refluxed for 24 h. After cooling the mixture was poured into water (600 mL) and CHCh 

(200 mL) shaken and separated. The aqueous layer was further extracted with CHCh (150 

mL and 100 mL). The combined extracts were dried over anhydrous Na2S04 for 16 h. 

Solvent removal by rotary evaporator gave an oily residue, which was separated by radial 

chromatography using a 22.5 cm diametre x 2 mm thick silica gel (E. Merck 938) plate and 

mixtures of CHCh:5% aqueous MeOH (1:0, 9:1, 17:3, 4:1, 3:1, 1:1, 0:1). Sarsasapogenin 

~-D-galactoside eluted in the 10% to early 15% aqueous MeOH fractions, (660 mg, 31.7%), 

m.p. 218-224°C; ES-MS (-30 V, MeOH): mlz 577 (M-Hr, m/z 623 (M+COOHr, m/z 637 

(M+CH3COOr and mlz 1155 (M2-Hr; HR-MS: m/z 579.3895 (M+Ht (C33HssOs requires 

579.3897); 1H and 13C NMR (8 ppm, DMSO-D6): see Table 5.6. 

8.2.6 Synthesis of the Betulin P-D-glucosides 

In a typical synthesis, a mixture of betulin (0.95 g, 2.15 x 10-3 moles), CdC03 (2.2 g, 

0.0128 moles) and toluene (70 mL) was refluxed in a 100 mL round bottom flask fitted 

with a Dean and Stark trap and an anhydrous CaCh water trap fitted to the condenser for 30 

min. A solution of 2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl bromide (2.6 g, 6.32 x 10-3 

moles) in toluene (15 mL) was added dropwise to the reaction mixture over 30 min and the 

mixture was then refluxed for 24-36 h until TLC showed complete reaction. The reaction 

mixture was hot filtered and solvent removal via rotary evaporation gave an oil. Careful 

separation of the oil by radial chromatography using a 22.5 cm diametre x 2 mm thick 

silica gel (E. Merck 938) plate and mixtures of petroleum spirits ( 40:60):diethyl ether (1 :0, 

13:7, 3:2, 11 :9, 1: 1, 9: 11, 2:3. 7: 13. 1 :3, 0: 1) yielded four glycosidic products (see below); 

(i) Allobetulin P-D-glucoside tetraacetate eluted in the 45% diethyl ether fraction, (48 mg, 

2.9%), m.p. 88-92°C; ES-MS (+30 V, MeOH:CH2Ch): m/z 795 (M+Na)+, m/z 1567 

(M2+Nat and m/z 1583 (M2+K)\ 1H and 13C NMR (8 ppm, CDCh): see Table 5.12. 

(ii) Betulin 3-(P-D-glucoside tetraacetate) eluted in the early 50% diethyl ether fraction, 

(240 mg, 14.0%), m.p. 118-122°C; ES-MS (+30 V, MeOH:CH2Ch): m/z 795 (M+Na)+, m/z 

1567 (M2+Nat and m/z 1583 (M2+Kt; 1H and 13C NMR (8 ppm, CDCh): see Table 5.8. 
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(iii) Betulin 28-(P-D-glucoside tetraacetate) eluted in the late 50% diethyl ether fraction, 

(109 mg, 6.6%), m.p. 116-120°C; ES-MS (+30 V, MeOH:CH2Ch): mlz 795 (M+Na)\ m/z 

1567 (M2+Nat and m/z 1583 (M2+K)\ 1H and 13C NMR (8 ppm, CDCh): see Table 5.10. 

(iv) Betulin 3,28-(P-D-diglucoside tetraacetate) eluted in the 65% to 70% diethyl ether 

fraction, (659 mg, 27.9%), m.p. 226-228°C; ES-MS (+40 V, MeOH:CH2Ch): mlz 1125 

(M+Nat and m/z 1141 (M2+K)\ 1H and 13C NMR (8 ppm, CDCI3): see Table 5.9. 

Betulin 3-(P-D-glucoside) 

Betulin 3-(~-D-glucoside tetraacetate) (220 mg) was dissolved in MeOH (25 mL) in a 250 

mL round bottom flask, KOH pellets (1.0 g, 0.71 molL-1) were added and the mixture 

refluxed for 24 h. After cooling the mixture was poured into water (300 mL) and CHCh 

(100 mL) shaken and separated. The aqueous layer was further extracted with CHCh (2 x 

50 mL). The combined extracts were dried over anhydrous Na2S04 for 16 h. Solvent 

removal by rotary evaporator gave an oily residue which was separated by radial 

chromatography using a 22.5 cm diametre x 2 mm thick silica gel (E. Merck 938) plate and 

mixtures of CHCh:5% aqueous MeOH (1:0, 19:1, 9:1, 17:3, 3:1, 0:1). Betulin 3-(~-D­

glucoside) eluted in the late 10% to early 15% MeOH fractions, (141 mg, 81.9%), m.p.158-

1640C. ES-MS (-30 V, MeOH): m/z 603 (M-Hr, m/z 617 (M+CH30H-H20-Hr, mlz 649 

(M+COOHr, mlz 663 (M+CH3COor. mlz 1207 (M2-Hr, m/z 1221 (M2+CH30H-H20-Hr, 

mlz 1235 (M2+(CH30H-H20h-Hr and mlz 1825 (M3+CH30H-H20-Hr; HR-MS: m/z 

605.4407 (M+Ht (C36H61 0 7 requires 605.4417); 1H and 13C NMR (8 ppm, DMSO-D6): see 

Table 5.8. 

Betulin 3,28-(P-D-diglucoside) 

Betulin 3,28-(~-D-diglucoside tetraacetate) (640 mg) was dissolved in MeOH (50 mL) in a 

250 mL round bottom flask, KOH pellets (2.0 g, 0.71 mo!L-1) were added and the mixture 

refluxed for 24 h. After cooling the mixture was poured into water (400 mL) and CHCh 

(100 mL) shaken and separated. The aqueous layer was further extracted with CHCh (2 x 

50 mL). The combined extracts were dried over anhydrous Na2S04 for 16 h. Solvent 

removal by rotary evaporator gave an oily residue, which was separated by radial 

chromatography using a 22.5 cm diametre x 2 mm thick silica gel (E. Merck 938) plate and 

mixtures of CHCh:5% aqueous MeOH (1:0, 9:1, 4:1, 7:3, 3:2, 1:1, 0:1). Betulin 3,28-(~-D­

diglucoside) eluted in the 30% to 40% MeOH fractions, (398 mg, 89.4%), m.p. 203-206°C; 

ES-MS (-40 V, MeOH): mlz 765 (M-Hr, m/z 811 (M+COOHr, m/z 825 (M+CH3COOr, 

m/z 1531 (M2-Hr and 1577 (M2+COOHr; HR-MS: m/z 767.4944 (M+Ht (C42H11012 

requires 767.4946); 1H and 13C NMR (8 ppm, DMSO-D6): see Table 5.9. 
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8.2.7 Isolation of 4-Methoxyfuran-2(SH)-one 5-(P-D-glucoside) 

A freeze-dried leaf sample of Scottish N. ossifragum (10.9 g) was sequentially extracted 

with CHCh (50 mL) for 4 h using a SoxTech apparatus, then for 4 h with MeOH (50 mL). 

The crude MeOH extract was absorbed onto silica gel and separated by column 

chromatography (2.5 x 23 cm silica gel 60 (0.063-0.200mm) column) using mixtures of 

CHCh:5% aqueous MeOH (1:0, 17:3, 3:1, 1:1, 1:3, 0:1). Fractions 9, 10 and 11 were 

combined and further separated by radial chromatography using a 22.5 cm diametre x 2 

mm thick silica gel (E. Merck 938) plate with mixtures of CHCh:5% aqueous MeOH ( 1 :0, 

17:3, 3:1, 13:7, 11:9, 3:7, 3:17, 0:1). Fractions 5 and 6 (25 to 35% MeOH portions) 

contained 4-methoxyfuran-2(5H)-one 5-(~-D-glucoside), (ca. 50 mg), m.p. 88-94°C; GC­

MS (acetate): m/z 113 (100%), 347 (8); 1H and 13C NMR (8 ppm, C5D5N): see Table 5.13. 

8.2.8 East Cape Manuka Active Concentrate - Triketone Oil 

25 mL of the active fraction of East Cape Manuka oil was purchased from Tairawhiti 

Pharmaceuticals Ltd and was supplied with the following physical and chemical data; 

relative density: 1.072; refractive index: 1.501; GC-MS; flavasone (18.98%), 

isoleptospermone ( 17 .68 % ), leptospermone ( 61.51 % ). 

8.3 Chapter Six - Bioactivity Assessment 

Bacterial organisms, fungal organisms and agar mediums were prepared and supplied by 

the Microbiology Department and the Media Department, National Veterinary Institute 

(NVI), Oslo, Norway. Testing protocols can be found in Section 6.2. 

All chemicals used in the bioactivity assessments were available from the Chemistry and 

Media Departments, NVI. 
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8.4 Chapter Seven - Saprolegnia parasitica 

Two fish-pathogenic strains of S. parasitica were isolated, cultured and supplied by Svein 

Stueland, Microbiology Department, The NVI, Oslo. Sabouraud's media was supplied by 

the Media Department, The NVI, Oslo. All chemicals used in the bioactivity assessments 

were available from the Chemistry and Media Departments, The NVI, Oslo. 

8.4.1 In vitro Phosphate Buffers at 0.01, 0.10 and 0.25 molL"1 

A Mettler Delta 320 pH meter was calibrated prior to use, using Merck calibration buffer 

solutions; (i): citric acid/sodium hydroxide/hydrogen chloride, pH 4 and (ii): disodium 

hydrogen phosphate/potassium dihydrogen phosphate, pH 7. 

Buffers of pH 7.0-8.5, used for in vitro assessments were typically made as described 

below for the 0.25 molL"1 phosphate buffer solutions. 0.25 molL-1 solutions of potassium 

phosphate monobasic and sodium phosphate dibasic were used, i.e. 8.5 g KH2P04 in 250 

mL salmon pond (dechlorinated) water and 16.75g Na2HP04.7H20 in 250 mL salmon pond 

(dechlorinated) water. All buffer solutions were autoclaved prior to in vitro testing. 

Phosphate Buffer pH 7 .0 

100 mL potassium phosphate monobasic solution (pH 4.37) was adjusted to pH 7.00 by 

slow addition of sodium phosphate di basic solution, with stirring. End volume ca. 300 mL. 

Phosphate Buffer pH 7 .5 

100 mL sodium phosphate dibasic solution (pH 8.90) was adjusted to pH 7.50 by slow 

addition of potassium phosphate monobasic solution with stirring. End volume ca. 115 mL. 

Phosphate Buffer pH 8.0 

100 mL sodium phosphate dibasic solution (pH 8.91) was adjusted to pH 8.01 by slow 

addition of potassium phosphate monobasic solution with stirring. End volume ca. 107 mL. 

Phosphate Buffer pH 8.5 

100 mL sodium phosphate dibasic solution (pH 8.91) was adjusted to pH 8.50 by slow 

addition of potassium phosphate monobasic solution with stirring. End volume ca. 102 mL. 

- 189 -



Expc·ri111entuf Clu1r1er 8 

8.4.2 In vivo Toxicity Testing Phosphate Buffers 

Standard 0.01 molL"1 sodium phosphate dibasic (Na2HP04.7H20) and potassium phosphate 

monobasic (KH2P04) solutions were used to create the toxicity testing bath aqueous 

solutions, as described below: 

Triketone Oil 50 ppm Assessment 

17 L sodium phosphate dibasic solution (pH 8.85) was lowered to pH 7 .51 via the addition 

of ca. 6 L of potassium phosphate monobasic solution. Triketone oil (1.25 mL) was 

dissolved in l-methyl-2-pyrrolidinone (25 mL) and added with vigorous stirring to the test 

bath. The test bath was topped up to 25 L with water. 

Triketone Oil 200 ppm Assessment 

17 L sodium phosphate dibasic solution (pH 8.85) was lowered to pH 7 .48 via the addition 

of ca. 6 L of potassium phosphate monobasic solution. Triketone oil (25 mL) was 

dissolved in l-methyl-2-pyrrolidinone (25 mL) and added with vigorous stirring to the test 

bath. The test bath was topped up to 25 L with water. 
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Appendix I. Total genin levels (mg/kg OM), daily% deuterated 25S-genins, faecal 25S-genins from rome [Equation (I)] and calculated rome plant material 
consumed [Equation (2)] found in sheep faeces during the dosing trial period, see Chapter 4. 

Day Smil-CO Sar-CO Smil Epismil Sar Episar Sub T Total i 'Yo dcutcratcd Fcacal 25S-genins Calculated consumed 
(mg/kg DM) ; 25S-genins from rome (mg/day)" rome (g DM/day)h 

Ewc-844 
I 21 22 548 147 738 
2 49 15 272 368 704 
3 20 158 44 245 620 2210 3297 5.2 1472 221 
4 47 620 246 6007 3677 10597 2.2 3524 529 
5 32 346 269 6348 5101 12095 2.2 3567 536 

6free 50 449 423 10472 6106 17501 2.2 3567 536 
6conj 27 16 263 332 639 18140 

7 41 349 360 7930 4925 13605 2.0 3891 585 
8 52 578 543 11505 5089 17768 1.8 4406 662 
9 63 589 451 9287 5355 15745 1.8 4299 646 
10 48 472 652 13131 6933 21236 1.7 4563 686 
11 ! 52 424 532 10208 5790 17006 1.6 4974 747 
12 I 82 740 1160 21889 7481 31351 1.3 6073 912 

I 3free I 75 871 984 20770 8888 31588 I. 7 4684 704 
I 3conj 24 15 234 218 490 32078 

14 ' 60 660 753 14882 7764 24119 1.7 4647 698 
15 / 72 920 801 18129 8483 28406 1 1.9 4118 619 
16 1 61 675 836 16149 9403 21124 ! 1.1 4106 101 
17 1' 52 642 550 12650 9539 23433 2.1 3764 566 
18 77 990 851 19871 11498 33287 1.4 5558 835 
19 , 35 621 625 15041 6464 22785 I. 3 5940 892 

20free I 38 921 747 17680 7641 27027 1.4 5610 843 
20conj 26 14 265 291 596 27623 

21 I 41 759 677 14453 6163 22094 1.4 5575 838 
22 I 41 721 785 15609 6530 23687 1 1.3 5954 894 

. Mean< 1.7 4772 717 

Lamb-128 (developed alveld) 
I : 0 
2 I 52 53 248 354 
3 I 14 95 12 126 11 810 1135 49.4 41 6 
4 I 28 368 40 906 2480 3822 8.o 461 69 
5 I 43 633 330 7289 7431 15727 3.6 1085 163 

6free 38 468 326 6861 7531 15223 3.3 1187 178 
6conj 3 31 7 167 564 772 15995 

7 42 456 269 5708 7598 14072 3.4 1146 172 
8 I 43 590 343 1121 10551 19254 3.4 1115 111 
9 I 53 697 412 9231 11198 21591 2.5 1576 237 
10 52 458 192 4342 9812 14856 2.7 1421 214 
11 I 33 376 159 3545 6338 10451 2.7 1443 217 
,2 I 51 704 202 4804 7896 13656 1.8 2233 336 

13free 46 406 121 2835 7568 10976 2.5 1556 234 
13conj 28 12 216 573 829 11805 

14 I 21 360 119 3256 4860 8682 3.5 1091 164 
,5 I 2, ,12 , ,5 1901 2350 4559 6.0 631 95 

Mean< 3.2 1319 198 cont ... 



Aeeendix I. cont ... 
Day ! Smil-CO Sar-CO Smil Epismil Sar Episar SubT Total % deuterated Feacal 25S-genins Calculated consumed 

(mg/kg DM) i 25S-genins from rome (mg/day)" rome (g DM/day)~ 
Lamb-129 

I 
2 42 79 280 401 57.8 29 4 
3 88 107 71 512 779 52.2 37 5 
4 36 270 21 267 188 1455 2237 14.7 233 35 
5 39 410 22 124 2719 4252 7566 4.9 773 116 

6free 35 471 239 5811 8286 14843 3.4 1147 172 
6conj 14843 

7 21 283 190 4496 5127 10117 2.9 1353 203 
8 42 454 290 6852 6792 14431 I 2.8 1376 207 
9 62 693 236 5282 8195 14469 

I 
3.4 1145 172 

10 50 487 34 7062 8334 15968 3.6 1069 161 
II 19 174 207 4020 7655 12075 4.7 806 121 
12 42 550 548 11836 8280 21255 2.1 1833 275 

I 3free 37 474 458 10378 10285 21631 2.2 1767 266 
13conj 15 88 181 283 21914 

14 53 623 486 10347 8815 20323 2.0 1917 288 
15 I 87 1049 593 13791 10172 25692 1.8 2205 331 
16 I 72 706 495 10889 8887 21050 1.9 2014 303 I 
17 I 56 595 332 7835 10407 19225 2.0 1967 296 I 
18 I 
19 I 48 608 370 8377 11930 21333 2.6 1509 227 

20free I 59 445 11594 10345 22443 2.4 1595 240 
20conj I 188 9 164 410 770 23213 

I 
21 I 34 493 324 7367 10875 19094 3.3 1187 178 
22 I 454 248 6244 10175 17121 3.4 1125 169 

I Mean" 2.9 1458 219 I 

Ewe-952 
I 
2 60 79 168 501 809 
3 
4 36 496 313 6819 4813 12476 1.6 5077 763 
5 53 493 366 8180 5145 14238 1.7 4656 700 

6free 30 609 423 10165 6935 18162 1.5 5361 805 
6conj 25 10 214 361 610 18772 

7 i 56 592 636 13090 7048 21422 1.3 6236 937 
8 

I 
86 846 472 10147 5994 17544 1.3 6001 902 

9 92 1023 527 10764 5650 18056 1.5 5342 803 
10 94 919 771 14582 7332 23697 1.2 6744 1013 
II 48 469 423 7892 5486 14318 1.8 4253 639 
12 I 76 1036 711 14367 7404 23593 1.3 5948 894 

I 3free ! 85 1162 730 16623 9690 28290 1.5 5113 768 
13conj I 22 5 I 131 257 415 28705 

14 75 803 416 8031 7038 16364 1.5 5317 799 

15 I 104 1169 438 8561 6364 16637 1.5 5314 798 

16 
I 

91 939 682 13532 8228 23472 1.3 6286 944 

= 17 57 698 341 7081 6231 14409 1.5 5242 788 cont ... 



A~~endix I. cont ... 
Day Smit-CO Sar-CO Smit Epismil Sar Episar SubT Total % deuterated Feacal 255-genins Calculated consumed 

(mg/kg DM) 25S-genins from rome (mg/day)" rome (g DM/day? 
Ewe-952 

18 108 1413 955 19111 9048 30635 u 5970 897 
19 46 I058 970 19582 9402 31058 1.4 5525 830 

20free 76 1154 1146 23164 11869 37410 1.4 5686 854 
20conj 28 12 196 400 636 38046 

21 84 I069 949 17965 8363 28429 1.2 6513 978 
22 103 1374 1116 19816 11017 33425 1.3 5969 897 

Mean'· 1.4 5637 847 

Lamb-121 (developed alveld) 
I I 
2 IO 130 IO 181 395 726 
3 49 495 88 1700 2642 4972 7.5 493 74 
4 
5 47 619 185 4084 6167 11102 2.8 1392 209 

6free 
I 

58 701 409 8551 10344 20063 2.9 1350 203 
6conj 

i 
3 29 IO 189 412 642 20705 

7 42 506 475 9739 7778 18541 2.2 1784 268 
8 I 99 1081 930 21195 8777 32082 1.9 2101 316 I 
9 I 129 1407 870 20546 7961 30914 1.6 2394 360 
JO I 84 808 917 18940 10652 31400 2.0 1974 297 
II ! 58 630 730 13444 7661 22523 2.1 1862 280 
12 57 898 809 17787 6935 26487 1.3 2964 445 

Mean(' 2.1 1977 297 

Lamb-122 
I 
2 47 100 309 456 
3 17 140 16 173 180 1227 1753 16.5 202 30 
4 28 354 35 1004 2627 4048 8.4 435 65 
5 36 322 70 1597 5084 7110 36 1080 162 

6free 48 533 187 4001 9464 14234 3.3 1154 173 
6conj 29 8 165 505 706 14940 

7 63 693 459 8583 10163 19962 2.7 1464 220 

8 70 1208 684 16180 11425 29567 1.7 2375 357 
9 119 1727 426 I0248 11362 23882 2.1 1893 284 

IO 57 822 295 7826 11124 20123 2.4 1617 243 

II 37 376 128 3101 8630 12272 3.8 1008 152 

12 74 880 401 8840 10699 20894 1.8 2181 328 

I 3free 44 755 389 10670 14393 26251 1.7 2334 351 

I )conj 17 5 118 255 394 26645 
14 61 786 314 7940 13619 2:!720 1.8 2192 329 

15 71 827 177 4452 10336 15863 1.8 2215 333 

16 50 575 221 5312 9609 15767 2.1 1853 278 

17 40 427 161 3727 10111 14467 2.3 1681 253 

18 
19 40 575 354 8599 11001 20569 2.8 14IO 212 

20free 16 219 93 2496 9127 11951 4.2 917 138 

< 20conj 10 4 68 137 219 12170 cont. .. 



A~~endix I. cont ... 
Day ! Smit-CO Sar-CO Smit Epismil Sar Episar SubT Total I % deutcratcd Fcacal 25S-genins Calculated consumed I 

I (mg/kg DM) i 25S-genins from rome (mg/day)" rome (g DM/day)h I 

Lamb-122 I 
16 239 104 2694 7632 10684 38 21 I ! IOII 152 

22 I 15 198 89 2290 7802 !0394 
i 

3.7 !051 158 I 

I Mean" 2.7 1614 242 
Ewe-8056 

I 
2 

! 
18 43 15 98 129 246 550 

3 30 176 179 3663 3190 7238 3.3 2345 352 
4 I 

5 i 48 356 336 6863 4460 12063 1.8 4484 674 
6free 

I 
48 50') 532 11732 5469 18290 4061 I 1.9 610 

6conj I 22 16 261 321 619 18909 
7 62 605 768 14918 6472 22826 1.4 5762 866 
8 83 757 510 !0219 5118 16696 1.4 5537 832 
9 89 650 735 13039 6152 10665 1.5 5322 800 
IO 75 439 429 7501 5!08 13552 1.9 4075 612 
II 62 397 288 5905 5387 12039 2.6 3001 451 
12 IOI 736 352 6431 4544 12164 2.0 3874 582 

13free 83 !084 941 19575 7649 29332 1.7 4626 695 
13conj 20 12 159 221 411 29743 

14 I07 1196 1202 20837 8963 32306 1.4 5732 861 
15 141 1268 986 17813 8282 28490 1.7 4497 676 
16 73 622 752 12967 6341 20755 1.2 6370 957 
17 60 470 401 7901 5894 14727 2.3 3406 512 
18 89 642 460 8073 6177 15440 1.7 4737 712 
19 71 581 519 9791 6241 17203 1.7 4655 699 

20free 52 422 404 7632 5620 14129 1.9 4170 627 
20conj 14129 

21 65 445 444 7974 7237 16165 1.6 4852 729 
22 99 628 610 9145 7095 17576 1.7 4664 701 

Mean• 1.7 4657 700 

Lamb-39 
I 33 82 115 
2 15 39 10'.! 156 
3 12 73 13 118 97 464 777 36.3 70 II 
4 64 772 79 1765 4190 6870 4.9 784 118 
5 59 589 120 2733 5863 9363 3.6 1085 163 

6rree 65 775 298 7378 9052 17567 3.2 1197 180 
6conj 30 6 174 519 729 18296 

7 55 590 364 8836 7615 17460 2.9 1327 199 
8 77 723 377 9388 8182 18747 2.4 1601 240 

9 121 976 258 6212 6881 14448 2.8 1393 209 

IO 50 434 137 3151 6543 10315 3.0 1283 193 
II I 69 603 252 5651 6973 13547 2.5 1579 237 

12 

I 
94 727 438 9366 7404 18028 2.2 1783 268 

I 3free 84 852 420 IOOO'.! 7546 18905 1.7 2342 352 
< 13conj 29 6 68 114 643 860 19765 cont ... 



A~~endix I. cont ... 
Day I Smil-CO Sar-CO Smil Epismil Sar Episar SubT Total % dcutcrated Feacal 255-gcnins Calculated consumed 

(mg/kg DM) 1 255-genins from rome (mg/day/ rome (g DM/day)h 
Lamb-39 i 

14 I 61 716 488 11638 8820 21723 1.7 2275 342 
15 I 102 905 478 11767 9311 22562 1.7 2337 351 
16 

I 
88 687 521 10709 9838 21844 1.9 2047 308 

17 
I 

65 595 271 6399 8984 16314 2.0 2004 301 
18 I 122 860 371 7971 7706 17030 1.8 2143 322 
19 I 80 832 709 15819 8950 26388 1.8 2244 337 

20free I 70 894 518 13290 10384 25156 2.0 1941 292 
20conj 

I 

22 5 52 112 526 717 25873 
21 61 723 422 9777 9764 20747 2.1 1897 285 
22 67 587 277 6473 8061 15465 2.3 1729 260 

Mean" 2.3 1789 269 

Lamb-40 
I II 21 31 41 83 187 
2 21 64 94 179 
3 16 95 18 202 164 1045 1539 23.0 134 20 
4 53 361 38 300 430 1780 2962 11.2 319 48 

5 13 97 25 604 857 1595 15.1 225 34 

6free 19 161 36 315 450 1917 2898 12.1 291 44 

6conj 13 3 66 131 213 3111 
7 40 504 274 7208 6690 14717 3.1 1235 186 

8 I 49 592 357 9812 7324 18133 2.0 1959 294 

9 I Ill 1443 255 6601 6157 14568 2.4 1620 243 
I 

10 I 46 307 140 3157 6941 10591 3.7 1040 156 

II I 48 395 184 3965 5867 10460 3.4 1143 172 

12 89 704 454 9004 6994 17245 2.1 1901 286 

I 3free 90 1053 816 18289 9265 29513 1.8 2174 327 

13conj 36 17 379 479 911 30424 

14 57 887 728 19063 9667 30402 1.7 2353 354 

15 97 1189 594 16035 10144 28058 1.5 2591 389 

16 80 79 477 11395 9958 21988 1.9 2053 308 

17 99 1125 686 16149 11846 29905 1.7 2343 352 

18 131 1825 917 20349 11373 34595 1.6 2399 360 

19 89 1903 921 21838 11383 36134 1.5 2620 394 

20free 63 1384 823 21510 11622 35402 1.7 2262 340 

20conj 35402 

21 76 1057 828 18169 10421 30550 1.9 2071 311 

22 55 637 469 11354 9108 21624 2.6 1514 227 
Mean' 3.4 1766 265 

Lamb-45 
I 
2 41 13 208 454 716 24.5 123 19 

3 35 471 146 2918 3066 6636 3.1 1254 188 

4 80 1211 262 6127 3903 11583 2.1 1827 274 

5 
< 6free 57 760 542 11683 5902 18944 1.7 2341 352 

6conj 25 146 60 873 1150 2254 21198 cont... 



Ap endix I. cont ... 
Day Smil-CO Sar-CO Smil Epismil Sar Episar SubT Total % deuterated Feacal 25S-genins Calculated consumed 

(mg/kg DM) 25S-genins from rome (mg/day)" rome (g DM/dayl 
Lamb-45 

7 65 935 1146 22140 7664 31950 1.4 2781 418 
8 97 1284 1043 20687 7990 31099 1.6 2466 371 
9 134 1648 843 16401 6440 25466 2.0 1947 293 
10 i 50 698 721 14728 6852 23050 2.3 1724 259 
II 48 673 936 16532 6604 24793 2.2 1758 264 
12 76 958 1055 18945 6946 27980 1.6 2406 362 

I3free 
13conj I 

14 44 462 548 9771 3423 14248 2.1 1866 280 
15 

i 
103 933 652 11678 5165 18531 2.6 1501 226 

16 42 431 433 7650 4583 13138 2.4 1642 247 
17 40 447 400 6902 4594 12382 2.5 1556 234 
18 60 709 281 5169 5295 11515 3.5 1105 166 
19 61 1015 558 11262 7291 20187 3.0 1286 193 

20free 73 1673 887 18875 9308 30816 2.0 1986 298 
20conj 21 6 110 163 299 31115 

21 102 1930 785 16095 9919 28831 2.:? 1806 271 
22 102 1831 577 11672 8506 22688 2.3 1681 253 

Mean" 2.2 1866 280 

Lamb-54 (developed alveld) 
I 24 9 173 110 316 
2 3 5 121 245 374 34.4 76 II 

21 193 63 1472 3125 4875 6.4 582 87 

4 37 394 229 4789 6341 11790 3.3 1162 175 

5 46 669 258 6082 8018 15073 2.9 1332 200 

6free 44 654 308 7903 11087 19996 2.8 1375 207 

6conj 4 38 15 300 420 776 20772 
7 56 701 384 8048 9302 18491 2.3 1695 255 
8 133 1190 343 6410 10085 18160 3.7 1036 156 

9 116 1197 685 10603 8431 21034 2.5 1548 233 

10 115 1386 571 9558 10039 21670 2.7 1438 216 

II 80 833 548 9330 6590 17381 2.1 1740 261 

12 155 1844 1217 19561 9028 31804 1.5 2563 385 

l 3free 219 2937 1283 21810 10723 36971 1.7 2246 337 

13conj 20 8 114 166 307 37278 
Mean!;' 2.5 1664 250 

Lamb-67 (developed alvcld) 
I 5 82 52 139 
2 34 91 125 
3 12 24 7 137 342 521 60.5 26 4 

4 26 89 31 48:l 1332 1962 22.6 137 21 

5 31 224 50 724 3153 4182 6.8 546 82 

6free 52 695 296 6563 6315 13921 3.7 1037 156 

<' 6conj 5 34 10 66 155 720 991 14912 

7 65 651 255 5919 8362 15252 4.0 955 144 

8 58 587 160 3509 6670 10985 4.7 809 122 cont ... 



_,,. 

Aeeendix I. cont. .. 
Day 

I 
Smit-CO Sar-CO Smit Epismil Sar Episar SubT Total % deuterated Feacal 25S-genins Calculated consumed 

(mg/kg DM) 25S-genins from rome (mg/day)" rome (g DM/day)h 
Lamb-67 (developed alveld) 

9 I 123 1164 154 3116 4972 9529 5.0 758 114 
10 i 33 329 107 2064 3676 6209 6.5 576 86 

Meanr 5.1 780 117 

Smil-CO = smilagenone (mg/kg DM); ); Sar-CO= sarsasapogcnonc (mg/kg DM); Smil = smilagcnin (mg/kg DM); Epismil = epismilagenin (mg/kg DM); Sar= sarsasapogcnin (mg/kg DM); Episar = episarsasapogenin (mg/kg 
DM); free= free genins (mg/kg DM); conj= conjugated genins (mg/kg DM); Sub T = genin sub total; Total= total free and conjugated genins (mg/kg DM). 
% deuterated 25S-genins = percentage ratio of deuterated 25S-genins to non-dcutrated 25S-gcnins, = L (111/z 317-320) I L (111/z 315-320). 
Note: 'calculated using Equation (I); h calculated using Equation (2) - see Chapter 4, Section 4.3.6;' mean calculated for day 5 data onwards. 



Appendix II. 1H and 13C NMR assignments determined for sarsasapogenin and 

episarsasapogenin (ppm in CDCh) at the University of Waikato. 

Sarsasapogenin Episarsasapogenin 

Atom 13c IH 13c IH 

1 30.0 1.41, 1.51 35.3 0.96, 1.78 

2 27.8 1.50, 1.59 30.6 1.31, 1.67 

3 67.2 4.11 71.5 3.61 

4 33.6 1.34, 1.99 36.6 1.51, 1.74 

5 36.6 1.73 42.0 1.39 

6 26.6 1.17, 1.92 27.1 1.22, 1.87 

7 26.6 1.06, 1.45 26.8 1.10, 1.45 

8 35.4 1.60 35.4 1.59 

9 40.0 1.34 40.7 1.42 

10 35.4 - 34.7 -

11 21.0 1.29, 1.39 20.7 1.25, 1.41 

12 40.4 1.16, 1.73 40.3 1.16, 1.72 

13 40.8 - 40.8 -

14 56.6 1.17 56.4 1.18 

15 31.8 1.24, 1.98 31.8 1.23, 1.99 

16 81.1 4.42 81.1 4.42 

17 62.2 1.77 62.2 1.78 

18 16.5 0.77 (3H) 16.5 0.76 (3H) 

19 24.0 0.99 (3H) 23.4 0.95 (3H) 

20 42.2 1.81 42.2 1.81 

21 14.4 1.00 (3H) 14.4 1.00 (3H) 

22 109.8 - 109.8 -

23 26.0 1.38, 1.88 26.0 1.38, 1.89 

24 25.8 1.41, 2.03 25.9 1.42, 2.04 

25 27.2 1.70 27.2 1.70 

26 65.2 3.30, 3.96 65.2 3.31, 3.96 

27 16.1 1.08 (3H) 16.1 1.08 (3H) 

- IX -



Appendix III. 1H and Be NMR assignments determined for lupeol (ppm in CDeh) (Bums 

et al., 2000) and betulin (ppm in eDeh and DMSO-D6) (the University of Waikato). 

Lupeol (eDeh) Betulin (eDeh) Betulin (DMSO-D6) 

Atom Be IH Be IH Be IH 

1 38.7 0.90, 1.67 38.8 0.90, 1.66 38.3 0.92, 1.63 

2 27.4 1.56, 1.60 27.5 1.56, 1.60 27.2 1.54 (2H) 

3 79.0 3.19 79.1 3.19 (dd, J = 5.0, 11.2 Hz) 76.9 3.07 (m) 

4 38.9 - 39.0 - 38.5 -
5 55.3 0.68 55.4 0.67 54.9 0.72 

6 18.3 1.39, 1.51 18.4 1.40, 1.52 18.0 1.44, 1.57 

7 34.3 1.39 (2H) 34.1 1.40 (2H) 33.9 1.44 (2H) 

8 40.8 - 41.0 - 40.5 -
9 50.4 1.27 50.5 1.26 49.9 1.32 

10 37.2 - 37.3 - 36.7 -
11 20.9 1.23, 1.41 20.9 1.21, 1.43 20.4 1.25, 1.43 

12 25.2 1.07, 1.67 25.3 1.04, 1.63 24.9 1.08, 1.67 

13 38.1 1.66 37.4 1.64 36.8 1.73 

14 42.9 - 42.8 - 42.2 -
15 27.5 1.00, 1.68 27.2 1.06, 1.70 26.7 1.01, 1.75 

16 35.6 1.37, 1.47 29.3 1.21, 1.93 29.1 1.15, 2.01 

17 43.0 - 47.9 - 47.3 -
18 48.3 1.36 48.9 1.59 48.2 1.57 

19 48.0 2.38 47.9 2.38 47.4 2.48 

20 151.0 - 150.6 - 150.4 -
21 29.9 1.32, 1.92 29.8 1.41, 1.95 29.4 1.36, 1.95 

22 40.0 1.19, 1.38 34.4 1.04, 1.86 33.9 1.00, 1.94 

23 28.0 0.97 28.1 0.97 (s) 28.1 0.97 (s) 

24 15.4 0.76 15.4 0.76 (s) 15.8 0.75 (s) 

25 16.1 0.83 16.2 0.83 (s) 15.9 0.86 (s) 

26 16.0 1.03 16.1 1.03 (s) 15.7 1.07 (s) 

27 14.6 0.95 14.9 0.98 (s) 14.5 1.02 (s) 

28 18.0 0.79 60.7 3.32 (d, J = 10.8 Hz) 58.0 3.61 (d, J = 10.6 Hz) 

3.79 (dd, J = 1.7, 10.8 Hz) 3.18 (d, J = 10.6 Hz) 

29 109.3 4.56 109.8 4.58 (m) 109.6 4.63 (br s), 

4.69 4.68 (d, J = 2.2 Hz) 4.76 (br s) 

30 19.3 1.68 19.2 1.68 (s) 18.8 1.73 (s) 

-X-



Appendix IV. 1H NMR spectra of: (i) betulin 3-(P-D-glucoside), (ii) betulin 3,28-(P-D­
diglucoside) and (iii) allobetulin P-D-glucoside tetraacetate. 

(i) 

I ' 

5.0 •.5 ,.o ].5 ].O 2.5 2.0 1.5 1.0 

(ii) 

5.0 4.5 ,.o 3.5 3.0 2.5 2.0 1.5 1.0 

(iii) 

5.0 •. 5 ,.o ].5 ].0 2.5 2.0 t.5 1.0 
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Appendix V. Loader et al. 2003. J. Agric. Food Chem. 
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Appendix V. Loader et al. 2003. J. Agric. Food Chem. 
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Appendix V. Loader et al. 2003. J. Agric. Food Chem. 
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Appendix VI. Loader et al. Submission draft. Vet. Res. Commun. 

Validation of Isotope-Dilution Methodology for Estimating the Ovlne Uptake or Steroidal Saponins from Narthecium ossifragum 

J.I. Loader'. A.L. Wilkins 1, A. AA111yen2, E. Ryste' and K. Hove' 

'Chemistry Department, School of Science and Technology, The University of Waikato, Private Bag 3 I05, Hamilton, New Zealand 
2National Veterinary Institute, POB 8156 Dep.N-0033 Oslo/Norwegian School of Veterinary Science, POB 8146 Dep. N-0033 Oslo, Norway 
3Department of Husbandry, Agricultural University of Norway, N-1432 As. Norway 

ABSTRACT 

The results of dosing experiments in which three sheep were dosed 72 g/dry matter of Narthecium ossifragum plants and a I :4 mixture of [2,2,4,4-
2"4)sarsasapogenin and [2,2,4,4-2H.]episarsasapogenin once daily for 14 days are reported. The isotope-dilution methodology, based on integrated 
selected ion mode GC-MS profiles determined for deuterated and non-deuterated genins recovered from fecal samples and a knowledge of the average 
sapogenin content of the dosed plant material, was found to give more reliable and consistent results than previously reported mass balance 
methodology. Four days after one of the sheep refused part of the offered plant material, the isotope-dilution methodology identified a corresponding 
decrease in fecal sapogenin levels. 

Keywords: deuterated sapogenins, Narthecium ossifragum, sheep, dosing experiments 

Abbreviations: GC-MS, gas chromatography-mass spectroscopy; DM, dry matter 

INTRODUCTION 

Hepatogenous photosensitization of sheep is both economically important and an animal welfare problem in various parts of the world. The condition 
results when a toxin causes liver damage resulting in retention of the photosensitizing agent phylloerythrin {Clare, 1952; AA111yen, 1999). Many 
hepatogenous photosensitization disorders are associated with ingestion of plants containing steroidal saponins. Typical of these diseases is the 
accumulation of insoluble calcium salts of episarsasapogenin or epismilagenin glucuronides in liver cells and bile ducts {Holland et al., 1991; Miles et 
al., 1991, 1992a, 1992b, 1993, 1994a, 1994b). All these diseases occur sporadically and are difficult to reproduce by dosing experiments {Kellerman et 
al., 1991; AA111yen et al., 1991, 1993). Furthermore the saponin containing plants associated with them are not always toxic to grazing animals (Ender, 
1955; Abdelkader et al., 1984; AA!llyen et al., 1996). The role of steroidal saponins in the aetiology of hepatogenous photosensitizations of sheep is 
unclear and needs to be clarified. One step in this process will be to measure the intake of steroidal saponins in sheep that become photosensitized 
under field conditions. 

We have previously proposed that the daily intake of plant saponins from natural sources, can be estimated by dosing sheep once daily with. a 
deuterated sapogenin (AA!llyen et al., 200 I). For this approach to be successful the deuterated sapogenin must retain a high percentage of the 
incorporated deuterium atoms during passage through the animal and subsequent chemical analysis. This approach also presupposes the ratio of 
deuterated to non-deuterated sapogenins in feces is reasonably constant and not sensitive to changes in the time collection, or the time of dosing and 
ingestion of saponins and sapogenins. 

AAf/lyen et al. (200 I) have reported that consistent fecal sapogenin levels were present during days 4-9 of a dosing trial in which [20,23,23-
2H3]sarsasapogenin and N. ossifragum plants were administered. [20,23,23-2H3]sarsasapogenin was however not a suitable dosing substrate since the 
20- and 23-deuterium atoms were exchanged with 1H atoms during the dosing experiment or the subsequent chemical analysis. Similarly we have 
reported (Loader et al., 2003) that when (2,2,4,4-2"4]sarsasapogenone was dosed to a single sheep the deuterated ketone material recovered from 
collected fecal matter showed only the retention of one or two or the four, initially present, deuterium atoms. On the other hand, when a I :4 mixture of 
[2,2,4,4-2"4)sarsasapogenin and [2,2,4,4-2"4)episarsasapogenin was administered, >94% of the introduced deuterium atoms were present in sapogenins 
recovered from fecal samples from one sheep (Loader et al., 2003). 

The aim of this study was to validate the isotope-dilution methodology of Loader et al. (2003) and to demonstrate that the method can be used under 
field conditions to estimate the uptake of plant sapogenins. 

MATERIALS AND METHODS 

Plant material 

N. ossifragum plant material (bog asphodel) was hand picked from a pasture in Vest-Agder County, Southern Norway, in August 1-IO, 1997 and frozen 
prior to the dosing trials. Three sub-samples (ca. 9 g) of the N. ossifragum material were freeze-dried overnight and the dry matter (DM) content 
calculated. Duplicate DM samples (ca. 0.2 g) were extracted with MeOH, hydrolyzed, acetylated and analyzed for total genin levels by GC-MS 
(Wilkins et al., 1994; AA111yen and Wilkins, 1997; Loader et al., 2003). 

Dosing Trial 

The trial lasted 14 days from 2/5/00 1015/5/00. Three caged, castrated male sheef, Dala breed, each ca. two years of age were daily, on days 3 tol4, 
given a 70 mg dose of a 1:4 mixture of [2,2,4,4-2"4]sarsasapogenin and [2,2,4,4- H.)episarsasapogenin {Figure I) into the rumen by a stomach tube. 
The deuterated sapogenin mixture was suspended in 100 mL of water:EtOH (80:20) and washed down with 50 mL water. The sheep were fed 300 g 
(72 g DM) of N. ossifragum on days 3 to 14. Hay, fed in controlled amounts during the experimental period, was offered daily after the ration of N. 
ossifragum had been consumed. Fecal material from each of the sheep was collected once daily on days 3 to 11, and 14, and at 6 h intervals (0800, 
1400, 2000 and 0200 h) on days 12 and 13. Fecal production was recorded daily and frozen at -20"C on the day of collection. Dry matter content of 
fecal and N. ossifragum material was determined by freeze-drying. Urine samples were collected during the trial period. 

GC-MS analyses 

GC-MS analysis of acetylated sapogenin extracts was performed as previously reported (Wilkins et al., 1994; AA!llyen and Wilkins 1997; Loader et al., 
2003). 

Total genin analyses 

Freeze-dried fecal sub-samples (ca. 0.5 g) collected on days 4 to 11, and 14 were extracted for 12 h with MeOH {150 mL) using a Soxhlet apparatus. 
The extracts were concentrated to dryness on a rotary evaporator and the resulting residues were taken up in 0.5 mol/L HCI {10 mL) and transferred, 
with repetitive washing (3 x 3 mL of 0.5 mol/L HCI), to a boiling tube that was heated in a water bath for 90 min at 85-90°C. After cooling, the 
hydrolysate solution was extracted with dichloromethane (4 x 4 mL) and filtered through a short silica column (ca. 3 cm) packed in a Pasteur pipette. 
The combined filtrates were evaporated to dryness under a stream of warm nitrogen and acetylated at room temperature for ca. 16 h using pyridine­
acetic anhydride (I: I) (0.5 mL). 
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Free and conjugate genin analyses 

Fecal material collected at 6 h intervals on days 12 and 13 were sequentially extracted with CH2Cl2 (free genins) and MeOH (conjugated genins) as 
previously reported (Wilkins et al.. 1994; Fllf/lyen and Wilkins 1997; Loader et al., 2003). The % deuterium content of sapogenins found in fecal 
samples was determined according to Loader et al. (2003). 

Calculation of plant genin content of fecal materials 

The plant genin content of the fecal material collected daily (Table I) was calculated using two equations. 

Equation I: 
Plant genins (mg/day) = [ (70 • (I 00 / %D) ]- 70 

Where 70 mg/day of deuterated genins were dosed once daily, and %D is the % deuterium content of the recovered fecal sample corrected for the 
94.6% isotopic purity of the mixture of deuterated genins utilized in the dosing experiment. 

Equation 2: 
Plant genins (mg/day)= [fecal genins (mg/kg DM) • fecal weight (kg DM)] - 70 

Equation 2 assumes that the genin level present in a fecal sub-sample, and the daily weight of fecal material is known. 

RESULTS 

The N. ossifragum leaves dosed contained 3655 mg/kg DM plant sapogenins (standard deviation 705 mg/kg DM). This afforded an estimate of the 
daily N. ossifragum genin intake by the sheep based on Equations I and 2 respectively (Tables I and 2). The calculated daily consumption of N. 
ossifragum plant material was determined by dividing plant genin intake levels by the average genin content of the dosed plant material. Mean daily 
consumption levels were calculated using day 4-14 data when Equation I was used and day 5-14 data when Equation 2 was used, since it was apparent 
that steady state sapogenin levels had not always been achieved after 4 days. 

DISCUSSION 

The results calculated using Equation I validate the isotope dilution methodology and demonstrate that it can be applied under field conditions to 
estimate the uptake of plant sapogenins where only a rectum sample collected once daily would be available, and the total daily amount of fecal matter 
produced can not be ascertained. 

The fecal sampling procedure applied during the validation dosing trials reported in this paper was designed to model the situation that would be 
encountered under field trial conditions. A particularly important objective of the trial was the validation of our hypothesis (Fllf!lyen and Wilkins, 1997; 
Fllf!lyen et al., 2001) that ca. 96 h after dosing commenced, the ratio of deuterated to non-deuterated sapogenins in fecal material would be relatively 
constant, irrespective of the time of fecal material collection, and likely variations in sapogenin levels in individual fecal pellets collected during a 24 h 
period. Thus, a randomly selected sub-sample of fecal material, intended to model a once daily fecal sample that could be recovered from the rectum of 
a sheep under natural grazing conditions, rather than a sub-sample of homogenized daily fecal material as utilized in previous dosing trials (Fllf!lyen 
and Wilkins, 1997; F1lf!lyen et al., 2001), was extracted and its genin content determined. 

Since only the total daily genin content was required, freeze-dried fecal samples were, with the exception of day 11 and 12 samples, extracted with 
MeOH to yield a combined free and conjugate genin extract which, after hydrolysis, afforded the total genin content. Day 11 and day 12 fecal samples, 
collected at 6 h intervals, were sequentially extracted with CH2Cl2 and MeOH, to afford free and conjugated genin fractions, respectively. Mean day 
11 and 12 results (average of results determined for sub-samples of the 4 six hour samples) are included in Tables I and 2. Typically, four or five days 
were required for the fecal genin content to reach a steady state level. This finding is consistent with earlier results (F1Af/lyen and Wilkins, 1997; 
Fllf/lyen et al., 2001). No saponins or sapogenins were found in fecal samples collected prior to the commencement of the dosing experiment, in the 
urine samples collected before and throughout the experimental period, or in the hay fed during the experimental period. Sheep 2 and 3 ingested all N. 
ossifragum material offered. However on days 7-11, 13 and 14, sheep I consumed only part of the offered N. ossifragum plant material (Tables I and 
2). 

In accord with the results of earlier dosing experiments, episarsasapogenin was the dominant genin found in the fecal samples (Fllf!lyen and Wilkins, 
1997; Fllf/lyen et al., 2001; Loader et al., 2003). Deuterated smilagenin and epismilagenin acetates were not detected showing that the ovine 
metabolism of sapogenins does not result in the epimerisation of 25S-genins (sarsasapogenin and episarsasapogenin) to 25R-genins (smilagenin and 
epismilagenin). As in previous dosing trials, levels low levels of sarsasapogenone and smilagenone (the intermediates whereby sapogenins are 
metabolised to the corresponding episapogenins) were detected in all of the extracts (Fllf!lyen and Wilkins, 1997; Fllf!lyen et al., 2001). Variations in 
the ratio of 25S- to 25R-genins (ca. 5 to 35%) observed for fecal sapogenins are considered to be indicative of variations in the ratio of sarsasapogenin 
(25S-) and smilagen (25R-) saponins in the dosed plant material. 

The % deuterated genin contributions determined for day 4-14 fecal samples (Table I) were remarkably consistent (average levels 19.8 to 23.1 %) 
during the trial period, other than for sheep I on days 12 and 13. The elevated deuterium levels on these days are however consistent with sheep I 
ingesting a reduced quantity of N. ossifragum, ca. 3-4 days previously. For sheep 2 and 3, the calculated average daily dose values of 64 g DM and 79 
g DM respectively (Table I) correspond closely with that dosed (72 g DM). A pleasing aspect of the sheep I result is that, ca. 4 days after this sheep 
refused some of the offered plant material (Table I) there was a corresponding decrease in the calculated daily N. ossifragum intake for this sheep 
(Figure 2). Since this sheep also refused part of the offered material on days 13 and 14, a similar decrease in calculated dosed material would have 
been expected on days 17 and 18. 

The calculated daily plant intake values presented in Table 2 should, on the other hand, be interpreted with considerable caution since the mass balance 
approach, implicit in Equation 2, assumes that the sapogenin content of a randomly selected fecal sub-sample is constant over a 24 h period and that it 
should not vary significantly during consecutive 24 h periods. The substantially greater variations in calculated daily intake of plant material presented 
in Table 2 compared to those presented in Table I may be largely attributable to the inhomogenous distribution of sapogenins in individual fecal 
pallets. It is apparent from the data presented in Table 2 that typically 5 days (rather 4 days) were required to achieve steady state levels. Day 4 results 
(bracketed in Table 2) were therefore excluded from the calculation of mean levels presented in Table 2. 

A significant advantage of the isotope-dilution method is that, provided isotope-labelled and unlabelled sapogenins are uniformly distributed in fecal 
material, a reliable estimate of the daily consumption of sapogenins can be made irrespective of whether or not of all of the sapogenins dosed 4-5 days 
previously have completely passed through the digestive tract. It is also apparent that the isotope-dilution method is intrinsically more accurate than the 
mass balance approach used in previous dosing experiments and that wherever possible (assuming the availability of isotopically labelled sapogenin 
material) isotope-dilution methodology should be used in future dosing experiments. 
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Table 1. Daily weights of dosed plant material,% deuterated genins, plant genins, and calculated dosed plant material detennined for sheep I, 2 and 3 using %0 
data (Equation I). Day 12 and 13 results were derived from values detennined for four samples collected at 6 h intervals. 
day dosed plant % deuterated plant genins' 

(g OM/day) genins (mg/day) 

sheep I 
4 72 19.9 282 
5 72 19.9 282 
6 72 20.8 266 
7 66 19.3 292 
8 46 22.7 238 
9 31 19.5 290 

10 47 19.0 298 
11 61 21.4 258 
12 72 27.6 183 
13 47 33.2 141 
14 42 224 242 

mean• 22.3 252 69 
stdev 4.2 47 13 
%CV 19 19 

sheep2 
4 72 22.1 247 
5 72 28.4 176 
6 72 24.2 219 
7 72 23.3 231 
8 72 21.0 263 
9 72 21.6 2S5 

10 72 22.4 242 
II 72 23.8 224 
12 72 21.9 250 
13 72 23.5 228 
14 72 22 7 238 

mean• 23.1 235 64 
stdev 1.9 23 6 
%CV 8 10 10 

sheep] 
4 72 18.9 300 
5 72 18.6 306 
6 72 19.5 290 
7 72 18.3 313 
8 72 20.4 273 
9 72 16.9 344 

10 72 21.6 255 
II 72 22.4 242 
12 72 22.6 239 
13 72 19.3 292 
14 72 206 270 

mean• 19.8 287 79 
stdev 1.8 32 9 
%CV 9 11 11 

• calculated using Equation I; mean, stdev and %CV calculated for day 4-14 results 

calculated dosed 
plant (g OM/day) 

77 
77 
73 
80 
65 
79 
82 
71 
50 
39 
66 

19 

68 
48 
60 
63 
72 
70 
66 
61 
68 
62 
65 

82 
84 
79 
86 
75 
94 
70 
66 
66 
80 
74 
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Table 2. Daily weights of dosed plant material. fecal materia~ fecal and plant genins. and calculated dosed plant material determined for sheep I, 2 and 3 using fecal data (F.quation 2). 
Da~s 12 and 13 results were derived from values determined for four !!!!5!les collected at 6 h intervals. 
day dosed plant fecal material fecal gcnins plant genins1 

!sDM/dal'..l !sDM! !%DM! !!!!JlikS DM! !!!!Jl!dai! 
sheep I 

4 72 321 29.2 286b 
s 72 712 27.4 427 234 
6 72 359 33.9 815 222 
7 66 S44 25.I 772 349 
8 46 360 28.6 846 23S 
9 31 418 26.9 SOI 140 

10 47 456 27.8 443 132 
II 61 369 33.2 429 88 
12 72 870 28.1 4Sl 322 
13 47 S2S 31.0 599 245 
14 42 4SI 22 2 32l 11!2 

mean' S06 28.9 568 207 S7 
stdev 167 2.9 178 89 

%CV 33 10 31 43 43 

sh.,p2 
4 72 sss 38.1 s2• 
s 72 528 38.7 361 120 
6 72 448 40.9 404 111 
7 72 389 37.8 734 215 
8 72 4SO 37.S 678 235 
9 72 648 31.7 S07 258 

10 72 402 30.7 362 76 
II 72 529 JS.I 354 117 
12 72 868 34.0 754 S8S 
13 72 651 31.9 662 361 
14 72 681 ll l m 2~ 

mean' SS9 35.0 531 234 
stdev ISi 3.6 162 152 

%CV 27 10 31 so 6S 

sheep3 
4 72 699 35.4 232• 
s 72 S6S 32.2 369 138 
6 72 472 36.S 877 344 
7 72 390 37.7 849 261 
8 72 518 36.7 697 291 
9 72 486 36.7 364 107 

10 72 sos 38.6 789 329 
II 72 474 38.2 649 238 
12 72 930 30.2 531 424 
13 72 SS9 35.4 574 217 
14 72 m l66 S62 m 

mean' SS2 35.9 627 263 72 
stdev 147 2.7 181 9S 

%CV 27 7 29 36 36 
1calculated using F.quation 2; steady state level not believed to have been achieved; cmean, stdev and %CV calculated for day S-14 results 

p 
0 

[ 2,2,4,4-2H.]sarsasapogenin 
Figure 1. Chemical structures of [2,2,4,4-2H.]sarsasapogenin and 
[2,2,4,4-2H.]episarsasapogenin 

Sheep 1 

20 
"E 10 
al 

0 ii 
4 5 6 7 8 9 10 11 12 

day 

13 

Figure 2. Consumed and calculated N. ossifragum plant material (g DM/day) 
determined for sheep I. 

p 
0 

[2,2,4,4-2H.Jepisarsasapogenin 

14 

calculated dosed 
Elant !S DM/dal'..l 

64 
61 
9S 
64 
38 
36 
24 
88 
67 
22 

24 

33 
30 
S9 
64 
71 
21 
32 

160 
99 
2l 
64 
42 

38 
94 
71 
80 
29 
90 
6S 

116 
S9 
28 

26 
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Introduction 

Narthecium ossifrogum (Eng.: Bog asphodel), a member of the lily family, is 
known to cause alveld (literally: elf-f&R), a hepatogenous photosensitizalion of 
lambs in Norway, the British Isles and the Faroe Islands (Flhyen. 1999). 
Steroidal saponins of the plant have been suggested to came the liver lesions 
resulting in retention of the pbotosensitizing agent phylloerythrin (FIAeyen, 
1999). Atteq,ts to reprOllw:e alveld and related diseases experimentally have 
been haq,ered by a lack of knowledge concerning the level of steroidal saponins 
ingested by animals during natural toxicity outbreaks (FIAeyen et al., 1991). 
Hitheno we have proposed that it might be possible to determine the level of 
steroidal saponins inaested by dosing sheep once daily with a known amount of 
isotopically labelled sapogenins, and determine the ratio of dcuterated to natural 
sapogenins in faecal material (Fllayn el al., 2001). 

An att~l to exploit this approach using 20,23,23-D3-sarsuapogenin failed 
due to loss of deuterium during ruminal metabolism of the dosed sapogenin, 
and/or the extraction, derivation and analytical procedures (Flhyen el al., 2001 ). 
An ~nt observation during this trial was that about 96 h after the 
commencement of the dosing experiment in which a sheep was dosed once daily 
with 20,23,23-D3-sarsasapogenin, and three rimes daily with N. ossifrogum plant 
material, essentially steady state levels of sapogenins were present in faeces 
collected at varying limes during the remaining trial period (Flhyen el ol., 2001). 
This finding supported our hypothesis that, provided a suitable dosing substrate 
could be identified ( i.e. one not prone to deuterium exchange under ruminal and 
analytical conditions), it would be possible to dose a sheep once daily with a 

cou1a oc 1<1e1mnco \I.e. one 001 prone 10 ocu1mum excnange unacr rununal an<I 
analytical conditions), it would be possible to dose a sheep once daily with a 
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known amount of an isoeopically labelled sapogenin and detmninc natural 
sapogenin intake by co~ the ratio of dcutcrated to natural genim present in 
faecal material. 

In this chapter we report evaluations of the suitability of 2,2,4,4-D,· 
sanasapogenone and a c. I :4 mixture of 2,2,4,4-D,-sanasapogenin and 2,2,4,4-
D,-cpisanasapogenin u isotopically labelled dosing substrates. 

Materials and Methods 

Syn1hesl1 or deuterated sapoaenlns 

2,2,4,4-D,-msasapogeoone was prepared by refluxing sarsasapogenone (10 g) 
for 24 h in a mixture of dioxanc (300 ml) and Dz() (25 ml) to which Na (0.35 g) 
had been cautiously added. Two cycles of deuterium exchange afforded material 
that consisted predominantly (> 96%) of 2,2,4,4-D,-sanasapogenone. Reduction 
of 2,2,4,4-D,-sarsasapogenone (10 g) in ethanol:mcthanol (1:1, 400 ml) with 
sodium borohydride (2 a) afforded • c. I :4 mixture of 2,2,4,4-D,-sarsasapogenin 
and 2,2,4,4-D,-cpisarsasapogenin. A more detailed account of the synthesis of 
these substrates and their spccttoscopic characterization will be reported 
elsewhere. 

Preliminary trial (deuterium reteaUoa -meat) 

A 2-year-old male Dala sheep was caged and administered a single intranuninal 
dose of 2,2,4,4-D,-sanasapogenone (1 g) suspended in 100 ml of water:ethanol 
(80:20) and washed down with 50 ml water. Eight days later, the same sheep was 
administered a single dose of a c. 1 :4 mixture of 2,2,4,4-D,-sarsasapogenin and 
2,2,4,4-D,-cpisarsasapogenin (600 mg) suspended in 100 ml of water.ethanol 
(80:20) and washed down with 50 ml water. Hay was offered ad libitvm during 
each of the experimental perinds and 24 h faeces and urine samples were 
collected during the two dosing periods. Sub-samples of the faeces samples were 
freeze dried and analysed for free and conjugated sapogenins. 

V alldatlon !rial (plant Intake calibration) 

Three 2-year-old male Dala sheep were caged and on each of days O to 10 were 
offered 300 g wet weight (• 72 a dry matter (DM)) of N. ossifragum plant 
material, and also administered a single 70 mg intraruminal dose of a c. I :4 
mixture of 2,2,4,4-D,-sarsuapogenin and 2,2,4,4-D,-cpisarsasapogenin 
suspended in 100 ml of water.ethanol (80:20) and washed down with 50 ml 
water. Hay was offered ad libitum during the experimental period. Faeces and 
urine samples were collected once daily during the trial period. Sub-samples of 
the faeces samples were ficczc dried and analysed for total sapogenins. 
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Sapogenin extraction and GC/MS analyses 

Nartheci11m ossifrag,,m and faecal samples were freeze dried, and either 
sequentially exlraCled with dichloromelhane (free sapogenin extracts) and 
methanol (conjugated sapogenin extracts) (plant samples and preliminary trial 
samples). or with methanol alone (total sapogenin extracts) (calibration trial 
samples). Conjugated sapogenin and total sapogenin extracts were hydrolysed 
with 0.5 M HCI. All extracts were spik~ with sarsasapogenin propionate as 
internal standard, acetylated with pyridine/acetic anhydride and analysed by 
selected ion mode (SlM) GC/MS as described previously (Wilkins et al., 1994), 
other than that a 25 m x 0.25 mm id HP-5 (Hewlett Packard, USA) column was 
used and mfr 139, m/z 315-320 (genin acetates) and ,n/z 271-275 
(sarsasapogenone) ions were monitored. The ratio of natunl (non-deuterated) and 
deuterated genin acetates were determined using the sums of the m/z 315 + 316 
(''c isotope of the mlz 315 ion) and m/z 317-320 (Di, D,, D, + uc isotope of the 
m/z 320 iop) ion currents respectively. Plausible structures for the m/z 139 and 
315 (319) ions of genin acetates are given in Fig. 43.1. Urine samples were 
extracted and analysed as reported previously (Fluyen and Wilkins, 1997). 

Results 

The dosing experiments in which a sheep was administered a single dose of 
2,2,4,4-D,-sarsasapogenone on day 0, and I days later a c. 1 :4 mixture of2,2,4,4-
D,-sarsasapogenin and 2,2,4,4-D._episarsasapogenin showed that maximum 
levels of free and conjugated sapogenins were, in each case, present in faecal 
material collected on days 2 and 3 (Tables 43.1 and 43.2). Sapogenin 
concentrations wen: determined as previously reported using integrated m/z 139 
ion contributions (Wilk!ns et al., 1994). The percentage deuterated sapogenins 
were deteanined by comparing the peak areas of the mlz 317+320 (deuterated 
sapogenin acetates) and m/z 315-320 ion currents (total sapogenin acetates). 

>-b-, H 

m1z 139 _. 

Fig. 43.1. Plausible structures for the mlz 139 and 315 (319) ions of 
genin acetates. 
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Table 43.1. Free and conjugated sapogenlns levels (mg 1cg·1 DM) fotnf In faecal 
samples aft8f administration of a single doae of 2,2,4,4-D,-aarsasapogenone. 

DB): Exttact Sar-CO" Sarsa1 Eolsar" Totai' %D' 
0 Free - - - -

Conjugated - - - -
Free 136 25 67 228 
Conjugated 5.7 7.1 20 33 

2 Free 459 110 353 923 95.2 
Conjugated 21 33 106 159 96.1 

3 Free 152 95 346 592 93.4 
Conjugated 8.4 19 74 102 92.8 

4 Free 40 37 125 202 
Conjugated 6.4 9.1 32 48 

5 Free 9 13 34 56 
Conjugated 1.5 2.5 5.4 9.4 

6 Free - 11 26 37 
Conjugated - 2.0 3.6 5.6 

7 Free - - - -
~ugated - - - -

1ur-CO "' ..,.asapogenona; 1saraa • aarsasapogenin; •ep1aar = eplsaru-
sapogenln: lliotal • total genins sar-CO, saru and eplsar levels; • '% D = '% 
deuterium retained In eplsarsasapogenln. 

Table 43.Z. Free and conjugated aapogenlns levels (mg 1cg·1 DM) found in faecal 
samples after administration of a aingle dole of a c. 1 :4 mixture of 2,2,4,4-D,-
sarsaaapogenln and 2,2,4,4-0,-episarsasapogenin. 

D~ Eldract Sar-CO" Sarsa' Er,isar Toiai' "'o• 
0 Free - - - -

Conjugated - - - -
Free 3.5 10 53 66 
Conjugated - 1.0 2.3 3.3 

2 Free 27 69 421 518 98.7 
Conjugated 6.8 12 54 73 95.8 

3 Free 20 54 220 294 92.4 
Conjugated 4.6 10 35 49 90.4 

4 Free 9.2 27 85 120 
Conjugated 2.9 6.1 19 28 

5 Free - 12 35 47 
Conjugated - 0.7 2.0 2.7 

8 Free - - -
Coniuaated - - -

1aar-CO = sarsasapogenone; 1saru • sarsuapogenin; ·-- • episarsa-
aapogenin; 'total • lolal genlna sar-CO, saru and epiaar levels; • '% D = % 
deutartum retained in episarsasapogenln. 
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VaUdation Trial 

The total levels of deuteratcd and natural sapogenins detected in faeces recovered 
from one oftbc three sheep that consumed 72 g day'1 DM of N. 011ifrapm, and 
which wen: also dosed once daily for 11 days with a c. 1 :4 mixture of 2,2,4,4-D4-

sarsasapogcnin and 2,2,4,4-D._episarsasapogcnin are presented in Table 43.3. The 
percentage deuterated sapogenin content of the samples is ~sentcd in Table 
43.3. A mean level of 3,6SS (standard deviation 70S) mg kg" DM wu found in 
nndomly selected N. os:sifragum samples. Duplicate analyses of plant sub­
samples agreed to within O.S-2.8".4. In accord with other dosing trial results, 
episarsasapogenin was the dominant genin constituent detected in faecal material 
(Fluyen and Wilkins, 1997; Fluyen et al., 2001). No sapogenins were detected 
in urine samples. 

Since 70 mg of deuterated sapogenins were dosed daily and mean percentage 
D level faecal material was of 18.5% (Table 43.3) the calculated average daily 
intake ofsapogenins was 378 mg day°', of which 308 mg day'1 could be attributed 
to the ingestion of rome sapogenins. Furtbcnnore, since tbe average sapogenin 
level of the dosed plant material was found to be 36SS (standard deviation 70S) 
mg kg1 DM, the calculated mean daily intake of N. o:s:sifragum was 84 g DM, 
compared to the 72 g DM (• 300 g wet weight) that was dosed. Generally similar 
results were obtained for sheep 2 and 3 ( calculated mean plant intakes of 64 and 
69 mg kg1 OM respectively). Given variations in tbe saponin level of the dosed 
plant material, and some lack of homoaencity in the distribution of natural and 

Table 43.3. Percentage deuteraled eapogeninl (% 0), calculated IOlal aapogenln 
levels in faecal samples c:ollected from a sheep consuming 72 g OM N. ossifragum 
daily and closed once daily with a c. 1 :4 mixture of 2,2,4,4-0.-aaraasapoganin and 
2,2,4,4-0.~sarsasalJOil9"fn, and calculated daily conaumption of N. ossifragum 
(g OM day"'.). 

Cale. total Cale. plant 
sapqgenlns ~anins Cale. plant 

Day %0 l!!!ll !!9·1 OM dat1l l!!!ll !!a OM day'1) {llDMdat1) 

3 19.1 366 296 81 
4 17.9 391 321 88 
5 18.4 380 310 85 
6 17.3 405 335 92 
7 17.3 405 335 92 
8 19.3 383 293 80 
9 16.0 438 366 101 
10 20.4 273 343 75 
11 21.2 330. 260 71 
Mean 18.5 378 308 84 
Stddev 1.6 48 32 9 
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deuteratcd sapogenins in faecal material, agreement to within I to I .S standard 
deviations was considered to be acceptable. 

Conclusions 

It is apparent from the results presented in Table 43.2 that the c. I :4 mixture of 
2,2,4,4-D,-sarsasapogenin and 2,2,4,4-D,-episarsasapogenin afforded by sodium 
horohydride reduction of2,2,4,4-D,-sarsasapogenone (c. 1:4 is the ratio at which 
these sapogenins are typically present in faeces samples from animals consuming 
N. os:sifragum), can be utilized as an isotopically labelled dosing substrate for 
determining the intake of N. o:s:sifragi,m sapogenins under normal grazing 
conditions. 

Calculated intakes of 64-84 g DM day'1 of N. os:si.fragwn (89-117% of actual 
intakes) were considered satisfactory for future use of this isotope dilution 
technique in measuring intake of N. o:s:sifragum under natural conditions. 
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Chapter 82 

Steroidal Sapogenins and Saponins in 
Narthecium ossifragum from Scotland 

A.L. Wilkins', A. Fllsyen2J and J.I. Loader' 
1 Chemistry Deportmeflt, School o/Scieflce afld Ttchflology, The Uflivenity of 
Waikato, Private Bag 310S, Hamilton, New Zealand; 1National Yetmflary 
Institute, PO Box 81 S6 Dep., 0033 Oslo, Norway; 'Department of Large Aflimal 
Cliflical ScieflcU, Norwegian School o/YeterinaryScience, PO Box 8146 Dep .. 
0033 Oslo, Norway 

Introduction 

Narthecium ossifrag,,m (Eng.: Bog asphodel) is a saponin conlaining plant 
i""licated in the hepatogenous photose11Silization of sheep (Flleyen, 1999) in 
Nonbem Europe. Most rq,orted outbreaks of N. ossifragum-asaociated 
pbotoseasitization of sheep originate from Norway (Ender, I 9SS; Ceb and Hauge, 
1981; Abdelbder et al., 1984; Flleyen, 1999), however there are also reports of 
N. ossifrag,,111-ISSOCiat.ed photosensitiDtion of sheep gnzing N. ossi.frag,,m 
containing pastura in the Faroe Islands, Scotland (Fluyen et al., 1995) and the 
Nonh of England (Ford, 1964). 

While there is some knowledge of the levels of saponins (steroidal sapogenin 
glycosides) in Norwegian collections of N. ossifragum (Flleyen et al., Chapter 11 
Ibis volume J, there is DO information ccmccmiog the levels of s1eroidal sapogenins 
in Scottish collections of N. ouifrag,,111. 

In Ibis chapler we report an evaluation of the levels of free 111d conjugated 
sapogenins (saponins) found in N. ossifragum plants collected from Auchtenyre 
Fann, Strathfilli1n, West Perthshire, Scolland. At the time of 111.q1ling two 
pbotosensitized lambs had recenlly been removed from a paslUre Iha! included an 
appreciable quanti1y of N. ossifrag,,m. 

Experimental 

Plant material (leaf; slemS, flower heads 111d roots) were collected on 8 August 
2001 from two si1es on Auchtertyre Fann, Sttathfillian, West Pcrlbshire, Scolland 
(S6° 26' Nonh, 4" 39' West), adjacent to the access road leading IO the West 
Highland Railway Line bridge, c. I 00 111d 150 m above the fann workshop area 
(sites I and 2, young, rccenlly grazed plants) and from a hillside slope c. SOO m 
above the railway bridge (sile 3, mature plants that had DOI been grazed). Plant 

S48 
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saq,les were frozen within 6 h of collection, and mainllined 11 freezer 
temperature, other than for the period (10 h) when they were transported to the 
National Veterinary lnstitule, Oslo, where they were refrozen and freeze dried 

Accurately weighed portions of the freeu dried plan! ma1eri1ls (c. 0.2--0.3 g) 
were placed in cellulose extraction thimbles and sequentially exttacted for 3 h 
with dichloromethanc, and (after overnight drying of the extraction thimble) with 
melhlllol, using I SoxTecb extractor. After the evaporation of solvent under 1 
slream of warm nittogen, conjugated extracts were hydrolysed for 90 min at c. 
~95"C using 0.5 M HCI (7 ml), and extracted with dicbloromethane (3 x 4 ml). 
A II extracts were acctylated with pyridine/acetic IDhydride, spiked with 
sarsasapogenin propionate as internal stanclard, and analysed by selected ion 
mode (SIM) GC/MS as descnlled previously (Wilkins et al., 1994), other than 
tha1 a 25 m x 0.22 nun id HP-S capillary colunm (Hewlett Packard, USA), 1 

Karlo-Erba 8000 GC and I VG Trio 1000 mass speclrOmeter wen: used. SIM­
GC/MS analyses were temperature programmed from 200°C ( I min bold) to 
26S°C a140"C mm·• and !hen to 290°C 11 S"C mm·• ( 16 min bold). Quantification 
was performed relative to sanasapogenin propionate. The m/z 139 ion response 
factor of sarsasapogenin acetate relative to thal of sanasapogenin propionate was 
1.15. 

ResaJts and Discussion 

The dry matter (DM) conient and levels of free and conjugated sapogenins 
determined for the freeze dried plan! 11111crials are presented in Table 82.1. 
Confirmation oftbe presence of smilagenin and sarsasapogenin acctaies (25R and 
25S-epimen respectively of the same sapogenin; see Fig. 82.1) in the acetylated 
extracts was established by coq,arison of total ion chromatogram mode mass 
spectra, n&lz- 2S5/n&lz- 3 IS, mh: 269/n&lz- 329 and n&lz- 284/n&lz- 344 ion ratio (Wilkins 
et al., 1994) and retention time data for the ace1yl1ted sapogenins and for 
authentic specimens of 1mil1genin and sarsasapogenin acetates. The tolal levels 
of conjugated (glycosylated) sapogenins found in leaf 111.q>les, with the exception 
of the basal region of the mature plants from si1e 3, (2040-4618 ms kg' DM) are 
coq,arable IO those presenl in summer collections of Norwegian N. onifrag,,m 
(Fluyen et al., Chapter 11 Ibis volume). 

Since plant malerial was collected from only two sitcs on I single Scottish 
fann, caution must therefore be exercised when co~ng the characteristics of 
Norwegian and Sconisb collections of N. ossifrag,,lfl. The c. 4~5% contnbution 
of smilagenin to IOlal sapogenins determined for the Scottish collections of N. 
ossifrag,,m (Table 82.1) can be compared to the c. 10-15% contribution of 
smilagenin 10 lolal sapogenins in Norwegian collections. Miles et al. (1991) have 
sugsested that following the ovine mct1bolism of sapogenins IO episapogenins, 
epismilagenin (2SR-epimcr) may be more lithosenic (crystal-forming) lhan 
episarsasapogenin (25S-epimer) (Fig. 82.1). 
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Table 12.1. Percentage dry matter (OM) and free and conjugated sapogenin 
levels (mg kg·• OM) determined for N. ossifragum plant samples. 

% 
Site/iamele Extract OM Smil!9enin Sarsasa~nin 
Site 11 

Leaf (0-15 cm) Free 34.3 tr tr 
Conjugated 1.047 993 

Flower heads Free 75.4 3 55 
Conjugated 8.139 10.245 

Stems Free 52.7 tr tr 
Conjugated 26 28 

Roots Free 54.1 145 687 
Conjugated 44 167 

Site 21 

Leaf (0-15 cm) Free 44.6 tr tr 

Site3b 
Conjugated 2,788 1,830 

Leaf (0-10.cm) Free 30.4 Ir Ir 
Conjugated 75 36 

Leaf (10-20 cm) Free 30.8 tr tr 
Conjugated 2,119 1,454 

Leaf (20-30 cm) Free 40.2 tr tr 
Conjugated 1,870 1,408 

Leaf (bulk) Free 32.3 6 12 
Conjugated 1,262 1,029 

Stems Free 36.0 12 20 
Conjugated 23 24 

Flower heads and Free 57.5 24 32 
stems Conjugated 42 30 
Roots Free 62.0 341 841 

Conj!!ialed 14 54 

• Young plants; b mature .plants; • total sapogenins; tr = trace. 

A2 

smilagenin. R1 • OH. R2 • R3" H, R4 = Me 
epismiagenin, R 1 s R3 • H, R2 • OH, R4 = Me 
sarsasapogenin, R1 • OH, R2 = R4 = H. R3 • Me 
episarsasapogenin, R1 = R4 = H, R2 = OH, R3 = Me 

Total" 

tr 
2.040 

58 
18,384 

0 
54 

832 
211 

tr 
4,618 

tr 
111 
tr 

3,573 
tr 

3,278 
18 

2,291 
32 
47 
56 
72 

1,182 
68 

Fig. 82.1. Chemical structures of smilagenin, epismilagenin, sarsasapogenin and 
episarsasapogenin. 

Sttroidal Sopogrnilu and Soponins in Nanhecium ossifngum S5 I 

Intriguing aspects of the results were the detection of a substantial level of 
conjugated sapogenins (saponins) in the flower heads of young plants from site I 
(c. 18 g kg'1 DM) and the presence of significant levels of free sapogenins in the 
roots of plants from sites I and 3 (832 and 1184 mg kg'1 DM respectively). It is 
tempting to speculate that sapogenins are initially synthesized in the roots, and 
following glycosylation, they are transported to leaf tips and flower heads, where 
they may possibly act as antifungal agents (Flilllyen el al., Chapter 11 this 
volume). More detailed studies are however required to validate these hypocheses. 

Conclusions 

The presence in Scottish N. msi.fragum samples, from a pasture on which sheep 
were photosensitized, of elevated levels of conjugated steroidal sapogenins has 
been established. The percentage contribution of smilagenin (a 2SR-genin) to the 
Scottish samples was typically two to four times greater than was the case for 
Norwegian collections of N. msifragum. 
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Appendix IX. Genin structures discussed in Chapters 2, 3, 4 and 5. 

Sarsasapogenone 

(Sar-CO) 

Smilagenone 

(Smil-CO) 

Sarsasapogenin 

(Sar) 

Smilagenin 

(Smil) 

Episarsasapogenin 

(Episar) 

Epismilagenin 

(Epismil) 

Betulin 

3a 
I 

OH 

3a 
I 

OH 

HO 

25S 

--

25S 

255 

,,0 
·' 

3~ 
28 
CH20H 

21 

I 
27 
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Appendix X. Synthesized saponin structures discussed in Chapters 5 and 6. 

ROH2~ 313 

OR 

RO 
OR 

R = OAc Sarsasapogenin P-o-glucoside tetraacetate 

R = H Sarsasapogenin P-o-glucoside 

ROH~2, 00 
OR 

RO 
OR 

R = OAc Episarsasapogenin P-D-glucoside tetraacetate 

R = H Episarsasapogenin P-D-glucoside 

ROH~2 
0 3P ,' 

OR 

RO 
OR 

R = OAc Betulin 3-(P-o-glucoside tetraacetate) 

R = H Betulin 3-(P-D-glucoside) 

R = OAc Betulin 28-(J3-D-glucoside tetraacetate) 

R = H Betulin 28-(P-D-glucoside) 

ROH~ RO O 3P 

OR 

OR 

R = OAc Sarsasapogenin p-o-galactoside tetraacetate 

R = H Sarsasapogenin P-o-galactoside 

ROH2~, RO 00 
OR 

OR 

R = OAc Episarsasapogenin P-D-galactoside tetraacetate 

R = H Episarsasapogenin P-D-galactoside 

RO~loJ 
RR 

OR OR 

R = OAc Betulin 3,28-(P-o-diglucoside tetraacetate) 

R = H Betulin 3,28-(P-D-diglucoside) 

R = OAc Allobetulin P-D-glucoside tetraacetate 

R = H Allobetulin P-o-glucoside 
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