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Identification of Metabolites of Phytosterols in Rat Feces

Using GC/MS
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B-Sitosterol, campesterol and stigmasterol have been known to the phytosterols the most
frequently found in plants. Metabolism of phytosterols was investigated using rat feces and
liver microsomes. Feces were collected after phytosterols (a well characterized mixture of
B-sitosterol 40%, campesterol 30% and dihydrobrasicasterol) were administered orally (0.5
g/kg) to rats. Metabolites of phytosterols were identified using GC/MS. Three peaks were
eluted at 12.47, 12.65, 12.87 min and had characteristic molecular ions m/z 428, 430, 432,
respectively. Three fecal metabolites were identified as androstadienedione, androstenedione,
and androstanedione. No metabolites could be detected in the rat liver microsomal reaction
mixture. The results suggest that the metabolites of phytosterols in rat feces are formed by oxi-
dation at 3- position, saturation at 5- and 6- position, and 17- side chain cleavage in the rat

large intestine.
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INTRODUCTION

Plant-derived sterols have a cycopenteno-phenanthrene
ring with a 3-beta hydroxy substitution and a 5-6 double
bond. The most frequently found phytosterols include B-
sitosterol, campesterol and stigmasterol (Ling et al., 1995).
Phytosterols are structurally related to cholesterol, but
differ only in a side-chain substitution of an ethyl group
(sitosterol), methyl group (campesterol) at position 24 or
an additional double bond at position 22 (stigmasterol)
next to an ethyl group at position 24 from cholesterol
(Fig. 1). The main sources of phytosterols in the diet are
cooking oils and margarines. Total adult intake has been
estimated to be about 250 mg/day for non-vegetarians
and about 500 mg/day for vegetarians (Ling et al., 1995).
It has been known that phytosterols reduce blood chole-
sterol levels (Mattson et al., 1982; Westrate et al., 1998)
and have effects on the reproductive system. In particular,
they have been shown to possess estrogenic activity (El
Samannoudy et al, 1980; Elghamry et al., 1969; Malini et
al., 1991). However, Baker et al. (1999) showed that phyto-
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Fig. 1. Chemical structures of phytosterols, cholesterol, cholic
acid, androstadienedione, androstenedione, and androstane-
dione



600

sterols did not either bind to the estrogen receptor (ER)
or stimulate transcriptional activity of the human ER in a
recombinant yeast strain. In addition, uterotrophic assay
showed no indication of estrogenicity when the mixture
was administered by oral gavage to immature female rats.
Cleavage of the carbonaceous 17-side chain of steroids is
well known to be a frequent microbial steroid transforma-
tion, which has been demonstrated in many aerobic
species of fungi and bacteria. A few anaerobic transforma-
tions of this kind have also been known (Funken et al.,
1972). Naturally occurring steroids and their derivatives
because of the specific hormonal and clinical values, are
of commercial significance (Djerassi et al., 1976; Kieslich
et al., 1986). However, few studies have been reported
about the fecal metabolism in animal intestine filled with
microflora. The introduction of spreads enriched in veget-
able oil sterols in the food supply increase the exposure
of the intestinal tract to phytosterols in consumers of such
spreads. The large majority of phytosterols fed are not
absorbed in the small intestine. Consequently, they are
concentrated in the large intestine before being excreted
in the feces. In addition, B-sitosterol was shown to be
converted into polar compounds in the bile acid fraction
of rats (Skrede et al., 1985). The aim of this work was to
study in vivo metabolism of phytosterols (a well characterized
mixture of B-sitosterol 40%, campesterol 30% and dihydro-
brasicasterol) in rat feces and in vitro metabolism B-sito-
sterol in rat liver microsomes by identifying metabolites of
phytosterols using GC/MS.

MATERIALS AND METHODS

Chemicals

Phytosterols (a well characterized mixture of B-sito-
sterol 40%, campesterol 30% and dihydrobrasicasterol),
B-sitosterol, campesterol, stigmasterol, cholesterol, cholic
acid, androstadienedione, androstenedione, and N-methyl-
N-trimethylsilyl trifluoroacetamide (MSTFA) were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). Their stock
solutions in methanol or in ethanol were stored at 4°C.
All other chemicals were of analytical grade.

Animals

Male Sprague-Dawley rats (220-280 g) were purchased
from Dae Han Laboratory Animal Research Center Co.,
Ltd. (Eumsung, Korea). Tap water and food (Samyang Co.,
Korea) were provided ad libitum during the accommoda-
tion period for a week. The animals were kept in Nalgene
metabolism cages.

Treatment

Phytosterols were given orally (0.5 g/kg) to the rats. Phyto-
sterols 0.25 g was suspended in 1 ml of polyethylene
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glycol 200 and 50% ethanol. Major phytosterols in the
test phytosterols were B-sitosterol (40%), campesterol (30
%). Feces were collected for 48 hr after oral administra-
tion of phytosterols.

Sample preparation

Fresh fecal samples were collected into sterile bags held
within a rigid plastic container. Each sample was homo-
genized with 9 volume of anaerobic dilution solution
(Byrant et al., 1953) and stored at -20°C in polypropylene
50 ml centrifuge tubes until analysis. Aliquots (0.5 ml) of
10% (w/w) fecal solution were hydrolyzed with 1 ml of 2
M KOH at 80°C for 30 min. Immediately after hydrolysis,
the supernatant was obtained by refrigerated centrifuga-
tion at 2500 rpm for 5 min and then 1 ml of distilled
water was added. Neutral sterols were extracted with 5
ml of n-hexane. The hexane extract was evaporated to
dryness. After acidification of water phase to pH 1.0 with
hydrochloric acid, the solution was extracted with 5 ml of
ethyl acetate. The ethyl acetate extracts were transferred
to the hexane extract-evaporated tubes, and combined
extracts were evaporated to dryness. Derivatization to
trimethylsilyl (TMS) ethers was performed by addition of
50 ul of MSTFA with 5% NH,l and incubation at 60°C for
30 min.

In vitro metabolism using rat microsomes

Rat liver microsomes were prepared according to the
previously reported method (Guengerich et al., 1986). A
microsomal pellet was resuspended in 0.1 M phosphate
buffer (pH 7.4) containing 20% glycerol and 1 mM EDTA,
and stored at -80°C until used. Protein concentration was
determined by the method of Lowry et al. (1951) method.
B-Sitosterol was dissolved in ethanol. The solvent of B-
sitosterol in ethanol was evaporated under stream of
nitrogen gas, and 0.2 mg of microsomal protein in 0.2 ml
of 0.1 M potassium phosphate buffer (pH 7.4) was added.
After preincubation at 37°C for 5 min, the reaction was
initiated by the addition of the NADPH-generating system
(10 mM glucose-6-phosphate, 0.67 mM NADP* and 1 unit
of glucose-6-phosphate dehydrogenase). The final concen-
tration of B-sitosterol in reaction mixture was 1 pug/ml. The
reaction was stopped by the addition of 1 ml of 2 M KOH.
Following hydrolysis, reaction mixture was processed as
described below for analysis of the meta-bolites using
GC/MS.

Instrumental conditions

Gas chromatography/mass spectrometry (GC/EIMS, 5890
A/5970B Model, Hewlett- Packard, CA, USA) was used.
Separation of the standard mixture (androstadienedione,
androstenedione, cholesterol, campesterol, stigmasterol,
cholic acid, and B-sitosterol) was performed using a methyl
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silicone capillary column (ultra 1, length 25 m, inner dia-
meter 0.2 mm, film thickness 0.3 mm). The carrier gas
was helium and the flow rate was adjusted to 0.78 ml/min.
Injector temperature was 280°C, and detector tempe-
rature 300°C. Starting oven temperature was 200°C,
which was increased by 10°C/min to 270°C and then by
5°C/min to a final temperature of 300°C. The injection
mode was splitless. The mass selective detector was operated
in the electron impact-selected ion-monitoring (EI-SIM)
mode with the ionizing voltage set at 70 eV. Standard
androstadienedione, androstenedione, cholesterol, campe-
sterol, stigmasterol, cholic acid, and B-sitosterol were pro-
visionally identified by their retention times. Their identities
were confirmed using GC/MS. Although standard andro-
stanedione was not used in TIC, peak at 12.87 min was
identified as androstanedione by retention time and
fragmentation patterns. Androstadienedione, androstene-
dione, androstanedione, cholesterol, campesterol, cholic
acid, and B-sitosterol from rat feces were identified by
their fragmentation pattern while scanning the mass range
m/z 50-700 and retention times.

RESULTS

Metabolites of phytosterols in rat feces

After phytosterols were administered orally (0.5 g/kg) to
rats, feces were collected for 48 h to identify metabolites
using GC/MS. Total ion chromatogram (TIC) of standard
androstadienedione, androstenedione, androstanedione,
cholesterol, cholic acid, and phytosterols including j3-
sitosterol is shown in Fig. 2A. B-Sitosterol and cholesterol
were separated at 24.56, 19.62 min, respectively. Andro-
stadienedione, androstenedione, and androstanedione were
detected at 12.47, 12.65, and 12.87 min, respectively. The
chromatogram for rat blank feces is shown in Fig. 2B. The
total ion chromatogram obtained from rat feces after oral
administration of phytosterols is shown in Fig. 2C. In the
TIC, several peaks derived from phytosterols were observed.
Characteristic mass ions of B-sitosterol include molecular
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ion of m/z 486 (M*), base peak m/z 396 (M*-OTMS),
and significant ion m/z 471 (M*-15) for determination of
B-sitosterol in feces (Table 1). Androstadienedione, andro-
stenedione, and androstanedione had characteristic mole-
cular ions m/z 428, 430, 432, respectively (Table 1). Un-
changed form of B-sitosterol had the retention time of
24.56 min and its scan mass spectrum is shown in Fig.
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Fig. 2. Total ion chromatograms of GC/MS of standard phyto-
sterols, cholesterol, cholic acid, androstadienedione, andro-
stenedione, and androstanedione (A), and rat blank feces
(B), and feces after oral administration of phytosterols (C) (a well
characterized mixture of B-sitosterol 40%, campesterol 30%
and dihydrobrasicasterol, 0.5 g/kg) to rats.

Table 1. Retention times and fragmentation patterns of TMS-derivatized phytosterols, cholesterol, cholic acid, androstadienedione,

androstenedione, and androstanedione

Compound Retention time (min) M M-15 M-90 M-105
B-Sitosterol 24.56 486 471 396 381
Campesterol 22.09 472 457 382 367
Stigmasterol 22.87 484 469 394 379
Cholesterol 19.62 458 - 368 353
Cholic acid 23.68 - 682 - 592
Androstadienedione 12.47 428 413 338 323
Androstenedione 12.65 430 415 340 325
Androstanedione 12.87 432 417 342 327

M = molecular ion, M-15 = molecular ion-15 m/z etc.
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Fig. 3. Scan mass spectra of TMS-metabolites of afdrostadienedione (A), androstenedione (B), androstanedione (C), and TMS-B-
sitosterol (D) in rat feces after oral administration of phytosterols (a well characterized mixture of B-sitosterol 40%, campesterol 30%

and dihydrobrasicasterol, 0.5 g/kg) to rat.
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Fig. 4. Total ion chromatograms of extracts after incubation

of B-sitosterol (1 mg/kg) with rat liver microsomes without (A),
with (B) the NADPH-generating system.

3D. Three peaks at 12.47, 12.65, and 12.87 min were
identified to be metabolites of phytosterols (Fig. 2C, Table
1). The first peaks having retention time of 12.47 min
had molecular ion m/z 428 (M*) and significant ion m/z
413 (M*-15). Based on the scan mass spectrum and reten-

tion time data of standard androstadienedione, it was iden-
tified to be androstadienedione (Fig. 3A). The second
peak having retention time of 12.65 min was identified
to be androstenedione (Fig. 3B). The third peak having
retention time of 12.87 min from feces was identified to
be androstanedione based on its scan mass spectrum and
retention time although standard androstanedione was
not available (Fig. 3C). Three metabolites including andro-
stanedione as a major metabolite, androstadienedione,
and androstenedione were found to be produced from
phytosterols in rat feces.

In vitro metabolism using rat liver microsomes

In order to identify the in vitro metabolites produced
by rat liver microsomes, B-sitosterol (1 pg/ml) was incubated
with rat liver microsomal protein in the NADPH-generat-
ing system. After incubation, the reaction mixtures were
extracted and TIC is shown in Fig. 4B. Compared with
TIC obtained in the absence of the NADPH-generating
system (Fig. 4A), there was no difference between them,
indicating that b-sitosterol was not metabolized by the rat
liver microsomal system.

DISCUSSION

Although cleavage of the carbonaceous 17-side chain
of phytosterols is well known to be a frequent microbial
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steroid transformation, metabolism by intestinal bacteria
in the rat gut has not been reported. The present study
identified three metabolites including androstadiene-
dione, androstenedione, and androstanedione in rat feces
after oral administration of phytosterols to rats. Roy et al.
(1991) reported transformation of B-sitosterol to andro-
stadienedione by the side-chain cleavage activity of immo-
bilized Mycobacterium species NRRL-B 3683. Oxidation-
reduction reaction at the 3-hydroxyl group and hydro-
genation of the A®> double bond of cholesterol and other
A’ sterols have been known {Eyssen et al., 1988). Weststrate
et al. (1999) also suggested that the major sterol meta-
bolites excreted formed by, predominantly, oxidation at
the 3- posutlona and metabohtes saturated at the 5-and 6-
position in a Bconflguratlon So, metabolites of phyto-
sterols from human feces include hydrogenated phyto-
sterols or stanols and 3-ketosterols. In addition, 4-cholestene-
3-one, putative mutagenic substance, excretion was increased
slightly in the human consuming the sterol-enriched marg-
arines (Bartram et al., 1996). Androstadienedione, andro-
stenedione, and androstanedione detected in rat feces
are suggested to be formed by 17-side chain cleavage,
saturation at 5- and 6- position and oxidation at 3-
position of phytosterols by intestinal bacteria in rats. In
general, phytosterols and their metabolites have negligible
absorption rates, thus not contributing to the body burden
of these compounds. 7-Hydroxylation and 5,6-epoxide
of B-sitosterol in rat liver microsomes were much less
than those of cholesterol (Aringer et al., 1973, 1974). Westrate
et al. (1999) reported no evidence for the formation of
so-called Oxysterols, sterol oxide, from phytosterol in the
gut. The present in vitro metabolism study of B-sitosterol
using rat fiver microsomes did not show any hepatic
conversion of B-sitosterol, indicating resistance to hepatlc
metabolism. Identification of the metabolites formed is
difficult due to the presence of d great excess of metabolites
from cholesterol and phytosterols in foodstuffs. Therefore, it
is suggested that using radiolabeled phytosterols in meta-
bolism and pharmacokinetic study of phytosterols is recom-
mended for better results. In conclusion, orally admini-
stered phytosterols were transformed to one major meta-
bolite, androstanedione, and two minor metabolites, andro-
stadienedione and androstenedione by oxidation at 3-
position, saturation at 5- and 6-position, and 17-side
chain cleavage in the rat intestine.
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