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Abstract

For studying biotransformation of saikosaponins by human intestinal bacteria, thin - layer
chromatography -densitometric analysis was performed on the metabolites obtained by anaerobic
incubation of saikosaponins with a human fecal suspension. It revealed that saikosaponins a, b,, b, and
d were converted to the corresponding prosaikogenins and saikogenins in order. In the case of sai-
kosaponin ¢, saikogenin E was obtained as a sole product: Of 31 defined human intestinal bacterial
strains, only Eubacterium sp. A-44 could metabolize saikosaponins a, and b, to the corresponding
prosaikogenins and saikogenins. Saikosaponins d and b, were hydrolyzed to the respective prosai-
kogenins, but no saikosaponin ¢ by this strain.

After screening bacterial colonies from fresh human feces for metabolizing activity of sai-
kosaponins, two of 60 isolates showed appreciable ability of hydrolyzing saikosaponins a, b, b, and d,
except for ¢, to the corresponding prosaikogenins. However, both strains did not further hydrolyze the
prosaikogenins to saikogenins. They were identified as Bifidobacterium spp., named Bifidobacterium sp.
Saiko-1 and Saiko-2, close species to Bifidobacterium breve ss breve and Bifidobacterium adolescentis,

respectively.
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Introduction

In traditional Chinese medicine, the radix of
Bupleurum falcatum L. has been used as antipyretic,
detoxicating, analgesic and anti-inflammatory agents
for treatment of feeling of fullness and oppression in
the chest and hvpochondria, alternating episodes of
chills and fever, jaundice, chest and abdominal pain
and pain in the side including menstrual pain. Sai-
kosaponins, the main constituents in this radix, have
been extensively investigated for their pharmacolo-
gical actions, such as anti—inflammatory,l) anti-hyper-
cholesteremic > and hepatoprotective actions.” As

Bifidobacterium sp. Saiko, intestinal bacteria, metabolism, saikosaponin.

regards the metabolism of saikosaponins, Shimizu ef
al. and Fujiwara et al. reported that saikosaponins a,
bi, b., ¢, and d were metabolized by mouse intestinal
bacteria in vz'tro,“ and that saikosaponin a and its
metabolites were detected in the blood stream’ and
excreted in feces® after oral administration to rats.
However, there has been no report on the metabolism
of saikosaponins by human intestinal bacteria and the
isolation and identification of bacterial species capa-
ble of metabolizing saikosaponins.

In this paper, we examined the i vitro transfor-
mation of saikosaponins by a bacterial mixture from
fresh human feces and the characterization of bacte-
rial strains capable of hydrolyzing saikosaponins.
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Materials and Methods

Apparatus . Saikosaponins and their metabolites
on TLC plates were determined using a dual wave-
length chromatoscanner CS-9300 (Shimadzu Co.,
Kyoto, Japan). For anaerobic cultivation, an anaero-
bic incubator EAN-140 (Tabai Co. Osaka, Japan) was
used. A gas chromatograph GC-8A (Shimadzu) was
used for determination of fatty acids under the follow-
ing conditions : column, packed chromosorb (Reopor-
ex 400, 10 9%, Shimadzu) ; detector, FID ; carrier gas,
N, ; temperature, 140°C.

Chemicals and media : Saikosaponins a, by, b,, ¢,
and d were isolated from dried roots of Bupleurum
Jalcatum L. (Alps Pharmaceutical Ind. Co., Gifu,
Japan ) as reported by Shimaoka ef al” Saiko-
saponins a, d, b, and b, were treated to obtain their
corresponding prosaikogenins and saikogenins with
naringinase from Penicillium decumbens (Sigma
Chemical Co., St. Louis, USA). Saikogenin E was
obtained by alcoholic alkali metal degradation of
saikosaponin ¢ as reported by Nose ef al” Tsolated
compounds were identified by comparing their *C-
NMR spectra with those reported.” General anaer-
obic medium (GAM) and BL agar broth were pur-
chased from Nissui Seiyaku Co.(Tokyo). Peptone
yeast extract Fildes solution (PYF) broth for fermen-
tation tests consisted of 10 g tripticase (BBL, Cock-
eysville, USA), 5g yeast extract (Difco, Michigan,
USA), 40 ml of Fildes solution (peptic digest of sheep
blood), 40 ml of salts solution (8 mg CaCl,, 8§ mg
MgSO,, 40 mg KH,PO,, 40 mg K,HPO,, 400 mg
NaHCO; and 80 mg NaCl) and 0.5 g L-cysteine-HCI -
H,0 in liter.

Chromatography : Silica gel plates 60 F,;, (Merck,
Darmstadt, Germany) were used for TLC using sol-
vent system A (CHCl,-MeOH-H.O, 30 : 10 : 1), For
determination of saikosaponins a, ¢ and d and their
metabolites, spots were detected after spraying with
phosphomolybdic acid reagent (phosphomolybdic acid
1g, AcOH 20 ml and H,SO, 5 ml) followed by heating
and analyzed by chromatoscanner at a wavelength of
600 nm (sample) relative to a reference wavelength of
700 nm. On the other hand, saikosaponins b;, b, and
their metabolites were determined at a wavelength of

262 nm. The calibration lines for saikosaponins and
their metabolites were linear in a range of 0.2-10 nmol/
spot.

Preparation of a bacterial suspension of human
feces : Fresh feces obtained from a healthy young man
(age : 25, male) were suspended in five volumes of
phosphate buffer (pH 7.2). The fecal suspension thus
obtained was used in the following experiments.

Bacterial strains : Bifidobacterium sp. strain SEN,())
Clostridium innocuum E524706,10>Eubacterium sp. A-
44,”)Eubacterium sp. strain BAR'”and Ruminococcus
sp. PO1-3""
previously. Other defined strains of human intestinal
bacteria were provided by Dr. T. Mitsuoka, The

had been isolated from human feces

University of Tokyo.

Time course of the melabolism of saikosaponins
by an intestinal bacterial suspension : GAM broth (9
ml) containing saikosaponina (1), b; (3), b, (4), c (5)
or d (2) (a final concentration, 1 mM) was incubated
with an intestinal bacterial suspension (1 ml) in an
anaerobic incubator at 37°C. A 100 gl portion was
taken out at intervals (4, 10, 24 and 48 hours) and
extracted with BuOH (100 x1). Five microliters of the
BuOH layer were applied to a TLC plate, which was
developed with solvent system A. Saikosaponins and
their metabolites were determined as described above.

Screening of defined bacterial strains for their
ability to metabolize saikosaponins : Each precultured
bacterium (10 x1) was added to GAM broth (10 ml)
and cultured in an anaerobic incubator at 37°C for 24
hours. Individual cultures were centrifuged at 1500 X g
for 15 min. The pellets were washed with 0.9 % NaCl
solution (10 ml), and suspended in 1.5 ml of phosphate
buffer (pH 7.2). Individual saikosaponins were sepa-
rately added to 100 ul of each bacterial suspension to
give 1 mM of the compound, and incubated in the
anaerobic incubator at 37°C for 24 hours. The reaction
mixture was extracted with BuOH (100 1) and prod-
ucts were analyzed by TLC-densitometry as des-
cribed above.

Isolation of bacteria capable of wmetabolizing sai-
kosaponins from human feces : A 10 ul portion of 250-
fold diluted intestinal bacterial suspension was seeded
on GAM agar plates and cultured in an anaerobic
incubator at 37°C for 24 hours. Colonies were picked
up and re-cultured in GAM broth as mentioned above.



36 Journal of Traditional Medicines (Vol.14 No!l1 1997)

After centrifugation, the isolated bacteria were
screened for their ability to metabolize saikosaponins
as described above.

B-D-Glucosidase activity . f-Glucosidase activity
was determined using p-nitrophenyl g8-D -glucoside
(pNPG) as a substrate as described."”

Fructose 6 - phosphate phosphoketolase activity -
Fructose 6-phosphate phosphoketolase activity was
determined as described by Schraman ef al”

Fermentation test : Sugar fermentation test was
carried out according to the method of Sneath ef al™
Fatty acids obtained in PYF broth containing D -glu-
cose were determined using gas chromatography.

Results

Time course of the metabolism of saikosaponins by
human feces

Saikosaponins a (1), b, (3), b, (4) and d (2) were
converted to the corresponding prosaikogenins F (6),
A (8),D (9) and G (7) and saikogenins F (10), A (12),
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D (13) and G (11) in order by incubation with a
human fecal suspension (Fig. 1). Saikosaponins a (1),
b, (3) and b, (4) were completely hydrolyzed after 24
hours, but complete hydrolysis of saikosaponin d (2)
was achieved after 48 hours. In the case of sai-
kosaponin ¢ (5), only saikogenin E (14) was detected
without formation of intermediate prosaikogenins.
Screening of defined bactevial strains for their ability
to metabolize satkosaponins

Defined bacterial strains isolated from human
feces were screened for their ability to metabolize
saikosaponins (TableI). Of 31 strains tested, only
FEubactevium sp. A-44 could metabolize saikosaponins
a (1), b, (3), b, (4) and d (2) to the corresponding
prosaikogenins, and the produced prosaikogenins F
(6) and A (8) were further transformed to the corre-
sponding saikogenins. However, saikosaponin ¢ (5)
was not metabolized by this strain.
Isolation of human intestinal bacteria capable of
metabolizing saikosaponins

Of 60 colonies obtained on agar plates, two col-
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Fig.] Time course of metabolism of saikosaponins a (1), b, (3), b, (4), ¢ (5) and d (2) by a human

fecal suspension.

Symbols : 1, saikosaponin a ; 2, saikosaponin d ; 3, saikosaponin b, ; 4, saikosaponin b, ; 5,
saikosaponin ¢ ; 6, prosaikogenin F ; 7, prosaikogenin G ; 8, prosaikogenin A ; 9, prosaikogenin
D : 10, saikogenin F ; 11, saikogenin G ; 12, saikogenin A ; 13, saikogenin D ; 14, saikogenin E
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Table I Saikosaponin-metabolizing activity of human intestinal bacterial strains
Substrate Saikosaponin a  Saikosaponin d = Saikosaponin b,  Satkosaponin b,  Saikosaponin c
Intestinal bacteria Products (%) 1 6 10 2 7 11 3 8 12 4 9 13 5 14
Bacteroides fragilis ss thetaotus 91.6 — - 89.9 -— - 90.6 — - 84.0 — — 86.8
B. fragilis ss vulgalus 94.4 — - 88.2 — - 82.3 - - 90.5 — - 88.6
Bifidobacterium adolescentis 93.7 — - 91.9 - - 86.5 — - 90.0 — - 83.1
B. angulatum 92.7 — - 82.7 — — 84.7 — — 84.0 — - 82.3
B. bifidum a E 319 98.0 — - 94.3 — - 83.0 - - 8.2 - - 91.6
B. breve S-2 kz 1287 91.6 — — 93.9 - - 8.0 — - 8.7 — — 84.8
B. longum 1V-55 97.3 - - 91.1 — - 93.0 - - 84.0 — -~ 93.1
B. pseudolongum PNC-2-9-G 94.7 — — 93.4 -~ - 8.0 — - 91.8 - — 91.7
B. sp. SEN 90.7 — - 87.9 — - 83.0 - - 88.3 - - 90.6
Clostridium bulyricum 88.6 — - 89.1 - - 84.2 — - 94.0 - - 90.0
C. innocuum ES 24-06 89.3 — - 91.6 - 80.6 — - 86.2 — - 90.7
C. innocrrm KZ-633 94.2 - - 91.3 — - 83.0 — — 85.7 — - 82.2
C. perfringens TO-23 89.7 — - 89.1 - - 89.7 - - 89.4 — - 83.5
Escherichia coli O 127 94.2 - - 93.8 — - 95.5 — - 93.5 — - 91.2
Eubacterium. aerofaciens 90.3 — - 87.6 — - 94.5 — - 90.5 -— - 89.0 —
E. sp. A-44 38.6 37.8 22.9  70.0 24.5 -— 15.6 53.6 23.4 65.2 35.1 -— 89.4 -
E. sp. BAR 9.1 - - 87.6 — — 8.5 — — 8.9 — - 89.3
Fusobacterium nucleatum 88.9 — - 86.6 — - 89.0 - 86.4 — - 91.1 -
Gaffkya anacrobia G-0608 91.2 — - 89.4 - - 82.3 — - 84.7 - - 82.5
Klebsiella pnewmoniae ATCC 13883 97.3 — - 93.1 - - 84.2 - - 87.5 — - 82.8 —~
Lactobacillus acidophilus ATCC 4356 96.1 - - 94.1 — - 88.7 — - 84.6 — - 89.8
L. brevis 11 46 39.3 — - 93.1 — - 8.1 - — 89.4 — - 83.6 —
L. fermentum ATCC 9338 89.3 — - 91.4 — - 90.7 — - 84.7 — — 82.3
L. plantarum ATCC 14927 91.3 — — 89.4 — — 92.0 — - 85.8 — — 83.8
L. lactis ss lactis 97.3 — — a1 - - 8.3 — — 8.9 — - 91.1
Peptostreplococcus inlevmedinus EBFT7/25 86.8 — B 90.4 — - 87.5 - - 84.4 — - 89.9
P. anaerobius (0240 97.9 — - 90.3 - - 86.1 — - 87.1 — - 91.9
Proteus mirabilis S2 94.1 — - 91.4 — - 89.0 - - 88.2 — - 83.5
Enterococcus faecalis 11-136 93.2 - - 89.4 — - 83.8 — - 88.6 — - 89.3
Ruminococcus sp. PO1-3 93.8 — - 88.4 — - 86.7 — - 85.0 -~ - 82.9 -—
Veillonella parvida ss pavvule ATCC 10790 93.1 — - 90.6 — - 84.7 — ~ 85.6 - - 83.1
Strain X 42.0 65.6 — 65.6 30.8 — 45.4 45.2 — 30.6 60.9 — 87.8
Strain Z 24.7 711 — 45.3 48.9 - 39.4 58.9 — 19.3 67.1 — 82.2

Product (%) represents a relative concentration of recovered substrate and its metabolite. Symbols : 1, saikosaponin a ; 2,
saikosaponin d ; 3, saikosaponin b, ; 4, saikosaponin b, ; 5, saikosaponin ¢ ; 6, prosaikogenin F ; 7, prosaikogenin G ; 8,
prosaikogenin A ; 9, prosaikogenin D ; 10, saikogenin F ; 11, saikogenin G ; 12, saikogenin A ; 13, saikogenin D ; 14,

saikogenin E ; —, not detected.

onies (strains X and Z) showed ability to hydrolyze
saikosaponin a (1). These bacteria also hydrolyzed
saikosaponins b; (3), b, (4) and d (2) to the corre-
sponding prosaikogenins (Table I). However, neither
strain X nor Z could hydrolyze the produced prosai-
kogenins and saikosaponin ¢ (5).
Characterization of the isolated strains

The biochemical characteristics of the isolated
strains (X and Z) are as shown in Table II. Both were
gram-positive bud-forming rods (Table II) and strict
anaerobes, forming brown colonies when cultured on

BL agar plates. Acetic acid and lactic acid were

produced when D - glucose was fermented by both
bacterial strains. In addition, both strains had fructose
6-phosphate phosphoketolase activity. These findings
led us to confirm that both strains belong to the genus
Bifidobacterium. Accordingly, we named them
Bifidobactervium sp. Saiko-1 and Saiko-2, respective-
ly. In the former strain, the ability of sugar fermenta-
tion was quite similar to that of Bifidobacterium breve
ss breve except for the cases of D-xylose, D~mannose
and amygdalin (Table III). On the other hand, a
pattern of sugar fermentation by the latter strain was
close to that shown by B. adolescentis except for L -
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Table II Characteristics of bacterial strains (X and Z)

Strain X
1) Gram stain +
2) BL agar broth Brown colony

3
4

Aerobic growth —

=z = = =

Major fatty acids Lactic acid
Acetic acid

5) Fructose-6-phosphate

phosphoketolase +
6) B-glucosidase +
Genus Bifidobacterium

Strain Z

Brown colony Milky-white colony

Lactic acid Lactic acid

Acetic acid Acetic acid

+ JE—
+ +
Bifidobacterium Eubacterium

Symbols : +, positive ; —, negative.

Table III Comparative biochemical characteristics of the bacterial strains

B. sp. Satko-1  B. breve ss breve*  B. sp. Saiko-2 B. adolescentis*

Sugar (Strain X) (Strain Z)

D-Arabinose — -— ++ ++
D-Xylose + -— ++ ++
L-Rhamnose — — + —
D-Ribose ++ ++ ++ ++
D-Glucose ++ ++ ++ ++
p-Mannose — ++ + d
n-Fructose ++ ++ ++ ++
Maltose ++ ++ ++ ++
Cellobiose ++ ++ ++ ++
Lactose ++ ++ ++ ++
Trehalose — -— ++ d
Melibiose ++ ++ ++ ++
Raffinose ++ ++ ++ ++
Melezitose — — ++ ++
Starch ++ d ++ ++
Inulin ++ d - d
p-Mannitol ++ +4 ++ d
D-Sorbitol ++ ++ ++ d
Inositol — — — —
Esculin ++ ++ ++ ++
Salicin ++ ++ ++ ++
Amygdalin — ++ — ++
Symbols : —, >pH 6.0 ; +, pH55~6.0 ; ++, <pH 5.5 ; d, 11~89 % positive. *Mitsuoka, T.

(see reference 16)

rhamnose and amygdalin. Both strains showed appre-
ciable g-D-glucosidase activity when assayed with p-
nitrophenyl #-D-glucoside as a substrate.

Discussion

In the course of our studies on the metabolism of
crude drug components by intestinal bacteria from
human feces, we tried to isolate human intestinal
bacteria capable of metabolizing saikosaponins. All
saikosaponins examined were effectively and com-
pletely metabolized to the corresponding prosai-
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Fig. 2 Metabolic pathway of saikosaponins by human intestinal bacteria (HIB)

kogenins and saikogenins by a fecal suspension of
humans (Fig.2). The bacterial mixture from human
feces metabolized saikosaponins to the corresponding
saikogenins, similar to the case of metabolism of
saikosaponins a and d by animal intestinal flora as
reported by Shimizu et al’” However, the transforma-
tion of saikosaponins by a mixture of bacteria from
human feces was much faster than by that from rat
feces under the same conditions (data not shown).
Next, we screened various defined bacteria iso-
lated from human feces for their metabolizing activ-
ities of saikosaponins, but only Eubacterium sp. A-44
could metabolize saikosaponins a (1), b, (3), b, (4), d
(2). Although most of the defined strains used in this
experiment had g8 -D - glucosidase activity which
hydrolyzes various glucosides, such as p-nitrophenyl
B - D - glucoside, paeoniflorin,m sweroside '~ and
geniposide,m) they did not hydrolyze saikosaponins
except for one strain mentioned above. Moreover, of
60 colonies from human feces of a healthy man, only
two bacteria, Bifidobacterium sp. Saiko-1 and Saiko-
2, could hydrolyze saikosaponin a to prosaikogenin F.
These findings indicated that a population of bacterial
species capable of hydrolyzing saikosaponins may be
low and the three strains {(Eubacterium sp. A-44,

Bifidobacterium sp. Saiko-1 and Saiko-2) may pro-
duce a new type of glucosidase to hydrolyze sai-
kosaponins.

Although we found that three species of bacterial
strains had ability of hydrolyzing saikosaponins a (1),
b, (3), b, (4) and d (2) in this study, we did not suc-
ceed to isolate any bacterial species capable of hydro-
lyzing saikosaponin ¢ (5) in a direct or stepwise
manner. However, the possibility of isolating other
bacterial species capable of hydrolyzing saikosaponin
¢ (5) and its prosaikogenins from human feces still
remains.

Fujiwara et al reported that saikosaponin a and
its metabolites were detected in the blood stream
after oral administration to rats.” Furthermore,
Yamamoto et al.” reported that the radioactivity was
detected mainly in the feces, but not in urine after
intramuscular injection of both *C - labeled saiko-
saponins a and d to rats, and that saikosaponins are
expected to contact repeatedly with the intestinal
bacteria through the enterchepatic circulation. Name-
ly, saikosaponins are readily metabolized by the intes-
tinal flora and excreted in the feces as its metabolites.
In this context, various pharmacological effects of
metabolites from saikosaponins by intestinal bacteria
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have been reported.z' “In the present study, we
showed it is possible for saikosaponins to be metabo-
lized by human intestinal flora after oral administra-
tion of a variety of prescriptions containing the radix
of Bupleurum falcatum as a component. However,
further studies on pharmacokinetics of saikosaponins
is necessary to clarify ultimate substances which
endure pharmacological effects in the human blood

stream.
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