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Abstract

Various defined strains of human intestinal bacteria showed the ability to transform
paeoniflorin into an epimeric mixture of paeonimetaboline I in a short period of incubation.
The ratio of the 7R~ and 7S-epimers was determined by proton nuclear magnetic resonance
spectroscopy ; One Bacteroides, two Bifidobacterium, one Clostridium, five Lactobacillus and
one Streptococcus species converted paeoniflorin to the epimeric mixture of paeonimetaboline

I in high yields.

Among these, Bacteroides fragilis ss. thetaotus formed preferably the 7S-
epimer, while Lactobacillus xylosus and L. acidophilus formed preferably the 7R-epimer.
other bacteria formed both epimers with almost equal amounts.

The
Similarly, fecal flora from

different subjects showed potent metabolic ability but predominantly produced the 7S5-

epimer.

Key words human intestinal flora, individual difference in metabolism, intestinal bacte-
ria, metabolism, Paeonia albiflora, paeoniflorin, paeonimetaboline
Abbreviations GAM, general anaerobic medium . '"H-NMR, proton nuclear magnetic

resonance ; TLC, thin-layer chromatography

Introduction

The intestinal flora plays an important role in
the metabolism of compounds administered orally
or excreted into bile”® Besides endogeneous
compounds (biliary components efc.), xenobiotic
compounds (drugs, food constituents, etc.) un-
dergo metabolic transformation by intestinal
microorganisms. Some of these transformations
provide insights into the mechanism of the thera-
peutic benefits or adverse effects of drugs. From
this viewpoint, we have studied the metabolism of
active components from Chinese medicines, which

are taken orally in general, by intestinal bacte-

. 4-11) . .
ria. These experiments have been carried out

by mixed bacterial populations present in intes-
tinal contents or feces and by identified strains
from human intestine. Along this line of study,
some enzymes responsible for the metabolic proc-
esses have been isolated from bacteria having a
potent metabolic activity?'g)

In previous papers,g']0> we have reported the
structures of 7R- and 7S-paeonimetabolines I (2
and 3) and II (4) which are transformed from
paeoniflorin (1), an active principle of peony roots
(Paeonia albiflova PALLAS), by human intestinal
bacteria, and the anti-convulsive action of 7S5-
paeonimetaboline I (3) on the pentylenetetrazole-

12,13)
treated rats.
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In the present paper, we report the ability of
various intestinal bacterial strains and fecal flora
from different healthy subjects to transform pae-
oniflorin (1) to paeonimetabolines, and the ratio
of 7R- and 7S -epimers of the major metabo-
lite, which was determined by proton nuclear
magnetic resonance spectroscopy ({H-NMR).

Materials and Methods

Instruments . NMR spectra were measured
with a JEOL-FX 90Q (‘H, 90MHz) NMR spec-
trometer using tetramethylsilane as an internal
standard. Densitometric profiles were recorded
on a Shimadzu CS-910 dual wavelength thin lay-
er chromatoscanner (TLC scanner) at 560 nm rel-
ative to a reference wavelength of 780 nm with
a Zig-Zag reflection photometric mode.

Chemicals . General anaerobic medium
(GAM) broth was a product of Nissui Seiyaku Co.,
Ltd., Tokyo. EG agar was purchased from Eiken
Chemical Co., Ltd,, Tokyo. 7R -and 7S5-Paeoni-
metabolines I and II were obtained according to
¥ All chemi-
cals used were of analytical reagent grade avail-
able.

Chromatography of wmetabolites . Thin layer

the method reported previously?'1

chromatography (TLC) was performed on Merck
Kieselgel 60 F, plates (layer thickness 0.25 mm)
with CHCl;~MeOH -benzene (5 © 1 : 1).
on the plates were visualized by exposure to io-

Spots

dine vapor or by spraying with an anisaldehyde-
H,S0, reagent followed by heating.

Screening of intestinal bacteria capable of
metabolizing paconiflovin (1) . Through the ex-
periment, all manipulations were done under an
All air in the medium and
flasks (tubes) was also replaced by the same gas.

oxygen-free CO, gas.

Twenty-four species of stock strains of intes-
tinal bacteria kindly provided by Prof. T. Mitsu-
oka (The University of Tokyo) had been main-
tained on EG agar slants in a refrigerator at 4C
prior to use. The bacterium was inoculated to
GAM broth (10 ml), followed by 10 hr anaerobic
cultivation at 37°C. The bacterial culture was
diluted 10-fold with the same broth and cultivated

for 16 hr. The culture was centrifuged at 7000

rpm for 10 min. The precipitates were washed
with 0.996 NaCl solution (10 ml), collected by
centrifugation and suspended in 0.1 M phosphate
buffer (10 ml, pH ca. 7.4). A 200 xl aliquot of
paeoniflorin (1, 12 mg), which had previously been
passed through a sterile membrane filter (0.45 gm,
FP 030/2, Scheicher and Schiill, Dessel, West
Germany), was added to the bacterial suspension.
After 4 hr incubation at 37°C, the products were
extracted twice with AcOEt (10 ml each) and
analyzed quantitatively by TLC-densitometry as
described in our previous paperf”

Incubation of paeoniflovin (1) with a human
fecal suspension . Fresh feces obtained from
healthy subjects (3 g each, 2 females and 13 males)
were suspended in 0.1 M phosphate buffer (pH 7.4,
30 ml). Paeoniflorin (1) (30 mg in 0.3 ml of H,0)
was added to the suspension (20 ml) and incubated
anaerobically for 27 hr at 37°C. The mixture was
then extracted with AcOEt and the products were
analyzed by TLC—densitometry?>

Determination of the ratio of 7R- and 75-
epimers of paeonimetaboline 1 . Each AcOEt ex-
tract obtained as described above was re-extract-
ed with benzene (2 ml each, 3 times) by ultra soni-
cation. The combined solutions were loaded on
a Sep - Pak cartridge (Waters Assoc., Milford,
MA, U.S.A) by a glass injector. The cartridge
was successively washed with benzene (20 ml),
benzene-dichloromethane (1 © 1, 20 ml ; 1: 2, 20
ml) and benzene-chloroform (1 © 1, 15 ml). 7R-
and 7S-Epimers of paeonimetaboline I (2 and 3,
respectively) were eluted from the cartridge with
After the sol-
vent was evaporated in vacuo, the residue was
dissolved in CDCls, -and the ratio of the epimers
was determined by 'H-NMR.

benzene-chloroform (1 : 3, 20 ml).

Results and Discussion

Transformation of paeoniflovin (1) by intestinal
bacterial strains

Fourteen species among the bacterial strains
examined had ability to transform paeoniflorin (1)
to paeonimetabolines in a short period of incuba-
tion (4 hr). Bacteroides fragilis ss. thetaotus, Bifi-
dobactervium adolescentis, Bifidobactervium longum,
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Clostridium innocuum, Lactobacillus acidophilus,
Lactobacillus  brevis, Lactobacillus fermentum,
Lactobacillus plantarum, Lactobactllus xylosus and
Streptococcus faecalis produced paeonimetaboline
1 in high yields (more than 40%) when the prod-
ucts were analyzed by TLC - densitometry. A
few bacterial strains including B. fragilis ss. the-
taotus, B. longum, Fusobacterium nucleatum, L.
acidophilus, L. fermentum, L. xylosus and Rumino-
coccus sp. produced peaonimetaboline II (4)
in low yields (2—8%), in addition to paeonimeta-
Other bacteria including some Bifidobac-
terium, Clostridium, Gaffkya, Peplostreptococcus

boline L.

and Proteus species consumed paeoniflorin (1)
but produced no detectable amounts of paeonime-
tabolines under these conditions.

¢,
Glc O, ~ o)

BzO HO

1 2

Since peonimetaboline I, as well as paeonime-
taboline II, is a mixture of 7R- and 7S-epimers
(2 and 3, respectively) which are unable to sepa-
rate each other on TLC as reported preViously,w)
the ratio of the epimers was directly analyzed
by ‘H-NMR. Prior to analysis, the AcOEt ex-
tract was treated with a Sep-pak silica cartridge
to eliminate impurities from bacteria and culture
medium. The ratio of 7R - and 7S -epimers of
paeonimetaboline I was determined on the basis
of relative intensities of the methylene protons
at C-2 (2, 62,61 ; 3, 62.69) or the sec-methyl
protons (2, §0.90,d, /=73 Hz ; 3, §1.12,d, /=75
Hz) in the 'H-NMR spectrum of the epimeric
mixture (Fig. 2).

Fig. 1 Stuctures of paeoniflorin and paeonimetabolines.

CHCl5
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The results are summarized in TableI. Most
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Fig. 2 'H-NMR spectrum (90 MHz) of a mixture of 7R- and 7S-paeonimetaboline I (2 and

3) transformed by Lactobacillus brevis.
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of strains possessing potent transforming activity
were shown to yield the epimeric mixtures con-
sisting of almost equal amounts of the 7R- and
7S-epimers. B. fragilis ss. thetaotus formed pref-
erably the 7S-epimer with a ratio of 5: 2 (7S: 7R),
whereas L. acidophilus and L. xylosus formed pref-
erably the 7R-epimer with a ratio of 1:2(7S : 7R).
However, the ratio of a small amount of the meta-
bolite (less than 109 in yields) produced by bac-
terial strains having weak activities could not be
determined due to the detectable amount of both
epimers being more than 0.6 mg (3 gmol)/*H-NMR
tube.
eric mixture of paconimetaboline I was not deter-

For the same reason, the ratio of the epim-

mined.
Since no epimerization between 7R- and 75-
paeonimetaboline I (2 and 3) was observed under

the incubation conditions, the variations in the
ratio of the epimers may be due to the difference
in bacterial enzymes which take part in the reduc-
tion of the metabolic intermediate as proposed in
the previous paper'.m)
Trasformation of paeconiflorin (1) by fecal flora
Similarly, fecal flora from healthy human
subjects were examined for ability to transform
paeoniflorin (1) to paeonimetabolines and the
metabolites were analyzed by TLC-densitometry
and 'H-NMR (Table II). All the fecal specimens
consumed 61 —10095 of added paeoniflorin (1) and
produced paeonimetaboline I in yields of 4—75%
Some specimens produced
Nine of

the specimens predominantly produced the 7S5-

in a 27 hr incubation.
a small amount of paeonimetaboline II.

epimer of paeonimetaboline 1 with ratios of 6 :

Table I Metabolites of paeoniflorin by defined bacterial strains from human intestine.
Bacterial species Paeon.imetabolines (%) Paeoniflorin
I (7S 7R) 11 I recovered (%)

Bacteroides fragilis ss. thetaotus 46 (51 2) 8 0 0
Bifidobacterium adolescentis 73 (1:1) 0 0 faint
Bifidobacterium bifidum a E319 0 0 21
Bifidobacterium breve KZ 1287 0 0 58
Bifidobacterium longum IV-55 62 (1:1) 3 0 30
Bifidobacterium pseudolongum PNC-2-9-G 0 0 0 39
Clostridium butyricum 0 0 0 60
Clostridium innocuum ES 24-06 0 0 2 52
Clostridium innocuum KZ 633 76 (1:1) 0 0 faint
Clostridium perfringens To-23 0 0 0 52
Escherichia coli 0-127 0 0 0 64
Fusobacterium nucleatum G-0470 5 (nd.) 4 0 40
Gaffkya anaerobia G-0608 0 0 0 34
Klebsiella prneumoniae ATCC 13883 9 (nd) 0 0 36
Lactobacillus acidophilus ATCC 4356 69 (1:2) 3 0 23
Lactobacillus brevis 11-46 83 (1:1) 0 0 0
Lactobacillus fermentum ATCC 9338 45 (1:1) 4 0 faint
Lactobacillus plantarum ATCC 14917 94 (1:1) 0 0 faint
Lactobacillus xylosus ATCC 155775 40 (1 :2) 2 0 53
Peptostreptococcus anaervobius 0240 0 0 0 45
Proteus mirabilis S2 0 0 0 39
Ruminococcus sp. P01-3 7 (nd.) 2 0 53
Streptococcus faecalis 11-136 72 (1:1) 0 0 faint
Veillonella parula ss. paruvula ATCC 10790 4 (nd.) 0 0 53

n.d. : not determined.
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Table I Metabolites of paeoniflorin by fecal flora from different individuals.
Name S age  Pgmimeoles ) Paifir
Y.K.® M 25 75 (4 3) 4 22
G.G.? M 32 72 (1:1) faint 9
T.M.» M 27 68 (6 1 1) 4 12
J.y» M 34 55 (4 :3) faint 8
o.M.» M 25 52 (5 : 4) faint faint
M.C.® F 27 45 (1:1) 0 19
s.c.» M 26 36 (5:2) 3 13
S.Y.® F 24 36 (4:1) faint 17
A.T™ M 27 24 (4 :1) 0 22
Y.M.» M 42 23 (2 :1) 4 0
P.H.® M 42 20 (4 1 1) 0 0
S.H.® F 25 20 (2 :1) 2 39
E.A.°© M 33 18 (6 : 1) 0 0
D.M.® M 38 15 (31 1) 0 11
P.N.® M 55 4 (nd) 4 0

F, female subject . M, male subject . n.d., not determined.
a) Japanese, b) Chinese, ¢) Egyptian.

1—2:1(75 : 7R) but the others yielded almost equal

amounts of the 7TR-
spectively).

and 7S-epimers (2 and 3, re-

Although some variations in the amount of

the metabolites and in the ratio of the epimers
were observed among the fecal specimens from
different subjects, no obvious change was ob-
served between those from a limited number of
the same subjects (n=2) in the repeated experi-
ments. On the other hand, the metabolic activi-
ties seemed to be related to the ages of the sub-
jects. The fecal suspensions from aged subjects
(over 40 years old) consumed paeoniflorin (1) com-
pletely but produced relatively smaller amounts
of 7R- and 7S-paeonimetaboline I (less than 25
%), compared with those from younger subjects.
Since the intestinal flora in adults were reported
to be influenced by age 34) the above observation
suggests that some changes in bacterial species
and population capable of transforming paeoni-
florin (1) to paeonimetabolines are accompanied
by age. However, further studies will be neces-
sary to clarify the relationship between the meta-
bolic activities and changes in the intestinal flora

for different aged-individuals.
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