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Abstract

We reviewed metabolism of the main constituents of crude drugs such as glycyrrhizin,
sennosides, paeoniflorin, geniposide and barbaloin by the enzymes obtained from human
intestinal bacteria. These components are all glycosides such as g-D-glucuronide, 8-D-
glucoside and C-glucoside, and are considered to be little absorbed or not absorbed from the
intestine and to reach lower bowels abundant in intestinal bacteria. They are first hydrolyzed
to give the respective aglycones by hydrolases of intestinal bacteria such as g-D-glucur-
onidase, 8-D-glucosidase and C-glucosidase, though they are not metabolized by liver
enzymes. Some aglycones are sequentially reduced by oxidoreductases of intestinal bacteria.
Through our investigations we discovered new strains of bacteria from human feces and novel
types of enzymes from intestinal bacteria, relating metabolism of the constituents of crude
drugs. In conclusion, we found that the constituents were not active by themselves but
transformed to active principles by bacterial enzymes in gut.

Key words intestinal bacterial enzyme, metabolism, glycyrrhizin, sennoside, paeoniflor-
in, geniposide, barbaloin, £-glycosidase.
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Table I GL-, GAMG- and pNPG-hydrolyzing activities of animal lysosomes.

Source of Hydrolyzing activities (nmol/min/mg) GL—-GAMG/
hepatic* lysosomes GL-GAMG GAMG—GA pNPG—-pNP pNPG—-pNP
Mouse 0.43940.028**  0.05540.009** 5.12+0.42** 0.086
Rat 0.607+0.068**  0.225:+0.032** 24.3 +3.99** 0.025
Cattle 0.075 0.055 5.05 0.015
Pig 0.863+0.119** ND 1.2040.09** 0.68

Human
Male 1 1.52 ND 7.30 0.21
Male 2 1.54 ND 8.88 0.17
Female 1 0.96 ND 4.16 0.23

* Livers of three male mice (b weeks old), six male rats (10 weeks old) and three male pigs (6 months
old) and a liver of one adult cattle were homogenized individually, and each lysosomal fraction

was prepared.
** Means+SD.
ND : not detected.

GL : glycyrrhizin, GAMG : glycyrrhetyl monoglucuronide, GA : glycyrrhetic acid, pNPG : p-nitro-

pheny!l g-D-glucuronide, pNP : p-nitrophenol.
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Fig. 1 Metabolism of glycyrrhizin by bacterial
enzymes of human intestine.
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Fig. 2 Octyl-Sepharose column chromatography
of B-D-glucuronidases for glycyrrhizin (GL) and
phenolphthalein monoglucuronide (PPG).

A partially purified enzyme solution from
Eubacterium sp. GLH was applied on an Octyl-
Sepharose column. After being washed with 10
ml of 10 mMm glycine - NaOH buffer (pH 8.5)
containing 50 mMm NaCl, the column was eluted
with 6 ml of 10 mm glycine-NaOH buffer (pH 8.5)
containing 10 mM NaCl (arrow 1) and then 20ml
of 10 mM glycine - NaOH buffer (pH 8.5)(arrow
2).
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Fig. 3 Effects of glycyrrhizin (GL) on GL-hydrol-
yzing activities of human intestinal flora.
Human feces obtained were immediately dilut-
ed at 10-fold series. and then an aliquot (0.1 ml)
of 10*-fold diluent was inoculated into 100 ml of
GAM broth with (0) or without (&) 1.2 mMm GL.
pNPG : p-nitrophenyl g-D-glucuronide.
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Table II Properties of 3 f-hydroxysteroid dehydrogenase.

Substrate specificity
Oxidation

Reduction

Km

pH optimum
Molecular weight

Glycyrrhetic acid (3 8-(OH) GA)

3 p-Hydroxyl groups of bile acids and steroids having no
double bonds of A/B ring

3-Ketoglycyrrhetic acid (3-ketoGA)

3-Ketonic groups of bile acids and steroids having no double
bonds of A/B ring

2.2x10~°M for 3 B-(OH) GA, 3.5X10""M for 3-ketoGA,
2.6x10"M for NADP*, 1.1x10-°m for NADPH

8-9 for oxidation, 5-6 for reduction

90000

Table III Properties of 3 e#-hydroxyglycyrrhetinate dehydrogenase.

Substrate specificity

Km

pH optimum
Molecular weight
Isoelectric point

Oxidation of 3 & - hydroxyglycyrrhetic acid (3 a -(OH) GA)
Reduction of 3-ketoglycyrrhetic acid (3-ketoGA)

No other subsrrates

2.2%x107™™ for 3 «-(OH) GA, 1.0X10""M for 3-ketoGA,
2.7%x10~™™ for NADP*, 2.4x10-°M for NADPH

8-9 for oxidation, 6 for reduction

53000 (subunit : 30000)

5.2
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Fig. 4 Metabolism of sennosides by human intestinal bacteria.
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Table IV Reduction of sennidin A and
sennidin B by the purified enzyme.

Reduction rate(nmol/min-ml)

Addition
Sennidin A Sennidin B
None 0 —
FAD (80 M) 150 160
FMN (80 M) 120 110
Benzyl viologen(8 mm) 1230 1420

The reaction mixture contained 4 mMm NADH,
enzyme, one of 2 mM substrates indicated above and
none or one of the additives listed in the first column.
The enzyme preparation, which was purified by Se-
phadex G-200 Column chromatography and DEAE-
cellulose column chromatography steps, contained 1.7
mg of protein per ml of the reaction mixture.
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Fig. 5 Non-enzymic reactions of sennidins.
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Fig. 7 Metabolism of albiflorin by human intestinal bacteria.
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Fig. 8 Metabolism of geniposide by human intestinal bacteria.
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Fig. 9 Butyl-Toyopearl column chromatography
of B-glucosidase.

Extract from Eubacteium sp. A-44 was adjust-
ed to 1.2 M ammonium sulfate and then applied
on a Butyl-Toyopearl column. After being wa-
shed with 1.2M ammonium sulfate in 20 mm
potassium phosphate buffer (pH 7.2), the column
was elited with a gradient from 1.2 to Om
ammonium sulfate.
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Fig. 11 Correlation between barbaloin cleavage and bacterial growth.

Eubacterium sp. BAR was cultured in PYF broth containing 0.5 mg/ml barbaloin. After
cultivation for 11 h and 17 h (arrows), 2X10~* mM nojirimycin bisulfate was added to the
medium. Amounts of aloe-emodin anthrone (A) were determined as adducts (anil) with N,
N’ -dimethyl-p-nitrosoaniline and bacterial growth (B) was measured as turbidity at 540

nm.
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