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Advances in study on metabolism and biotransformation of natural
products by human intestinal bacteria
ZHAO Lei CHEN Jian REN Bing-Ru LI Wei-Lin’

(Jiangsu Provincial Service Center for Antidiabetic Drugs Screening, Institute of Botany, Jiangsu Province and the Chinese
Academy of Sciences, Nanjing, Jiangsu 210014, China)

Abstract: The study on metabolism and biotransformation of natural products by human intestinal
bacteria is receiving more and more attention. To gain insight and to trigger additional research in
this field, we provide in this an overview of selected natural products bio-transformed or metabolized
by human intestinal bacteria through the reported literatures in recent 20 years. The mechanism as
well as pathway of metabolism or bio-transformation by human intestinal bacteria was discussed,
according to the categories of natural products such as flavonoids, terpenoids, phenylpropanoids,
alkaloids, steroids and the others. We also address the needs in further studies on metabolism and
conversion action of natural products by human intestinal bacteria.
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Table 1 Metabolism and biotransformation of flavonoids by human intestinal bacteria

25 37 7pEN ] L) SCHR
Category Substrate Intestinal bacteria End products Ref.
HEIZE Baicalin Crude enzymes of human Baicalein [8]
FlEvEmes fecal microflora
Human fecal microflora Pyrogallol; Phenylacetic acid; [9]
3,4-Dihydroxybenzoic acid
Abrusin-2"-O-apioside Human fecal microflora 3-Phenylpropionic acid [10]
A Poncirin Crude enzymes of human Ponciretin [8]
T ARENES fecal microflora
Human fecal microflora 2,4-Dihydroxyacetophenone; Pyrogallol; [9]
4-Hydroxybenzoic acid; Phloroglucinol
Hesperidin Crude enzymes of human Hesperetin [8]
fecal microflora
Human fecal microflora 2,4-Dihydroxyphenylacetic acid; [9]
Phloroglucinol; Resorcinol
Naringin Human fecal microflora 2,4,6-Trihydroxybenzoic acid, [9]
4-Hydroxybenzoic acid; 4-Hydroxyphenylacetic
acid; Phloroglucinol
B Kaempferol-3-O-glucoside  Bifidobacterium species Kaempferol [11]
Flavonols Kaempferitrin Human fecal microflora  p-Hydroxybenzoic acid [12]
Isoquercitrin Eubacterium ramulus 3,4-Dihydroxyphenylacetic acid [13-14]
Rutin Human fecal microflora 4-Hydroxybenzoic acid; 3,4-Dihydroxybenzoic [9]
acid; 3,4-Dihydroxyphenylacetic acid
3-Hydroxyphenylacetic acid [15]
Icariin Human fecal microflora Icaritin; Isoicaritin [16]

P E-3-EEE

(+)-Catechin (2R, 3S)/

Eubacterium sp.

(2R)-1-(3',4"-Dihydroxyphenyl)-3-(2",4",6"- [17]

(+)-Epicatechin (25, 35)
(—)-Catechin (28, 3R)/
(—)-Epicatechin (2R, 3R)
(—)-Epigallocatechin (2R, 3R)/ Eubacterium sp.

Strain SDG-2
Eubacterium sp.
Strain SDG-2

trihydroxyphenyl)-propan-2-ol
(25)-1-(3'-Hydroxyphenyl)-3-(2",4",6"- [17]
trihydroxyphenyl)-propan-2-ol

Flavan-3-ols

(29)-1-(3',5"-Dihydroxyphenyl)-3-(2",4",6"- [17]

Strain SDG-2 trihydroxyphenyl)-propan-2-ol

(—)-Gallocatechin (28, 3R)
(—)-Epicatechin-3-O-gallate

Human fecal microflora

Pyrogallol; 5-(3'-Methoxyphenyl) valeric acid; [18]
1-(3',4"-Dihydroxyphenyl)-3-(2",4",6"-trihydrox
yphenyl)-propan-2-ol; 1-(3'-Hydroxyphenyl)-3-
(2",4",6"-trihydroxyphenyl)-propan-2-ol; 2",3"-
Dihydroxyphenoxyl (3',4'-dihydroxyphenyl) prop-
ionate; (3'-Hydroxyphenyl) propionic acid

Catechin Human fecal microflora 2,4,6-Trihydroxybenzoic acid; Phloroglucinol; [9]
4-Methoxysalicylic acid; 4-Hydroxybenzoic
acid
=4S Daidzin Bifidobacterium  species, Daidzein [11,19-20]
leolbeies Escherichia coli HGH21
Strain HGH6 Dihydrodaidzein [20]
Human fecal microflora 2,4-Dihydroxyacetophenone; 4-Hydroxybenzoic [9]
acid; Resorcinol; 4-Hydroxyphenylacetic acid,;
2,4-Dihydroxybenzoic acid
Genistin Bifidobacterium  species, Genistein [11,20]
Escherichia coli HGH21
(#55%)
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Strain HGH6 Dihydrogenistein [20]
Genistein Strain DZE 5-Hydroxyequol [21]
Formononetin Eubacterium limosum Daidzein [22]
(ATCC 8486)
Glycitein Eubacterium limosum 6,7,4'-Trihydroxyisoflavone [22]
(ATCC 8486)
Glycitin Bifidobacterium species Glycitein [11]
Puerarin Strain PUE & DZE (35)-Equol [21]
Crude enzymes of human Daidzein [8]
fecal microflora
Human fecal microflora 2,4-Dihydroxyacetophenone; 4-Hydroxybenzoic [9]
acid; 4-Hydroxyphenylacetic acid; Resorcinol;
2,4-Dihydroxybenzoic acid
Tectoridin Bacteriodes spercoris Tectorigenin [25]
HJ-15
Kakkalide Human fecal microflora Irisolidone [28]
A B #iliZe Dihydrodaidzein Eggerthella Strain Julong (3S)-Equol [29]
Isoflavanones 732
Biochanin a Eubacterium limosum Genistein [22]
(ATCC 8486)
HAth Taxifolin Eubacterium sp. a,2',3,4,4' 6'-Hexahydroxydihydrochalcone [17]
Others Strain SDG-2
Xanthohumol Human fecal microflora 8-Prenylnaringenin [30]
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Table 2 Metabolism and biotransformation of terpenoids by human intestinal bacteria

25 i27)] [ 38 T 2 SCHk
Category Substrate Intestinal bacteria End products Ref.
BATESE Geniposide Bifidobacterium longum HY 8001, Genipin [8,31]
Monoterpenoids Bacteroides  fragilis, =~ Human  fecal
microflora, Crude enzymes of human fecal
microflora and 4 other selected bacteria
Harpagoside Bacteroides fragilis ss vulgatus, Aucubinine b [32]
Veillonella parvula ss parvula ATCC 10790,
Lactobacillus species, et al.
R Phorbol Human fecal microflora 4$.,90,20-Trihydroxy-13,15-seco- [33]
Diterpenoids 1,6,15-tigliatriene-3,13-dione;
4$,90,20-Trihydroxy-14(13—12)-
abeo-12aH-1,6-tigliadiene-3,13-
dione; Isophorbol; Deoxyphorbol;
45,9a,20-Trihydroxy-15,16,17-
trinor-1,6-tigliadiene-3,13-dione
=mEZ Ginsenoside Rb1 Crude enzymes of human fecal microflora, Compound K [8,34,
Triterpenoids Human fecal microflora, 36]
Eubacterium sp. A-44
Ginsenoside Rc Human fecal microflora Compound K [35]
Ginsenoside Rb2 Human fecal microflora Compound K [34]
Notoginsenoside R1 Human fecal microflora Protopanaxatriol [37]
Ginsenoside Re Crude enzymes of human fecal microflora  Ginsenoside Rhl [8]
Mogroside IIT Human fecal microflora Aglycone mogrol [38]
Glycyrrhizin Crude enzymes of human fecal microflora,  184-Glycyrrhetinic acid [8,39]
Human fecal microflora
Escins-la Crude enzymes of human fecal microflora, Protoaescigenin [40]

Lactobacillus brevis 11-46

Kalopanaxsaponin B/H Human fecal microflora Hederagenin [41]

Chiisanoside Human fecal microflora, Bacteroides JY-6 ~ Chiisanogenin [42]
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Table 3 Metabolism and biotransformation of phenylpropanoids by human intestinal bacteria

eSSl 7] 38 L) 3Lk
Category Substrate Intestinal bacteria End products Ref.
TN Caffeic acid Eubacterium  sp. strain Dihydrocaffeic acid,; [17]
Phenylpropionic SDG-2 m-Hydroxyphenylpropionic
acids acid
Ho =R Aesculin Human fecal microflora Aesculetin [43]
C .
oumarns Nodakenin Human fecal microflora Nodakenetin [44]
NS (-)-Secoisolariciresinol Ruminococcus sp. END-1 (-)-Dihydroxyenterolactone [45]
Li
I Strain END-2 & ARC-1 (-)-Enterodiol [47]
(+)-Secoisolariciresinol Strain END-2 & ARC-1 (+)-Enterolactone [47]
Ruminococcus sp. END-1, (+)-Dihydroxyenterodiol [45.,48]
Eubacterium sp. ARC-2
(—)-Arctigenin Ruminococcus sp. END-1 &  (-)-Enterolactone [45]

Eggerthella sp. SDG-2
Ruminococcus sp. END-1, (-)-Dihydroxyenterolactone [45,48]
Eubacterium sp. ARC-2

(-)-Enterodiol Cell-free extracts of  (-)-Enterolactone [45]
Ruminococcus sp. END-1

(-)-Dihydroxyenterodiol Ruminococcus sp. END-1 (-)-Dihydroxyenterolactone [45]
Strain ARC-1 (-)-Enterodiol [46]

(+)-Dihydroxyenterodiol Eggerthella sp. SDG-2 (+)-Enterodiol [46]

(-)-Hydroxyenterodiol Ruminococcus sp. END-1 (-)-4"-Hydroxyenterolactone;  [45]

(—)-4'-Hydroxyenterolactone

(+)-Secoisolariciresinol-diglucoside Ruminococcus sp. END-1 (+)-Dihydroxyenterodiol [45]
Ruminococcus sp. END-1 &  (+)-Enterodiol [45]
Eggerthella sp. SDG-2

Pinoresinol-diglucoside Ruminococcus sp. END-1 (+)-Desdimethylpinoresinol [45]
Ruminococcus sp. END-1 &  (-)-Enterolactone [45,50]

Eggerthella sp. SDG-2,
Human fecal microflora

(+)-Dihydroxyenterolactone Strain ARC-1 (+)-Enterolactone [46]
(-)-Dihydroxyenterolactone Eggerthella sp. SDG-2 (-)-Enterolactone [46]
(-)-Secoisolariciresinol-4"-O-methyl ~ Eubacterium sp. ARC-2 (-)-Dihydroxyenterodiol [48]
ether

Arctiin Human fecal microflora (-)-Enterolactone [49]
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Table 4 Metabolism and biotransformation of alkaloids by human intestinal bacteria

7] Jo 18 R L) Sk
Substrate Intestinal bacteria End products Ref.
Aconitine Bacteroides fragilis, Klebsiella pneumonia, Lipoaconitines [51]
Clostridium butyricum
Strychnine N-oxide Lactobacillus acidophilus ATCC 4356, L. 16-Hydroxystrychnine; Strychnine [52]
xylosus ATCC 155775, Veillonella parvula ss.
parvula ATCC 10790, et al.
Brucine N-oxide Bifidobacterium longum 1V-55, Lactobacillus 16-Hydroxyhrucine; Brucine [52]
acidophilus ATCC 4356, L. xylosus ATCC
155775, et al.
Aristolochic acid Human fecal microflora Aristololactam [53]
Aristolochic acid I Human fecal microflora Aristololactam I [53]
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Table S Metabolism and biotransformation of steroidal compounds by human intestinal bacteria

7] i7BENE) A7) SCHik

Substrate Intestinal bacteria End products Ref.

Cholic acid Bacteroides intestinalis AM-1 7-Oxo0-deoxycholic acid [54]

Chenodeoxycholic acid Bacteroides intestinalis AM-1 7-Oxo-lithocholic acid [54]

Cinobufagin Escherichia coli O-127, Bacteroides fragilis ss. Deacetylcinobufagin [55]
vulgatus, Lactobacillus brevis 11-46, et al.

Cinobufotalin Escherichia coli O-127, Bacteroides fragilis ss. Deacetylcinobufotalin [55]

vulgatus, Lactobacillus brevis 11-46, et al.

F6 ABMEEMEMELSMHRIFRIENL

Table 6 Metabolism and biotransformation of other compounds by human intestinal bacteria

7] 153 A %Ly SCHk

Substrate Intestinal bacteria End products Ref.

Cinnabar (HgS) Human fecal microflora Mercuric polysulfides [56]
a-Linolenic acid Bifidobacterium species Conjugated a-linolenic acid [57]
Crocin Crude enzymes of human fecal microflora Crocetin [8]
Rhaponticin Human fecal microflora Rhapontigenin [58]
Chrysophanol-8-O-glucopyranoside Human fecal microflora Chrysophanol [58]
Mangiferin Bacteroides sp. MANG Norathyriol [59]
Amygdalin Crude enzymes of human fecal microflora Benzaldehyde [8]
Synergyl Human fecal microflora Short-chain fatty acid (SCFA) [60]
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