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Abstract: In traditional oral practice, the presystemic interactions with gut microbiota is an important mecha-
nism underlying the holistic health benefits of Chinese herbal medicines (CHMs), making the study of CHMs
distinct from the research of Western medicines of which the systemic exposure (level in blood) is the starting point
and the core. Gut microbial metabolism complements host metabolism in maintaining metabolic homeostasis of
many biologically important endogenous molecules and the disposition of numerous exogenous compounds.
Among them, the widely distributed gut bacterial f-glucuronidases (BGUSs) coordinate with host UDP-glucurono-
syltransferases (UGTs) to play a role in the occurrence and intervention of diseases by affecting the glucuronidation
homeostasis and altering the intestinal local and/or systemic exposure of endogenous compounds and xenobiotics.
On one hand, many ingredients of CHMs undergo enterohepatic circulation; On the other hand, CHMs can act on
BGUSs directly or indirectly change the distribution and function of BGUSs through reprogramming gut microbiome.

The multiple interactions between BGUSs and CHMs may play an important role in the overall therapeutic benefits
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of CHMs. This work firstly summarizes the latest research progress on BGUSs; then the physiological, pathological

and pharmacological significance of BGUSs are exemplified with representative endogenous and exogenous

compounds from the aspects of nutrient utilization, metabolic homeostasis, and therapeutic response based on the

varied substrate spectra of BGUSs; finally, the scattered data in literature were integrated to summarize the multiple
interactions between BGUSs and CHMs, highlighting the important role of BGUSs in the holistic actions of CHMs.
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72 F A y AR T2 1 — L2l A 1w H VIR B A s IS
H BB PR O DR S e Ah, 75 R B AT B
(Bacillus subtilis)"* | ff & AR 47 45 2 B (Caldicellulo-
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I3 77 T B 3k 0w R AR A, 0 45 i b R 4
A BB E, FEUGE R AE KR, LR R
8 3 E 75 18 52 4 (aryl hydrocarbon receptor, AhR) Fl
Mas- 55 G & A Ik 2 8 2 5 S %7 BGUSs
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JH UGTs AR, A 5 i) 37- 7 4 B 1 2 1 /2 I v 32 42
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B B i B B O AP VR S R B IR I B
IR0 75 15 ) U I 5 0 /0N B, AT A G 3 T b

T B FH AR TR 1 b A5 T v, JEEBE T R B, BGUSSs i 1% T
e R L, G e e 0 3 ) A 4 A R R 2R 94D, T
HA HUAMA 2 G000 M 1 28 R 2817 70 i 2 il 17 S 8
RGRFHM™ wWEG EE AANHE R &£
R I R T 2 A IE O . 35 57 PHY 906 fE
i I 1% 98 Wit 5 5 il B A 5 1 2 EALHI 22 % CRC IR
J7 259 IRT 3 50 A Ji 8 78 R A 2R /) B0 i TE 452 40, 22
GUS B AL 5 (¥ 3 %5 /K420 2% PHY 906 Wt {5 5 1 5
i T TTERE, UGT 13 2 5A 4 1) Wt £ 5, &
WK IR 4 GUS ZK A 7= A B S A S 1 J0 ) Wnt {5 5 1
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ISF 30 25 PR IR L Rt R VR ) P e AR 4 R R 3 T
) %) B BR 1 (genistein glucuronide) A1k & 4 ¢ #
%] ¥ PR 1 (daidzein glucuronide), 38 i 3% P 5 1A 1
I3 B, S E 7S R H B AL GUS i) B 43 D-glucaro-
1,4-lactone! ™. T FFIKIEYI (100 ng-mL™") §t 5 4= #0#
EcoGUS 41 % ) PNPG (p-nitrophenyl-f-D-glucuronide)
K AR, Mo B R R M (3,4,8,9, 10-pentahy-
droxy urolithin), i i £ & 7E EcoGUS ¥ A 7 M i 1L 5%
FEFRAL, AF 5 4 VE A ) % B 0T PNPG HIZK 5. 540
LWE IR EcoGUS 7K fi# SN-38G A R 4F (1) 477 ]
PER, A 23 B 15 2 (AR AEAZ XU i (amentoflavone)
%t EcoGUS /1 5 ] SN-38G F1 DDAOG (6,8-dichloro-7-
hydroxy-9,9-dimethylacridin-2-one-f-D-glucuronide) 7K
fiff S ISR AN ] (IC,,: 0.49 F10.62 pmol-L™), FE7E4H Y
K AP b7 R 4 E. coli DHSa BRL #l Entero-
coccus faecalis 20247 4 CHB %} DDAOG ] 7K fi#®",
4L %% 4T 7 U 3R B AK U 4 1) EcoGUS A & 1Y
PNPG FIDDAOG 7K fi# (IC,,: 4.60 pg-mL™), For 7 Ff )L,
F R MR R LTI BE BRI H] EcoGUS™ . M
JE Mg 4= B rh o B U 7 ORI SR AL &,
euphominoid C X} EcoGUS 7K it PNPG 3% 4 & 45 )
#I1E I (IC,,: 45.87 umol-L"), & H M IRE W HH
EcoGUS 1l 3if 14 1) B B e 21 — i KAk & 410
Al B HR 43 85 1 3 BR R (linolenic acid) BE 3% 5 4 01 1)
EcoGUS, %1 F GUS & A 1 ™.
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Table 1  In vitro inhibitory effects of Chinese herbal medicines and their components on gut bacterial f-glucuronidases (BGUSs). IC,:
Half-maximal inhibitory concentration; GUSs: f-Glucuronidases; PNPG: p-Nitrophenyl-4-D-glucuronide; DDAOG: 6,8-Dichloro-7-hydroxy-
9,9-dimethylacridin-2-one-f-D-glucuronide; SN-38G: SN-38 glucuronide; 4-MUG: 4-Methylumbelliferyl-f-D-glucuronide; EcoGUS: Esche-
richia coli GUS; CpGUS: Clostridium perfringens GUS; SagaGUS: Streptococcus agalactiae GUS; SpasGUS: Staphylococcus pasteuri
GUS; —: Not detected; *: Inhibition rate

Chi dici Inhibiti t IC,/, -1
Chemical type {nese medicine Structure Substrate nhibition potency (ICy/umol L) Ref.
compound EcoGUS Other GUSs
Flavonoid Luteolin OH PNPG 8.68 £2.02 - [100]
OH
HO o O

O J 5.70 SpasGUS, 5.50; [98]

OH O SagaGUS, 12.5
Scutellarein PNPG 5.76 + 1.53 - [100]
Baicalin PNPG 45.24 SpasGUS, 48.80; [98]

SagaGUS, 44.05
Baicalein PNPG 54.44 SpasGUS, 39.12; [98]

SagaGUS, 52.70
5.76 +1.53 - [100]
Kuwanone G PNPG 74+1.6 SpasGUS, 0.98 £0.25 [99]
PNPG 2.37+0.11 - [92]
Kuwanone C PNPG 4.27+0.32 - [92]
Morusin PNPG 5.59 +0.67 - [92]
Kuwanone H HO PNPG 6.97 +0.97 - [92]
Kuwanone A PNPG 7.92+0.24 - [92]
Kuwanone E PNPG 10.63 +£0.32 [92]

HO.

Sanggenol A OH PNPG 327+0.17 - [92]
HO. 0. .“QE/Y\/\(
eep
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Continued
Chi dici Inhibiti 1 IC. /umol-L"
Chemical type fnese medieme Structure Substrate nhibition potency (IC,/umol'L") Ref.
compound EcoGUS Other GUSs
Kushenol X PNPG 2.07+£0.26 - [96]
OH
(28)-Farrerol OH PNPG 8.95+0.74 - [96]
HO o. O/
OH O
5,7,2'-Trihydroxy-8,6'- ~o O PNPG 497 +0.61 - [96]
dimethoxy flavone ho O 0 ]
= OH
OH O
Apigenin OH O PNPG 156.42 SpasGUS, 48.03; [98]
Q ] SagaGUS, 30.14
HO o O
OH
Fisetin o PNPG 2.02 SpasGUS, 10.83; [98]
O o SagaGUS, 76.58
HO o O Ot
OH
Tcaritin ] PNPG 29.43 SpasGUS, 76.57; [98]
== SagaGUS, 7.59
o OH
()
HO
O OH
Morin OH O PNPG 11.89 SpasGUS, 8.36; [98]
O | o SagaGUS, 76.81
HO o
PNPG 1.12 +0.09 - [92]
HO OH
Quercetin OH O PNPG 491 SpasGUS, 4.06; [92]

SagaGUS, 110.25

Myricetin OH o PNPG 1.58 SpasGUS, 9.25; [92]
SagaGUS, 86.94

Amentoflavone OH O PNPG 3.43 SpasGUS, 2.88; [93]
CpGUS, 2.36

SagaGUS, 2.88 £0.38  [92]

SN-38G 0.49 - [97]
DDAOG 0.62 - [97]
Bilobetin PNPG > 100 CpGUS, 1.32+0.17;  [92]

SagaGUS, 9.83 +2.62

Sanggenon C PNPG 125+£5.0 SpasGUS, 0.33 £0.05 [99]

PNPG 2.07 +0.06 - [92]
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Continued
Chi dici Inhibiti t IC. /umol-L"
Chemical type fnese-medicine Structure Substrate nhibition potency (ICy,/umol L) Ref.
compound EcoGUS Other GUSs
Catechin (-)-Catechin gallate SN-38G 1.48 - [95]
DDAOG 1.64 - [95]
(-)-Epicatechin gallate SN-38G 6.94 - [95]
DDAOG 6.52 - [95]
(-)-Gallocatechin gallate SN-38G 6.84 - [95]
DDAOG 4.02 - [95]
(-)-Epigallocatechin gallate OH SN-38G 14.86 - [95]
o
DDAOG 16.52 - [95]
Anthracene ketone Demethylbellidifolin PNPG 0.91+0.11 - [96]
Gentisin PNPG 0.68 +0.10 - [96]
Theaflavin Theaflavin-3-monogallate SN-38G 1.92 - [95]
DDAOG 2.35 - [95]
Theaflavin-3'-monogallate OH SN-38G 1.03 - [95]
Ho E _OH
OH
DDAOG 0.77 - [95]
Theaflavin-3,3'-digallate OH SN-38G 1.41 - [95]
HoO 1 OH
OH
DDAOG 0.48 - [95]
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Continued
Chi dici Inhibiti 1 IC, /| -1
Chemical type fnese medicine Structure Substrate nhibition potency (IC,/kmol L) Ref.
compound EcoGUS Other GUSs

Alkaloid Berberine 0’\0 4-MUG 54.04 £5.104 - [102]

O AN O

~o N

_0

Tannic acid 3,4,8,9,10-Pentahydroxy oH C OH PNPG 2.70 £0.19 - [92]
urolithin HO. O oH
HO o
o
Diterpene Euphominoid C PNPG 12.5+5.0 - [101]
AN
H
HO!

HO rL

Fatty acid Linoleic acid B PNPG *68.27% + 0.96% - [94]
J
HO Z

— BB T LL EcoGUS AR Jy 1A S A5 7R [] I EL
2 A B 2 o AR D, 25 K ST A -
(i) K FR . Weng ZFLLEL 130 2 Fh R SR B A 2 1L
AW, HA B %5 (scutellarein) A JR H E (luteolin).
¥ %5 2% (baicalein) it JZ 2% (quercetin) FI4T =1L 4 &
(scutellarin) Xf EcoGUS 3 #i ! 58 £ o BF # &1 /5 A
(IC,,: 5.76~~29.64 pmol-L™"), 1 57 ¥ P 4 Al — &0 3 i 2%
XF EcoGUS #5555 ; A M b 1) OK = Wy 45 4 A Bh T
] EcoGUS, W48 Jk B0 JE BOAT — 2 2 01 5 2% [
IR/ 5 C-3 Bk A7 A2 g 59 # ) . 55 — W 5L
LA DDAOG 7K [ S REF DI TE T 36 Fh s i K46 &
M) X EcoGUS HIAE F, K3 2 BE X (kushenol X).
(2S5)-farrerol. 5,7,2'-trihydroxy-8, 6'-dimethoxy flavone.
F= H L4 35 R IH R (demethylbellidifolin) A1 % JIH %
(gentisin) #1# /E Al 58 (IC,,: 0.68~8.95 umol-L"), %
Pk A 2 -t JEL IR AR e R ER B 40 ) 4 SR B9 TR
A (K;: 4.05F12.02 pmol-L ™)™,

K Z A BGUSs H &, KI5 245 2 M pk o) BEdF
Sl )R A0 BGUSs. Bai % RG0IFA T 5 MK
HRAS h R SR B S X BGUS IR F , J AR A5 e )
XU 1K 53 S (bilobetin) FRRAE AZ XU # §il F 3 F
B 5 ) loop 1 284 BGUSSs #752¢ B th 5 o (1) # i k, e AR
12 X3 Wi X CpGUS (Clostridium perfringens GUS)
SpasGUS (Staphylococcus pasteuri GUS) F1 EcoGUS ]
IC,,°H 2.36~3.43 pumol-L", 3= Zil i S EEH 5 3 4
GUSs HI A ML i BB &, R AR TE S PR ) 77 4K
A6 H A1) PNPG /K f# (K, < 2 pumol- L), it i —
THURFE 5T 3 R AS 7] 43 2K SR Y5 IR T4 1) loop 1 # BGUSs

KA PNPG HE P R GE1EAl 1 21 Fh 2 i 1) GUS 410
Tt , KINZ MEYINTE XK G E 1 (baicalin) /7
3K 2 (apigenin). V& T8 & (fisetin) A BB B 2 R IH &R
(morin) it X & ¥ 2 (myricetin) B A 1E N #E 8L
5 5P GUS #0751 1 )82 FH ¥ 715 EcoGUS F SpasGUS
S RE | e R VN E UL RTINS RS A R e s S
FHCB I R FR A BAEAR SR, 1023 50 A )
PR IX e HLE 4 7 iE T PR A FI/E C 5 GUS B A AR
BRI BAR; (B R 2 HOZ A A I SagaGUS (Strep-
tococcus agalactiae GUS) 2 L A1 K 400 1) K [t g 11
TR S v il 2k, 1% 2K 1 1 loop 1 XA 1Y a- 02 iE, S5
R [A) A7 BHL, B F2 0 1 5 5 Wi C 20 b 1) e 22 2 i 14 i 7K
T, BA N SagaGUS KIZE K1 BT 6 7

KR Wr—Fi] R 45 (Diels-Alder, DA) &) % @ i
YIrb BRFAETE Oy, SRR 2R 2R . Wel ST IR
YN BRIP4 S E A C N SEN: L bl =
K ZMER C (sangenon C) A1 FE T G (kuwanon G)
7)1 1] iy T TR TR A 5L B A X PNPG Y K i
(IC,,: 12.5 F1 7.4 pumol-L™), ¥J fig 5 2 3 ] EcoGUS Al
SpasGUS (IC,,: 0.33~1.60 umol-L™").

3.4 HhEZIFTBGUSs T SHIAIRMER 2 RS F
o QU R T R AR BRI TR

L H R R 2R e E S B T BGUSs
/EYCRE T i 1 B A GUS RIS TR 1 FE R 2 e,
M) 25 A A Y5 AR P AP 1 RO~ T A ) 0 T TR
erads . AR5 7 M o, — 26 P Y51 o 2 0 1 TR
AR 2 R 2 BAE I AE bR . i, 72
B IR /£ B & (streptozotocin, STZ) 75 3 1 B JR I 55 7Y

=24
52
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KB b IE S O 2K S W A M PR T, T TR
X R PRI K BRI JE R E A — 58 BB AR A, Xy A
24 35) e S 2 B AW R o 52 0 O BRI 375 A b 1 P R
1y 78] %) A 1 IR ¥ (p-cresol glucuronide)!™'*; JE ALl #h,
T A 2850 R 20 BR 5 - 1) P e D R B s L K BT
K Dhae B BAE R, T 8 BT 2,4,6- =1 5 R IR 175
T4 2 B R B B R YR T RO, RIS 2H 2
PR IE) A dak 2 A Y A 2R R B e B O PR %o R Wy
AT 27 A T TR U107 X I R A AT AR B K B | R
R TR AR FH [0 B X0 I e e Y 2 P2 AR 2R KRR PR R
g bR ) 2- 2K £ I ) BE IR 1 (2-phenylethanol
glucuronide) 7K P! 7 22 4 A I 1E K BRI
HR O B R S AT BE R EF (cresyl glucuronide)!'™; T
I3 PR ISR ARG 2 2% 2 A MR 5, 5 1R AL, WS &
JiEr AL RE S 25 b A ZRORE R Al R 2R P R
(melatonin glucuronide)™”s 71— & fif 18 %5 I W5t 7 14
4 9% oy Ty PR &3 B IR 1) B BB M A B A PN B4
) P YR S A TR TR T 2 R T TR A KT R AR A T
F 25 K BREE B ¢ T DSS i F 45 1 26 KR, &I
TR A A B W e A, S T e R R R
S8 A T 2 Mot S 2 O B I T 20 0 8 R 1 (dehydropreg-
nenolone glucuronide) F1IME = B 4] & #¥ % B2 1 (estriol
glucuronide) /K-, 3 ¥4 5 8 55X 1718 1 Acetatifactor
JEB b U 5 e E AR DG,

AN, VRNV 2 USRS IR T A & P 1 H L A
BEIRAR, TN I IR AL O RE AT S AL & M R K
A HE o 3 6 o 24 i 25 1 AT g 5 400 i) AE 58 o
(100 ] 267 W T T A A O . M T, B I S BRI R VR
rh 558 Jik -6 FY AR 2k 15| 1 %) B T IR (5-hydroxy-6-
methoxyindole glucuronide) 1 3- W] Wik ¥ R 5] % 4 % 1R
1 (3-indole carboxylic acid glucuronide, ICAG) 7K *F,
DRI A, 15 (%) B 1 T e 0 23 Y T 0T i = A A i T R
A 75 D RE A4 R B B 2 3 BRI DSS 5
T 45 B 2R SRR I ICAG, 7T fig & S U T
R K B IR T Ta B R 32—,

BGUSs *t 2 Fi £ 5 1 U8 ) BOA 40 224 (1) R
TETESS Bl R AR EEEH . HETT BB M
18 20 H e A1 DSS Tk 5175 3 1 i 9% AH D i /)N BRBEAY
AT U i 1 B AL R, T AR N R R F prausnitzii )
AHXT 3, PRI FE 00 1 BGUSs iE M, oG5 o B 1) 58
BN (] D-FLEER N R B R,

3.5 BGUSsNSPEH-AHEIF T HLX BGUSs
R L 22 ' FH R /8050 T 55 ) 1) B T 42 s Hh 5 24 R
R B A B2 BGUSs A 3 LI 5 — 28 B A i i
&I B IR 259 7= A2 %2 245 B AE (herb-drug interactions,

HDIs), 51 24 R0 245 % 4% . 36 %53 77 PHY 906 i
it BGUSs ARt $2 7+ B A Wt {5 5 1 5 Th G 11 3% il 25
76K F, 1 AEFE K% BGUSs /5 1 IRT % P AL 5 4
SN-38 1) - B i, a8 20 6} 16 1) DU 24 IRT 3697 i 98
BDF1 /) & 38 2500k 2 1 FH

IR EG (AT ESS VHEE R R R
T FLAF VBEZ) BEHS 2 1 4 IRT X UGT1A1 [0
J St BGUSs 3% P 1) 3 5%, 38 2o [3] i #0l] SN-38G 1) 7=
Az R L B M I TR AL, PR AIG SN-38 7E il (1) R 2, 2%
iR TRT 5| 2 F /)5 B3 HE VE A0 286 FEE 453403 , 470 ) K 5% 8 [
FHIRIEM, BNREEEZB LY (EETEE
I OHECEE S R H ) BEHN I g 18 41
TR PR 7 18 BGUSs 3 P, &3 2035 IRT 76 K R i &
IR R APEREN . BEH /NBE (berberine) fg A R
il IRT Ak 2 /N B 28 fJ 4 A b BGUS ¥ 1, JdZb GUS
FEAE T, ISR IRT 75 5 1) i 26 5 4% /) BRUBE 1Y o SN-38
e Az 00
4 REERZE

B2 5 Jig 3 B R ) EA R R R AR e IS
RAFFEARAE FH R S8R . — 5 T, 38 B RE R A
EEAR A 2GRS R AL, P T TR i A3 N I R AR A
T 2 9 5 e KT, RS B AR T W A 88 (1
T IR A RE R b R SR VR R TR 2 ) B
T A 25 24 B A P A 01 S8 A B EAR B T R 4
T 5 M PE 24, AR IR “ XL (double-track mode), H
Wi AT AT = B2 5 g 1 R A D) 1 LA = A 1 SRy A T RN
IR B 2R GE AR F B AT, 58— T, AATT 26
TE T LS M R 5 2 P N 28 R AR R R 1V 25 D7) SR Ik
SRAFILAR, A B2 R I A M e T L T A
(1) 50 2 e 11, (0T G 51 S 0 A AR Th e i ek
MRS A2 o DALk, AN T A 11 A R 3 A o B
ZIRARAE R A 2 IR B #E S BT R4 & 4
R 1 CEE TN AT

T 5 5 W 1 B A I AR TR, TETE R R
Joa 1t & 8 IR R FH 5 YR g e L A b R ELAE, A AL
BT S0 RN 25 0 R B ) s . VB 1 - 1 o R
AR HAE i 8L AL UGTs-BGUSs il 38 1ot 1/ 5 7 25 bl
B TR AL AR AS, REM VT 22 P9 JR 14 23+ FO 06 20 7K S F AR R
PRS2 AR A 4b B . BGUSs S22 ik £ A b 5285 1 49
RAE I I E BRI AU, IX A R B2 R b B
ORGSR, HAl, 2412 EWE R Rig %2
2RV F B RS, N T X BGUSSs 4584 2 FEME L 3 A
Tz M Thie B 2 M R TR, (B FAR i rp B 24
(VBT FEATS 35 R 7 WL REL T, 46 K 22 5080 9 R P s 1 e
PR R AT, 6o e 24 AR 1 G /0% it i 1 26
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FRAE ) R AL B 5T 1 45 T R, AH G R ILH A B T 16 h 3L
AR A b B R TT W 5 AN AR TR TR B 45 7 \BGUSs
Gy A S OGTR, TFE T B2 I R AR AL 245 1R
E AP

b4, BGUSs i i {44 22 P AS [5] 1) 4 /40 95 14 B
3, SIS A [7 46 44 1 S 84 1 o B T BORS, 5 EOAS D 1
ARG S (38 0 53 0 B 2 4 % B, 7 A T M B P R
7y, SR ES A R BER); [FI, BT A MR B2
2571 &) BRI R AR & [F) A, 77 4E GleA. GIcA T[N %
b T8 TR RE SR BE AR IR, AR T2 AR R ERE A
AT AR H B 24 e 22 B R A A )T BURE B BGUSs
R R AR B 7, T N B 24 5 PN AR ) S5 2 B
P TR A R 25 11 PR B T B 2 (R AR AR T . (L H TS
H B2y BGUSs #1571 R GV, 2 25 WA #1 E
e TR T 5 o 2 A IR R 3 2K, A0 Bt AR T
L e B AR T B R AT

L5 b, DA ) ] 2 R T TR A T AT PR A R B v
2y R ARAE L (2O E), TS Bh T IR 5
TR AL AR, HES) 25 15 BERR N | BT N
o X BGUSs 5 B2 2 [A] 1) 2 4 TLAE IR AN AL,
SHERN S TR R TG A I A S R E
TR 3R .

(g S ST ITING S 7D = N S 2 G
AR R 23 B SCRRTE AEAR B L IE SCER S 3R PN 2 3 A% A
B N B SO L e SR B S LN A, RS
BB, 18 3 EAR, # S SOCRE I 5635 B U E .
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