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Abstract: UDP-glucuronosyltransferase 1A1 (UGT1A1) is a key conjugative enzyme distributed in mammalian tissues. UGT1A1 is
crucial for the detoxification of many clinical drugs and toxins, and is also the sole physiologically relevant enzyme participating in
the metabolic elimination of bilirubin, an endogenous toxic metabolite. Strong inhibition on the catalytic activity of UGT1Al by
therapeutic drugs or chemical constitutes in herb or foods could trigger clinical adverse reactions, such as drug/herb-drug
interactions, hyperbilirubinemia, hepatotoxicity and neurotoxicity. Recently, herb extracts and their chemical ingredients have been
reported to exhibit strong inhibitory effects on UGT1Al and may cause several adverse reactions. This review systemically
summarizes the currently used methods for the screening and characterization of UGT1A1 inhibitors, and the inhibitory effects of
herb extracts and their constitutes on UGT1Al, on the basis of the recent advances in the fields of drug metabolism and drug
toxicology. All information and knowledge presented in this review will be very helpful for the reasonable and safety usage of
Chinese Herbal Medicines in clinic, especially for avoiding the occurrence of adverse reactions via UGT1A1 inhibition when herb
medicines were used combined with clinical drugs.
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P E SR EY), Xk A% o 11 AIAR
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Table 1 Specific probes for UGT1A1 and their kinetic parameters

WS )2 5%
FRE T W . - I Gy AR B3k
Sso/(umol'L™"y  V,../(pmol'min ''mg ")

iIEE2RE S UGTIALI 0.1 70 [13]

B- M — i UGTI1A1 13 1300 [13]
LR UGTI1Al 9.7 600 [30]

3,3 4- IR IR UGTIALI 1.53 1920 [31]
3,6,4'- —JRH B I UGTI1A1 0.76 340 [31]
(EIRERES UGTI1A1 285 124 [32]
7-LH-10-F2 ML UGT1AL 75 33 [28]
NCHN UGTI1ALl 126.7 1303 [33]

NHPN UGTI1AL 0.7 561 OO [29]
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(BB Y A] SRR AH] UGTIAL. AR,
AR, B UGTIAL R th oot e i
I, RS AT A B i R T BT e rh 2
YA R 43 6 UGT1ATL 405175 F i 5T - Wang
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TRANE I HE U AT NCHN-4-O-7 %5 B 5 19 11,2 1
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Table 2 The inhibitory effects of herbal extracts on UGT1A1
hzy &Y LR ICso 8 Ky/(ugmL™)  HIHIEAY 2230k
Psoralea (AMEJIE) NCHN HLM 12.5 - [36]
Stauntonia chinensis (EF AR 4-MU UGTI1A1 16.3 - [37]
Orthosiphon stamineus (B 7%) 4-MU UGTI1A1 5.0 - [38]
Andrographis paniculata ( % 03E) 4-MU UGTI1ALl 5.0 - [38]
Milk Thistle (7K &#]) M —EE  UGTI1Al 30.4 - [39]
Saw Palmetto  CHR/BAEA M~ UGTIAL 55.2 - [39]
Echinacea (CER4E3) ME—®E  UGTIAL 211.7 - [39]
Epigallocatechingallate  (%£4%) ME/E  UGTIAL 7.8 - [39]
A HLM 1.6 SegE
Polygonum multiflorum ({1 1) W% RLM 03 AL [40]
“7 RATDNERARIRIE; 4-MU: 4-FEEAJER]; HLM: ARFRcRIfE; RLM: BUFRORL (4
= R R RS ES
g :;a -._\ S ?:
'(:9 e g 6
R 24
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No. MW A, (nm) Compound K; (1M) <

1 | 324 | 235,278,322 Bavachin 0.23 z

2 | 322 248 f Kl

st ] | it [ ss0 | €8

4 | 338 | 234275322 | Bavachinin 10.70 & :

5 | 390 248 Corylifol A 0.81 0 5 10 15 20 25
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Fig.1 The strategy for discovery of natural UGT1A1 inhibitors guided by chemical fingerprinting combined with enzymatic

inhibition profiles
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JRI A X 12 M UGT B30t 1 i 4ifivE A,
HiZAb & YmT 54 PEAE UGTIAL A3 11 4-Mu 4
RIS SN (K A 0.78 umol/L), {HI: X} UGT1A1
T NCHN-O-#) % B 19 18 S Y. 28 Ik A 5 e
WA (K 2k 0.23 pmol/L). ZWFFTHLIR UGTIAL &
DRI ECAR LS G4 50 1 4-Mu 1 NCHN
5 UGTI1AL IEARES ST S 5e Ao IEAh, 5K
BT CUE S S H R AT e ] UGT1AL ALY
4-MU HIATHEE IR SN, K by 0.70 pmol/LH,
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LFE AMT RS HEE . AVE PR A4S, Shan
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FHI AN UGT BgrmsEvER, oo
JEAET/REXS 280 UGT B rIHsI/E s T4 5 =
Bl o, *ME IR A RENT UGT1AT $0HIAE H 5
9, K; b 5.41 pmol/L. Wang Z£CUE ) UGT1A1 (1)
PEICHRET Y NCHN, R W34 & USRS
RO TAME R 5 M2z (RME IR %, B
AR SRR AR TR A R M IR AU
FE. *ME R 2 A) X UGT1A1 KILH T 9mFIm
THIER . VEE 23 HILL 4-Mu F NCHN NJEY), M
UGTIAL $gF HLM PANZE VAN T LIk 5 Figh
H N A UGT1AL MdWIfE . FF70R I, Eik
5 PR E IR A T SE A ] UGTIAL 4G
4-MU-O- I Z TR N (KB 5 49 1.084 11.96+
10.93, 2.22. 0.47 umol/L), {HX} UGT1A1 #1bI¥)
NCHN-O- 7] 25 i e 198 52 I D)2 T L A 5 4 PR A1 61
Ki {55350 0.04. 3.95. 4.09. 4.09. 0.79 pmol/L).
DA BRI R AMVE G A 2 Bl UGTIAL BRI
HiF, Zxrh 2 KA AN ECS UGTIAL JEYZ0H)
HHN, FTkAb I R UGTIAL 35 R I Za A
EYSIN

223 K KE] K K#E] (Silybum marianum (L)
Gaertn) R RPK oot R sz, HEARIT.
PUMR . B s 2 B m e, KRBT
AKRE R, K REIRE, AKCKET . K KRS 4 R
)7 SR A4 . D7 Andrea 25 DUHAT 2 4
Wy, LUK BUFHRCRAA (RLMD R, W95 1K K
] 0 S K KA TR A E IR T KR PR R A B

WERRAL =), SB-G) X UGTIA1 Bgr4HfEH,
AFFCUE B 7K ] 38 MK YO T P 70 2 W 1 1 £ =40
FmTSEAr A RLM A 140 HE 1 35 71 280 i 1 1 1
SN, K43 h 51.04 16.0 pumol/L. SB-G il
EAHL K R aT TN, SO R Ree T 5
(RSEFN 3, AT s 2 R ) 36 4 S ) 45
AT . UEAL, Sridar ZEPYRIFSTE BK W] TE AT
il UGTIA1 AL 7- 5255 -4- = i 3L 5% -0-H
ZPHEIEIRAL, 1Cso N 1.40 pmol/L; Gufford 2531
4-MU K JiEH, KIK CE a4 UGT1AL fifk
4-MU 1)1 B A, L ICso 4 11.10 pmol/L.

224 ANZ AZRARIET WA ] 534
PLF 3 28: 20(5)-ki NS —EEAY[20(S)-protopanaxadiol,
ppd]Z, FEAFEAZEAF Rb. Rev Rd. Rhy %
20(S)-J5 N Z —BE[20(S)-protopanaxatriol, ppt] 2, £
i NS 21 Re. Rf. Rgi. Rhy 2%, FEURBR M
(oleanolic acid, OA), Ui AZ 21 Ro. Rhs. Ri.
F, 25581, He ZPTLL 4-MU Sl JEM) W31l J2 T 2% 52
T ppt X UGTIAL H3msklfEf], 25980 ppt Xt
UGTIAL B 2E5E - VEMEIEH B K b 8.80
pmol/L. IX P AN Z -4 UGT1A1 KILH —E 1)
PEIVERT, T RS e 2 R rp e 2 SEEIE ]
Fang %P T RPN S AP0 % UGT B
HIVERIBITT, 458K CK M ppt XF UGT1A1 H
A AR A EIE T, o A 2 BT EO 0)
UGTIAL BEEFHIEIE-IEARE (K 3.

22.5 HA WA RTEAE (Scutellaria Linn.) HH
YIFAR, HATEHEE. ¥5 ke, kil fif
D, IGIR B ALY G . S5 2
PR EY), BRI AR DUEE .
P2 20, Teng 251D 4-MU by ik 523 %
FATEFN UGT BEEIE oL, Jerh 57
NP IR P~y 8525 60 UGTIAL FISEPER I
TRSRIGMAE], ICso Ay 1.20 umol/L, 45 KB %5
FEse g PEIE UGT1AT A3 1) 4-MU 71 25 Bl i 12
RN, Ki h 1.2 pmol/L. Ma 2&CULL 4-MU H )&
O S AT SRS 200 UGTIAL [y P 1R 1)
YEFREAT T VR0, 45 SRR BT B %200 UGT1AL i
et (B I S R s o P = M1 Bk T
UGTIAL 4k 4-MU 7 %58 B 4k (K oA 0.02
umol/L). Shan 2521 4-MU % S0 5 2%
UGT B3 1) 4-MU 71 255 T R AL IR i 1 0, &5
RRIAPOHS ] Sa 4 PE 6] UGTIAL 4k 4-MU
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Table 3 The inhibitory effects of herb constitutes on UGT1A1
g wEY &Y iR ICso/(umol- L™y K;/(umol-L™h) ISR B2 Uik
i Hirs 4-MU  UGTIAL - 9.10 o4k
R KA A 4-MU  UGTIAI 1.37 0.78 o4k [44.45]
NCHN  UGTIAI 0.13 0.23 JEsa gt
NCHN HLM 0.84 0.54 JETa 4
g 4-MU  UGTIAI - 0.70 o4k [46]
#ir A IR AR 4-MU  UGTIALI 11.10 5.41 e
AE IR = 4-MU  UGTIAI 1.79 1.08 o4k
NCHN UGTIAI 0.75 0.04 JETa 4
NCHN HLM 1.85 1.18 JEsa gt
AN NG R 4-MU  UGTI1Al 1.80 11.96 P
NCHN UGTIAI 2.25 3.95 JETa 4
NCHN HLM 242 9.86 e gt
SRR R AR 4-MU  UGTIAI 13.04 10.93 o4k (36, 49]
NCHN UGTIAI 3.40 4.09 JETa 4 ’
NCHN HLM 4.43 4.13 e gt
A IR S B ik 4-MU  UGTIAI 1.48 1.46 o4k
NCHN  UGTIAI 127 4.09 JETa 4
NCHN HLM 4.16 7.89 e gt
WEIEFE A 4-MU  UGTIAl 1.48 0.47 o4k
NCHN UGTIAI 0.65 0.79 E| St i3
NCHN HLM 1.99 2.22 JEsa gt
V1] KR 2 HHZT 2% RLM - 51.0 o4k (53]
KA BT RET  HaER RLM - 16.0 o4k
K KA T 4-MU  UGTI1Al 11.10 - - [55]
A& 20(8)-JR N2 = iE 4-MU  UGTIAL - 8.80 E| St i3 [57]
20(8)- 7 N2 B2 4-MU  UGTIAI 10~100 - N
ANZ B Re; 4-MU  UGTIALI 10~100 - N
Compound K 4-MU  UGT1Al =10 - - [58]
ANZ AT Rh, 4-MU  UGTI1Al 10~100 - -
ANSRBHF, 4-MU  UGTIALI 10~100 - N
G AR 4-MU  UGTIALI - 1.20 ek [60]
PP AR 4-MU  UGTI1Al - 0.02 pRcds [61]
WHEHR 4-Mu  UGTIAl - 1.40 e [62]
Ko PRI R 4-MU  UGTIAI - 22.0 ek [65]
(EN=E= IR B 38 — Ak HHZT % RLM - 0.86 o4k
KR # R [EEA% RLM - 1.01 e
K E-8-O- W HHitF HHZT % RLM - 3.43 o4k [66]
K #H HHZT % RLM - 10.01 o4k
6-FRHE LRI [EEA% RLM - 18.56 RER
% )& P& 7 3% 4-MU  UGTIALI 4.75 9.62 RA 671
e 4-MU  UGTIAI 8.58 7.41 JETa 4
Va2 M~ UGTI1AI 18.80 12.20 e [68]
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gl WEY) &) PR ICso/(umol-L™")  K;/(umol-L™")  #WHIZEA  ZH ik
Mz FHE 1 4-Mu  UGTIAl 77.2
FI 20 1A 4-Mu  UGTIAL 69.8 (69]
(SR ] 4-Mu  UGTIAI 435
e pRE T 4-Mu  UGTIAI 67.3 -
FHHE A JHZ 2% UGTIAL 1.21 0.23 R 0]
FHHER B JHZIE  UGTIA1L 11.34 4.91 wER
REREY) RA#HER 4-Mu  UGTIAL 4.00 A [71]
T 5 eSS 4-Mu  UGTIAl 3.00 A [72]
AT % R A 4-Mu  UGTIAl - 21.70 e 4k [73]
Seia JEAEF JHAT 2% HLM 23.21 16.47 e 4]
N3 JHAT 2% HLM 12.40 4.08 e
HEFF iy ME—W ¥ UGTIAI 23.50 34.20 E (SRR [75]

“7 R IRIE; 4-MU: 4-TEEA PR HLM: ARFRcifR; RLM: KRR

2R (KA 1.40 pmol/L).

22,6 Kim KEagfREfEghaime—, BHE
NURL TG K g g, K
BN Sy LSRRG G &, WK IR . K&
FIR By 04, Horp 28 K3 R MOl 2
. Cheng 25T I A Ah N 4L B FIEAR R 52 T %
ZERBECENS 10 B UGT g ikl fE 45 3R
PRI 2R S PEAH] UGT1AL A S/ 4-MU i
ZIPHIETRAE SO, (K ok 22.0 pmol/L). FE/RFT2EK
WA UGTIAL WG R — 2 rHIEH -
227 fTEL AT SR IR 2, L]
HAMTE . 5%, FBIE%h%, Wang 05
AR T & A RS 10 Fidk s
YRt KB OREAR TR UGTIAL i Pk i A4 o3 sk
YER, LA SRR T o S48 . IO 3%
TR R R AR KR -8-O- T A B T
KR 2 EME UGTIAL /- FIRHL 25
ARSI (K434 0.3 pg/mL. 0.86+ 1.01. 3.43.
10.01 pmol/L), 6-F2KE™ 25 K1 28 A TR 5 1tk 56 411
i UGT 1AL A3 [ IH 21 25 i 2 il e PR AL (K A 18.56
umol/L) . MH AL A% UGTIAL - FIUAHLL %
R 250 W TS TR A P T FH AN 3

2.2.8 HMIEIE  HHEE R IE R BRI 2
M, RAEAMERE. MR BRSSP AT
REETIR R B 2 A B 2R A AR A S A A
R FAR RS P ORI e A1), PRARE I R
HHR PURME . TR RB SR . Lin 2571
4-MU J KIS T B Bz 32 ARl S 25567 UGT1A1 (1)

I 7, ST s B S A B 0 UGT 1AL
KU B EIER (K 0k 9.62. 7.61
pmol/L); BB 382 06 B rPAFAE IR — R R AR 2R 2
MAZE, Yo SO UE N Y, WS T AR
FAENM 5 FIREE R XT UGT IFIHIwEoe, 4558
RIBEHFENT UGTIAL e MRt (K A4
18.80 pmol/L),

229 FIZ FESREGKE -T2, BAEI
g WA WO B2 DRk FF
2 F B2 B A HE IR T 1) s PSSR RK 3
PERIRAPERR B K2, Zhang 2L 4-Mu R,
8T P SMRAA YN 2R UGT B4 HI7E R,
RISFSH 1. T2 DA, BPFS0 LA 200
X UGTIAL A 824 44 FH (IC5p>40 pmol/L)
Guo ZVVRHLPI R AL FHBR B, JIE5%. HIL
JeME . RIE RN UGTIAL A S JIH 21 257 2 b i
P Ak S I 2 L AN (R B R e, v P 1R
A FIFHBR B X UGT1AT RILH T Heam /e H
(K 7354 023 4.91 pmol/L), HAMHIZEAL iR &7,
2210 A RESEHD TR AR R L FIR
IETEM ARG R ARG, R R KA EY R
AT AR 58 (R ORI P R BRI E, Qi &I
4-Mu N JEW) %82 T i #E K H AT A DA
UGTI1AL FFHIER, 45 R R I0 I F 25 58] 5641k
i UGT1A1 -3 4-MU #Z2 B L SN (K,
4 4.00 pmol/L) . Gao Z5"ILL 4-Mu A JEEWITFST T 1L
LFA UGT Mg, Rzl se 41k
FH UGTIAL A-F1 4-MU Hi45bEE IRAL SN (K
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93.00 pmol/L). 75 AR A KRN I (ML 2%
G, 2B R L R R SY, Yu
S 4-MU N YIS T 5 UGT1AL MHI1E
FRE, 45 F R L WP EE AT 45 56 4+ 0 ]
UGTIATL 4311 4-MU %1% 8 e PR AR RE RS P (K
1 21.70 pmol/L)o stftd T ERFA T2y, ifb®
FUT 2 H T R AR5y, PR
SEUIDUIRLT 220 TS T P4t UGTIAL 3
HER, 45 3R IR ] sE 4 PRI/ E R UGT1AL
SR R P IR AL RS (K 2r 5k 16.47
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