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Effect of Polyethylene Glycol 400 on Bile Excretion of Baicalin and Its Main Metabolite
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[ Abstract ] Objective; To investigate the effect of polyethylene glycol 400 ( PEG400) on rat bile
excretion of baicalin and its main metabolite [ baicalein 6-0-8-D-glucuronide ( B6G )], and to analyze its
mechanism of action. Method; Rats were randomly divided into baicalin + water group and baicalin + PEG400
group, the anesthesia was induced by intraperitoneal injection of 10% chloral hydrate (dose of 4 mL - kg™') to
prepare a rat bile duct intubation model. After the rats were fully awake, rats were given baicalin aqueous solution
and baicalin PEG400 solution with dose of 168 mg-kg ™' for baicalin, respectively. And bile was collected from 0 h
to 12 h after administration. UPLC-MS/MS was used to determine the concentration of drug excreted through bile at
different time periods. Thermo Hypersil GOLD C,; column was used with acetonitrile (A) -0.1% formic acid
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solution (B) as the mobile phase for gradient elution (0-9 min, 90% -27% B; 9-10 min, 27% -90% B; 10-12 min,
90% B) , the flow rate was 0.3 mL-min ', the column temperature was 30 °C, the injection volume was 5 wL. The
mass spectra were obtained in positive ion mode with electrospray ionization ( ESI). The effects of PEG400 on the
activities and expressions in rat liver of uridine diphosphate glucuronyltransferase (UGT) 1A8 and UGT1A9 were
studied in vitro incubation assay and enzyme linked immunosorbent assay ( ELISA). Result: Compared with the
baicalin + water group, in the baicalin + PEG400 group, the bile cumulative excretions of baicalin and B6G
increased by 1.8 times and 2.1 times within 12 h, respectively. PEG400 increased the enzyme activities of
UGT1A8 and UGT1A9 by 2.0 times and 1.5 times, and their concentrations in liver were increased by 2.2 times
and 1.3 times, respectively. Conclusion: PEG400 can significantly increase the bile excretion of baicalin and its
main metabolite B6G by enhancing the activities and expressions of UGT1A8 and UGT1A9, and its promoting effect
on bile excretion of B6G is greater than that of baicalin, which provides a basis for the rational clinical application
of PEG400 and the design of new dosage forms of flavonoids such as baicalin.

baicalin; baicalein 6-0-B-D-glucuronide ; polyethylene glycol 400 (PEG400) ; bile; uridine
diphosphate glucuronyltransferase (UGT) 1A8; UGT1A9; ultra high performance liquid chromatography-tandem
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Fig.1 MS/MS of baicalin (A),B6G (B) and genistein (C)
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Table 1 Precision and accuracy and of baicalin and B6G in rat bile

samples by UPLC-MS/MS(n =6) %
HHN H [a]

3] ﬁﬁﬁ({(&f K s

/png-L” RS RE ¥ o RE
RSD RSD

B 23.44 8.8 -4.1 9.6 -5.2
375 4.5 -2.2 2.8 4.3
3 000 5.7 5.5 6.1 -6.5
B6G 6.25 10.9 -2.1 4.4 5.3
100 5.2 -4.2 5.1 -4.8
800 6.5 2.9 5.6 2.1

3.4 FEHURICR LA KRR I WF
17, B6G I PN A7 114 - 357 2 B [l i 23R 17 359 3k Jo 240
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J# -80 Clik & 20 d J§ RE &b F - 7.6% ~ 6.4% ,
RSD <7.7% ;10 °C ik #£ %% it B 12 h 5 RE
WhF -5.1% ~3.6% ,RSD < 11.2% . FWARE T A W
HY 30 0 I A, SR DR R A AR E 1 o
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3 o SO AN [R) B ) B P £ K BRUIEL T 1 SR AR RO A
DU, TH A TR B ] B P 2 A 0 0 ) I 52 AR i
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FILFEAW Y B6G 1 SR HE M it 43 i 42 &5 T 1.8
fER 2.1 %, Uil PEG400 XF i 4 B6G vt HE it
(AR VR R F X JROE 25 9 e 5 1 i AR iEVE T o
3.6 UGTIAS i1 UGTIA9 [y ifg 35 14 F1 T & 43 %5 i
R RSN B ELISA % £ PEG400 %)
UGT1A8 5 UGT1A9 Jifg 3if 4 A1 & 1 3R ik 19 52w, LA
7~ PEGA00 X} % %5 4F 5 B6G IRyt HE ik () 52 mw AL
il o SR BE KA UGTIA8 5 UGTIAY 1y JlI% 7
3R (12,01 £3.12),(3.10 £0.20) U-mg ' ; &
X2+ PEGA00 41 7 UGT1A8 5 UGT1A9 () i 15 7

.92 .
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301 —— FEIF+PEG40041
25

20 A
154
104

B /ug
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Fig.3 Cumulative excretion curves of baicalin in bile(x +s,n =6)
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Fig.4 Cumulative excretion curves of B6G in bile(x +s,n=6)
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5 UGT1A9 1y Ji & 73 %4 70 5l o (2.73 £ 0.24),
(88.89 +4.39) ng-g '; PEG400 4t UGTIAS 5
UGT1A9 () 5t 8 43 5043 514 (6.00 £0.45) ng-g ™'
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3 fd R U IE b UGT1A8 5 UGT1A9 1y J5i 42 73 41
PR T 2.2 A5 13 £, NECE R DU T A
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A S By R Al UPLC-MS/MS, & 4} % & 1 A
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UGT1A8 5 UGT1AO ) i 14 F1 2% 1A R i 7k ¥ 4 1
K BOG (g I HE o A PR A4 i ¢ T PEG400 X}
WA 2G40 3h 1 2 B R M 5T R, B A + k4l
HE A 2y Ik (C, ) F 2 R i A
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(AUC,,) 43 % K (4.76 £2.71) mg- L', (40.72 =
12.73) mg-h-L™"; # % 4F + PEG400 41 rf # %5 15 19

y =

C.. H AUC,, 53504 (9.17 £5.66) mg-L~",(82.22 +
42.99) mg-h-L™' &5 PEG400 i 45 T w41
FER AR BRI . ASHF 58 PEGA00 31 T ¥ 4¢
T M = AR B6G H BRI HE I, £ ff AR 71 HE 2
Ji7 T8 B 5 2 e BOG ¥R EE S N, i o BF I 06 3R 5
WL, 3 2 A 245 4 3F A IV v ) v R B 2 38, DA T
WAEW] T PEG400 X 85 % # S B6G 11 JiF 117 1 ¥ Fl
W AT ask i B A — 2 IR R AE

AFFREY PR (P-gp) 25 T 259 M il
WAy A E R BRI T A I R TR ] B Ok Ah
WEPEY I S A E AR E AMLIRT, B PEG400 Xt
friti P-gp AT IR DT 400 25 4 () A1 HE o
(LA SCHRRE , 3255 7 8 R 2 P-gp MRS, BT
LLEDE PEG400 Xf P-gp HA M il £ J, o A 41 i) o
KM, A SCWF 5T 45 R R W] PEGA00 {2 i 1 i
KA I IR HE I 006 AR i BT — o 0 SR A
MA 2 RS S B 7K 0 1 AT R I R BURT E A
/N T UGT1A8 Hi1 UGTIA9 mRNA [ 2235, M i #7
Tl R 2R 2 A T TR Akt AR Ik TR B IE A
AN AR AL AT X 2 AR Y 3k BT, AR
gh A RN Ah 52 56 BF 55 PEG400 X UGTLA8 Al
UGT1A9 Jif % £ Ak iy 52w, & 81 PEG400 $2 75 T
X2 AT M KGR, TR — o R R
PEG400 xf #8551 J2 H A B6G IH T HE it 52 i
IMLE o S350, 259 0 It HEM 5 1R 2 sk E
S [ a0 P-gp, 2 25T 25 40 ¢ 2 1 (MRP) #l
UGT %5 | % VAR 56 , 4 00 25 1 ket it 245 9 IR v ki
(14 52 Wl B AT AT RE 5 A OC B i KOG, (B 2R 1Y 52
BLHIE A Fe it — 2205 o

[ &% 30ik]

[1] LATIW W,JIA J T, YAN B, et al. Baicalin hydrate
inhibits cancer progression in nasopharyngeal carcinoma
by affecting genome instability and splicing [ J ].
Oncotarget,2017,9(1) :901-914.

[2] KIM K H,PARK Y D, PARK H, et al. Synthesis and
biological evaluation of a novel baicalein glycoside as an
anti-inflammatory agent [ J]. Eur J Pharmacol, 2014,
744 :147-156.

[ 3] TSANG W K, CHAU K Y, YANG H P. Baicalein
exhibits inhibitory effect on the energy-dependent efflux
pump activity in non-albicans Candida fungi. [ J]. ]
Chemotherapy,2015,27(1) :61-62.

[4] GAOL,FANG J S, BAI X Y, et al. In silico target
fishing for the molecular

potential  targets and

mechanisms of baicalein as an antiparkinsonian agent;

[8]

[9]

[12]

[13]

[14]

[15]

[19]

discovery of the protective effects on NMDA receptor-
mediated neurotoxicity[ J ]. Chem Biol Drug Des,2013,
81(6) :675-687.

W H L X R, S B X HT-29 4 L 2% o A58
B PI3K/NF-«B {5538 #% 19 52 03 e L BT [T ] o
[ 52 06 7 ) 27 2% 75,2016 ,22(12) 1 118-122.

TIRAS . %5 A6 2l Wk 9 i OBCR AR R 5 (D . Tk
B b W25 2 ,2005.

AKAO T,KAWABATA K, YANAGISAWA E. Baicalin,
the predominant flavone glucuronide of Scutellariae
Radix,is absorbed from the rat gastrointestinal tract as
the aglycone and restored to its original form [ J]. J
Pharm Pharmacol ,2000,52(12) :1563-1568.

WU B J, KULKARNI K, BASU S, et al. First-pass
metabolism via UDP-glucuronosyliransferase;a barrier to
oral bioavailability of phenolics[ J].J Pharm Sci,2011,
100(9) :3655-3681.

ZHANG L, LIN G, ZUO Z. Involvement of UDP-
glucuronosyltrans ferases in the extensive liver and
intestinal first-pass metabolism of flavonoid baicalein
[J].Pharm Res,2012,24(1) :81-89.

ZHANG L,LIN G,KOVACS B, et al. Mechanistic study
on the intestinal absorption and disposition of baicalein
[J].Eur J Pharm Sci,2013,31(3/4) :221-231.

XU U, JE LR 22 413, 5% . Liguzinediol Xf 1E K Bl #§ #4¢
OHERIE NI E R LT]. o B8 25 5 0 K 2% i,
2009,28(4) :293-296.

GIACOMINI K M, HUANG S M, TWEEDIE D J, et al.
Membrane transporters in drug development[ J]. Nat Rev
Drug Discov,2010,9(3) :215-236.

HILLGREN K M, KEPPLER D, ZUR A A, et al.
Emerging transporters of clinical importance; an update
from the international transporter consortium [ J]. Clin
Pharmacol Ther,2013,94(1) :52-63.

JERs KA, B B, S B RE O R R B N PEGA00 i
WA T ME RGN a1, b E b2
#,2019,44(5) :1034-1040.

ZHANG Z ,MA G,XUE C F,et al. Establishment of rat
liver microsome-hydrogel system for in vitro phase I
metabolism and its application to study pharmacological
effects of UGT [ J]. Drug Metab
Pharmacokinet,2019,34(2) .141-147.

LI Y, YUAN H, YANG K, et al. The structure and
functions of P-glycoprotein[ J]. Curr Med Chem,2010,
17(8) :786-800.

BAERK. 24 PR ) Bl PR 2 R AE A
[D]. I AR PR R ,2008.

ZHU M L,LIANG X L,ZHAO L ], et al. Elucidation of

the transport mechanism of baicalin and the influence of

substrates

a Radix Angelicae Dahuricae extract on the absorption of
baicalin in a Caco-2 cell monolayer model [ J]. J
Ethnopharmacol ,2013,150(2) :553-559.
MA J, ZHENG L, DENG T, et al. Stilbene glucoside
inhibits the glucuronidation of emodin in rats through the
down-regulation of UDP-glucuronosyltransferases 1A8:
application to a drug-drug interaction study in Radix
Polygoni Multiflori [ J ]. J Ethnopharmacol, 2013, 147
(2):335-340.

[EEHE EX]

.03 .





