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Study on the Isolation and Purification of Baicalin Metabolites from Rat Bile and Its Effect on the
Proliferation of Liver Cancer HepG2 Cells

ZHU Yanan"*, ZHANG Shuo”°’, ZHANG Min**, MENG Xiaoxia>’, YANG Qimei’, TANG Lei**, ZHANG
Rongping’, GAO Xiuli" * * (1.State Key Laboratory of Functions and Applications of Medicinal Plants
Co-constructed by Province and Ministry, Guiyang 550025, China; 2.School of Pharmacy, Guizhou Medical
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Engineering Center, Guiyang 550004, China;4.Guizhou Provincial Engineering Technology Research Center for
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ABSTRACT OBJECTIVE: To isolate and purify baicalin metabolites from rat bile, and to study its effect on the proliferation of
liver cancer HepG2 cells. METHODS: Totally of 6 SD rats were collected, anesthetized and then intubated with bile ducts. They
were given baicalin (168 mg/kg) intragastrically after the rats were awake as well as the bile sample 1 was collected during 24 h
after intragastric administration. After processed, bile sample 1 was preliminarily analyzed by HPLC. Another 5 SD rats were
anesthetized and intubated in the same way as above, and then given baicalin intragastrically (400 mg/kg). The bile sample 2 was
collected during 48 h after intragastric administration. After processed, the bile sample 2 was isolated and purified by
semi-preparative HPLC. The isolated metabolites were identified by using UV, IR, MS and NMR, as well as based on physical
and chemical properties. MTT method combined with high content cell imaging analysis system was used to study the effect of the
metabolites on the proliferation of HepG2 cells. RESULTS:

Baicalin was mainly metabolized into metabolite 1 and
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they were identified as oroxylin A-7-O-f-D-glucuronide and
baicalein 6-O-f-D-glucuronide. The results of MTT assay
showed that the metabolite 2 had a significant inhibitory effect
on the proliferation of HepG2 cells, and its ICs; was 90
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pg/mL; the results of high content cell imaging analysis showed that at a certain concentration metabolite 2 may inhibit

proliferation by changing the mitochondrial distribution and membrane permeability of HepG2 cells (studies on the pharmacological
activities of metabolism 1 had been reported, it was skipped in this study). CONCLUSIONS: In this study, two baicalin bile

metabolites were successfully isolated and identified, of which baicalein 6-O-f-D-glucuronide has a significant inhibitory effect on

the proliferation of HepG2 cells.

KEYWORDS Baicalin; Metabolite;

Oroxylin  A-7-O-f-D-glucuronide;

Baicalein  6-O-f-D-glucuronide; Isolation and

purification; High content cell imaging analysis; Liver cancer HepG2 cells

TR B B W ¥ 5 (Scutellaria baicalensis
Georgi) 1M, BRT PEIE A6 O IH R ZE,
ERRE N HCA L THER L, A SRR 75 K
TR LRI 2 RRAE AL . BER H SEE A H J HAT
K WA S WA LA R o 8 TR AL
BT R B R I A ROy RS T Y
T 9% ~14%", AR, BEAE X E ST IR AT
5%, K EA G FIRE B Br s s  posk iR
Jod BT AP AR S 2 R T

AR RN, ST AKBRIERNG, SetEiE
PR 2000 114 B- 4 260 W TEE TR 1Y il (GUIS ) M T 7K ity JH:
TFICH AR ARG 7R 28 PR AT — i 1R 1) 28 R PR e
Rl (UGT ) ME e AL LB 551 M AR 5 24
B HEME S, 55 A W 9T & B, BRS04 i
HepG2 1) 34 58 , FLAT W B 1B [a] i 408 1 , 7T 15
HepG2 AL a1 (R B AT 2 A A= A e
Yrxs e A B 2 RIVE R ATEAE . DRI , AT
it & SORAH (kW D i T BB AT ZE IR A iy 32
S, AR5 A A8 2 = O 5k 4 B 4l
FEACHY , IS LA 5 SR AT MTT 7 K5 P T 40
AR HT AT AR HepG2 4H L3 5 1) 5 , L)
S S A S St e R e Rt

1 #7
1.1 {88

UltiMate 3000 %Y = 2% AH (238 -TSQ . Quantum 7Y
= T PURR AT H RS (MS) A (3€ [ Finnigan /A ] ) ; UV
2700 BUEEHP AT WA BT ( H A B A \]) s FT-IR 4T
AP (IR ) (36 [ 222K &2 F]) 3 JE-OL-ECS-400MHz
ARG PR (NMR) P35 ( H A i Rk 2 4t ) 51100
T ] 2 70 v O A i A (S5 B LR E R R A PR
) ) s N-13008 B 7% BAL (KA SRR IR A A 5
CKX53 7 {5 B 2 fl 5% (B AR B 307 v [ A5 BR 2 /)
MCO-18AC B — S Ak 5 F2 48 ( H AP T A A]) 5 Alleg-
ra BHR AU 5 3% % 5.0 HL (38 [E Beckman 24 #] ) ; VI-
BRAX VXR basic I [ i 5 37 771 (57 TKA A ] )
D101 B MAL (BT s iR A R R s 2X2Z-1 Bjig
FELAS 5 (VT E A 2R S A FRZA ] ; AB104-N Met-
tler 7Y B - 2R F- (it AR5 8 -FE R Z A3 AT PR A A )
800TS AU JiHR1X (5 [ Bio-tek 23 7] ) ; BBS-V800 U 1+
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TAES (FRIE b i & 2 ) s Operetta U =7 P4 T8 401 fif A
1553 ¥ 2248 (3% [ Perkin Elmer A R H]) o
1.2 Z@m5iRk#

AT BE A (PP R A YR A BR A | L5
HQ190916, 41 ] : =98% ) ; B 2, 1% 400 (PEG400, | 4%
PUB AL T A FRA H] LS £ 141025) 5 5- 95U R M5 1% (5-FU,
3¢ [® Sigma 2w , #t 5 . 0598) 5 5 4 M i (HE 5 .
1809249) .DMEM ¥ 53 (L5 : 8119220) | i 8 (1 I
b (it 5« 25200-056) , — H 3L V. (DMSO, it 5 .
821D031) . 75 % & -H 4 R I M (L 5 : 20181222) (B2
o2 bk (PBS, 1t5:20181217) MTT(H1t5: 1015D059)
I B b RS 1R A BR A Al s Bobo-3 i 75 14 YLk
(#t%5: QC217869) . DAPI 4Lk} (L5 : QC217870) £k
BRSO 5 CIRET (LS : QC217868) 1y H 5 [ Ther-
mo Fisher Scientific 23 &) ; i BN @ 1E4E, 212 LBk
FAyHTAE, K Aok
1.3 i

SD A R, HEPE , AR (300 +20) g, I [ 56 BE R}
KSR S e, sl FHVF AT IE S - SYXK ()
2018-0001, K [™ 4 2 S 55 2y 4 BRI FH 46 7 1)
F5 B R BURSRE IR (22 £ 2) CHIBEE (55 +5) % (3R
Berp  JERR 12 WIEIN, H ROK . ARSEEE Bk K shi i)
AHOCHERAE I AE 5N BB 2 S0 sh W AR B 22 51 23 it
W UEAT, 74 PG AH S HEN
1.4 4HAR

JF965 4 M HepG2 W) I Fp [ ) 2 e UL 780 5% 55 40
7= i BN R AR50 5 ARG T Ie 2856
2 AEEHER
2.1 KRIETHEZTEHEREMODT S
2.1.1 AL SH ARG AT kg T
58, €415 K Diamosil Cis(250 mmx4.6 mm,5 um) ; Jii
SAH R 0.2 % W K i - - LB WS Wi (60: 222 18, V7
VIV) s it oA 1 mL/min; FE98 R 40 °C 5 R Kk 275
nm; JFFE R 20 uLo
2.1.2  EEXTEX RS AS ORE PR G i A v
T BRSO 45 &8 10 mL s, B
JRHRJE R 10 mg/mL B9 8 5 X BRI, T4 CF
fe, &

2.1.3  KREMEITFESAIAEE  Hte H SD AR, Z/KER
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PSRRI B, AT IR R A R R BUE RS EH AT
B TTIA R [168 mg/kg , AR B 5 17 76 D AE B e 2 (&
BIVEVE RS R AT ) i R R S AR . RRelillidE
K24 h AR VE AR ERES 1, & . BL100 uL KA
REYTAE AL 1 F 5 mL A .04, A 0.5 mol/L #h R
W 50 uL, eI A 30 s, A &2 2. fig 2 mL, $i% 35 10
min AT AEL, 7E 4 °CTF LA 4 000 r/min 2.0 10 min )5, B
FYEWCF 40 CF AR, i EE 100 uL &, FAE
4 °CF LA 12 000 r/min B5.0> 10 min )5, B F3GW, 4510
2.1.4 WA YRIL A BOREZS AR
KRS IR+ o 2506 B K B 1 45 25 )5 i R
510 B AE 2. 137 Ry AR LS | AR 2117
TSR IERE AT o S5 BT Gt IR AR | BR R
RGN, BB A 2 AR (G0 A 1 AR i
2), HA A A 1 S 2 B LR B 15350
8.0.11.2.13.4 min, (a3 FEWLIE 1.
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Fig1l HPLC chromatograms
2.2 KRRETHESHFRIFUNIBLNUREE
A FEAE e Bl b ST 2 ] A B OB AR
L TR T B 2 B alidk
2.2.1 BIEAM i H A Agilent ZORBAX SB-Ci
(250 mm x9.4 mm, 5 pm ) 2f il £ 20 &5 A 5 A 5
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IR 0.03% — IR L FRK G- BE- NG (66:21:13,
VIVIV) s itk 3 mL/min; #E3E R 40 °C 5 Kl Kk 275
nm; AT 40 pl.

2.2.2 WA ELife B HRE, &K A
SRR, 1] 2.1.37 50 J BRI A, AR R e
JE L HE 2T AT (400 mg/kg , MUHR AT IISEH6 ok
BRI o K 52 5] e A R4S, S B AR e A Qa5
BT LA T S R o FRelcgE K R A8 h AR, 1
RHNRVERES 2, T —20 CHEAF, & M. BRKEL100 uL 0
THRER 2, N 0.5 mol/L #2i8 50 L i JiE iR & 40 s, Fifi
2 mL LR TR, Y17 2B 10 min 5, 7£ 4 °CF L) 4 000
r/min 2.0 10 min, JEERFRAR TR, HE ik
VB K A AR RE 5 s 4 e J5 19 2 5 78.59 mg. HF
B AEAT B R — o i HE P R BT VA R 19.64
mg/mL FI¥E , B 12 000 r/min 2.0 10 min J5 , B F
W 40 uL, #“2.2.17 WU N (O35 S5 T or B ik . X5
1 AR — ER IR IR A I S A B T oK R R R S
YIRS E , PRI IR IR IR A L (0 R e % 28 % (O
FHET A5 2 CH 1 (PR B BFR) 2 37.5 min) 8.51 mg.
R 2 (PR BB R] R 44 min) 11.52 mg. il £ Y S 4%
AR TS R P LR 2.
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Fig2 Semi-preparative HPLC chromatograms
223 WETMRMWY MW EE RHEIGIE
(UV) IR MS NMR $ AR FH 25 A HIRA A O 3 AL
1 23 TR AR ANE

R 1R A JC e e MoK, 5 i T H BEM
DMSO. ESI-MS m/z:461.08]M+H]", 459.31[M-H] ", 4%
TR N CoHuOn0 M :192~194 C, UV 2% nm(log
€):245 sh(4.02),272(4.41),310(4.17) ; BA WELHL
P 117 NaOAc 5 AMETEARAL s v “nm (log ¢ ) : 251
sh(4.01),283(4.39),331(4.23), IR(KBr):3 455 cm ™'
(OH), 1 735 cm™'(COOH), 1 657 cm ™' (4 C=0),
1613 cm ' (J57 C=C) . 'H-NMR (400 MHz, DMSO-
d6)6:3.77(3H,s,C6-OCH3) ,5.35(1H,d,J=17.0),7.07
(1H,s,C3-H),7.12(1H,s,C8-H),7.59(3H, m,C3’ ,4’,
5 - H),80l (2H, m, C2', 6 -H) , 12.82 (I1H, s,
C5-OH) . "C-NMR (100 MHz, DMSO-d;) ¢ : 163.6
(C-2) , 1048 (C-3) , 182.3 (C-4) , 152.6 (C-5) , 132.6
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(C-6) , 156.3 (C-7) , 94.2 (C-8) , 152.4 (C-9) , 105.9
(C-10),130.5(C-1"),126.2(C-2" 6" ), 129.2(C-3"5" ),
131.9(C-4"),66.2(OCH;) ,99.3(C-1"),72.9(C-2") ,75.8
(C-3"),71.2(C-4"),75.3(C-5"),170.0(C-6") ., k%L
P55 SOk R TE — B, SO 1 o TR AR
A-T-O-B-D-Hi i B R T , A= WL 3A .

e

COOH
/%’4/0 o HO
HO COOH

HO OH | o |
o
oH O oH ©O

H;CO H(}){o o
AR 1 B 2
3 RKigt 1 n2p4EHK
Fig 3 Structural formula of metabolites 1 and 2

R 2: ke L€ e M K, o v T W BE
DMSO. ESI-MS m/z: 447.09[M+H]", 445.11[M-H] , 43
TN CuHWOne B 195~197 €. UV 2" nm(log
£):271(4.33),318(4.01) ; A" *nm(loge) : 267(4.35),
362(3.99) ; AMeom Al nm (loge ) : 254(3.98),282(4.31), 334
(4.36), IR(KBr):3 370 cm '(OH),1 739 cm '(COOH),
1657 em ' (3% C=0),1 626ecm ' (35 F C=C) .
'H-NMR (400 MHz, DMSO-d6)6:5.01 (1H,d,J=7.5),
6.67(1H,s,C8-H),6.97(1H,s,C3-H),7.61(3H,m,C3’,
4" ,5' -H) , 8.05 (2H, m, C2' , 6’ -H) , 10.62 (1H, s,
C7-OH) , 13.03 (1H, s, C5-OH) . "“C-NMR (100 MHz,
DMSO-d;)d:163.3(C-2),104.2(C-3),182.2(C-4),153.0
(C-5),128.0(C-6),157.5(C-7),94.4(C-8),152.5(C-9),
104.5(C-10),130.7(C-1"),126.4(C-2"6" ), 129.1(C-3’
5'),132.0(C-4"),103.6(C-1"),73.5(C-2"),76.0(C-3"),
71.2(C-4"),75.6(C-5"),170.1(C-6"), | iR%d 53k
D7 U A — B, B A 2 B E R 6-0-B-D-H
HINRIETR T , FLA5 ) =0 DLIET 3B .
2.3 R 2 XF HepG2 £ A & 5 i) 24 Ml % 22

A BT IE SR 1 (T 240K A-T-0-B-D-Hj %)
PEIERR 1) 5 8 5 HA ALY 2 BRE PE (BB OR
DL N AME AR 2 (B 53R 6-0-4-D-# E FEERR 1)
MG VEARIE . BE T, 28 F MTT 75 Al s N T
ML AR A3 AT 12 75 5% T AT 2 % HepG2 4 A 34 8 1)
S
2.3.1  MTT kWA 4 2 X HepG2 4 ifd 3% 46 1 52
M) 22 A0 STk 7 317, ROV 8502 4 A 9 HepG2 4
JfL, LA 5x10°/~/200 pL 1% %5 B2 4270 T~ 96 FL AR , 15 40 i 43
A 24K b BT I B 2 (45,90, 180 pg/mL) il
25 PN HR AL (SRR BUR & 251 DMEM #5557 3% ) (5-FU 41
(BAPEXS BE, 30 pg/mL) , BRAH 18 5 AN AL, H L5 5% 24 h
J& L FE P JC ML A DMEM 15 97 JE 4k 45 15 55 24 hfdi 40
L R 254K 5 43 30 IO I v 5 1 25 W 7 24 h W 5
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FREE A LN A K I % /) DMEM 55 5% 3 100 uL A1 5
mg/mL i MTT ¥ 10 uL, 46 2E 15 3% 4 h, il A 150 pL
DMSOE# R 10 min i&f#4E 5. R AMERUAE 490 nm
P A AR I E W EIE (OD)ME, BEA 3 1k, 7145 HepG2 411
(Y HGFE A 25« B G 3 = [1— (OD gz —OD seprsmaen )/
(OD pgeassnss — OD seprupmen ) ]x 100 % 5 FEAR R AR A8 L3152
TR 2 F01 5-FU BBk B2 (1Cs0) o 444 HepG2 4]
JIBE B A E SRR 1

F1 BAHepGLAMBEMFXRNELER (x L,

n=>5)
Tab 1 Determination result of proliferation inhibito-

ry rate of HepG2 cells in each group (x * s,

n=>5)
43 BT, wg/mL ST, %
SR 0 0
5-FU4 30 90.886+1.003"
R IR A 4 B.154+4561°
R 2 vk AL 9 50226+1.142°
B2 B VR4 180 62.049+0.566"

T s POV IR LA, * P<<0.05, ** P<<0.01
Note: vs. blank control group, *P<<0.05, **P<<0.01

FHER LA, 525 P B4 HU g, 5-FU 4L R 2
R L JO R A L 4 B A A o R 3 2 T (<
0.05 3% P<<0.01) , £ B HY) 2 X HepG2 i il HA3 i 3%
AIEFEANRIVE ] o AR AR R A5 5-FU AR 2 XF
HepG2 2L {4 1Cs0 43 5114 30 .90 pg/mL.
2.3.2 i PN TOR 00 i JSCAS O3 A 12 0 B A 42 2 X HepG2
YA F R BOW B0 K0 Y HepG2 41 g, LA 1x
10*4~/mL f) %5 B B2 R0 T 22 SR 2 R . 1k 1) 96 FLAR 4
Ak 2 o B AR i 241G b s R A
(45.90.180 pg/mL) , AL 3 AL, H ARG FR 24 h
S3 IR ¥ B 1) % 2 5 97 45 97 24 he TIGFRGS
AT 0.5 h, B 96 fLAR , 588 25 B3, A SLImA
60 pL 75 20 it 4L % (£U35% Bobo-3 i B YL YLk . DAPI %
YRR R SR O ERED ) ARS8 57 0.5 hilbf Ty (o
Yo 5 W FEYL R, A 100 pL/AL Y 4% 22 58 W [ 5
W, IBCE 20 min PEA T E 5 PR S A R, 10 S VR
W 100 pL/ALIEVEE W FE, A 100 uL/ALIEIL IR, i
wEFEHEAL 20 min P TIEA SR I5 W ST E AL, FH TS VR
TR 3 YR, A 100 pL/ALAY 3 AR, = 185 9% 20 min;
W 7 AT, TR RO 1% 3 YU , A s P R 400 e A 5
SITRGE . WE RGBOR R A A 358/461 nm A
I DAPT Y {5, A% 3 38 , 570/603 nm 6100 JIE58 155 14: , 490/
516 nm K L1471, MELAC ) 2 X HepG2 4 M %L
SEAFZI , I A MK T AR Ak R S A [
S EEAE (F) 320K, BUE R F R GORLAAR 534181 F1 Bo-
bo-3 i 7 Pk (FH FAE 7 | BUO0EL B R 28 7 5 378 1 ik
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SRR o A L2 e A TR 2 M AR 4G SRR DL IR 4,
RN TSR R R LR 2,

A% X IR BACH 2 ikt CACIY 2 p il

WL WL

B4 &4HHepG2HAEE MIE ARG EER (x200)
Fig 4 Imaging results of high content cell in HepG2

DA 2 5 it
WHELH

cells in each group(x200)
R2 BAHpGLAMBANEIMSHER (x L,
n=3)
Tab 2 The parameters of high content analysis for

HepG2 cells in each group(x+s,n=3)

8 I ) _ um%ffré@‘( _

pg/ml AR (AL ANERAER, wot SRIRMGFE RSB PA
SRR 0 300.00£60.00 177531030 48783254582  620%1.12
RAIURERES 45 186672961 17213£350 603539140741 13.56+0.96°
R RERER 90 13400£360°%  163.15+1110 454671455978 3.194094°
REAREREA 180 105674901 1441813017 2609.36% 16645 6.80%0.70

W s I AE g, * P<<0.05, ** P<<0.01

Note: vs. blank control group, *P<<0.05, " *P<<0.01

mE4&%THm S PO R A AT A 582, 4
IE0 B3 3 VI , SR AR A3 A TR, A L5 21 B S 1 R 1
FRIE. 525 PO R LA AR 24K b L T i v
4 2 i B e (P<<0.05 8% P<<0.01) ; £G4 2 25
Jo e v P 2 A A T PR S 2 R AR (P<<0.05) 5 AR 21K
Jo 5k VR R L 200 A 1 R AR 43 A S 17 1 34 2 R
(P<<0.01), T fo Joi ot % i 21 41 B Al 2 7 4 0 A S 2 0
/B (P<<0.05) , H ik B2 20 20 i A 3 375 M I 2 PR IR (P<
0.05), IXEE/NTE—@RE T, ACEHY) 2 T fE i i A8 20
PRV AA 53 A3 e 5308 375 1 o i 4 8
3 Tt

AR5 T2 1 4 T8 g A80BOR 3 1 A K BRI I
H o Al A BT AR 1 2, Z00 UV IR MS
FINMR £ A 5B R 5% TEHRE
A-T-O-B-D-H I FEREFRTT FN 8 55 2 6-0-p-D- i A B R
15 [F L BF5E T AR 2 %) HepG2 4 4% 58 i) 5200, X
RS oy s i ARSI T B ik, o o Hoe v
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FE R ITR L T B AR

HRIT, 6T 3051 S8 B2 25 1) i A 5 ke 18 22 b
R ILIE A, BT 0TS PR Pt LR AR
PR Y A . AR T U R P TR A
BRI R G0, AR AR | 20 A% T R SR oA I
2 L BB A7 1 S T 5 T G 2 X Hep G2 JH-i 21
FLEHE BRI, 45 R 3R] TE— e W EE T AR 2
AT it 2 g A P 200 B P SRR 43 A B R i 1
SN HepG2 JH-J 240 L Y 15 5

25 LR AL A3 1 5 4 2 A A AR

K EART R AC , Horh 85 2 6-0-4-D-1i % BEIE TR
11X HepG2 4l il HLAT i 2 i 3 GE A il VE A L (B IEAE AL
Hilis A it — W5
S 3k
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Comparison of Medicinal Part Quality of Typha angustifolia
YAN Hua, WEI Feng,MA Shuangcheng(National Institute for Food and Drug Control, Beijing 100050, China)

ABSTRACT OBIJECTIVE: To compare the quality between Stamen typhae and pollen of 7. angustifolia, and provide scientific
evidence for the improvement of quality standard of 7. angustifolia. METHODS: Fifteen batches of S. typhae were collected. Pollen
minus sieve, impurity plus sieve (filament and anther) were sift out from S. fyphae according to the identification method of T.
angustifolia in Chinese Pharmacopoeia (2015 edition). The characteristics and components of S. #yphae and pollen, filament and
anther of 7 angustifolia were comfirmed by impurity, character examination and microscope, TLC. The contents of
isorhamnetin-3-O-neohesperidoside and typhaneoside in S. #yphae and pollen, impurities plus sieve (filament and anther) of T
angustifolia were determined by HPLC. RESULTS: S. typhae was a mixture of pollen, anther and filament of 7. angustifolia, in
the form of brownish yellow flocculent. The pollen of S. #yphae was yellow powder with delicate hand feel, slight smell and light

taste; the surface of cells was slightly striped. The filaments and anthers were filiform and short-term, rough and astringent, and
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