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Abstract: Objective To screen and evaluate PXR/CYP3A4-induced lipid-regulating quality marker in propolis with precise and
quantitative method. Methods The LS174T cell was given certain amount of midazolam injection, along with different dosage of
known components found in propolis, after incubation and extraction, the samples were determined for 1°’-OH-midazolam, and each
compound was evaluated to discover the PXR/CYP3A4 pathway regulatory activity according to the results; Then, compounds
selected were used as indexes for UHPLC-MS-MS content determination, and their own values were regarded as a preliminary step
of confirming PXR/CYP3A4-induced lipid-regulating quality markers of propolis. Results In all components tested, chrysin,
galangin, heterochlorogenic acid A, quercetin, and caffeic acid phenethylester significantly affected the 1’-OH-midazolam yield
compared with blank and positive control, indicating their obvious influence on PXR/CYP3A4 expression; The UHPLC-MS-MS
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determination showed that except galangin, heterochlorogenic acid A, and quercetin, all the other compounds had adequate content in
propolis to take effect. Conclusion Chrysin, galangin, caffeic acid phenethylester, and quercetin were probably defined as

PXR/CYP3A4-induced lipid-regulating quality marker in propolis, which inhibited the expression of such targets to down-regulate

blood lipid level; Additionally, the method used for quality marker screening and evaluation in this study was fast, effective and

quantitative, and capable of carrying out high throughput active component screening for PXR/CYP3A4 regulatory activities.
Key words: propolis; PXR/CYP3A4; quality markers; chrysin; galangin; caffeic acid phenethylester; quercetin
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1.1 488

Thermo Fisher TSQ-Quantum 1= R (i i
IR (ZEPUMEAT, ESI 15, Accela B E4E,
Accela Y FZdEHEAS, EE Thermo Fisher A w]D;
Phenomenex-Cig ¥ (50 mm>X4.6 mm, 5pum, E A
Phenomenex A ]); XS205DU HU+ /5432 —HLF4)
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pg/mL FIXTHEGEWG: AR, MRER. 7
SRR AL TRRAE . W WNMERR R B (L ER
My T N R S R, RS R e, BT R— 10 mL
B, IMHESARIP A ZZE, SR ERE
B8 10 pg/mb 98 50 B8 S VAT

222 PXR-CYP3A4 ¢ FE ME VA #F & 1) 1) %
e “2.1” WUNFrA Ao, #fLEC 100 pL, BT
1.5 mL B0EH, FEIMASH AR AR 100
ng/mL) {1 2.} 300 ul, 4 “C R LA 13 000 r/min &L
5 min, WHL_EEW 200 pl, BT A IO £
WERER A, B

223 &l PXR-CYP3A4 SEFIGE M o & =il g
FEMHI & BUSERRE Y, FEME, M 1g, B

T 50 mL HZEHETL I, K52 M 50% L1 25 mL,
I, MOERE, MIENR 1 h, AL 50%
P A IR O R, L 0.22 pm TFLIERE e, K
B LS PEVR 100 ub, BT 10 mL £+, n
AR B E R R ZI8, W EW 100 pL,

BT 10 mL 2, 0 H BRI B B AE,
HIEC

2.3 UHPLC-MS lE &

231 JiiE%MF ESIEFIE, Bi% H % 3500 V(IR
B 3000V (FfEF), RAERE 350 C,
#55 (Np) JE77206.85 kPa (30 psi), %A C(Ar)
J£7768.95kPa (10 psi), &FAEHEILE 300 C;
FRFIAE S e bR TS S HONR 1.

Fz1 FNESRIESH
Table 1 Mass parameters of components detected

& BET (mlz) R ET (M) BERAMEHE BNV il 48 HL RV CRR
1-FEFERIA e 342.2 324.2 105 21 +
BRI (AR 286.0 201.0 100 21 +
AE 253.0 253.0 100 0 -
HRER 271.0 153.0 105 33 +
SRR A 515.2 353.1 105 20 -
TN &R 255.0 151.0. 171.0. 213.0 105 24, 10. 20 +
itz 2 303.0 153.0 105 33 +
IR R 2, g 283.0 135.2. 179.1 105 28. 28 -
L 251 287.0 153.0 105 39 -
FrEE 271.0 153.0 105 33 +

232 it K Phenomenex-Cqg £ (50 mmX
46 mm, 5um), PLO1%HEE (A -2iF (B) Jii
A, FREEVEFERE: 0~0.3 min, 15% B; 0.3~1.0
min, 15%~90% B; 1.0~2.5min, 90%~15% B; 14
it 700 uL/min, FEiE 25 °C, #EFEE 10 pL. 1'-
FRFLBKIAME S K H AR UHPLC-MS & it LA 1.
24 ARENESEFER

241 FpiEdhR. LR RBE OB A4

SRETAR 15 mL EO08EH, &% 100 ub, 4>
FIRE S IIN 1= S Ik e 3o B S v ioE =, BP9
BT R A ) 1= R SR ke S R
0.5. 1. 2. 5. 10. 20. 50. 100. 200. 500. 1000
ng MIEW, ®FANRERETFATECH] 3 /7 (BR 05
ng/mL el 6 1340, B iR, #% “2.3” WK
FAFNE - IEmRIA PO RN Y BRI TR, T
WETRIAR E . BL 1~1 000 ng/mL FRIRE 58 Ffr 45068 Th
FALL AL bR, 1033 5 R s I JT 8 YA 3 g e A4
bR, FEE S N LC-Quan 4 (35 [E Thermo-Fisher

ANFED H, 13 hRiE 28 FE 8 Y=1553.6 X—1.209 3
(r’=0.997 5), FWTIELIER R R, AElsrE 1~
1 000 ng/mL J5i FEife i YA 17-F8 i R ik W 3047 1k
BIE . 44 0.5 ng/mL ¥ 5t 5E 45 FAR PR Hh 26
dr, HEECRAT RSD, 45 8B R T B R K
93.92%, RSD &y 15.36%, M5k RBEE RIT,
RIGEREMR (LLOQ) AR (LOD) I
SETT: L “2.4.07 TURPRAEA NG, AT H
MIBEE R FRRE, ¥ UHPLC-MS I iS55 S
N\ Xxcalibar %44 (Z£[H Thermo-Fisher A &]) Hr,
g 2G4 H s (SIND #fiE LLOQ A1 LOD,
SEREIR, U EIRELE 0.5 ng/mL K& UL ERY,
SIN>10, MUZWEIRFELE 0.1 ng/mL LL_ER, SIN>
3; WAk, PRI s S EE (0.05~0.5 ng/mL) {uH
AL SIN 25T 10 8% T 3 BIIREE A5, #0F LLOQ
€N 0.5ng/mL, LOD %4 0.1 ng/mL.
242 FREEEFWERE IS A4, ET
ANF 1.5 mL &0 T, 5 100 pl, 3k N
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E 1 PXR-CYP3A4 FEFIEMME UHPLC-MS [EiE
Fig. 1 UHPLC-MS chromatogram for PXR-CYP3A4
affinity tests

R2 HBEEMEBERLIEER (n=6)
Table 2 Results of precision and accuracy (n = 6)

AV, B R TR R (1D U S
W, BT-20 CHAE, 4l 3SANGRIER G, %
“2.2.27 TR J7 i e B Ve, B R R AS E 1t
FEdb s (20 WU, 767 I FTCE 8 h, $%42.2.27
TR 5 i) 28 kv v, RO AS 5 TR AR T A
(3) MPHAFIEW, /£4 CF T BB IHE 8
h, % “2.2.2”7 WUFJ7iEml& Al s, RIfgt
FEZRFRE TERE s (4) HUFTTHIR W, —20 C NIRAE
30d )5, B, % “2.2.27 TR 7 i) 4 R A A
W, B KRR e MR o IR FE SR T R A
JiR R P A AT £ 6 4, HUBT AR R S VA T
¥ “2.3”7 TN UHPLC-MS Z{HM5E 1-¥2 3 mkik
MO RN ARUE T AR, THES & [ EA RSD.
gE R EIR (3R 3D, JriEpr & i 78 2 22
AR E TR R AT

#*3 BREMABEER (n=6)
Table 3 Results of stability tests (n = 6)

LGNvaN =75 S AR
Y
A fEl(ngmL™  JE/(ngmL™) RE%

RSD/%

VRl 2.000 2126+ 0105 6.33  4.96
50.000 50.878+ 3.353 176  6.59
800.000  788.435+56.911 -144  7.22
R 2.000 1.9434+ 0136 -2.87  7.00
50.000 49898+ 4.405 -020  8.83
800.000  804.827+94.312 0.60 11.72
B 2.000 2019+ 0.153 0.94  7.59
50.000 51.387+ 4.804 277  9.35
800.000  799.335+68.237 -0.08 854
K 2.000 2056+ 0.176 2.81 8.8
50.000 50.368+ 5.604 074 11.13
800.000  805.510+73.871 0.69  9.17

LIVANAE 73 S o

2H ) RE/% RSD/%
FEi(ng mL™)  WKE/(ngmLY)

QCL 2.000 2.011+ 0.204 0.55 10.17

QCM 50.000 50.627+ 4.794 1.25 9.47

QCH 800.000 820.711+63.932 2.59 7.79

244 FEFURN B EAMRE, % “2.2.27 TR
T R AV, TSI ORE B N 1-FR Bk
TR B A ROE &, BB FE 7300 2. 50,
800 ng/mL FIVEWR: SHEN 1-FRFEIK IR MO B VS
WoEE, 2B T AR5 mL T, bR R
e REBZIE, SRERES % 2. 50, 800
ng/mL FER . B R AR, 1% “2.37 TR
ZAIE 1-FR LKA M R RIS, TS
. FCRA RSD. 45N (R 4), RS XT
WM T IAE B2 A .
2.5 EERZ PXR-CYP3A4 EFFEMERK 57 AU THIZFIIFY
B “2.1” WURPHASFEM, % “2.2.27 TURN %
1l 2% Ak S VAT F%? “2 37 IﬁTMﬁFvﬂJ% 1-¥%
FEWRIA PR BRI, RS R, RIS R
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=4 ERYUNERZER (n=06)

Table 4 Results of matrix effects (n = 6)

50 125 25 50 125 25

1R CAIGHE (A2541 1-FRSEmkakme 5
TR VR RERAM 8D, FTfeas FARA SPSS
6.2 F43HT, SEFER (F2), S5XIE4 (DMSO) t
B, AR LIER. SRER. ORI
P BA T PXR-CYP3AS IS E, SFatERE A
R R 2 B BEF PXR-CYP3AA s, Eikk
o35 R IO IR PR FEAO I, TRAa 2 AE A
B, MR SeAh, SFREEFALE, s ER T
FRARCREIAE . 255 DREER, AR, &
Wy mRER. AR, MHERIR L8 UL T4 R R
A TR 22 HI MBI SN E R 5 o

50 125 25 50 125 25 50 WfHE AUAEF

WoRBER SR
205 RE/% RSD/%
E¥/(ng mL™) (ng mL Y
el 2.000 2553+ 0.042 2766 164
50.000 60.688+ 1500 1.76 247
800.000  1000.843+29.313 2510 2.93
ii]iabid 2.000 2381+ 0.099 19.06 4.18
50.000 61.146+ 2446 2229 400
800.000 973.829+50.064 2173 514
10 7
=
=
=z
<\_]
S
pant)
e
2
e
= 125 25 50 125 25 50 125 25 50 125 25
=30

FEEF ol L) 2 (umol L) iR EH (umol L) AHE/(umol L) FRkaZ/(umol L) MIRHERAZ B umol L) SR ERR Al(umol L) % 2/ (umol L)

2 PXR-CYP3A4 FEFEMM D THIEER (X £s,n=3)
Fig. 2 Result of PXR-CYP3A4 affinity selection (X +s, n=3)

2.6 WERPIERIEFIEER S S ENETEFER
2.6.1 fPrdEdiZAZMICRFLE L “2.217 TR
IR R LA, BRER. ABER.
FR2E MG S JERE A RO Fz 2508 40t 1B R A O
&, BTAMES mL &, MPEHREIFEESE
ZI5%, B43 IR pesy i fE vk 3474 10+ 20, 50+ 100
200, 500. 1000 ng/mL FI¥A#, EL R AW, %
“2.37 THT S5 A 5 A0 325 35 FH 3 RS20 R A AR IS THD
K BER AN LC-Quan AR, BT IS8 A
AEHTZERT r? K 5. S5 REW, TELEXRAR
U, RS AE 10~1 000 ng/mL A X 16 B 2 3 47 1
i 78 =
%5 SEERSGUELRERER

Table5 Results of linearity tests for each candidate compound

EY) =15 7 78 r?
TR Y=6790.4 X—3.669 5 0.999 8
e Y=2164.4 X—10.003 0.999 6
HRER Y=965.11 X—1.2015 0.999 6
SE7FS Y=8470.7 X—10.987 0.999 4
WiEERE K 2 Y=2365.7 X—5.746 3 0.999 7
SRR A Y=248510 X—3.116 1 0.999 7
LiEEN Y=2448.4 X—6.767 8 0.999 7

26.2 LLOQ #1LOD HX “2.6.1” T Fii &ikE N
10 ng/mL BIVEH, BFHFRE, ¥ UHPLC-MS i€
ZE RN Xealibar A,  FRIEE A4 HIE) SIN i
5E LLOQ Al LOD, R ER, FHE. AMER. W
HERR A% 2B LLOQ A 0.05 ng/mL, LOD 4y 0.01
mg/mL; MR, mRER. AHEN LLOQ ~ 0.1
ng/mL, LOD A 0.05ng/mL; LZE/K) LLOQ 4 0.5
ng/mL, LOD 4 0.1 ng/mL; SZ¢JiEEE A ¥ LLOQ A
0.5ng/mL, LOD ;0.2 ng/mL. FiR&ERK, AHfF
FLHTFH UHPLC-MS Wl 52 77 1 R R4

2.6.3 AHEEELE HL“2.2.37 WRHI& AR
W, 4% “2.37 TN PFE R 6 X, 10K & I
PIARIETIRR, THE RSD. Z5HRIE R, SRR /W
FAELHY RSD 7E 0.77%~2.88%, F B /73K 25 FE R A
2.6.4 JNFEEIGEESE HUERFE S 0.05 g, FEE
FraE, BT 50 mL HEHEML, %K 6 mAm
BIRERE I “2.2.17 TR 4 TR A0 s
W, 4% “2.2.37 TR kA “Ri% A 50% .0 25
mL” & R AR, AR PATHI 3
By, 4% “2.37 TR SRAFHERE, A0SR B FTN BRI
AL, HESE. FICRA RSD, 4581 EoR (£ 6),
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6 HENMEEGERERLER (n=6)
Table 6 Results of recoveries (n = 6)
5%y SHEI(mg gl I E/(mg g7Y) M4FE/(mg g7 EEEIL
R 7.140 3.570 10.786+0.122 102.13+3.43
7.140 7.140 14.295+0.063 100.21+0.88
7.140 10.710 17.705+0.360 98.6513.36
1L 251 1.176 0.588 1.176£0.022 100.51+3.69
1.176 1.176 2.32540.029 97.6843.32
1.176 1.764 3.00040.027 103.38+1.53
ARER 2.918 1.459 4.37540.057 99.86+3.90
2.918 2.918 5.78540.026 98.264-0.90
2.918 4377 7.42140.086 102.89+1.97
SE7ES 2.668 1.334 3.984+0.036 98.62+2.73
2.668 2.668 5.32440.115 99.561+4.30
2.668 4.002 6.7394-0.069 101.72+1.72
W R 2, g 1.818 0.909 2.733+0.044 100.66+4.85
1.818 1.818 3.6564-0.069 101.07+3.78
1.818 2.727 4.551+0.097 100.2243.55
FEERIR A 0.233 0.117 0.350+0.003 100.7542.86
0.233 0.233 0.466 +0.007 99.90+3.18
0.233 0.350 0.577+0.010 98.48+2.78
Wi e 2 0.324 0.162 0.486+0.006 99.71+3.48
0.324 0.324 0.642+0.010 98.27+3.07
0.324 0.486 0.8194-0.013 101.94+2.62

FAGIE A (P35 A [RIUSC 36 97.68%~103.38%
RSD 7F 0.88%~~4.85%, 7 HH 72 ERAE R 4F

2.6.5 FaEtEEEE H“2.2.3750 Rl R SVATR,
BT AR+, 2517 0. 20 4. 6.8, 12h #442.3”
TR AR, DR BT FINPRIETIAR, TS B
RSD. Zif%RN, #&gikisr & RSD 78 0.90%~
2.41%, RUIFTHSHERRTE 12 h e PE R LT,

26.6 HEMFELR BRI RGNS S

POPATH 2 AL $242.37 IR Uik,
LR M AARIEEIR, THRE R . 48R R
(R, BRFRLREIR A SN, HRFAEEB I AA K
FEADIEVET R L B B B, R s 1
Rl AR, WRZER. WIHERAE LEEAHH K =4
B NIRRT PXRICYP3AA T MG 5 Fbr
Yo, Hrh, AR, mRZER. WIMRROR LB AT REE
TRIMARER], W AT R T IL AR/ -

fj-20170727-2), % “2.2.3” WU 7i-FATHI& 6 flt 3 i4ig
WA, 4% “2.37 T N&AFFE, 0 Rafn 3.1 EFREIFEIFMN PXRICYP3AS BIEEM
PRIGTHRR, 5B RSD. 458N, $rkks  HESFINE

()& RSD 7E 0.73%~2.47%, B /7 ik 8 5 1 R I
2.6.7 FEEFUBNFES  HURHLREIREES (JS
fj-20170727-2), % “2.2.3” W N7k (£ “FEE
B 989 100 ul” M1k 40FE, BT 10 mL &5,
s (2 85-0.1%H 2, 50 : 50) Mk Ens
ZIEE, LTI 6 il i, 1% “2.37 TR
TR, RS R RN ARIE TR, THE S R
SO b, g SRR, B RS S
H ooy A IR T 93.51%~105.77%,
KA ITTIEAAFAE R B I 5T T4
2.7 ZHORERAMIRIER 75 & ENE

00 15 HLgfe b, Mtz “2.2.3” TR

CYP3 [ilf 2 LW N B WL 25 AR U I
CYP3A4 [1RIE32 %] PXR 2 &%, Hik, #F7
YT~ CYP3A4L KiE M)Ak, A LAMHEIER I
2% PXR REARIEISER o thAh, B FIKiAme
O CYP3A4 UG AR 1-F2 FEmK A MO R i
BT EXS IS, BRI I TRE AN T
155 Western blotting Z54£ 485> 1 AE W) 55 105 N R
W oERL EEME NS, EE TS
I3 S RAR R AT mnE B IR PR A AL
32 BERMAR AT REREYFERER S

MRAR GRTGE AN B e 45 5, nl gl i B PXR/
CYP3A4 HIHIEER) Q-marker NEAMR . FRZER.
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zT7T SHRERKAMEENELER (n=2)
Table 7 Content determination results for propolis of different batches (n = 2)
H JREHU(mg g7
TR L2 FMRER EL7ES HEERR K 2 1 FEREIR A &
fj-20170711-05 13.086 4.761 12.554 11.633 10.839 0.064 1.139
fj-20170711-08 19.155 5.236 16.873 14.237 13.913 0.030 1.840
fj-20170711-09 15.351 6.090 14.314 12.922 11.076 0.023 1.559
fj-20170711-10 14.464 4.937 13.132 12.568 10.747 0.029 1.618
fj-20170727-1 14.741 7.153 20.320 18.788 10.152 0.080 1.098
fj-20170727-2 14.280 2.352 5.836 5.337 3.635 0.466 0.647
fj-20170727-3 12.941 6.313 17.652 15.688 8.736 0.051 1.078
fj-20170727-4 11.285 5.733 16.554 13.466 8.431 0.031 0.896
fj-20170727-5 11.607 5.056 15.798 13.618 7.378 0.053 0.790
fj-20170727-8 5.054 1.088 2.278 3.071 0.637 0.019 0.224
fj-20170727-9 11.086 6.226 17.732 13.282 8.600 0.064 1.092
fj-20170803-1 8.204 3577 10.618 10.935 6.076 0.042 0.935
fj-20170803-2 15.636 8.617 19.655 17.158 8.560 0.071 1573
fj-20170803-3 12.412 9.234 22.328 16.688 8.310 0.145 1.412
fj-201807007 11.016 23.645 41.017 16.338 9.960 0.000 0.280
WIHERR 2K B8, PSR Q-marker M. B [2] Bk O, AT, EMERS, S WERCHCAH 22 9 M AE )
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ER, IR 28k, 2mITERILH, 4567 D], FEJ7EERIARZ:24R, 2018, 38(8): 1020-1024.
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PXRICYP3A4 | ik PRI T S NIR A RI 50T EPLEABEFT [J]. fiifiy, 2000, 34(5): 233-236.
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PXRICYP3A4 SAITE L RSN LT T A DA, (Q-Marker): 257 MR BISHINBRE (] R4,
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Hp U SRR E B PR &, BRI BT A Rl & (25 YERIBLEIRF S [3]. 8024, 2016, 47(13): 2199-2211.
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