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Effects of Luteolin on Activities and mRNA Expressions of Cytochrome P450 Enzymes in Rats

WANG Chenxiang, JIN Hui, ZHOU Bin, ZHOU Xiaojie, YU Xuben, ZHOU Ziye, LIN Guanyang (Department
of Pharmacy, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325015, China)

ABSTRACT: OBJECTIVE To investigate the effects of luteolin on activities and mRNA expressions of cytochrome P450
(CYP450) enzymes in rats. METHODS SD rats were randomly divided into test group and control group. After treatment with
luteolin or water for 14 d, rats of control group and test group were given the mixture of four probes including phenacetin,
bupropion, chlorzoxazone and midazolam. The plasma concentration of probes at a series of time-points after dosing were
determined by liquid chromatography tandom mass spectrometry. The activities of CYP450s(CYP1A2, CYP2B1, CYP2EI,
CYP3A1) were evaluated according to the pharmacokinetic parameters of corresponding probes. Real-time PCR was applied to
assess the mRNA levels of CYP450s. RESULTS The pharmacokinetic parameters of phenacetin, bupropionand and
midazolam from test group showed significant differences compared with control group, which indicated that luteolin induced
CYP1A2, CYP2B1 and CYP3Al activities. And no significant difference was found in pharmacokinetic parameters of
chlorzoxazone from test group with control group. In addition, treatment with luteolin significantly up-regulated the mRNA
expressions of CYP1A2, CYP2B1 and CYP3A1l whereas it had no impact on CYP2El. CONCLUSION Luteolin can
up-regulate the activities and mRNA expressions of CYP1A2, CYP2B1 and CYP3Al.
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R A A, NS R A AR
KBEZRE T HERMEY, B A 7 HE AR
B R W EEXT AN E CYP450 AL~ A 454
i ok S I AT IR E o

YHkfRiE, A CYPIA2. CYP2B6. CYP2EI.
CYP3A4 5K§ CYP1A2. CYP2BI. CYP2EI.
CYP3A1 mRNA [FH 5 A E2AH 70%, 74%, 81%,
T3%RPEET, Q0 SKRAN CYP450 i) F 7
ZIAEKRER, QKR CYP450 BE& =R IK
B 10%~30% . & K B A& N I W A 2R
CYP2B1. CYP3Al. CYP1A2, Hr CYP2B1 &
BRIk R R AR e s A
CYP450 [IRgE /v LLE ik V1l % B SR 4 1) 245 31
BRI, AR SLKIE ) O L cocktail
L, B ERWAERE T AR, Ay
SRR I M (1) 2 3)) 2 2O SR PP Af KB CYP1A2,
CYP2B1. CYP2El. CYP3Al [fi& /1%L, [FHS
K H RT-PCR JI5E CYP450 HIFEKIRIEKT, 4E
I3 AT AR R B R MU B s, AT 254 5
& FH G A BE L A AH HAE .
1 UBESHH
1.1 {3

Waters XEVO TQ-S micro Jii #i54% [t £ HiL M %
B TUR(ESD]. Waters ACQUITY i O AR (13
X (ZEE Waters); DU640 #% B2 A (/3 HriX (£ H
Beckman); MyCycler #JFI (£ E Bio-rad);
7500 ¢ 7€ & -PCR 1 (3 [E Applied Biosystems).
1.2 54

RKBERALEADHEARAA, #t5:
JL160311009 ; 40 [ >98%) ; Ik ik M4 (Hik 5 -
171250-200401; 4ifE: 99.8%). ZARAhEH (LS
100671-201001; ZE . 99.8%) 1 Hh 7t 2 (L 5 -
171225-200903; #fi/%: 99.9%)%)0 E i [E £ i 24
m i e WA BE s AEFRPE T (5 : STBB2177M9,
afi f£>98%) . A MR (5. SLBD9318V, 4l
J& >98%) Al FH 2K 1 TR (Hit = . 078K0725, 4i
FE>98%) 4 1 35 [F Sigma-Aldrich 24 7] BEIAME
ST RGN R AR AR, s
20150607); LM R N Eika, H R8N
DL

RNA #EGAA & CEEP RiZWA R A A,
200 mL, flt*5: 93956420); RevertAid First Strand
cDNA Synthesis Kit 77| (3% E Thermo Scientific
- 1190 -
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AF], 100 rxns, ft*5: 00424956); Power SYBR
Green PCR Master Mix ik 7 ( 3£ Applied
Biosystems A, fit5: 1501480; #if%: 5 mL);
S B TAY) TREARAFE K.

1.3 5%

8 Lk SD K, i 210~245 g, ¥
B RN = E Y se e ot B AR PV TR
5 SCXK(#7)2015-0001 . X 54 77 T I = R} K
AP SLE L, FIREHIEQRSE3)C, HHE R
MEFE, HHRK.

2 F&
2.1 Cocktail #FREFE AL AR FZ X KB CYP450
[Ussrayalib=Al

2.1.1 ML EERE 12 H SD KREEHL N
SR ASZIGH, SCRAGHERA TARARER
5.4mgkeg, XHRLME B SHEK, 78 14d. T
B 15 RG THREFRAW, CLEEBTE T 23kt
B GMEYD o KKk S mgkg HEE, JEAELS
F8E)E 10, 20, 30, 45min, 1, 1.25, 1.5,

2,25, 3, 4,5, 6, 7Th T REEFIKML 0.3 mL
BT HZEEP &, 8000 rmin' B4 10 min,

Sy 515 100 pL MK E T-20 CHREHSH-.

2.1.2  MEFEAACEE B 100 uL M3RAES, A
SAWE N 100 ng-mL ™" Hb PG AR T RN
PR G 200 L PUiE MRS H, IWHE 30 s
J& 13 000 r'min~" 80> 10 min, B E3% 7% 200 uL T
BERENA A, W€ 2 pL SRR RS 259 L 259K
2.1.3 RS RS O 3R I PRE 2R )
75 vE I 3 AT 1Y CORTECSTMUPLC Cig
(2.1 mmX 100 mm, 1.6 pm); ¥ii% 0.4 mL-min;

FEIR 40 °C; BN A0.1% 1R, B(ZJE), BhEE
Yellii: 0~1.5 min(10%—70%B), 1.5~2.2 min(70%B),
2.2~2.5 min(70%—10%B), 2.5~4.0 min(10%B).

ESI(FE W5 55 18), JRIRE 150 C, BiEmI<R
J¥ 500 °C, HEFLAME S0L-hT, BUAFISIRE
1000 L-h™", EAWE 0.15 mL-min~' RJHZL RN
B RN S(MRM) BT € 2, SWREAMAA
PRI S8 R 1.

214 WREFREEVHE AEIRPE T A SRR
5~5 000 ng-mL~" Ml 259K EEVE e AR AR ATk A
e AE 5~1000 ng-mL " 1L 24 ¥ & i R 28 7 A vh:
LRIFREAT TR, MAEA “2.1.27 TR ik
AR PR JEARYE “2.1.37 T A I 7 R A B 0 T
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B, 18 R S AR HE i 2 515 BUPREH 25 IR S
®1 ORAARAFHEN S

Tab.1 Detection parameters of probes and IS

i 75 =X o THT
AT T + 180.1 1103
2z JE A + 240.0 184.0
Rk + 326.1 291.3
VG PE(IS) + 285.0 193.0
LS - 168.1 132.1
R T IR (S) - 269.1 170.1

2.2 RT-PCR VAMEARBEZX KR CYP450 ff
mRNA F ik [ 50

22.1 s 5 8 A SD RERBENL 7 Xt
BALRsEIe A, L AGHEFST 54 mgke!
REBER, WIRHESSMEK, FF25 14 do &
Ja—IREH) )5 24 h AR SE, E UM IEZH 23 1--80 °C
UKFEIRAT o

2.2.2 RNA #2H0  $% RNA $EEGAG & Ui 52
HUFFBE S RNA, FEF 260 nm #1280 nm 5 Wi
FE, Wi LB AT 1.8 A1 2.0 Z (B R RNA
difE A%, [FIRFARYE 260 nm OGRER RNA K JE
W | pg-pl™", FH cDNA ¥ 8 s i & 4T
.

2.2.3 cDNA &R HU1 pg A RNA, 43BN 1ul
random hexamer primer, 4 pL 5xReaction buffer,

1 pL RiboLock RNase Inhibitor, 2 pL dNTP mix,

1 uL RebertAid M-MuLV Transcriptase A1 10 uL
nuclease-free water 22 ZARFH 20 uL . W7 554440
25 °C 5min, 42 °C 60 min, /)5 70 'C 5 min Z 1k
S, 133 ] cDNA P T PCR R W 8 F-20 C
UKARORAT- 75 FH

2.24 RT-PCR JlI5E mRNA Fik/KF HL 2 uL
cDNA 724, 435I\ 10 pL 2 X SYBR Green PCR
Master Mix, 20 mmol-L™" EFi#3I4% 0.5 uL,
7 uL nuclease-free water, f§1 e 8 ZA&F 4 20 pL.
PCR X Bi25 1 4: 50 C 2 min; 95 “C 10 min; 95 C

F2 KR CYP450 B 5| 41 /7 3
Tab. 2 Primer sequence of rat CYP450

15s; 60 °C 1 min, 1817 40 MEH. MWEFA CT
fEJE, K 27T Pt S SL I 41 CYPAS50 Filf 3 [H %
IS AR T A AR HCE . KR CYP1A2,
CYP2B1. CYP2El. CYP3A1 Al B-actin( N )59
FFHI N 2.
2.3 Gk E AT

K FH SPSS 19.0 B A% Hd AT et 4 #r, S
WHARL X 5 £ox, 43S 8 DAS 2.0 it
B, AREHEEECR A ¢ K5, P<0.05 NEHE
EMER.
3 #R
3.0 RBEE RN KR CYP450 B 71 K500

4 FHREF 23R AR B LI 1, FEFHRPE T,
ZAEME . FEPRVP IR BRIE M 5 P bR L P
ORI T IR 1A £ B BN TR) 49 08 1,76, 1,69, 1.88,
1.79, 221, 2.09 min. IR 4 FRERER 245 KM R
¥R 5 ng-mL™', FELEVEVE P 4 FhEREFZG H A A
H [E] k5 % £ RSD 3 <8% , AH X [l i % A
95%~101%, %} [ Z>80% . A T7 ik B AT 4L
s EYE, &M TR E KR R 4 FhERE
MR

SRAE I A 2 F 2 7 19 75 VR R AT i 24 vk FE
S, il E 2 th A R A B S5, L
K2 5% 3, S RALE, LM KRIESEE
ARBRZ 14d )5, B TH CLI-E T 1.24 £,
AUC (- Conax 735980 T 55%H01 44%, V., 3410
T 91%(P<0.05), UiEHARB R ZE XS CYP1A2 i& /1 R
ARFEFFER. SXRALRR, LRHRKRE
FEAMEE ) CLr 325 T 76%, AUC 001 Crnax A58
DT 45%FN 44%, VeI T 82%(P<0.05), 1A
RBHEZX CYP2BL W& A FHFIEH . [FR s
B AHIKIE M 1) CLr $2 5 T 46%, AUCM Crax
a5 RS IR A K 65% F1 55%, Ve BN T
66%(P<0.05), TiHIARBEEZEFGEN CYP3AL IG
PSR . TSV SR 25 I h £k RN 24 5h 2
SRR AR B KX CYP2E] 3 7175 B & 52

CYP450 i iEGIYI(5°-3%) TUETIG-3) K bp
CYPIA2 CACCTCACTGAATGGCTTCC TCTCACTCAGGGTCTTGTCG 161
CYP2B1 GGCCTCCTCAATTCCTTC TGTCTGTCCCACATAGCAT 100
CYP2E1 TCTGCTCCTGTCTGCTATT GTGGGATACTGCCAAAGC 104
CYP3Al ATGGAGATCACAGCCCAGTC TAGGTGGGAGGTGCCTTATT 164

B-actin AGAGGGAAATCGTGCGTGAC TTCTCCAGGGAGGAAGAGG 100
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1007 A 1.76 180.1>110.3 100, g 1.69 240>184 1007 1.88 168.1>132.1
4.99¢6 2.48¢e4 4.18¢e4

% % %

I 0 - = -
0655706 150 200 350 300 350 O 550100 T30 200 250 300 350 050 1.00 150 2.00° 2:50° 3.00° 3.50
t/min t/min t/min
1007 1.79 326.1>291.3 100] ¢ 2.21 285>193 100 p 209 269.1>170.1
1.98e6 5.09¢6 1.55¢e4
2.11
% % %
0536160 150 260 350 300 350 05507100 150 200 2307 3,00 350 0036100 130 200 350 300 350
t/min t/min t/min
B 1 AR e P R 2 AT R A 3
A-FEIEPE T ;s B-ARfhlid: C-FMybos: D-BKIAME G E-Hhpidk: F-HZRRE T IR,
Fig. 1 LC-MS chromatograms of probes and IS in rat plasma
A—phenacetin; B—bupropion; C—chlorzoxazone; D—midazolam; E—diazepam; F—tolbutamide.
#®3 BEHLEHFLEH0=6, X+t5)
Tab.3 Pharmacokinetic parameters of probes(n=6, x *s)
PREFZ 450 AUCg.p/h'ng-mL™" t12/h CL./i/L-hkg™ VorlL kg™ Cpnax/ng-mL™"
BT Xt W8 41 6 333.378+1 403.178 0.759+0.288 0.785+0.177 0.855+0.340 3 608.169+857.547
LI 2 842.157+564.853% 0.633+0.253 1.762+0.302 1.636+0.848" 2 020.482+463.173%
22 AE A B Xt W8 41 863.923+191.949 2.206+0.405 5.273+1.035 16.584+3.277 287.624+71.716
LI 471.936+89.783% 2.540+1.571 9.267+3.035" 30.214+11.934" 161.741+28.279"
b X 2 3 576.880+272.778 0.810+0.211 1.385+0.113 1.598+0.327 1 823.342+202.080
LI 4 466.932+1 148.559 1.020+0.197 1.151£0.299 1.702+0.539 1 768.817+365.490
IR 1 A o AL 409.356+88.145 0.738+0.125 12.21142.659 12.878+3.274 282.358+47.996
WA 265.776+15.619" 0.835+0.182 17.882+1.178% 21.367+4.094% 155.306+23.226%

TE: AUCo— M TR 10— F M CL—ERE: Vo BB Con— BIEKIE: S IRA L VP<0.05, PP<0.01.
Note: AUCo.y—area under the curve; t;,,.—~half-time; CL.—clearance; V.,—apparent volume of distribution; Cna—peak concentration; compare with the
control group, 1)P<0.05, 2p<0.01.

50007 p L 4007 B — xR F1 CYP3A1 mRNA F£ik4H) Eif T 1.99, 2.10 fl
4000 ——SHGAH - SHGZH

5 o000 1.93 i, 1fii CYP2E1 mRNA /K 2 4 [ £ L

o
£ 2000 2 ANEEMHESR, WK 3.
1000 =100 »
. s
0 0 R a6 4H

T2 3 4 54 6 8 4
t/h t/h 2)

C ~XFHRZE D —~ X HE2H i
2000 ~ypm 0% ~ 3
H s
_ 1500 - A R
i 1200 #® B
— &0 < 2 oo
5 1000 & < B
B 2100 & S
=500 = £ e
[ T T
0 0 1 I T SRR
TS A \ -
o262 e%!
~ \

2 XRG4 R 2 0 T34 2 v il 4% 1B (n=6)

" Py o b CYPIA2 CYP2BI CYP2EI  CYP3AI
A-FEIRVE T s Bk flid; C-SMbos; D-BREM A .

N . FEE 4 5 S IA 4 K B ; T
Fig. 2 The mean concentration-time curves of probes in 3 f THALE KH A KR CYP4S0 B mRNA AT
control group and test group(n=>06) (n=4, x*s)

A-phenacetin; B-bupropion; C—chlorzoxazone; D—midazolam. St dlits, "P<0.05, PP<0.01.

Fig. 3 mRNA expression of CYP450 in control group and

3.2 KREBBEEXTKR CYP450 B mRNA FiA K520 test group rats(n=4, x+ts)
5 X‘j‘ ,Eﬁ éﬂ*ﬁ Hﬁ , %E’/ﬁéﬂjﬁ LEL‘\‘ CYP1A2.CYP2B1 Compare with the control group, VP <0.05, ?P<0.01.
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77 B JE AR (AhR) . 2H R R B J5t 52 A4 (CAR) Al
ZafE X 2R (PXR) 7 AN S CYPIA. CYP2B.
CYP3A MG K7, YR ABEX 3 4
F2 B4R, X LI CYP4A50 i (1) 35 PR 3R 7K~ Al 2
RGO e B, RIS . A3
R % T8 5 B 2K R4 AT LS AhR . CAR Al
PXR!M T, DR 00 A R 5 2%t 2 o B % 2 A
K% S CYPIA2. CYP2B1. CYP3AI %K)
Kik.

LI R IR R EL RSN CYPLA2. CYP2B1 Al
CYP3Al W& N RIWHBIFEFUN . AEANY
CYP1A2. CYP2B1 1 CYP3A1 X5 F¢)fg 5 5 A
CYP1A2. CYP2B6. CYP3A4. CYPIA2 = EA/EAT
EA3 AT, 2145 CYP450 &) 12%kE A, Hisid
20 ZAIGIKE FHZRE N A, Hh sk
MRy ol SUECTRIRIR e B A R i T E 2,
X LW () AR N R R K R AR 5 5k T 2
. CYP2B6 Z 5 IR 29 7%259) (14 N AR
HrhPusm 20 BB L . M3 E 2%, P HIV 25Kk
Fotr, PUHBZG ARG, BRI 24 S TR 1 A0 U
R 24 VR B E S5 25N I PR HS 245 TR IE CYP2B6
W25 T BURAA BRI AGH, & EE R A
Y AR 2 "% CYP3A4 7E AR E
AT CYP450 WBGH EAr, R4 EZ,
WRKIAANEERPURE 29 PLHEE 2. HMG-CoA
R BRI R 2R I B R AER A
I P 520 50% 0L B R 251, 24 A L
ZGEE, R R P A R R B B A A I
w2 ] e o s AR A AR, S EURIT AR
(13 2h B A = IR B T S R A R R B, 7
B R E Y E.

S 2 MM BEE AL, KBRS
YIRS BRI 25 AR O A T b A, T
ok H R 2 AT AR, th ey AR S YR
i CYP450 FigiE ) A e, 3 i 5 0 i SR A7 (24
YNTER N4, SEMEAER . RFFRHENT T
KRR ELZNR N 25 VA B R E L, B vs
SERPLR AR R R KR CYPIA2. CYP2B1 Al
CYP3A1 I EAFHEFIEM, AT CYP2EL JC§2M o
IEANA B B R AR B CYP450 (BRI /3 AL R K
AR AR D, U R R B R X B )
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