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ABSTRACT: AIM To investigate the effects of imperatorin and isoimperatorin on the expression of mouse
METHODS C57BL/6 mice were randomly divided in-

to control and administration groups, which were treated with imperatorin or isoimperatorin by intragastric ad-

liver cytochrome P450s and hepatic toxicity in mice.

ministration for two weeks. The effects of two compounds on mRNA expressions of major P450s isoforms were
analyzed by RT-PCR. The P450 expression was determined by Western blot. The serum levels of glutamic-
pyruvic transaminase ( GPT) , glutamic-oxalacetic transaminase ( GOT) and blood total bilirubin ( TBIL)
were detected by kits. The change of liver tissue was observed with HE staining. RESULTS The Cypla2
mRNA expression was significantly induced by 40 mg/kg imperatorin as compared with the control group. For
isoimperatorin, the Cyp2¢37 mRNA expression was significantly induced. Western blot results showed that
the CYP2C and CYP2EI

expressions were significantly induced. Blood biochemical indices showed that 40 mg/kg isoimperatorin led to

CYP1 A2 expression was significantly induced by imperatorin. For isoimperatorin,

increased serum GOT and TBIL levels. Pathological analysis showed that both compounds ( at the doses of 20

mg/kg and 40 mg/kg) could cause liver edema to a certain degree.
ducer of CYP1 A2, while isoimperatorin is the inducer of CYP2C and CYP2EL.

CONCLUSION

Imperatorin is the in-

These two compounds ( at the

doses of 20 mg/kg and 40 mg/kg) can lead to damage for mouse liver. The toxicity of isoimperatorin is stron-

ger than that of imperatorin.
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1 #R5FE=X

.1 EZRAAME KA ZE (imperatorin) Al
SRRATEHZ (isoimperatorin) (EH &= =98% ) K H
HiE P EREA B G AN E (glutam-
ic-pyruvic transaminase, GPT) ., 7 W %% & (glu-
tamic-oxalacetic transaminase, GOT) . BHZTZ (to-
tal bilirubin, TBIL) a7 & W 5 T e 5t gt A=
P TAEWIFEHT; BCA 3 v B AG N5 & T )
BRREYHEARBG; 05 571300 &8 T Thermo
scientific ( Revert Aid First Strand c¢DNA Synthesis
Kit) ; 7Ot B &M T2 AT (Fast Start Es-
sential DNA Green Master) ., P450 [iff\lV BIPiiR . it
A CYPIA1 (H-70), sc-20772; B #i A CYP1A2
(D1tkt5), sc-53241; Hpi A CYP2A (H-110), sc-
33214; FPL A CYP2B (9.14), sc-73546; fii A\
CYP3A (H-300), sc-25845; fiPFit A CYPOR (F-2),
sc-55477, LI b 6 Fh—3i Wy T 3£ [H Santa Cruz 2>
Al, Pt CYP2C (EPR6576) ab137015 T 2 [
Abcam AF]; HPi\ CYP2D (PAB19502) WTHTE
Abnova N ; HPt A CYP2E1 (BML-CR3271) g+
K Enzo 37, DL EHUARE T AL KREL /MR
M SR SN, F BT BURTE BT Sy HRP —4¢ 16
(H+L) WFHERKEY TERAF; 6 E & PCR
1 (LC96, FRATH, Hit).

1.2 E¥shmAooia (iR SPF 242 Hi% C57BL/6
HEPE/NER, 30 2, (RBTRE (20 £2) g, W3 TR
KRS Y5, shPVF alHiE S SKXK (75)
2010-0001, WK Ji5 7 5 56 2 5y PRl 5 1 ], &

W22 ~25 C, FHXFIRE 65% , 12 h B 22 % Id
W, AWM. oK.

¥ CSTBL/6 /NEBEHL 3 A X RE4H, BRAETHH &R
20, 40 mg/kg 254, FRRATHIE 20, 40 mg/kg
PG, A 10 H, KEFRIE L, BT 0.3%
CMC-Na 1, 252500 2 Ji, 548 h #EH 425 1
W XTHRZHSRF 0.3% CMC-Na, 054 T
MEIERI R . RIRG R, FBREEE 12 h,
AR B IR AT N
1.3 %% %% % PCR (RT-PCR) # M| /> &I 20 o,
&% PA50 B mRNA &9 &35 #%HE K RNA 20
B A5 R0/ IN BRI 8 RNA 28 4143 56 5% B 3 )
FE RNA Y A/ Asg HUAA, HLTUK 31T 18S F1 28S 2%
W, FIE RNA BB seett . BUR RNA T pg, 43
I 333 7 S ) 28 AR R 20 pL IR 35) . ik
SEEAE S 42 °C 60 min, 70 °C 5 min, KNV
-20 CORAEFFH o %551 2 pL il A RT-PCR i
FIZERAFL20 wL, UL B-actin fEN NS I, 17
Ot R, FEFWESIWITY] (FR1) e T A
WA RIS . RT-PCR KR 25A%: 95 °C 300 s;
95 C 15 s, 61 C 20 s, 72 °C 30 s; 65 °C 30 s,
95 °C 15 s;3 37 °C 30 s; 35 MEH, SLEHEE 3 K,

mRNA [ 387K R H L 8¢ 130 {8 5 47 40 17
HRER Y 3 B R R N 272 AACE=
SEAACI HRYHERE CifH - NSERE G fl) -
IR ACE (HMFEEH CifH - NS Cfl) .
CtE R F AT 5 I it A IS E A T8 508 K By
{5 (L JIT XoF 7 (R A A U B o

1 KHREEPCRI|Y
Tab.1 Primers of RT-PCR

FEH IE[ 59 (5'—3") 519 (5 —3")
B-actin AGAACATCATCCCTGCATCC ACCCTGTTGCTGTAGCCATA
Cypla2 GTCACCTCAGGGAATGCTGTG GTTGACAATCTTCTCCTGAGG
Cyp3all ACAAACAAGCAGGGATGGAC GGTAGAGGAGCACCAAGCTG
Cyp2c37 ATACTCTATATTTGGGCAGG GTTCCTCCACAAGGCAAC
Cyp2d9 AAGGCTGGCTGACAAGGCCC TCGGGGTGCTTGGACAGGGT

1.4 Western & & i #p i 3% ) & PASO B+ CY-
POR . CYPIA1, CYP1A2, CYP2A, CYP2B, CYP3A,
CYP2C.CYP2D.CYP2El & % i [l HLFh BT 18
41,20 .40 mg/kg FIELH A 3 H/NEL, BN U HBCH;
SIRIE 7 2H 23 K 553 WSS PR 1, FH UK ¥ 19 0. 15 mol/T.
KCI e, K 4RI, FRILO. 5 g FFZHZREY15 , inA
50 mmol/L PBS % ¥ ( % KCl 150 mmol/L, JiE #¥
250 mmol/L, pH7.5 ), il i 5% By 4 R 2] %,
9000 x g BB 20 min, B, 100 000 x g 12
16

PR 50 60 min, PUTE A JFRORLAR . BURTTHE T
5N A 80 mmol/L PBS YA W& IF, - 80 °C {4
Fo TORLAAR T 3R R BE T BCA B MERAIN AE 2 I
Western £ 1[5z E[J 78 325 0 7 400 {5 2R PASO i v 51
Fik S SR Tmage] BAF 3T G088 B A Y L
W G {H (integrated absorbance, TA) |, b4 40 il €,
F PAS0 [if 07 3% 3K 1 AH X AR b (RO AR 4 3 R
447 GAPDH g, B-Actin 253 FIZE 114 %) .

15 i Afedgiredml e SLEEHUS H /N LD
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AR E BIRANSE . O AEEUML , 2= R CE 30 min,
900 x g #5.0> 10 min YA i ¥ , W2 H GPT GOT X
TBIL 7K,

1.6 AL mEIHR AR WA MHL, A
10% HH i v ig ot [, A6 5 IBOM I, A i a3, D)
L HE Je 68 e Wi MR I 2 OB 848 1k

1.7 HKIFELRTFHH  KTSEN ] IBM SPSS
13,0 Rk A 7 B R 35 22 73T (one-way ANOVA)
BRI AME £ FRif2E (3 +5) Fon, R L BCR

2.0 1.54
s - T T
H é X 1.0 w
® T ®
& 10 : ® 5
E z o
z e <05 .
2 05 i = S
. g 5
0.0- t T 0.0+ T
XA 20 40 XBH 20 40

WRETEH R /(mg-kg )

A.Cypla2 mRNA B.Cyp3all mRNA

RK A #1 % /(mg kg™)

AN T 20007, P <0.05 RAGH#E X

2 #3
2.1 BRATHA & Ao o7 BRAT A F 2F s RATIE 4 Fhfm e &,

% P450 A mRNA £k K-F o %ea W& 1A fF
7, BRRETEHZR X Cypla2 ) mRNA Fik A FIEH, B
40 mg/kg FIT B IR FKIA R E FIH(P <0.05),
VLA ERHTH R BERS 15T Cypla2 (1) mRNA KRG
Xt Cyp2¢37 .Cyp3all F Cyp2d9 i) mRNA F=ikToHH B
FATERI (P >0.05) . 4N 1B ~D R,

e 15,
" _ _
1! T @ 1.04 T
i ®
280 = po
% B
> < 05
R o~
B £
0.0- Z 0.0- =

MEM 20 40
R Al #1 &/ (mg-kg!)
C.Cyp2c37 mRNA

A 20 40
KT 812 /(mg ke
D.Cyp2d9 mRNA

T XA A, " P <0.05

E1

BRETHA 2= 34/ R AFAE P450 £ 22T 2 mRNA 3RiA

YoM (X 5,1 =10)

Fig. 1 Effects of imperatorin on the mRNA expressions of major P450s isoforms in mouse liver(x +s,n =10)

ik 2C Fras, SERETEH 2 X Cyp2e37 ) mRNA
BIFAAE B2 FRAVEH (P <0.05) , 1B 5 Bk fij il
KHEEWIE S Cyp2c37 1) mRNA Fk B8 ; 55 RK A5

1.5+ 1.59
I &
101 ‘31‘ == 10 ._T L
' o ' | ﬁﬁ%
%o i Z
54 o < 0.5 '
2 2 Z S
E B £ .
0.04 I'?,' T 0.0 .u

WA 20 40
SRR 12 /(mg kg™

A.Cypla2 mRNA B.Cyp3all mRNA

XEA 20 40
FERRAT B/ (mg kg ™)

F X} Cypla2  Cyp3all  Cyp2d9 ¥) mRNA [k T
B B VE (P >0.05) , 4nf& 2A B.D s,

mRNAMIX R IEE
mRNAMINT R AR

R |

WA 20 40
SRR I E/(mg ke
D.Cyp2d9 mRNA

WA 20 40
FERATHE/ (g kg")
C.Cyp2c37 mRNA

TE: XA HE, * P <0.05

&2

SERETHHE/NE BT P450 = E T E mRNA Rik

JEIN (x £5,n=10)

Fig. 2 Effects of isoimperatorin on the mRNA expressions of major P450s isoforms in mouse liver(x +s,n =10)

2.2 BRAT# & oo AT #A & * s U £ % P450
TARVER G R K RFOHa W RO RS
WOGREE 2B (] 3 Fnk 2) , RRETHA = X CYP1A2
FEHMERILAEEFIEH, LA8AS CYPIA2 (il
FEFE (P <0.05), Ui DI RKHT#H R BB 0 &5 =
CYPIA2 A RYFRIL, & CYPIA2 2R H M55 X
CYP2El FHAH —&EMiESIEH, BEiH¥ LR

EHEEX(P>0.05), BKAETHZEXS CYPOR CYPIAL,
CYP2A .CYP2B ,CYP3A .CYP2C . CYP2D JLFI & H
R T R S HIER- (P >0.05) .

P4 Fige 3 4550 WoR, SERRETH ZE X CYP2C Al
CYP2E1 KW R IL A FEFERM, e Fp & (1
3 (P <0.05,P <0.01) , Ut B 5 KT8 2 g
HEHES CYP2C #1 CYP2E] B HYFEIL, & CYP2C
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RRHT IR /(mg kg™)
pagicEi 20 40

R pppp—p————

CYP]Al‘———---—-—‘

CYEIA2 |~-——-..-‘

CYP2A | e e > Ee e == @ ‘

CYP2B | ‘-------—‘

CYP3A| --—----.-—‘

CYP2C l-—----——-‘

csz‘ﬁ - e B 3D ‘

CYP2E1‘~-——----—|

3 BRAVAASEX/NRATAE P4SO BEE ET BV E B RIZMIR
Mg (x £s,n=3)
Fig. 3 Effects of imperatorin on the protein expressions of

major P450s isoforms in mouse liver(x +s,n =3)

x2 KATARMOWELE (IA) (X x5,n=3)

Tab.2 IA of imperatorin (x +s,n =3)

P450 iy Xt HRZH Mk 5% kA
(20 mg/kg) (40 mg/kg)
CYPOR 2.29+0.05  2.27 £0.12 2.33 +0.03
CYPI1AI 2.11£0.14  2.150.16 2.15 +0. 14
CYP1A2 1.99£0.13  2.34£0.07 2.49 +0.02"
CYP2A 1.79 +0. 03 1.87 +0.21 1.94 +0. 06
CYP2B 1.81+0.18  1.850.06 2.08 0. 07
CYP3A 2.27+0.01  2.26£0.04 2.25£0.10
CcYP2C 2.31+0.02  2.38£0.11 2.33 +0.03
CYP2D 2.29+0.05  2.28 +0.01 2.28 0. 03
CYP2EL 2.01£0.13  2.28 +0.08 2.21 +0.21

FRRET IR (mg ke™)
XA 20 40

CYPOR‘ A e D np @I GED oo am® ‘

CYP}A]’---—---—-‘

cwmz’-----_--_‘

CYP2A’ - - s e ap e —— - ‘

CYPZBI-—-—-——-— ‘

CYP3A’-------— -‘

CYPZC’ —— — o a— ----l

CYP2E1‘ — — —-——’--|

4 RERETARERI/NRATAE P50 BEEET R E B RIAH
2 (xxs, n=3)
Fig.4 Effects of isoimperatorin on the protein expressions
of major P450s isoforms in mouse liver(x +s, n =
3)

x3 SKAARMOWHKE (IA) (x=xs, n=3)

Tab.3 IA of isoimperatorin (x +s, n=3)

P450 fifg 7 7Y X B2 KA1 SR
(20 mg/kg) (40 mg/kg)
CYPOR 2.09+0.14  2.10=0.09 2.07 0. 16
CYP1Al 1.97 £0.12  1.95 +0.05 2.04 +0. 13
CYP1A2 2.03£0.06  2.01 £0.11 2.05 +0. 12
CYP2A 1.99£0.02  2.110.02 2.10 £0.07
CYP2B 1.870.16  2.13%0.10 2.24 +0. 11
CYP3A 2.17£0.03  2.12£0.05 2.15 0. 09
CYP2C 1.820.19  2.18 +0.06 2.23+0.13*
CYP2D 1.53£0.13  1.72%0.03 1.73 £0.08
CYP2EL 1.77+£0.22  2.08 +0. 11 2.39 0.05 "

T SXIRLLHAE, " P <0.05
1 CYP2EL R A5 %55, XF CYPOR, CYP1AIL,
CYPIA2, CYP2A. CYP2B, CYP3A. CYP2D JL#
HEEAWARTCHE R GEIEN (P>0.05),

2.3 BRATHA Z Ao F BT 4 2 &t R ik A AL 38 A4
W WER 4 Z5RPTR, BRETEA R /NI
GPT, GOT, TBIL (s 5T EAAHIL, —H 2R
¥R EGITFEL (P>0.05), $&RH4H0#
FEAR . SERRETHI 2 XS /N iy o GPT J6 B I 5% i)
(P>0.05), 1M 40 me/ke SEXFTH] & 7] fii GOT,
TBIL K F-FH i, SXTBAMIL, Z25A 8 ERIT
R (P<0.05), #/85MHTHH R 40 mg/kg 7
IR B R

18

. SRR, * P <0.05, P <0.01
2.4 BRATHAF AT BRAT A F AT RATIEA 2B &
aem WK S P R HE @25 1 iR, B
HIEAZE AT MRETEA R A 25 40 S0 IR Lu A, Bl 44
5 TR, /N BRI 34 3 30 B 5 7 240 i K i
(Fik R ), HRATERT, 4R & B i
AR, TIEW . B S HIE DT IE Bt it B4 I E
HRIKR DRI SE , RT3 S BRI R A 254 5
X REEZH LA, JHFIET T Joi ] DX /N i ] 95 53
SR, A XA RRIAAE R, A MK b5
HUFRBESPIRHESIAN A B, H 5 RRETHH R 45 254
POV RRETIA R A 25 4 o, VI 4528
WA RIK EmIAEAMIERAE , SRR I 050
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F4 ERETAARNZERETAA R /R M & LSRRI (X £5, n=10)

Tab.4 Effects of imperatorin and isoimperatorin on mouse blood biochemical indices (x +s, n=10)

20 531 Eiztan X HRZH 20 mg/kg 40 mg/kg
FRHTHA R 4H GPT/(U-L°") 87.57 +12.73 123. 81 +37.66 132.09 +12. 49
GOT/(U-L™") 282.12 +77. 61 340.33 +87.95 459.89 +152.20
TBIL/ (mg-dL~") 0.35 +0. 06 0.41 £0.05 0.43 0. 07
SERRHTE R 4 GPT/(U-L7") 99. 85 +20. 56 115.01 +25. 41 132. 98 +36. 69
GOT/(U-L™") 268. 12 +87. 69 387.19 +31.88 482.59 £133.99 *
TBIL/ (mg-dL~") 0.34 £0.05 0.45 +0. 08 0.54 £0.11*

W SXTRRAE, P <0.05

D>} R4

B.BR AT 1 2 (20 mg/kg)

ERBKATEER (20 m)

C.BK AT #1340 mg/kg)

FSBKHT B (40 mgke)

(EPNN S pI Z = VPS) o I R RN N A )
ES5 HErARMRREIARN/NRFEREARAFNZE (HE, x200)

Fig. 5 Effects of imperatorin and isoimperatorin on mouse liver histopathology (HE,

3 itig

ARS8 3 Western 85 [ 5% B 590 1 5% % o
PCR [HARER T 25 W) X PASO il 32 3% 7K SF- 1 52 1
FURKATA R BEWE 1A S Cypla2 ) mRNA Rk 3%
EE, Xt Cyp2e¢37. Cyp3all FI Cyp2d9 1) mRNA £
IKTCREM 5 SEERAETHIZRXS Cyp2e37 1) mRNA fy3R3k
Al LW AER, BX Cpla2, Cyp3all A
Cyp2d9 1) mRNA (1)K TCRZ M. RRATE 2 A5 KK
HIHAZE T P450 i JLAP = 2 A1 A9 mRNA ik 5 H
X AR I RIB I I 45 R AR — 2,

MR = % CYPIA2 5 (1 35 S A/E W] &2,
CYP1A2 252 8. 9% I R25 i AR8F, A mnmkp |
JEIRPET . A AW, fhvEk . 2R
SR LA BRIk AR R 255 20 RN 2 Y L Sea gk
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