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FHEE: MW (cyclophosphamide, CPA) & a7 2 P MR I — 264k y7 24, (EI & 8 FH AT 5 445 . RSB
PRIT LT 25 (oxymatrine, OMT) 5 CPA I & 45 25 /2 15 2 IR FLF 20, FR0125 [ B LML . /N BR Bl e 24
OMT (100 mg-kg™*) A7l i 1e] J, A& T 2H 23 Cyp2b10 mRNA I CYP2B10 & (%35 . /NR#EE (intragastric adminis-
tration, ig) 45 24 A [R5 & OMT, [AIA [ K B i 5t (intraperitoneal injection, ip) #5F CPA (200 mg-kg™), 10 K J&, Kl
1375 453 TR /45 B4 50 Il (alanine/aspartate aminotransferase, ALT/AST) i 77, it 58 /N BB TZ 28, K i 2 24 Cyp2b10
MRNA JKF, 37> HF ALT/AST i J7 FET: 2 A Cyp2b10 mRNA 7K F i) (AR S 1 o 2 ST o 50 4 48 ) 0 Sz 0 it 78 44 32
M LR B2 KR s I P2 R e« £5 R B, OMT Bk 45 245 7] LU 2 48 & /D BRI 41 219 Cyp2b10
mRNA F1 CYP2B10 & 11k (P<0.05), JF 145 HfigiF M (P<0.05). OMT 5 CPAIRA #5245 ), nl W 48 1 CPA 5] ii2
B/ ERAE TS 2 (33.3%—58.3%); [MILiF A=Ak 15 F5 43 # LA 22 JH-2H 24 Cyp2b10 mRNA 7KV 43 #r 45 2R 8. 7x, OMT nJ gt — 2
PET CPA TS T /N LML ALT A1 AST 35 71 LK F 4148 Cyp2b10 mRNA 7K (P<0.05). I35 ALT/AST i& J1 5/ i
FE T H AN 20 28 Cyp2b10 mRNA /K- 2 [ 34 RAF AR G E . BL LS5 SR Ui, OMT mJ LLis i i 3 /) BRUFF 4 41
Cyp2b10 mRNA % ik, #&7+ CYP2B10 B iif P, (2t CPATE AT AR S, M Bl Hi% 5 i) T2t
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Synergistic effect of oxymatrine on the hepatotoxicity induced
by cyclophosphamide in mice

ZHAO Qing, HUANG Zhen-lin, WEI Meng-juan, GUAN Hui-da, ZHANG Shao-bo, LU Bin, JI Li-li"

(The MOE Key Laboratory for Standardization of Chinese Medicines, Shanghai Key Laboratory for Compound Chinese
Medicines, Institute of Chinese Materia Medica, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China)

Abstract: Cyclophosphamide (CPA) is the first-line chemotherapy for many tumors, but its overdose will lead
to hepatotoxicity. This study aims to investigate whether the combined administration of oxymatrine (OMT) with
CPA will aggravate the hepatotoxicity induced by CPA and its engaged mechanism. The expression of hepatic
Cyp2b10 mRNA and CYP2B10 protein was detected by qPCR and Western blot in mice at different times after
OMT (100 mg-kg™*) administration. Mice were given with different doses of OMT (intragastric administration, ig)
every day. At the same time, CPA (200 mg-kg™) was also intraperitoneally injected into mice every other day. After
10 days, serum alanine/aspartate aminotransferase (ALT/AST) activity, the mortality of mice and hepatic mMRNA
expression of Cyp2b10 were detected. Furthermore, the correlation among ALT/AST activity, the mortality and
Cyp2b10 mRNA expression was analyzed. All animals were received humane care according to the institutional
animal care guidelines approved by the Experimental Animal Ethical Committee of Shanghai University of Tradi-
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tional Chinese Medicine. The results showed that OMT itself enhanced hepatic mMRNA and protein expression of
Cyp2b10 (P<0.05), and increased liver enzymatic activity of CYP2B10 in mice (P<0.05). In mice treated with
CPA plus OMT, OMT obviously enhanced the mortality of mice induced by CPA (from 33.3% to 58.3%). The
results of serum biochemical analysis and hepatic MRNA expression of Cyp2b10 showed that OMT further enhanced
the increased serum ALT/AST activity and hepatic Cyp2b10 mRNA expression in mice (P<0.05). There was a
good correlation between serum ALT/AST activity and mortality or hepatic Cyp2b10 mRNA expression. These
results showed that OMT could enhance hepatic Cyp2b10 mRNA expression and increase liver CYP2B10 enzymatic
activity, and then promoted the metabolism of CPA, and thus aggravated CPA-induced hepatotoxicity in mice.
Key words: oxymatrine; cyclophosphamide; hepatotoxicity; CYP2B10; combined administration

M I% (cyclophosphamide, CPA) & —#ft i FH S
Z AT 245 5 S i AR, W TR T Ik e AL R
DA R I 55 2 Pl he, 3& v F T R #2 FEM. CPA
BRI WA B RIEH, KB REK
RN EEPERS, CPA T EAEAR N AU A R K IE LK
W HENARN S, FEERE CPA AR A Bl It i S 7
(glyciphosphoramide, PM) LA J 1A 4 % (acrolein, Acr).
e T e 507 T 38 ot 25 45 968 41 B DNA 5 52 1) S 4% ik
[4] al 35 38 oL 7S caspase-9 4K 5t 1 41 i U8 T ag 4R 1T R
Kb Je 4 S, ()T PG M T T O 4
DNAZEE, I Z P& =), SEE AL, Kk,
Tl It Jie 5077 BE /2 CPA IRIVE PEAR U ™= 4, 2 L s PEAR
WM. G IR b, CPA I8¢ PEAEEAR R I AN 22 52,
LA P IR A A [ SR L AR RE SR R, 24
WAE AR P IR AR A AR R T A 7 24 g € 3K P450
(cytochrome P450, CYP450). CPA 7E A& Py X ii% 1k I
BURE ) B 2 N CYP KR 1) CYP2B6I1, I/ B
CYP2B10M22,

A4k 1 2 (oxymatrine, OMT) & M & R & 1
W 2 BRI B ) — R AE IR, B TE ORI )
PRIGEESEAE S, DR E A S iR B, OMT BAf 5t
9 U BE LA R ) ik JRg I R AR A RAST i Ab,
W] SR ARALST 51 1 B 40 B s D RERS, I PR, OMT
Al REe 5 CPATK & 4 25 H TR e 7. R &
WF 72 1, OMT A 38 3% CPA Xt /)N KR Lewis fifise 4= & (1
I E B, T OMT Xt CPA 5 3t JIF 23 M4 (1 5 1, K¢
EAH LT AR .

MRS A%

WS A BB (2% >97%, 3% [E Sigma
AT AT S (2 >98.5%, H [E E VR AW
BHABRA A)); B E 2 5§ (aspartate aminotransferase,
AST) A& 4K 771 & A0 23 T4 % %% (alanine aminotrans-
ferase, ALT) F I 77 & (0 B R 50 @ B AR 4 T A2 5
JIT); BCA 7 & (3¢ E Thermo 2 #]); RNAIso Plus.

PrimeScript Master Mix 1 SYBR Premix Ex Taq (H A&
Takara 2> 7); f-Actin A1 CYP2B6 $i /& (3% [ GeneTex
A A, I AP 45 A R W SE SR (35 B Jackson
ImmunoResearch 2 &); 4 L35 A & (A (bovine serum
albumin, BSA) (3% [E VWR 2 &1); it fig W5 Ky « 73 I Ik
Ji . Tween-20 1 qPCR 5|4 (h [ g A= T AR TRE Ik
s /N R NS N F AN oy A
[ 24 4 A1 4k 2 iR A R w]); HoAthalon) 3 0 B 56
Sigma A ]

FEMNEE  Synergy H4 B b4 (35 [H Bio-Tek &
w]); Applied Biosystems S I %¢ 5t 5€ & PCR {X Quant-
Studio 6 Flex Real-Time PCR (3£ [E Thermo Fisher Sci-
entific 2~ 7); £ [ 1 B UK QORI A (35 [ Bio-Rad
Awl); =P o4 (3 [ Waters 2 7]); GL-802
WA E R ESIR (AR DRI HE A R A 7).

SLIGENY)  SPF 4% C57BL/6 /)RR, METE, 18~22 g,
V) R B S v SIS S WA IR TTAE A FD, AR IE
5 SCXK (") 2017-0005. 475 411 (22 + 1) °C, Hix
7 J¥ (65 + 10)%, 7:00~19:00, 19:00~7:00, H} I /& ¥
FRBH . A SO WA R A SE e T FE A G LR
KZF SN B 51 22 I RE

FPLIE O OMT Sl f k25 25 S5 /) B 4%
bliss y=BEHL 3 A 6 41, control 413 X .OMT (100 mg-kg™)
45%4)4.8.12.18 124 h#H %3 . 2586 h )5 OMT
#EH (intragastric administration, ig) %3 2, #5245 4. 8.
12,18 #1124 h Ja A& BLHUR, 4 MR BR UM, {90 52 ifiE
FbTatr. FFHRRAEGTERN, WERE, #H’
F-80 CCUKFHRAT, % H . @ OMT Sl K 1 45 24 5
5o /)N B 4% bliss v BE AL 73 4 2 4, control 0 F1 OMT
(100 mg-kg™) 45254, %3 H. ZERA6h/FOMTH#EBE S
2, ESEVE B 25 245 10 K g AL BREUME, 48 BR Bk, AL
€ MLE R AERR . FHHZVRAFAE G AN, R EE R,
% 2)-80 °CUKF R A7, % . @ CPA+OMTELA %
2SI /N B A% bliss ik BENL 7 320, B4 12 1, 43 5
& control. CPA (200 mg-kg?). CPA (200 mg-kg™) +
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OMT (100 mg-kg™) 4. 2546 h G 4hi%h 24, OMT %

SREE 45 24 10 K, CPA [ K i s 3 44 (intraperitoneal
injection, ip) 45 24, CPA 4R 2 (8] ik OMT # B J5
16 h. RIX CPA 4 25 45 )R J5 4 h &b FEHUR, 4 R BR HL
i, AR e M A A FE bR . A SURAFAE R TN, T
BRI, % F|-80 CCUKAEIRAT, % H

ﬂ]li% ALT/AST E M M T 4 °CHHE 2 h
J& IR B 0, 860 xg B0 15 min, B b JZ i iE T
eppendorf (EP) &, 4% 377 & A0 BRIEAFAS W 1L 75 ALT
HAUAST 3 11 o H A ML 38 0 R J5 B T -80 °CUK 4R
RIF .

RNA 2 EUF1 Real-time PCRSEI&  BYEL— & AT
HELE F 1.5 mL EP &, & & Trizol 21 G 8 5
BIUK b, INNE iR, 5 85T 4 °C, 12 000 xg &5
15 min, BU S EB B EP A, A R AR SIS E
10 min, F 4 °C, 12 000 xg & > 10 min, 75 2] RNA 7T
VE, ThFE IS, T4 75% 2.8, T4 °C, 7 500 xg &
L5 min, 7 LB, YL B TS LT, A&
DEPC (diethyl pyrocarbonate) 7K 7¢ 4> ¥ fi#, Bl 15 5
RNA &K, —80 °CIRA7 % . Kf RNA JH PrimerScript™
Mix 3277 &5 38 5% 5 0 cDNA, 2 I8 S 96 it 58 Bl ) &
Pt B 577V HE1T real-time PCR Y38 5256 . H A5 3 K 11
FHR 235 B p-actin FrdEfk, SR 272409k, BT 51
VI 5 W3 1

Table 1 List of primers for quantitative polymerase chain reac-
tion (qPCR). FP: Forward primer; RP: Reverse primer

Target Primer Sequence

B-Actin FP 5-TTCGTTGCCGGTCCACACCC-3'

RP 5-GCTTTGCACATGCCGGAGCC-3'
Cyp2b10 FP 5-TGTTGAGAAGGGCAGAAAAGC-3'

RP 5-CACAGAGTGACCAAAGATACCA-3'
Cyp2c55 FP 5-CACATTCGCTTTCCTATTGAGA-3'

RP 5-AACCCAGAAGTATTTGACCCT-3'
Cypla2 FP 5-ATTCCACCACCTGGCTGACTG-3'

RP 5-GCAAGGAGGCTAACCATCTCG-3'
Cyp2el FP 5'-GCTACAAGGCTGTCAAGGAGGTG-3'

RP 5'-CAGTCACGGAGGATACTTAGGGAA-3'
Cyp3all FP 5-AGAAGGCAAAGAAAGGCAAG-3'

RP 5'-CTCTGGGTTGTTGAGGGAAT-3'

Western blot 324§ BYHL— e =4 E T 1.5mL
EP A, B4 N AP 25 i 10 HE’J?ﬁ BRI [F 1%
PMSF (phenylmethylsulfonyl fluoride) F1 1%o cooktail
(leupeptin. pepstatin F1 aprotinin) & A B #7171 E &
W] AR I A 20T B BLAE 60 Hz, 60 s & 1 T
WSS9 2 IR . UK P ) & S S, UK B &
10 min 78 70 24f# . 4 °C, 10 000 xg &0 10 min, 43 _E
BEWEHEPE, WARRIHALEH. KHBCAIKH

&I E B EH B, T H loading bufferiﬂ?‘r% I 5 A
PRFR, 4299 °C, 10 min B HR AR 14 A0 21 ) 45 50 R A REA,
fifi 17720 °C. K & A FEABEAT SDS-PAGE HLIK I
% PVDF JBi . HI 5% BSA f 4 5 i A CYP2B10 #1 -
actin—9i, 4 °CHF B % . TBST WL —Pt, “Hi =i
H1hja, TBSTIEYE, JFE T ARG R, P
p-actin N tb, 4415 F Alpha View SA B ab 3 ) & & .

BB AR ORI R ) & 57 300 mg HF4HZUE T
10 mL EP & w1, Ji13 mL 0.25 mol- L ERE A W, Fa5h 2
o ’ﬂ”ﬁﬁﬁ 4°C, 10 000 xg 50> 20 min, B & #4152
WEPE . KR LIGHR 2 EE 0T A EL
&, B 5T 4°C, 105 000 xg & 0> 60 min, FF i, Ut
UE H 2 mL 0.25 mol - L i 4 VA Wi 5 &, IR H B 20
)% B0, B 105 T 4 °C, 105 000 xg & > 60 min,
¢ b3F . PUEE I 0.5 mL 0.25 mol- Lt ji 4 i i B 3k
FFIORL A, L BCA VL E BIoRL A4 R Bk I, IR E 4
WREEN 1 pg-ul %

CYP2B1OBEE S#0 MY 224/ (bupropion,
JEE ) fE W5 4 5 M g CYP2B10 (A CYP2B6) 1L i .
T L SE JEC A R ek 2D SR 2B %% CYP2B10 Bl ) 1
T5C 1) 99 7 A4 2R R BROFFIORL A (mice liver micro-
some, MLM) (1 mg-mL*). G-6-P (glucose-6-phosphate,
10 mmol-L?).G-6-P-H (glucose-6-phosphate dehydroge-
nase, 1 unit-mL™). NADPH (nicotinamide adenine di-
nucleotide phosphate hydrogen, 1 mmol-L*). MgCl, (4
mmol-L*), Tris-HCI buffer (20 mmol-L*, pH 7.4), % dE
B (10 umol-LY), f& R B ARF 200 plo & & H T
TR 1%, &MV E 37 °C, ¥ F B[] 24 30 min.
S B 4E S, N 500 pl & M A% ) (osalmide, P AR)
VK 25 2% 11 [ N, 72 3% 1 min, 4 °C, 15 000 xg &5 .0
10 min. HY 550 pL &R B, R A )5 T 37 °CA
W, NN 90 pL M1 46 i 2 AH ¥, 7% % 1 min, T4 °C,
15 000 xg &5.0» 10 min J&, G B BAR DR . B
F =B DU AT B AR (36 [F Waters 22 7)) BEAT 22 B i
W IE B8 1 5 B 1% F9 48 (multiple reaction monitoring,
MRM). & TS0~ BAIE HE (capillary voltage),
3.00 kV; & TR IR & (source temperature), 120 °C; &%
HUHL % (extractor), 1.0 V; €5 L% (RF lens), 0.4 V; Jiii
I B (desolvation temperature), 350 °C; it ¥ 71 <.
i 3# (desolvation gas flow), 550 L-Hr; 4 £L < ¥ i
(cone gas flow), 50 L-Hr?,

Gt S2I0 K0 H x + standard error (SE) 3
7N, SR8 SPSS 16.0 H 1 5K 2 07 22 40 BT kAT Ak
B, 20 (8] 9 LR H LSD-ti 536, LA P<0.05 %R 22 5t
HARENE,
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Figure 1 Effects of OMT on serum ALT and AST activity in mice. A: Serum ALT activity; B: Serum AST activity. n = 3-5, X + SE. OMT:
Oxymatrine; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; SE: Standard error

#HR
1 OMTXH/ERMEALT FAST ;& RIS
OMT (100 mg-kg?) BR i BRL VK 25 24 BY B i 25 245 /)
fR 10 K (AL 7S ALT A0 AST 1% 16 B R, 4525 )5 A
() ] 553 %) 70N BRI Hh 4 S 038 5 45 245 = i % AH
b B L (] 1.2).
2 OMT %)~ FRUBF Bl o 4K 15 4B X B E Rk MO 52
OMT (100 mg-kg?) # B 4525/, T-4.8.12.18

Figure 2 Effects of OMT on serum ALT and AST activity at 10
days after mice were given with OMT. A: Serum ALT activity; B:
Serum AST activity. n = 3, x + SE

Figure 3

124 h A FHOM, $E U ZH 2L RNA 3E47 5 WL 1 A 24
VAR U g 5L R B QPCR 23 AT . 45 R 278 OMT fE 45 24
J&i AN TR B 18] 55 35 W 5 25 T v N B AE Cyp2b10 1
Cyp2c55 ) mRNA 7K ¥+, 3 H. Cyp2b10 Ft =1 19 7K ~F &t
% 5 T Cyp2c55, 1fj Xf Cypla2. Cyp2el F1 Cyp3all ]
MRNA K34 I 2 13 & (K 3).
3 OMTAHAER BT /NERAFAE CYP2BIOEH %
A

OMT (100 mg-kg?) # B 425 /N6, T 4.8.12 Al
18 h J5 AL EUAS, FEEUIT 41415 A, PL Western blot 2
Kl CYP2B10 I A R ik, 45 R B /R OMT 4 4 )5
18 h/NERATIE CYP2B10 I & AR IL B &, 4~12 h
T E A (F 4).
4  OMT %t/)NGR BFAE CYP2B10 B 5E 14 Y 20

OMT (100 mg-kg™) ¥ 15 45 25/ i, 18 h Ji5 b L HX
B, i 4 BT AR A, 50 A6 I CYP2B10 M B IE 1 o JS
W2z A A R S % 4 5 L CY P2B 10 Big A I, Gl I &
22 A A i (10 96k 20 B SR B B CYP2B 10 i i o AR AR

Effects of OMT on hepatic mMRNA expression of some CYP450 genes in mice. A: Hepatic mRNA expression of Cypla2,

Cyp2el, and Cyp3all; B: Hepatic mMRNA expression of Cyp2b10; C: Hepatic mMRNA expression of Cyp2c55. n = 3-4, x  SE. "P<0.05, *"P<

0.001 vs control group. CYP450: Cytochrome P450
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Figure 4 Effects of OMT on hepatic CYP2B10 protein expression in mice. A: Hepatic CYP2B10 protein expression; B: The quantitative
densitometric analysis of CYP2B10 protein. n = 3-4, x + SE. "P<0.05 vs control group

JE& ) 22 A At T 9k /D> 5 1) 22 7 ok R AE CYP2B10 Flg i 1
25, BdE 5o, 5 control ZLAH HL, OMT 4H %2 3k Aih
i/ P9 A U T AR BE B BH 2 R BE (18] 5), #E8 OMT 45 24
18 hJig, /NI HIE CYP2B 10 i 4 384 0
5 OMT5 CPABXA K AT NRAIF M

OMT (100 mg-kg) 5 CPA (200 mg-kg?) Bt & 4
24, OMT & H & INFE 15 25 24 10 X, CPA B K 8 Ji5 v 5
YRY, 2R — R OMT #E B 5 16 h.
51 X/PMRIETERFEZM 4525 R IR D5
BRAE T Ol . 2RI, . H CPA S S HU/NR LT,
TET-%433.3%. 5 OMTERG LA 251 m 1 /NRIET %,

i1 58.3%, 78 OMT 5 CPABEA 45251 7 CPA T
B (R 2).

52 XP/NFRINEALT FAST & D R AFBERIEY] A
H&E (hematoxylin-eosin) & By 820 7 #7 /N B i
B ALT FAST 3 /145 ORI, BK -G 45 2 4H 3% s g vt

Table 2 Mortality of mice administered with OMT and CPA.
CPA: Cyclophosphamide
Group Total number  Amount of death Mortality rate/%
Control 12 0 0
CPA 12 4 333
CPA + OMT 12 7 58.3

Figure 5 Effects of OMT on hepatic CYP2B10 enzymatic activity in mice. A: Mass spectrum of bupropion catalyzed by liver microsomes
from control mice; B: Mass spectrum of bupropion catalyzed by liver microsomes from OMT-treated mice; C: Mass spectrum of solvents;
D: Peak area ratio of substrate/internal standard. The decrease of substrate reflects CYP2B10 enzymatic activity. n = 3, x + SE. "P<0.05 vs

control group
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PRKFE BT, BT AL E SR, BRI E
o IMTHTA /N ALTVAST 7K & B, CPA ZH AL S
SR, BT /N BRI LIRS A S I KT e B e . R
SN E D) A H&E ettt FUR I, B A 4h 2540
JIN BRI 955 P 45455 %5 CPA ZHL B S I 2, BE 4 45 25 n JR)
T SR K N R I TS AN LR BT L DA B 98 14 4
RESE A (16).

5.3 Xt/ AFLELE Cyp2bl0 mRNA RIAWEN 7
Hr/IN BT 4123 () Cyp2b10 mRNA ik 45 R B, BEA
25 25 41 T 41 40 Cyp2b10 ) mRNA 2% /K 1 1 B &2 FF
&, {25 ALT FIAST ABA, [AAE o T4 (a2 7 K, FF
G ER . WA /N 1) Cyp2b10 mRNA ik K
PRI, CPAZHANE & 45 25, BT/ B 2H 24
Cyp2b10 mRNA ik 7K V-1 3k 5 vy (K1 7)o

54 NRIETIHERSME ALT/AST K BF4H LR
Cyp2bl10 mMRNAFRIEB XM oM DL ESLIe KIS
Sh P R RS KT B, (H R T4 E R K,
HEGIT¥ER . HWATH YK, CPAHFMELA
LR, BETS /N BRI LI 5 2 g ALT VAST /K138 ks
B e W IX — I G AT A M A A I, /N BRI AR T
1 5 I 55 &8 ALT CAST iE 11 L — e M etk .
W 4 243 S 36 R 43 BT /S BRUHF 2 24 Cyp2b10 mRNA 3Rk

Figure 7 Effects of combined administration of OMT and CPA
on hepatic Cyp2b10 mRNA expression in mice. n = 9-12, x + SE.
Red is for dead mice, black is for undead mice

KA, RIBR A 25 25 2H /) BB 2H 21 Cyp2b10 11
MRNA 7K1 88 25 T+ 57, 11 46 T2/ BT 2H 2R Cyp2b10
MRNA 7K - 3 5 5y o X 3X — 3 G347 Spearman A
KSR, DRBIET RS /DR FHHA
Cyp2b10 mRNA 7K [ Ft i PR & 2 [A] FL A I 35 AH oK
P, BB IEAROC (K18),

55 /NERIEALT #AST 55F4E 42 Cyp2b10 mRNA
KERMERMESH DL RS RER AN RIE TS L5
5 ifii& ALT AST FlJH 41 2 Cyp2b10 mRNA ik #f A
A E WA RN . g — 28 M R, /) BT %

Figure 6 Serum ALT and AST activity, and liver pathological observation. A: Serum ALT activity; B: Serum AST activity. n = 9-12, x + SE.

Red is for dead mice, black is for undead mice. C: Liver H&E staining. Typical images were chosen from each experimental group. n = 3.

Scale length of the upper images: 200 um; Scale length of the partial enlarged images: 100 um. H&E: Hematoxylin-eosin
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Figure 8 Correlation between the death of mice and serum ALT/AST activity or hepatic Cyp2b10 mRNA expression. A: Correlation be-

tween the death of mice with serum ALT activity, r = 0.653 2, P<0.001; B: Correlation between the death of mice with serum AST activity,
r =0.522 6, P<0.01; C: Correlation between the death of mice with hepatic Cyp2b10 mRNA expression, r = 0.513 8, P<0.01. n = 30, x + SE

ALT.AST 5 T 41 4 Cyp2b10 mRNA /K F- P & th £ 1F
% (E19).

Figure 9 Correlation between serum ALT/AST activity and

hepatic Cyp2b10 mRNA expression. A: Correlation between serum
ALT activity with hepatic Cyp2b10 mRNA expression, r = 0.527 0,
P<0.01; B: Correlation between serum AST activity with hepatic
Cyp2b10 mRNA expression. r = 0.400 0, P<0.05. n = 30, x + SE

it

CPA & —&Abyr 25, xF Z Fi i R A R iR 97
VR, A 2 25 B AR I PR S F I 2 — AN 2
FRTe) o I 2 CPA ARG AL 37 I, (7] I 2 CPA
BT CPAREANINEE, B JaT8 B A
724 4-OH CPA (4-hydroxycyclophosphamide), 7] #% 1k,
Jik 9 B A7 5 ¥ 4 B % 9 e (aldophosphamide), %
Tl Wt Jie 1 R R A B B, AR B PM A B Acer, AT R 5
25 3 B A Y. 4 B A R R AL & CPA E 4K 1 IR 3 AP
BRUA XA A I R 32 2 R 4 € 2 CYP2B6 58 %,
#7> H1 CYP3A4 Fll CYP2C9 58 B0, [ 4 ik ik Jie LA

Ab, T — B LRI VR T 23 b B 2F, B2 B CYP2B6
RAUFIE I . CYP2B6 HJH fih 22 25 X i fl 4- 3% 2 A
FE IR - PRI B UL R o, 4- R HE AR B 254
FERO, DL B PR AT S DNACE SOn& 9, Wi &1t
WS R, LT 0L, CYP2B6 & Ak P R
LMY UEE . AT B CYP2B6, B /)N B
CYP2B10M*2, A5 &ff 5 & HW., /1N B fd B A 42 0 et
(circadian locomotor output cycles kaput, Clock)
Ji, . CYP2B10 ik i & b Fb; X iZ 3 R b /s B 45
2 CPA, R %38 R X BT A2 B /)N B BE 7™ = 1 a7 24
g BN, CYP2B10 R IA - 7F, Al il it 3 5% CPA
AR T ) G A

OMT & A5 Bt it 8 ity P 1 o 2 B Ak, 0T 51 kS
MR D RE R — 2 EMAEH . A5 R
OMT H it 25 24 /Iy B ]\ & 42 =y HF A CYP2B10 11
MRNA Fl & [ R IE, IF 48 & H s 1, f27R OMT 5
CPATLA 45 25 1T fig 28 1ok 389 5 FL A i Jon Ja) L JFF 25
PE. OMT 5 CPA XA 45 2/ Bl 5 CPA FRLMIZ5 24 /18
FHEE, ZNBRPET 2R B & BT, BTN BTG /N B AT
3073 F2 12 58 O 2 5, AR TS/ BRUFFIIE H Cyp2b10 mRNA
AP S AN R ANRBET RS TR R R
H RS (ALT, r = 0.653 2, P<0.001; AST, r =
0.522 6, P<0.01), H " P<0.05 i3 B 77 & L 5 41 5% 4,
0.40<r<0.6922 i, B P 35 &+ & 1E #H ¢ . Cyp2bl0
MRNA Kk K43 ) 5 /N RIE T3 2 8] (r = 0.513 8,
P<0.01) FIHF 4545 72 £ 2 [8] (ALT, r = 0.527 0, P<0.01;
AST, r = 0.400 0, P<0.05) ¥J745 R i A1 e, 5 F IE
G, DL EZE RN, OMT w3 it i 2 CYP2B10 %
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