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Abstract

Due to the changes of living styles including over-eating, lacking of exercise, and
consuming too much refined foods in modern society, incidence of chronic diseases
increase rapidly. Garlic has been used as a culinary spice and medicinal herb for hundreds
of years. It has been well demonstrated that garlic owns a diverse biological activities,
such as lowering blood cholesterol, lowering blood triglycerides, lowering blood sugar,
lowering blood pressure, anti-thrombosis, anti-tumorigenesis, liver protection,
immunomodulation, and modulation on drug metabolism. Currently, garlic is a popular
health product worldwide and the total sales were ranked the second in the herb market of
the United States of America. Due to the effective hypolipidemic effect of garlic, it is
possible that certain peoples will co-intake clinical drugs and garlic products, especially
the elderlys and those with hyperlipidemia and chronic vascular diseases. Atorvastatin
(ATV), a HMG-CoA reductase inhibitor, is the top sale hypocholesterolemic drug. It is
mainly catalyzed by cytochrome P450 (CYP) 3A and UDP-glucuronosyltransferase
(UGT), which increase the water solubility of ATV. Followed by the action of CYP3A
and UGT, ATV metobloites are excreted out of the cells through membrane transporters,
such as P-glycoprotein (P-gp). This raises a possibility whether garlic changes the
pharmacokinetic parameters of ATV by modulating drug-metabolizing enzyme and
transporter activities. In this study, 6 weeks-old male Sprague-Dawley rats were
intragastrically (i.g.) administered 50 or 200 mg/kg GO for 5 consecutive days or thrice a
week for 4 weeks. Control rats were given 1 mg/kg corn oil (vehicle). At the day 6, ATV
(10 mg/kg) was given orally and bloods were withdrawn at different time intervals for 6h.
Liver and small intestine were removed following sacrifice. Results indicated that GO,

regardless of treating for 5 days or 4 weeks, dose-dependently increased hepatic



ethoxyresorufin O-deethylase (CYP1A1l), pentoxyresorufin O-deethylase (CYP2B1), and
UGT1AL activities (p<0.05). A similar dose-dependent increase of testosterone
6p-hydroxylase (CYP3A) and dextromethorphan O-demethylase (CYP 2D6) were also
noted in rat livers for 4-week GO administration (p<0.05). In contrast, ¢ -nitrophenol
hydroxylase (CYP2EL) activity in the 5-day and 4-week experiments and diclofenac
4-hydroxylase (CYP2C) activity in the 5-day experiment were decreased by GO (p<0.05).
Immunoblots revealed that CYP1A1, 1A2, 2B1, 2D1, 3Al, and UGT1AL expressions
were similar to the changes of enzyme activities. Moreover, RT-PCR showed that hepatic
CYP2B1, 3A1, and UGT1A1 mRNA levels were dose-dependently up-regulated by GO
(p<0.05). Lower hepatic P-gp levels were resulted in rat dosed with 200 mg/kg GO
(p<0.05). In the small intestine, UGT activity and protein level and P-gp protein level
were increased by GO in both 5-day and 4-weeks experiments (p<0.05). By LC/MS, area
under the curve (AUCq.1) of plasma ATV and 2-hydroxylated ATV (2-OH ATV)
concentrations were dose-dependently decreased by GO (p<0.05). The maximum plasma
concentration (Cmax) of ATV in 4-week treatment and of 2-OH ATV in both 5-day and
4-week treatments were significantly lower in rats administered with high dose of GO
(p<0.05). In conclusion, GO decreases the plasma concentrations of ATV and 2-OH ATV,
i.e. AUCo.6 1 and Crax, by modulating drug metabolizing enzymes and membrane
transporter activities and/or protein and mRNA expressions. Results suggest that garlic
co-administration may interact with ATV metabolism and is likely to reduce ATV blood

cholesterol lowering efficacy.

Key words: Garlic oil, Atorvastatin, Drug metabolism enzyme, pharmacokinetics, Rat
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FEEP > @240 FRVEF S A EHFEEER o A FFE G bR AZ S5
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BRI g2 0T HAGFRAE R it ey F RS 7 (B
=) BldedF R FEF B AZTER R G BA BT AR R
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etal., 1996); ¥ *h#-2 % 552 s e 2t 15~20%iFpH P S5 20 B P (WA R K AR
(age garlic extract, AGE) » o *tpt = 32 ¢ /i 4 & 5 endlciny Fpt 23 & e 37
WA G AR AR S A AP 0 A S S REEEE A ST Y PR g
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2001) -

DAS{-DADS ¢ &R L 7 B & &5 N M2 F oA Flig & (5% chd @ik
foo BT AL R PMHEF DR o P J AT M ERIRY S 5
LA G P € Eop A 4 & Shsaguinavir 2 ritonavir = (Piscitelli et al., 2002) - #-3 5F

saquinavir & ritonavir =h% 1~ % 4 & (pharmacokinetics) -



Fo- G2 -&ALz gt 4% 5 £ (Lawson, 1996)

General composition of garlic

Amount (fresh weight; %)

Component

Water 62-68
Carbohydrates (mainly fructans) 26-30
Protein 1521
Amino acids: common 1-15
Amino acid: cysteine sulphoxides 0.6-1.9
v-Glutamylcysteines 0.5-1.6
Lipids 0.1-0.2
Fibers 15

Total sulfur compounds # 1.1-35
Sulphur 0.23-0.37
Nitrogen 0.6-1.3
Minerals 0.7
Vitamins 0.015
saponins 0.04-0.11

Total oil-soluble compounds
Total water-soluble compounds

0.15 (whole)-0.7 (cut)
97

4 Excluding protein and inorganic sul phate (0.5%)
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= ~ 2 ik % & A(biotransformation enzyme system)
BRI A BT (R Y >~ "2 ) 2 b kP T (xenobiotics) i
YRR SN E LS TR 0 g I S R

e RN R RFHAT A G A % - B iT* (phasel reaction) i & i iE A F 3T v

I

L B4 b e cytochrome PAS0 (CYPA50):E (7 fglit » $Hiig i it i 75 1t
(oxidation) ~ & & (reduction) 2 % -k fZ(hydrolysis) it * - & H &% 5 { & & (FL-K
BT F ) A % - B e (phasell reaction) L & o & # 2t kmee B (4
B w33 H R )i AR A5 R § F 0 bl4e glutathione Stransferases (GSTSs)
sulfotransferases (SULTs) ~ NAD(P)H:quinone oxidoreductase 1 (NQO-1) 14 %
UDP-glucuronosyltransferases (UGTS) (2 & =3t ph B ) > B8 fe p KB 1] &+
i & 15 % (conjugation) » 3 *x 2 4 srkiF 120 Fla BLEH Pk 5 S S AR dpd %
= #p it (phaselll reaction) - = B Mm% %t e0 5 & %538 3% F-v (membrane
transpoters) |4 P-glycoprotein f= X v mutidrug-resi stance-associated proteins (MRPs)
o p fgphasel fell pr2 iF* 24 2 eng fd %2 3% T % ¢F(Bock, 2003) o
A B TR AR MEY  ReTR S R LR B F R AW

P -

Phase 0 Phase I

x Glucuronides,
‘\\ / Nucleophiles Sulfonates
x “

ATPs \ GSH.
{ Electrophiles —_— Coniuaates
\ GSTs 19

DNA, Proteins

N

X

W= ~dwfe po B 2h e J2 2 4 i % 3t modified from (Bock, 2003)



()% - ¥ #$ X #iF2 (Phase| drug metabolism)

¥

FIERES LT K ARG ET 0 5 R 2t 1 o phasel f¥E X

‘J:

Y e 7S ANSEEE 0 H @Y 1wz & 3 PAS0 (cytochrome P450, CYP) &5 £ & >
¥ 3 i fr(monooxygenase) > L & A F At hnre T N BT e b oo 3B (T LY KRR

IF P % & NADPH-CYPreductase 2 ‘w* %+ g #; 5 (phospholipids) s Fe 4275 § &
4 & 1% 1% NADPH-CYPreductase # NADPH #& # ] CYP + » i %‘gd cytochrome b5
reductase #- NADH #& # 1 cytochrome b5 1 3 3 * 3% 14 (Sole and Livingstone,
2005) - CYPs d 3F 5 Ip 75 £ {75 % (isozymeg)#rie = » & dr A 43 > L35 5944
isozymes > ~ EUREP T B» 3 4745 - 2 & 7 3B 4 [ (endogenous)r ¢k ik
(exogenous)z. it & 4= » 2 FL FHe it (homology) % 4 » CYP ¥ % A F1¥ & 7 I e
(family) » 2 123 4472 » % - RFY ¢ = #2%(subfamily) »
A~B-C-D %4 77 ok 8 S H2 b, A #52 CYP¥ 4 5 = + #: (1) CYP5-51
FIEA R AP AP R 0 W ¥ X P (substrates) & B & ALfolEE AR BREARY R
FABEITE (2 CYPL-3 3254 £ RSB folt s SapGie 2 3 T o
‘b B4 3F 5 £ & endh 7] § 3544 (genetic polymorphisms) ; (3) CYP4 72% i & % #
REE ~ b kg T2 2 Ap B A 32 (Ingelman-Sundberg, 2004) © B F @ e feak F A
¢ 5 70~80%7E %8 v 4% CYP1-3 72% #7 1% #H(Bertz and Granneman, 1997; Evans
and Relling, 1999) » H »z p & = % EIE 4ok = #77 o

<L ICYPS 5 /5P 0 R ) AR R B s s AR A EE

fnskoo sEERd CYP 7257 £ 7 & k=t 5 CYP3A>CYP2C>CYP1A2>CYP2E - Lin
(2001) 4p &1 5 AR AT R B E & chBE e (S Pt BT R )
w5 g5 5 end & CYP3A - 4 ik 50~70% (Paine et al., 1997; Watkins et al., 1987) -
VRl g ¢ CYPS 4 & A 1t sl 4o ] = #757 (Shimadaet al., 1994) - % *t % & {8p

CYPs & # 35 » & 22 A 3§ 4p (7 (Guengerich, 2004) -



# = ~ Cytochrome P450 #3% si74 & #14(Ingeman-Sundber g, 2004)

i 5 REZ-XR P ) Probedrugs AR B AR
CYP1A2  Ethoxyresorufin O-deethylation Acetaminphen ~ Caffeine a3
CYP2C9 Diclofenac 4-hydroxylation Diclofenac ~ Tobutamide SRR
CYP2D6 Dextromrthorphan O-deethylation Detromethorphan ~ Debrisoquine a1
CYP2E1 Chlorzoxazone 6-hydroxylation Clorzoxazone ~ Enflurane SRR

Testosterone 6-hydroxylation, Erythromycin ~ Midazolam -
CYP3A4 R R
Midazolam 1’ -hydroxylation Testosterone
Liver Intestine
CYP2D6
C:ZEISGCY:;DGCYSP;AS CYP2EL mCYP2B6 c\-'pzzg;a 1%

9% HCYP2D6 2% cYP3A

mCYP2A6 HCYP2CY

W CYP2EL mCYP2C19

HCYP1A2 mCYP2J6

m CYP2DE
mCYP2C

" others
CYP3A

W= ~ AW F5RE | % ¢ CYPs2 354 it 5] modified from

(Paine et al., 2006; Shimada et al., 1994)

(2)% = ¥ 723 it* (Phasell detoxification)

d oA E I & F R(conjugation)snfig & e s A & B G
glucuronidation ~ sulfation ~ methylation ~ acetylation ~ glutationation 2 2 amino acid
conjugation % - Phasell f¥% ~ %4 & #& # fis (transferases) » +* 4v glutathione (GSH)
S-transferases (GSTs) ~ sulfotransferases (SULTs) ~ UDP-glucuronosyltransferases
(UGTs) ~ amino acid conjugases % » ¥ ¢t » N-Acetyltransferases (NATS) §= NAD (P)
H:quinone oxidoreductase (NQO)~» %_Phasell f%% = f - Phasell #&# v & # g0t
bk g BT R AR s phase | e A e b BB okB 2 GSH -~ sulfate

glucuronic acid ~ taurine fr glycine & ~ + % & > 2 & { B3 KMH2Z AH @ F ﬂ}lj*‘v?,%”g



d FRife 2 PE 7 0 4 b (Rushmore and Kong, 2002) -
1. UDP-glucuronosyltransferases (UGTs ; EC 2.4.1.17)

UGTs i & 75 kw2 e B 4 (endoplasmic reticulum) £ +% % F (Mackenzieet al.,
1997) > #Lit % F 22 glucuronic acid 55 & & > - (F g fhit & RS DB Ao
Bl g I RS R > S S ER R R R R bt
FoTORER R 2 FRLEE RN B M MiT A0~T0%TRA ¥ T
UGTS 7 BEFERL (£ % o of $o 854 e UGTS A28 107 6> & 4 #1% > 8 A F e BT
% UGT1~UGT2: ¥ & 5 & i subfamilyA ~ B 12 %2 UGT3 £ UGT8 = B #2% -
< $R 4 e UGTs 3 &% ® (Congiueta., 2002) » # v 4= UGT1A7 ~ 1A8 4 1A10
g RSFERY > A& A #2MY F ¢ (Mojarrabi and Mackenzie, 1998; Tukey and
Strassburg, 2001) - 7 - UGT % e Hm s 4 2 7 gl 4ot 2 % 5 UGT1AL
1% — & F(Tukey and Strassburg, 2001) - F]p *% i UGT1AL e JRpF B3 o RE P 72
ZE vk R o 3 25 g 2 "odF § (Meech and Mackenzie, 1997) - UGT 41 *

uridine-5’-diphospho-a-D-glucuronic acid (UDPGA) i= 5. glucuronic acid ik & » 3

28 A bR 1 (Jancovaet al., 2010) (Bl ) -
COOH H
H H
o 0 o]
] Il COOH 0
HO o r— o—r —0—CH, g o ’
OH OH . UGT H 0—X—R Q
OH ' + ReX—H —= . OH OH
i 148 HO H H H
OH OH H OH
Uridine-5"-diphospho-o. -D-glucuronic acid Nucleofile substrate B -D-Glucuronide Uridine diphosphate

Wz ~ UDPGA & #&{rlt % Fi%iF UGT & #(Jancova et al., 2010)

2. Glutathione S-transferases (GSTs ; EC 2.5.1.18)



GSTs €_phasell » & ® & & enfix % 2. - » 548 & Al 2 72E(mutienzyme
family) » % #icisozymes 7 iin?z F(cytosol) ® > -5 384 R 73 il &8 (microsome)
oo itE 2z GSTF A 2 A ANE e Fihaspro~nrc 1~
Aok %8 ¢ ek form (Hayes et al., 2005; Pool-Zobel et a., 2005; van lersel et al., 1999) ;
R B e o

GSTs fd it GSH & #h b ot sl 52 & - GSTs X e fpMpr e > 4+ FF
(nucleophilic aromatic substitutions) ~ & i ¥ it 4711 % g Kol T + Henit & 4
o Sprsep dod 5 5Bt L2 GSH L F R % @rep GSH 5 B R
Lo gt pE GSH 4ok v & PEAT L B4 § 1Y 5 T s € (B 7 ) (Jancovaet al., 2010) -
GSTs'4 i7f34 & Js*t » e £ 5 3§ i fiF 4 i {2 (selenium-independent GSH
peroxidase) 7 i3 i 4 (organic hydroperoxides):E & = f% % (alcohols) > F] gt

Gﬁé%%ﬁﬁiﬁﬁﬂ’%%ﬁiﬁi“ﬁ%i“°

+ Xenobiotic (RX) —)..

COOH COOH
Glutathione Glutathione-S-conjugate

WI -~ GST it end & F B (Jancovaet al., 2010)

d 3 GST e fd » v 5 B iLehx FiE | > v 4 1-chloro-2,4-dinitrobenzene
(CONB)r & # ¢ 2 - > @ CDNB ~ ¥ i % P& GST f % /&M% F - Manson %
PER S FEPEFOIBF S F I LG A GST G % o kg 1T GST

errinducer (Manson et al., 1997) -
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(= )% = ¥ 5 it (Phaselll membranetransportation)
W@ Fr 3 R enh d LE P SR R R A A e g S

¥ # 8 F-v (drug transporter proteins)s & ¢ ¥ ng?é? B R A bad e £ H

H_% 12 § (pharmacology){-*#.%; & (oncology) » # 33 & £ % @p b2 #4 F 147
(c,ui,:\/,;\#u}.#nf)fr mﬁg;{!—mzmri BE VY LEER o WHEFERY LB A L

# ¢ ATP-binding cassette transporters (ABC) ~ mutidrug resistance-associated protein

[

(MRP){= organic anion transporting polypeptide (OATP) » B = & 5 400 féjb = e id
B FAAER > "B T LA TS EREE L T Y A il g R
FAOUFAY O RET P AELEE T R > Dy Apy g S g BRG

(Franke et al., 2010) -

1. ATP-binding cassette transporters (ABC)

ABC transporters 3% 4§ 48 fd & F]> & i 5 47 3 ¢hd_ABCB1{- ABCG2 % 4
PR L KTRATP A4 it B > Bfe3F 5 A F %15 e (Frankeet d.,
2010) - ABC ## 38 3-v #Liu 5 £ 3 B A 9 7 & 4f {2 (substrate-dependent) » % f2 4 fr
Bt kg f 4% ¥ £ & ek ¢ (Linand Yamazaki, 2003) - ¢ 4 ABC
transpoter & #] 7| f somdrlal/lb (-/-) ] B #-g o Pl EEF 5 22 % (Schinkel et al., 1997,
Schinkel et a., 1994) » -] % 2_ % 1 v Jx % 3| 3 ¥ (Jonker et a., 2002; Sparreboom et al.,
1997) » *5s2en®E 5 & & (Smitet a., 1999) 2 % f- i # ohdf i (Wijnholds et al.,
20003 4c R % o

ABCBL & % - B4~ e ) kit @ 39 > *~ 5 MDRIL (muti-drug
resistant) & P-gp (p-glycoprotein) (Gottesman and Pastan, 1993) - = -+ ABCB1 # 3 &
FILFhERY o AR PNy AP e p B FART R @S

§ % o ABCBL fosi GHES? 3 R A0 #700F Bt i sgtang 4 0 £ d o i
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it &4 bR Nk B (van Tellingen, 2001) « % s+ 2 # » ABCBL+ T 3% 5 £ 4
waxt g e (excretory cells)® o Blde T ) g b R e s Fmie s ] B ) e
vl b g e Lok > ABCB1 A & ARG P A e 7R G (apical surface) 0 ¢
F i ABCBLAM G Fos it ¥ o3P ET i tg@y - 2% 8%)

$HE R v RE S cnd Bw 4]0 5 (bioavalibility) ©

2. Mutidrug resistance-associated protein (MRP)

MRP £ 4 MRP1 (ABCC1) - MRP2 (ABCC2) ~ MRP3 (ABCC3) % £ 9 i 7.2% »
MRPL e MRP3 =3 %% /| ¥ (canaicular) sk AWt » f F %18 3Hs cni 4o 18 3%
B L E@EJ&;‘,’E#U,% s MRP2 Rl izt 3 lmie Bl o > | F MR- iF3% 1 e

(Xu et al., 2005) -

3. Organic anion transporting polypeptides (OATP)

OATP }2%¢ 2 % > 3004811 F v F » & = 47 1 7% (Hediger et a., 2004) -
s e R %ﬁtfﬁiﬁﬁiﬁir%ﬁ—”r LI NELELEE T me i o OATP 2 & B 2 eh
@ 23 1 & 4 (amphipathic organic compounds) » - 14 sodium-f= ATP-independent
CREBEZIBPAPENRECEL c B EE ARG ETECF R HEBEES
£ 4g+ oligopeptides~ = H B4+ ~ ,1»%9:}1-,%(T3 ~TA) S R S R B
% (Hagenbuch and Meier, 2003; Reichel et a., 1999) -

OATPIB1 i & 4 IR A Fimie chik KA+ > ¥ #n k¢ h# vy » (Uptake)s+im
% A (Abeetd., 1999) » i& » fm¥e {5 » £ 4 Phasel 2 Phasell &4 % ifs % £ (v %

(W) -
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Intravenous dose

Circulation

FER 2 FACF TR FE G P TR PPN S EE S NP

FoE s ARSI o gt R T RIERE S R R H S T AR R A

Wit g RRY F > FI FES S fo& 2 P IRY 180 4o% 5142 herb-drug
interaction > #-8 ¢ FE BN AR TEL A HF MM AL S B2 R
Gurley & 2 TR < e € BT A Fen®d S CYP2EL > & %
AR R A ek A X 1500mg 5 H 28X o BEFIR A GHER VRIS LR
¥ 6-hydroxychlorzoxazone/chlorzoxazone vt & » 4 J1 = Fe i jd 7 v CYP2EL chp% %
1 (Gurley etd., 2002,2005) © &% - § 4 = p BH F LR %KY 0 K L E p IR
1200mg * 7R B > A2 F KA S FE 2L X 0 B R RS AR F PP T M
Fv B pE e # —saquinavir R T 6 f (areaunder the curve, AUC) » e BF4 i 1 x

iﬁ{fﬁ‘x < kR (Cra)ii » 51~54%(Piscitelli et a., 2002) - Saquinavir = +=4_CYP3A4 {
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P-GP 2 5 » @ CYP3A4 &2 P-GP /5 4 € 4k < 5 3 B4 #7343 (Plosker and Scott,

2003) - Fkm Markowitz % % fref & X L& 4 575 B4 1800mg - 14 = {5 & 7 ¢ :%

% dextromethorphan (CY P2D6)4x alprazolam (3A4) 2. s J]‘% # 1k B (Markowitz et al.,

2003) ¢ i kA YA o ER T (FF T AL B AeT £ (R 2)

A AFRAES2L LT R

Preparation

Garlic extract

Garlic extract

Garlic all

Garlic extract

Garlic extract

Garlic extract

Garlic
homogenate

Dose
1200 mg/day for 21
days
1800 mg /day

(600 pg allicin /600
mg tabl et)
1500 mg /day for 28
days

600mg /day

(3.6 mgadllicin/
tablet), for 17 days
2000 mg /day

(3.71 mgadlicin/
tablte), for 2 weeks
600 mg taplets (7 12
mg y-glutamylcysteine
% 4.8 mgaliin), for
21 days

125, 250, 500 mg/kg
for 30 days

M odel
9 health adults

14 healthy
volunteers

12 elderly
adults

10 Patients
(adenocarcinom
a of the breast)
12 health males

10 health males

8 Wistar Albino
rats

Effects

| saquinavir 51% AUC
| Cmax 54%

Did not significantly
affect the activity of
CYP2D6 or CYP3A4

| 6-hydroxy-
chlorzoxazone/chlorzoxa
zone serum ratios

| CYP2EL activity

No changes on
pharmacokinectics of
docetaxel

No changes on
pharmacokinectics of
warfarin

1 p-glycoprotein
Independent of CYP 3A4
| saquinavir

bioavail ability

1 bioavalibility

1 half-life of
hydrochlorthiazide

| clearancerate

Reference
(Piscitelli et
al., 2002)
(Markowitz
et a., 2003)

(Gurley et
al., 2005)

(Cox et dl.,
2006)

(Mohamme
d Abdul et
al., 2008)
(Hajda et
al., 2010)

(Asdag and
Inamdar,
2009)
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BEAR L FNA A JRF X il B deh ARa s FARAFIRG L

\\“'
s
A‘

LA s
(6 Pa g FEBFEE S OO T OB SR A F RS R RE BT
oA AR PR N S XGRS A R AR L
¥ icig & 4§ i (Ackermann et al., 2001) -

FIFTCET ST IS ES AN T 2 P Tt
Z 5 ch# s ¥ iy 23 & §% acetaminophen (Zhao and Shichi, 1998) ~ chlorzoxazone
(Gurley et d., 2002) ~ $ i % 4~ (paclitaxel) (Cox et al., 2006) ~ "% = /& % (losarstatin)
"% n & % (glucocorticoids) £ #uis% v % 3~ (aspirin, diclofenac, heparin, warfarin) %
(MedlinePlus®-U.S. National Library of medicing) « 7 4 9 sk § »4ct 72 2 v 4 &
FAURS B R Br AR N R LR TE) RERY G VA
W RS 0 Fla H 4 1w ok % (Evans, 2000) (MedlinePlus®-U.S. National

Library of medicine) -

=~ 2 5 H2 FF LB IF % si(antioxidant defense system)

A REI T QTR PR o AP § AT TR S LB i SCYP
Zf o d ¥ Egp d AEERS $OF (reactive oxygen species) s 4 o deAZ B IS4
=+ (superoxide anionradical » O, ') ~ & % i* & (hydrogen peroxide > HO,) ~ & ¥ p o
#& (hydroxyl radicals: "OH)% &% i* p d A (peroxyl radical) % - ",éf‘, TRp w2
FR > 338 R EE R A F]F o e R s KPR S R AR 3 F
FRACEER-FF BT e p AP UENES pd RAEBELS IR
TRETHP T S ER A T AP Bd TR AFEE 2 5 AP e forg e 2
F R+ A2 % (VR4 (oxidativestress) » 3144 485 (L 3 T 5 L4505 LT o
APFRFFCD - BRF LT E 5 p A EE Ik o kg I eniER
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Bt havps o ag o - fFad ARk A S e adg vk S(non-enzymatic
antioxidant defense) » 3 & & B ¢ 3£ ehiad 2 E~ P B 28 Rabmas
4% C- £+ *x(glutathione, GSH) % ; ¥ - #FR| £.d % fidnf L fix & #rle & cps £
& ki(enzymatic antioxidant defenses) » % = R 7 A2 ¥ it 4~ i* = (superoxide
dismutase, SOD) -~ jf fis(catalase, CAT)~ $x %+ *Xif 3 1* fa(glutathione peroxidase, GPx)
Zn A F i fs(heme-oxygenase, HO) % ; % = sg R A 42 k2L S8 & f 5 o
*%:R J fi= (glutathione reductase, GRd) ~ # % ##-6-#ifc 2 & f=(glucose-6-phosphate
dehydrogenase, GAPDH)fri& 4% F-v (transferrin) & » izt & f & %5 & p 02 it 5
o TAREREFEEL TR RE VPV BERES S R Ry G R

FlLEEE (T o fR R RIUEEE A F 02 2 (Berlett and Stadtman, 1997) -

1. %+ x(glutathione, GSH)
$x %4 x(glutathione, GSH) = P2 p & & = #3°54 3 » d 4% 3 pe(glutamate) ~ & 2
% pa(cysteine) 2 4 % pa(glycine)= B g Afcre (B -) > »~+ & 5 307.33Da> &_
- REs A A SR hR Ry (Y R 0 i ¥ 1R Rk (glutathione, GSH) 2 & it
i (glutathione disulfide, GSSG) = #&4|;¢ 5 A- ® ¥ AT B A& GSH z 2% 8

L

s — iime ¢ o AZiE 90%H GSH £t B R AR 7 f o of B4 me e

o=

ey

GSH ik & % 1~10mM ¥ » 3% 5 5] GSH Jk A& ¥ % i 10 mM (Knapen et a., 1999;
Lu, 2009; Lu et a., 1999; Soltaninassab et al., 2000) -
#Fhpkpor GSH A % ¥ 7 #8412 & ¢ (Fang et al., 2002; Han et d., 19973, b)
EEHG (Dies v w2 ‘J%“,éf B d A2iE % i 3 (Griffith and Mulcahy, 1999;
Pompellaet al., 2003) ; (2) %22 ¢t % £ 3= (xenobiotics) =% 1 Xt 24 v ; (3)adr
B0 AP AL F 2B R AR T s (8)(F 5 X sk koG 2 1)

; (5)% 4 % E £ 4 (Haliwell and Cross, 1994) ; (6) %82 3% 7752 DNA & & -
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Dot LN (THELES N ¢ fkF#EE IL-1(interleukin) 2 1L-2 & 4

(Wueta, 1994)% + # ¢ ~ v v fdig (2 Bj S Piwent & £ 54 5 £40 o

SH
0w NH, CH, 0
N “C-CH-CH,-CH,-C-NH-CH-C-NH-CH,-C_
HO 0 0 OH

y-carboxyl linkage

v-glutamyl cysteinyl glycine

W= ~ #%4 #x(Glutathione)z & (L u, 2009)

@GSH z_ =z it # 5y

GSH sfng it 8% 1 & & ¥ cysteine pléachrnfis A5 B > PR ET F % p o
AooRapd R F s GSHE O B REEES F R 77 i GSH
peroxidase (GPx)eie#* » %3z Mg 4B R > F)pt GSH AR R4 p 55 1
GRrp Al AP PRER £ o Rl A Y o GSH @A 1 5 GSSG o
P GSSG % NADPH ¢h & » ¥ &4 GSH reductase (GRd):i5* » B 5 GSH
BEme s FL A o FEagep BREIF L GSH § B T (] ) o i34
f2 8% ) GSHIGSSG ' i s i T AR 5 4F 1t fr§ (W R4 B T frenfn e

F](Knapen et al., 1999; Pompellaet al., 2003) -

~ Mitochondria
_Pe rnxliome

¢ % (;zf’* o e0)

ROOH 202
2 GSH — 2 GSH — NADP+
GSH peroxidase GSH G "“
or S-transferase peroxidase reductase
GSSG - — f_,;s(, ‘NADPH
\ ROH + H,O0 H,0 P‘»H

T

GSSG

B~ ~ GSH 2 #u§ 1t # it (Lu, 2009)
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2. s £ F ¥ i p¥(Hemeoxygenase, HO; EC 1.14.99.3)
i E AN E - Al A EHOD) A3 R

# e drd

hpas)

=

X 32kDa ¥ - Al AFF FF(HO-2) > 43+ £ X 34kDa 12 %= As AFF
i pF(HO-3) » A 3 £ 4 3BkDae = X 7 it hp b~ AT #ri s FE4pig 0 £

1+ 2 HO-12 HO-2 = 4 I ik (homology) ) 40% > # @ HO-2 & HO-3 ke it 1R
% it 90% ° HO-1 %t 3% ¥ % (inducible) iz % » 5 75 3t W~ 792 B4

¢ (Siow et d., 1999) ; HO-2 4r HO-3 | #_3#* 4 # 3.(constitutive expression) &%
T

éé;f,uu&,uﬂ_? 3;%. ,?%k,&mfié?c‘ v m P AIREAE B o
i HO-L e B > FIS AR S Ewre 6§ VR4 3 T £ & enff (v
fi% Fv - cHO1f # it A (heme)z A2 > &2 % ¥ B et s %

(biliverdin) - 44+ (Fe"?)r2 2 — § 1+ #(carbon monoxide, CO) (] 4. ) (Farombi and

Surh, 2006) -

Heme

3 NADPH
HO-1

30,

3 NADP* 3 H,0
Fe(ll)
coO
Fe(ll)
Ferritin NADPH
Biliverdin |~
reductase
I ‘\" NADP*
Vasoregulation
Cytoprotection B = Anti-inflammation
Bilirubin Anti-apoptosis
Anti-proliferation
r
Anti-oxidant
defence

W1 ~HO-12 i®* 2 H & #r& 4 (Farombi and Surh, 2006)

\.

73 dp o HO-L % 303F 5 %13 g > 4o F (hypoxia) ~ & 2§ (heme) »

MoFE AR B R4k (ischemia) ~ ki~ £ £ (45~ #) & (Clark et dl,,
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2000; Gruber et a., 2010; Minamino et al., 2001)) > » 3 = /I%;f;] I SR REM
(phytochemicals) » 4r resveratrol ~ curcumin ~ quercetin % » 7~ ¥ i 1% 47 HO-1 & 31 >
Flire o3 4R 4 (Farghali etal., 2009) » F 357 40§ S mie it § 1R
DRGSR R 6 FEHO LA R AR EF BB cnp o F)
HO-1 -~ 44 % 3% $ 128 4 39 (inducible stress protein) -

HO-1 &34 & 5 62 Syl cngit » £ 7 JBd A Dt diaiiz 4 F Rt is
dmie § MR ehapdg tard b ¥ bR (DFE L T M) A e 2 AR
FlF AR F)F hE I B AN P8 L F R(Chao et al., 2011; Minamino et al.,
2001; Vachharajani et al., 2000) ; (Q#im®e &=t TNF-o 3% | B> 37 mre 45
BT 0 3 HO-1 £ 35 2430 drd w2 & = (Zuckerbraun et al., 2003) ; (3) i3 s
# (Idrisset al., 2008) : (4)iF & A fE e R % @ 34 HO-L /B 7 B ok i 2 T

kb ¥%4k 5 [ 7 v (ischemialreperfusion)siig £ (Yetet ., 2001) -

3. 7 fa-2 kg fh 4 £ A5 (glutamate-cysteine ligase, GCL ; EC 6.3.2.2)

GCL ~ # v- glutamylcysteine synthase (GCS)» = GSH 2 & = 2. % - &~ J& ) 2>
» H_GSH % & = gk 54| p% % (rate-limiting enzyme) - GCL i & ¥ % % igit
glutamate + =1 y-2¢ £ (carboxyl group).i5d ATP g5 i > A5 = fig 27 i (acyl
phosphate) ¥ & 2 # » £ £ cysteine ' o-"=4L7; = y-glutamylcysteine ;
v-Glutamylcysteine 25 = & » £ ;%gvﬂ GS i 22 glycine % & » ¥ % & = 9475 GSH
it X o d 3 GCL Hk-g%p GSH 7 £ $ Echa B4 » FL Ay fip § 1
BRIG? SR FFELLEEI T ARy PR ATY o GCL A F & R
DEWHES TP aLE e

LiEd Y S GCL LHE- AR AP L tiif44° »GCL 5 8

= R u(heterodimer) > o & b2 ihjd-e [ToTHE S 0 - Lfcg p-X g RIS P
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ig_it =x ¥ ~ (glutamate-cysteine ligase catal ytic subunit, GCLC) » » + & ¥ 73kDa
FoRIEfFASE GCLCH g ph-2 g ik e prd &0 H =
(glutamate-cysteine ligase modifier subunit, GCLM) » =+ £ X 5 31kDa> % | % F &
iTa; = B fgit x5 2. GCL (B ) (Daton et a., 2000; Franklin et a., 2009; Sedlig et

al., 1984)

Glu Cys
;\( O GCLC Catalytic subunit: 73 kDa

y-GC . GCLM Modifier subunit: 31 kDa
*Lowers the Km for glutamate and ATP
*Increases the Ki for GSH feedback inhibition
@y

GSH
WL~ pR-Lweg B4k &2 GSH 2 & & (Franklin et al., 2009)

GCLC £ 3 & it ATP - it cysteine } a-*<j5 £ glutamate F £ y-74 7L 35 =
y-glutamylcysteine z_ =2k « GCLM # ¥ ¥ % E a4 54 > e ¥ 2 GCLC 2 3 7% >
AL B F GCL EM Y 3 FE & hd ¢ o - HFRT > 82 GCLC (s % 3] GCLM
g & > vy GCLC +~ & £ pF > ¥ B 448§ GCL /&4 H jpii
y-glutamylcysteine 532 = > ¢ X f- GCLC/GCLM 2} = e 5 = R 48 4p # 5 jH GCLC

i A R B T - B i (Chen et al., 2005; Seelig et al., 1984) -
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= -~ Atorvastatin 2. f§ 4

Atorvastatin £_p w7 & F ¥ L~ A statins ¥ - f& > # 5 B]3 fluvastatin ~
lovastatin ~ pravastatin ~ rosuvastatin ~ simvastatin (3= £ 3+, 2004) -

3-Hydroxy-3-methylglutary:coenzyme-A (HMG-CoA) reductase &_i#-i* HMG-CoA
# % = mevalonate iig FUFIAE F o prfst - BER BT R SRR S S 0 R T
FAE kR L o o 2 Statins A4 HMG-CoA reductase = 14+ & I 243 e %k o
ATILTRA AR R PR 0 T (DN 2 ERERR 2 &S (2 MR R
P9 39 (LDL) ~ (3)"% % apolipoprotein B (Apo B) ~ (4)"% i< = a4 & "5 (triglycerides) -
(B)3H e ® T A Pq F-d (HDL) Flut g 2430 2w g oA s 4 onfB ¢ o (2 & fd statins
2 Bark ~Ep b B2 FH EHR LT g L B (Ae)o H ¢ atorvastatin
APpwE R BB ARY L g 23 BAE S 10 mg~80 mg (IMS Health.
MIDAS, 2010) - Atorvastatin 5 #.7q &4 > AP 1 & 4% CYP3A4 97k 38> 1k 28f

Add R K HE(98%) 0 LRI A R

4w -~ Satins $FE §~ 2. & (Goard et al., 2010; #= &3, 2004)

N atorvastatin lovastatin simvastatin  Rosuvastatin

2FEFHFF% 15 <5 <5 20
0 EEFW 80-89 >05 94-89 88-90
£ 2 %3 (hr) 14-30 34 25 19-21
PAREYP R 2 AL M. PR Aok
k) CYP3A4 CYP3A4 CYP3A4 CYP2C9
o
it 2% 10 % 13% 10 %
g 98 % 83 % 60 % 90 %
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(- ) Atorvastatin 2. ¥ #E &

gv 4 aorvadtatin t6 0 FEHIFRRET 2 LB RBHE (B -) 5 - B
BIHBERE f R e ao % Lmie ¥ 53 CYP3A4 3 A5 RET A
o gk P-gp & $iF v ¥ o~ Y s R (X e atorvastatin E'J;‘gn’; R TR E
WY o gt pEah atorvastatin £ F 4 CYP3A4 £ phasell 0 UGTs st 3if > i85 d
Fite 8 v+ 2 AU oh o Atorvastatin e 4 B Ak CYP3A4 (35118 7 4 & B % 440 acid
# 4 ortho- (2-OH)4r para- (4-OH) hydroxylated atorvastic acid 2 7 & /&4 <7 |actone

d 3 atorvestatin 1 & f5 CYP3A4~ UGTs 14 2 P-gp #7 8 3f » Flut o dofe PRIRH
4 d CYP3A4 #7 (X Spen o pb > b 4o azole 4tk B % 4 ~ B R ATLd # - 4147
Fe 3| (4o diltazem ~ verapamil) ~ cyclosporin & § % $é:* (4] CYP3A4 E )pF » 32
¥ i *E 1 atorvastatin e ik g S Fl A FpF T R R F 2R a5 4 atorvastatin

] (e o

Atorvastatin

/ enterocvt“

v

Atorvastatin =—— |

CYP3A

. Active & Inactive
metabolites

Active & Inactive
metabolites p
I
1
v
EI'_m"_]at'Dn Pgp: P-glycoprotein
Feces Elimination viakidney  pipRr: Mutidrug resistance

via bile

W+ - -~ Atorvastatin 2_ % ## 72 modified from (Klein et al., 2001)
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(=) Atorvastatin 2. % 2 }3®f&

P e AZiE 400 1B TRpk iR ok 4 atorvastatin chist »c s & 2 i 7300 > B %4 )
atorvastatin & & 80mg/day T & 2o R v g SIRA A T o IR LR A o
YoM s BER  BFL B SRl E B IE o 4 5 2 4 A R* 80 mg/day BF
GETE: SN % v aRfs(AST ~ ALT) S - Rt b EFR e PEIRY CYP3A4 #r
4| (4 cyclosporine, protease inhibitors) ~ # fi% 7 4 4 (4 gemfibrozil) & # #& fit (= 1
g/day)pF » PV ip 3 B = X9wn f2(rhabdomyolysis)e @ & R A T E B SR

8o e P IR R EE > Y g3 IR * atorvadtatin #| £ (Pfizer, Inc.) -

I~ PRFFEOHBERIALOEARE

JERFFIATIN A 30A hCYP A FL R %18 ligand-activated nuclear
receptors (NRS) 2 #& 4 F] + (transcription factors) 4 12 24 & = p m ¢ &3 49 4 NR
subfamily » iz 5 3% 5 NRs:hligand = 7 5 & - F]@* fL 5 orphan receptors @ & # it
7 ¥ henfi 5 true orphanse % Benligand e p SRR T A 5l e A
s 4 o FH i A(diffuse) = s iE O~ e oo

P R AT 7 = fd orphan 17 4% X B =0 7 2% % Condtitutive androstane
receptor (CAR » NR1I3) ~ Pregnane X receptor (PXR » = f# NR1I2)£ peroxisome
proliferative activating receptors (PPARS > 7 o~ 3 & v = #87535%) » & W3 & 3F5g¢ o
CYP2-CYP3 ¥ CYP4 325 K Flenf 1T % » — L F %7 F L e )24 % 4l (inducer)
4wl E_phenobarbital (CAR) ~ pregnenolone 16a-carbonitrile = rifampicin (PXR) £
clofibric acid (PPAR) (Waxman, 1999) - * #t » AhR 4pdic>t PXR 22 CAR { & A 7] %

7%?\»

-~

7] 4 (genetic polymorphism) o H # 427 CYP & 513 frenfr B £ & % #4 CYP?
e liver X receptor (LXR) ~ 3 325k 4 & < g1 farnesoid X receptor (FXR) © izt 45 %

FHEEIDNA T w o B AEY - P d9 FBE LR T - R (hetrodimer) 5 vt 4
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AhR 2 ARNT ~ PXR = CAR % %] £ retinoid X receptor (RXR) » 4 it # 45% 5 1~ 3
22 A Flenigdio {1+ w2 P4 £ 5 (L épp 4 [ ligands 11 2 £ p 5 DNA response
dement 4o 4 = #7730 gt b o b kb B RN 2 b B PR £ B8 CYPAS0s 2 [ h

2T B S S

%3 ~# & CYPs i % B(Waxman, 1999)

P450 # ¥+ B B8R CYPs PEXE
Polycyclic aromatic hydrocarbons (PAH) 1A1-1A2-1B1 AhR?
Phenobarbital 2B1 -~ 2B2 CAR
Dexamethasone 3A1 -~ 3A2~ 3A23 PXR
Fibrate drugs 4A1 ~ 4A2 ~ 4A3 PPARa
Cholesterol 7A1 LXRa
Bile acid 7Al FXR

®Basic helix-loop-helix protein belonging to the Per-Arnt-Sim family of transcription factors.

273 - PELE I p 4 M4 ligands 2 DNA response element (Waxman, 1999)

Nuclear _ AGGTCA-based
Endogenous ligands
receptor DNA response e ement
CAR Androstanol, androstenol DRA4 (direct repeat4 bp)
PXR Pregnenol one, corticosterone DR3, ERG (everted repeat 6 bp)
PPARa Linoleic acid, arachidonic acid DR1
PO - Mo Qpres
S e
RECEPTORS and
TRANSCRIPTION FACTORS
lfnducﬂbn
| CYP GENE EXPRESSION |

v

_(Pa50 ENZYMES)

K’ !
I I Metabolism of
Fnﬁggfggﬂm Endogenous Steroids,

Fatty Acids, Prostaglandins

WL s kP FER LR TEHRRE B CYP4S0s 2 F 2 3 5P

(Waxman, 1999)
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1. Aryl hydrocarbon receptor (AhR)

AhR % basic helix-loop-helix (bHLH) #-¢ & > " Per-Arnt-Sim 3% i 45 7]
=+ (transcription factor) » “,f TR T AW A8 CYPLIAL ~ 1A2 11 2 1B1 g g5 iE %
(Quattrochi et a., 1994; Tang et al., 1996; Whitlock, 1999) » » ¢ 3 3F 7 H s ik
%] > 4o phasell (& $ R BEE % > 1L 4o D NQO-1~ GST ¥ UGT % > (Schmidt and
Bradfield, 1996) - % AhRligand % £ < % (ligand).% & fi2 % unligagnd AhR > # &2
chaperon #-v > 4 HSP90 (heat shock protein 90) & 2 = 48 (dimer) » izt F-v 7 §& <
AhR # ity & rrenig e (folding) » Flt § iwbe B @ (Guetd., 2000) > — & AhR &
HRFS L ¥ chaperon $-v far > @i xiE » wmrz it P > £ 22 ARNT (AhR
nuclear translocator)?; = heterodimer (Hoffman et al., 1991) » %§ s &7 p & A F| #
(promoter) + =7 XRE /DRE (xenobiotic response element/didoxin response element)

(Bl+ = A)» Flpt Bt CYP £ 7:& {7 #4517 * (Hankinson, 1994) -

2. PXR

PXR % orphan receptors: § # 3# & CYP3A4-3A7 &2 2C9 % > v # ¢ 12 CYP3A4
SERERMPAT AR AR AR B Ly ¢ (Bertilsoneta., 1998) - PXR
shligand & 5 7 fRidbeh e BP9 2 g e iRiahp 2 B TRt B blde 1 F
FRAfir b 5 e B A B & 0 2 & 5 kiR i (coumestrol (§ & & )frdi e By

% %) (Pichard-Garcial, 2000) ; ¢t ¢t » PXR » & 5o 4t — - Z 5 oriE i o Gl4e

rifampicin ~ phenobarbital ~ RU486 % (Mooreet a., 2000) - % & i* 7 PXR f= RXR
(retinoid X receptor)®; = heterodimer i¢ » #-# & % PXRRE (PXR response element)
o Fm A CYP A F):iE 7 # 4 i % (Waxman, 1999) » H g2 /s ho @l -+ = (B)#77% » I
* CARZ & 12 CYP2B % P #4%) > 4 CAR# ligand % £ 14 » /51t eh CAR ¢ £

RXR 2} = heterodimer » g 2. ¥2 CARRE (CARresponseelement )2 & (Bl+ = C) -
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"7 phasel s CYPsia 7t > Phasell f#4 i A Pl &1 % o inds 4l J
LT o s R{#FR phasell % & px % & phasr ] 50838 v iE t E4F] 5 B 5
Frkaaon k(Yangetd., 2010) - FEF I AT ET CESF L ESFFTESE
phosphoinostide 3-kinase (PI3K) ~ protein kinase C (PKC) 12 2 mitogen-activated protein
kinases (MAPK) % 21 554 i 3% % phasell %% & %% &2 phaselll #:F 3-v £ 7. (Yang et
al., 2010) » ipd2UELIE — S 1L T 4TS 15 0 %+ 2 phasell % & ¥4 2 phase
I 38 3o A F1 &R > $2 g7 5 ¢ 5 4 NF-E2-related factor 2
(Nrf2) ~ CCAAT-enhancer binding protein-p (C/EBPp) ~ hepatic nuclear factor 1 (HNF1) ~
peroxisome proliferator-activated receptors (PPARS) 2 2 nuclear receptors (+* 4= PXR ~

FXR) % (Yang et a., 2010) » H j /2 Fl4c B+ = #57 o

(A) / r\l’“:l!hlxru\

Muclear
a
n
"

l

N ® o

(B) / (_\.-lupla-.m\

8
I\ -

. T g
. —> R CvPzad,
. CYPIBE
\ CYPIAL 2A%, IA7

(€)

=pn

\

R
X
<
A P ° CYP2B6

WLz - &7 2 Pas BA & CYP 2 B 4= Modified from (Hukkanen, 2000)

CAR ligand

26



{/—‘-_\_\
" Detoxification/

eliminaﬂy
Phytochemical
antioxidants Xenobiotics
Phase lll
transporters
Endobiotics Conjugated
\ metabolites
oo ___, M8
OO A A
Signaling ©
pathways Phase Il
(e.g., PI3K, PKC, enzymes

MAPK)
\
Target gene transactivation
O (Phase I & phase IIl)
|

WLz ~ %2 phasell % & f% & phaselll #&:iF 39 i Fligd2 RBEEL

(Yang et al., 2010)

~ ¥4 # 4 B (pharmacokinetics)
EHRBRF BT o  BILE LA ELFEROGEELF IS LR Ra £
B Rt e B i E RS B R (Ges it L X R el B

A4
—ji-'i

N—r

TR EES LHFES R Fr i EH o RRRERY B FRBENE

$ e 286 0 P R A MY $HE 4 e (absorption) « 4

A

72 87 3 78 3R
(distribution) ~ = ##{metabolism) 14 % 3 G (elimination) % |45 » 1 2 422 H (NP
PLMp bR SRR S 2 F BN BT b o

Ep e+ 507 4 5 compartmental ¢ non-compartmental - it & % € * P fE
Bt A ILIR G > FRE F F S U] B T b e R R S { £ &

RFE A Bty i EREI Fo ¥ E i@ b - ¥

‘%’ﬂ

804 B S s 1254 5 (clearance) ~ A 4 # (volume of distribution) ~ £ 4+ 7 )

v % (bicavalibility) ~ = feit & ¥ #:(Ka) ~ 424 ¥ H:(K) ~ 2 % B (half-time) ~ F4 &
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P 0T ok 7 PR (mean retentiontime, MRT) ~ & 7 &% & B 22 B (Criae Tax)

i ¥ JER ¥ W ST G ff (areaunder the curve, AUC) % (1% %, 2005) -

(=) #% % (Clearance, Cl)
7% % (Clearance, Cl) » 45 8 = p¥ [ b 8 5 80 4% MR AR AE - isn s L5
PR fED AT LAREALR Y 0 R AR S AR A T L B o % 5 enl = 2 ml/min
# LM B TR RS Y FE LR T

AT

Cl=f 4 tp it /i v B kR

(: ) e % ¥y (half-llfe, T1/2)
i B RREE R Lt PpE T PR ER AL EHT 0L 3

e p PN ER o
(2) ¥HER ¥ BT & F# (areaunder the curve, AUC)
AUCT F I EF Tl 2 LipRaf 8 o 1% & 7 FHRR —FFR & 8T o i

t=0 ¥| t=cocrioh 4% > H = Hk & xpF I (ug/mixhr) -

(2)o® #FHEB KR (Cna)
TIREL (S BBRH iﬁ%t’ E B2 EHERE > H=E nmol/ml & ng/ml -

(F)EFEL VY ERERB2ZERF(Tha

TIRE S (S R H 5 Jf: ENEBEAYTETZER > H=E mns hro
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I S § R R

(6wk-old, male)

SD Rats

S/egp
|

[

Corn o1l (CO)
(vehicle) (

S0mg/kg)

Low GO

High GO
(200 mg/kg)

5 days

4 weeks

Pharmacokinetics (PK) 0-6h
Atorvastatin (ATV, 10 mg/kg p.o.)
LCMS— ATV and 2-OH ATV
AUC, Cmax, Tmax

sacrifice

|
Plasma

v

Liver

Small intestine

v

A 4

Drug concentrations
AST
ALT

.

Phase I (CYPs)
Phase II (UGT, GST)
Phase III (p-gp)

LC/MS —

Enzyme activity

Western blot
Real-time PCR

EMSA
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SR ERHE
(=) R b
2 iF#s 2 L e 350 2 5L # 0% 4E ¢ 2214 Sprague-Dawley + Bl d B 274l 4 fo pl

H >3 2 2 (Bio LASCO Taiwan Co., Ltd)p » o

(=) *&he R
B EATHE S GRRER ZARRRAN B o W X A (GO, garlicoil)pF o B~ 12 T
OCATHE X F73%c ~ Warring blender ¥ 5 4 » 2 2 A Eapok o FTRRLS 0 () N A
L7 (Bl- A)» 1ok % F 742 (Steam distillation method)# B~ ~ 77 7 3% = 4 (]
- B~ C) #7134 11 NSO, i& {7 % -k €% {2 » 41* 0.45 pm nitrocellulose
acetate membranes B g *TE W R T AR 0 F DT L BT B 2~25(

H e

W- -t HwHA AT 2 RKFBHR » %
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(2) * £ 3M
1~ xR w2 ¥
(1) Mp Wako (Tokyo, Japan)

Sodium sulfate, anhydrous (Na,SO,)

2 A GHERZTmi L2 BER

(1) #p SigmaChemical Company (St, Louis, MO)
Didlyl sulfide (DAS) , >95% (GC)

(2) P p Tokyo Chemical Industry (Tokyo, Japan)
Dialyl disulfide (DADS) , >70% (GC)

(3) p LKT
Didlyl trisulfide (DATS) , >98% (GC)

(4) rp Merck Chemical Company (Darmstadt, Germany)

Dimethylsulfoxide (DM SO)

3 X HELBSHLHPEATF
(1) pp SigmaChemica Company (S, Louis, MO)
Heparin
Ethylenediaminetetracetic acid (EDTA)
(2) B-p TERUMO® (Tokyo, Japan)
Needle 195.11/2” R.B.
(3 p s >3 A @ (Tawan)
Top syringe tuberculin with needle 1ml 27 s« 1/2” R.B.

Top syringe tuberculin with needle 20 ml 23s<1” R.B.
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4 XA BaRpIiLELATLTE
(1) #p Randox (Antrim, United Kingdom)
AST kit

ALT kit

5+ X BFHISTR S FERLT B
(1) rp SigmaChemica Company (S, Louis, MO)
Ethylenediaminetetracetic acid (EDTA)
Sodium chloride (NaCl)
Potassium chloride (KCI)
Potassium phosphate dibasic anhydrous, ACS reagent (K,HPO,)

Potassium phosphate monobasic anhydrous, ACS reagent (KH,POy,)

6 B FFikBRELE
(1) #p SigmaChemical Company (St, Louis, MO)
Ethylenediaminetetracetic acid (EDTA)
Dithiothreitol (DTT)
Protease inhibitor cocktail tablet, EDTA free
Phenylmethanesulfon (PM SF)
Sodium chloride (NaCl)
Sodium phosphate dibasic anhydrate, ACS reagent (NaoHPO, - 7H,0)

Sodium phosphate monobasic monohydrate, ACS reagent, (NaH,PO, - H,0)
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7o AR HRMIST LT #
(1) p SigmaChemical Company (S, Louis, MO)
Ethylenediaminetetracetic acid (EDTA)
Glycerol
Protease inhibitor cocktail tablet, EDTA free
Phenylmethanesulfon (PM SF)
Sodium phosphate dibasic anhydrate, ACS reagent (NaoHPO, - 7H,0)
Sodium phosphate monobasic monohydrate, ACS reagent, (NaH,PO, - H,0)

Sodium chloride (NaCl)

8~ = EUFHRZ | 4 P-glycoprotein 392 * %

(1) rp SigmaChemical Company (S, Louis, MO)
Ethylenediaminetetracetic acid (EDTA)
Dithiothreitol (DTT)
Protease inhibitor cocktail tablet, EDTA free
Sodium phosphate dibasic anhydrate, ACS reagent (Na;HPO, - 7H,0)
Sodium phosphate monobasic monohydrate, ACS reagent, (NaH,PO, - H,0)
Sodium chloride (NaCl)

Sucrose, ACSreagent

9~ CYPsp# %1+ ~ total cytochreme P450 3 & ~ cytochromeb5 2 NADPH-CYP
P450 reductase gl 2. 2. * &
(1) #p SigmaChemical Company (St, Louis, MO)

Alametihicin
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Ethoxyresorufin

Cyrochromec

Diclofenac sodium salt
Dextromethorphen

Dextrophan

Glucose-6-phosphate
Glucose-6-phosphate dehydrogenase
4’ -Hydroxydiclofenac, >98% (HPLC)
6’ -Hydroxynitrophenol

1’ -Hydroxymidazlam

Magnesium chloride (MgCl,)

Midazlam

Nicotinamide adenine dinucl eotide phosphate (NADPH)

Nicotinamide adenine dinucleotide (NADH)

Potassium phosphate dibasic anhydrous, ACS reagent (K,HPO,)

Potassium phosphate monobasic anhydrous, ACS reagent (KH,PO,)

p-nitrophenol
4-ntrocatechol
4-nitrophenyl B-D-glucuronide (4-NPG)

Pentoxyresorufin

Resorufin methyl ether (M ethoxyresorufin)

Resorufin-O-deethylation
Sodium dithionite (NaeS;04)

Testosterone


http://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide_phosphate�
http://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide_phosphate�

6-B-testosterone
UDP-glucuronic acid (UDPGA)
(2) pp ECHO chemical (Taiwan)
Acetonitrile (ACN)
() pp MR 4 4P (Tawan)

10+ Atorvastatin s k& Rl 22 * #

(1) #p SigmaChemical Company (St, Louis, MO)
Cremophor EL

Ammonium acetate

(2) Mp Merck Chemica Company (Darmstadt, Germany)
Dimethyl sulfoxide (DM SO)

(3) #p SantaCruz Biotechnology, Inc. (Santa Cruz, CA)
2-hydroxyatorvastatin

(4) rp Waterstone Technology LLC (Hancock St, Carmel, USA)
Atorvastatin

(5) Mp ECHO chemical (Taiwan)
Acetonitrile (ACN)

(6) rp Thermo fisher scientific of ACROS organics (Waltham, MA)

Formic acid
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11~ %9 Fed

(1) Mp Thermo Fisher Scientific Inc.(Rockford, IL, USA)
Coomassie Plus (Bradford) Protein Assay Kit

12~ & 3 % 8Lz (Western Blotting)

(1) #Bp Abcam (MA, USA)
Anti-GCS polyclonal antibody
Anti-cytochrome P450 2C11 polyclonal antibody

(2) ptp pp BD Biosciences (Clontech, CA, USA)
Mouse anti-GST-nt

(3) rp BioRad Laboratory (Hercules, CA, USA)
30% Acrylmide/Bis Solution, 29:1
Ammonium persulfate
Bromophenol blue

(4) prp Cabiochem (San Diego, CA)
Anti-heme oxygenase-1 rabbir polyclonal antibody
Anti-P-glycoproein mouse monoclonal antibody

(5) rp Chemicon International, Inc. (Beaford, MA, USA)
Anti-cytochrome P450 2C6 polyclonal antibody
Anti-cytochrome P450 2D1 polyclona antibody
Anti-cytochrome P450 2E1 polyclonal antibody
Anti-cytochrome P450 3A1 polyclona antibody
Anti-cytochrome P450 3A2 polyclonal antibody

(6) ptp SantaCruz Biotechnology, Inc. (Santa Cruz, CA)

UGT1A1 polyclona antibody
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v-GCLm polyclonal antibody
(7) #p Merck Chemica Company (Darmstadt, German)
99.8% Ethanol
Sodium chloride (NaCl)
(8) rtp Millipore Corporation (Beaford, MA, USA)
Anti-GAPDH polyclonal antibody
Immobilon™ PVDF (Polyvinylidene fluoride) Transfer Membranes
(9) rp PerkinElmer Life Science (Boston, MA, USA)
Enhanced Chemiluminescence Reagent (ECL kit)
(10) £ p Sigma Chemica company (St. Louis, MO, USA)
N,N,N’,N’-Tetramethylethylenediamine (TEMED)
Rabbit anti-actin monoclonal antibody
-Mercaptoethanol
Ethylene glycol-bis(2-aminoethylether)-N,N,N’, N'-tetraacetic acid (EGTA)
Glycine
Glycerol
Polyoxyethyl enesorbitan monolaurate (TWEEN® 20)
Ponceau S solution
Potassium chloride (KCl)
Potassium phosphate dibasic anhydrous, ACS reagent (K,HPO,)
Potassium phosphate monobasic anhydrous, ACS reagent (KH2POy,)
Sodium dodecy! sulfate (for electrophoresis, >98.5% (GC) )
(12) £ p United States Biological (Swampscott, MA, USA)

Tris-HCI (Ultra pure)
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13~ RNA it 22 real-time Reverse Transcription-Polymerase Chain Reaction
(QRT-PCR) 4" #7
(1) #-p KapaBiosystems, Inc. (Woburn, MA, USA)
KAPA PROBE FAST gPCR kit
(2) p MDBio. Inc. (NJ,USA)2 1 5 A= &
e R G PRl 4 F 2 %P A1 S pactin, UGT1A1, P-glycoprotein, HO-1,
and cytochrome P450 2B1, 2C11, 2D1, 2E1, 3A1, and 3A2 primers
(3) p Merck Chemical Company (Darmstadt, Germany)
99.8% Ethanol
| sopropanol
(4) pp Molecurlar Research Center Inc. (Clincinnati, Ohio)
TRI reagent®
1-Bromo-3-Chloropropane 99% (BCP, C3HgBrCl)
(5) pp Promega Company (Madison, WI, USA)
Oligo(dT)15 Primer
dNTP mix
M-MLV Reverse Transcriptase
Recombinant RNasin® Ribonuclease Inhibitor
(6) B-p GENET BIO (Chungnam, Korea)
Prime Tag DNA Polymerase
(7) - p Protech (Taiwan)
Ultra pure DEPC water
(8) - p Roche (Mannheim, Germany)

Universal Probelibrary Probes#6 ~ #7 ~ #12 ~ #121 ~ #18 ~ #63 ~ #65 ~ #68 -~ #76 ~
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#92 ~ #113

14 -~ Electrophoretic mobility shift assay (EM SA) 4 7

(1) P p GE Hedthcare Bio-Sciences AB. (Uppsala, Sweden)
Nylon membrane (Hybone-N")

(2) p Merck Chemica Company (Dermstadt, Germany)
10X TBE buffer

(3) P p Pierce Chemical Company (Rockford, IL, USA)
LightShift™ Chemiluminescent EM SA kit (Pierce)

(4) ptp Pierce Biotechnology, Inc. (Rockford, IL, USA)
Chemiluminescent Nucleic Acid Detection Module (Thermo)

(5) M p SigmaChemical Company (S, Louis, MO)
Aprotinin
DL-Dithiothreiyol (DTT)
Ethylenediaminetetracetic acid (EDTA)
Leupeutin
Magnesium chloride (MgCl,)
N-[2-hydroxythyl] piperazine-N’-[ 2-ethanesulfonic acid] (HEPES)
Nonidet P-40 (Nonionic detergent)
Phenyl methylsulfonyl fluoride (PMSF, C;H7£O,S)

Potassium chloride (KCI)
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ZNR&ERD
(- ) 5 4%

S E@ENY FFEESS D o MERBIF G 3E 240 120 B R
B(RPREF L 8:00~20:00)% 1p%HRAE 61%:HiE T o X BEA X F RS R4
A FHHT o pd -k syl (LabDiet® rodent 5001, Framingham, MA) » %
BB A e 0 ()M F (T 2) % 1 (9:00-10:00AM) 1§ F iE S (g E 2
3 % (CO Img/kg» %P8 )2 50 mg/kg & 200 mg/kg @ #8.7 I #| £ 1+ 574 (Garlic
0i,LGO)>» # xjga-=; (QEPFTHR(z ) HMEFEPFTHR > LFES VK-
ZH AL RN AR - L E PRI ERES PR ERK KPS
£ ¥ gD NS atorvastatin (10 mg/kg) » KEte 6 ) BE 0 4T A e pE R BL S SR

A ()R B R (E )R L R F B %9 02mL 1 E 5 dte Al

(=) R%EA¥ADR
1 X zEM® SA 84 02 A4-HPLC

X meopk i 2 Z AT &4 A & 4% HPLC/UV (High-Performance Liquid
Chromatography UV detector, HPLC/UV L-7400, Hitachi) 4 47 » I 12 % ¢h v 8k 4
%k Sk & 3+ (UV-visible spectrophotometer) i R (4 & 240 nm) » H #7i¢ * il dd 4 5
ZORBAX Extend-C18 (5 pm, 3.0 x 250 mm) » # 52 » £ % 10 pl > 553 (flow rate) %
0.8 ml/min » # # #p (mobile phase) : # #4p A §_- = -k(ddH,0) » # & 4p B ¥_100%
acetonitrile (ACN) » # # 4 & 4o £ 9770 o #75 i » HPLC 23 p(# &40 A &2 B) >
SR AR BT (sonication)¥t F 10 A48 0 TR AR FAFT 0 PR S& Y AR R Tk
7o 4k 2% dialyl sulfide (DAS) ~ didlyl disulfide (DADS) ~ dialyl Trisulfide (DATS)

(Chen and Ho, 1998) -

40



ALK RLEL AN

Time (min) 0 20 30 40 45 50
MobilephaseA(%) 50 50 O O 50 50
MobilephaseB (%) 50 50 100 100 50 50

W GO N LC BB o YRR B RE g € R > T 5 2] GO

SRR A2 mfh o R ERBAFRRGO Y 2 AN L ing B o

2+ DAS-DADS % DATSH#-¥ &2 #l#
78~ 1 mg DAS ~ DADS 2 DATS 3 5ig it » 01> & DMSO i3 f# 15 » £ %o

PAEE Iml WAER S Img/ml 2

'PE] ED R e

3~ FEHCR- A (microsome) el &
B P R 1S 2 WRTREE 0 > % 0.9% Nacl JE i ggiE o * A Msgg S AR

FRERER 2 GHIPRERT ARG XY REF A %~ -80CKkE Y B

% ry’ o

FEB- 1g Ak BT o b e BFE S5 % (0.1 M potassium
phosphate buffer (PPB) » 7 1.15% KCl) » fI* i35 & (Teflon pestle-glass
homogenizer) (Gal-Col®)i& {7 325 (4000 rpm) » & T|i3 i% # 3 £ § Bk 9Foie 8 5

bR R A ENES F Y 0 % 40T 11 10,000 xg e 15 A4 B Fir 0 £

A X0 OAZ B R s $3(Optima™ L-90K Ultracentrifuge, Beckman Coulter) g

1] P%(105,000 xg ~ 4°C) » “7Ti7F fwlic = I 5 Mot > b iR T e Tk o AT R
Z 7 (VIBRA Cell ™)+ X 4 ficte 4 5 552 500 ul 0.IM PPB ¥ (# 1 mM EDTA) 4 %

H133t-80C » A PN 2 B R R AP e
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4~ k&S

|55 poR KR T 54 Emoto (2000) % 4 g A 2 2 o [ ifdeT L A R
& > >~z % (gunum) - L2 7 0.9% Nacl ~ 1 mM EDTA ~ 1 mM PMSF 2% i jji% |
B o Bep e > L~ 7 1L.5mM EDTA ~ 0.5mM dithiothreitol » 12 2 3-v
i 41 # (2 MM AEBSF ~ 1 uM Phoaphoramido ~ 10 uM Pepstatin A ~ 0.2 uM Aprotinin ~
130 uM Bestatin ~ 14 uM E-64 ~ 1 uM Leupeptin 2. PBS # 7% (pH7.4) > * Hf stesi
S BEfSRRE Y ] BRI E o B AT & BUREE 0 9 2 BFES
TRBR RS AU P THIN e BEF0] B9 R (50 MM
TrisHCl z 1 mM KCI ~ 1 mM PMSF ~ 1 mM EDTA ~ 20% glycerol 2 2 3-v fs 34 3
(2 mM AEBSF ~ 1 uM Phoaphoramido ~ 10 uM Pepstatin A ~ 0.2 uM Aprotinin ~ 130 uM
Bestatin ~ 14 uM E-64 ~ 1 uM Leupeptin) > pH7.4) > {1 * ‘e 5325 % (2000 rpm) & v 32
F 104y 3=t > #BI@F iR A Fr a4 ¢ 5 3 4T T 12 10,000 xg #ftw 30 4 48 > B~
ko £ AR R @ e T a1 ] (105,000 xg ~ 4C) 0 T A S T S ok
B PR G mre R o Bed e Bk (S 0 4 r 100l 7 1mM EDTA 2 0.1M
PPB:> 2 r» 3 A R & » Mkt » Kk 330-80C > BH SHiEZ FH7F

2o A p R Bv @R R L3 p 2 2 (Emoto e al., 2000) -

5~ 3F588r | %3 F-9 P-glycoprotein # &l &

SRR ] S ARE B D N e S AR AT > 2R W R
Dahan (2009) % + 3 % 2. 2 & » fifide™ @ BAFRE S SRR 4o r w B R
¥ 2% (PBS 7 1.5mM EDTA ~ 0.5 mM DTT ~ 0.5 M sucrose 1 2 F-v fa $r ] &
(2 mM AEBSF ~ 1 uM Phoaphoramido ~ 10 uM Pepstatin A ~ 0.2 uM Aprotinin ~ 130 uM
Bestatin ~ 14 uM E-64 ~ 1 uM Leupeptin) » pH7.4) » 327 % (2000 rpm) & v 2% 10 §;

CEEE SN E S & 105/;3:';,{_::;{@{5/,};5 ,\,?é » 3w 10 4 45(900 xg »
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4°C)» B~ 1+ it & 5 73 32-80°C » P-glycoprotein J—v & ip] 2 8] 1 p % & (Dahan

et al., 2009) -

6+ £ipfchos foa

AR GHMESS > #8510 S p % e A aorvastatin (10
mg/kg) > SE 1 6] FFA WA I R B w0 B R B~ R SRR R
ERF L AR EHEREL > F S EH02c0C MFE L B A o o d oo
R EN KT o AR E > 2R AGe 20 4 45(4,000xg -~ 47C) 0 ¢ R

;”FJ{f » i35 %0-20C o

7~ % 3 atorvastatin (ATV)# # 3t 2-OH ATV R Rl T

50l i B LEmMI g f ¢ o e x 1000 WIACN » 338 T RS A 4h 0 s
15 % 48(10,000 xg~20C) " B~_t i5i% 100 ul> f1* HPLC/MS (High-Performance Liquid
Chromatography-Mass Spectrophotometer, HPLC/M S series 1100, Hewlett Packard) &
(745 0 A g3 45 XDB-C8 (5 um, 3.0 x 150 mm) » # 52 » E(Injector) # * 40 pl
loop: g 3k 2 5 0.5ml/mine# #=4p A #_ACN ;3% > # & 4p B £_10 mM ammonium
acetate+0.1% formic 3 *t = =t K ? (ddHO) > # &4 B 4o & 577 o FHIpR R @

v Az B F E(sonication)i 7 10 A 4% f (degas)« t it R S H TR T M

el

iT o

0 i D B VAV S e
Time (min) 0 1 3 9 10 15

MobilephaseA (%) 50 50 O 0 50 50
MobilephaseB (%) 70 50 2 2 70 70

g R ATV & 2-0HATV & f {38 i § P g7 4 £ 50 7 5 2 i

PR RR 2 R
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8~ = #i L @A 47 % % M i v e (Aspartateaminotransaminase; AST)fr 5 ¥%&
it & vizpF (Alanineaminotransaminase; ALT)

AST ~ ALT Bl =2 * DiaSYS 7 ¥ & & :#8|(DiaSYS, Holzheim, Germany) -
fo W] B :Pfcﬁ 20l > BT 063 AN 5 4o~ 200l AST & ALT #5528 > & 30
B 7w i 5¢ 2 i % (Thermo shaker, PST-60 HL plus, BIO SAN) 37°C » 1 4 48 » = 12
it % ¢ % ~ 7 & (ELISA , Enzyme-Linked Immunosorbent Assay Model 680, BD
Biosciences) i it £ 340 nm w5 sk &0 B~ 05123 4 452w sk B R H A % (AA/min)

T E o~ 2N (AA/min X 1746) ¥ & JV H E 14 o

9~ 4 EFRAC AN Y Total CYP450 § £ il 2

\\\Xr

%+ Omuraand Sato (1964) % % 2. = 2 > ok 48 §—v F k& 12 0.1 M PPB (pH 7.4)
ﬁrf## 0.5mg/ml {5 » A& &P~ 1ml 4e » % ¢ 1mlcuvette # > 2 » & k2§ &k > 1
400 3 500 nm sk B AR Eﬁ; Ffor—Fitptvg 3040 8¢ - ¥4 4%NADH
(blank) ¥ — ¥ B4 » %) 3mg £ S FifE4h (NapSOs) Bl - 1 44818 > fdy 32

450 nm £2 490 nm 2. k3 0 423k fafice=91mM ™ em™ > =7 & ) total CYP450

z & » H % pmol/mg protein (Omura and Sato, 1964) -

10~ * #4F W < BT Y cytochromeb5 3 & 2

f¢ total cytochrome P450 7 & ip| %_> i %8 cytochromeb5 7z € » 21243 Omura
and Sato (1964)% # 2. = = - ok 4 v Fk & 12 0.1 M PPB (pH 7.4) 4% % 05
mg/ml > 4 |8~ 20 ul 4c » 963445 ¢ > 4% ELISA 3 B~ 410 £ 424 nm enx & >
P T 1 2 vk TF B E 5 SE S 4~ 1wl 30 mM NADH gedefis % 5 i > = e
Bk g (ki lice=185mM ™ em™) - =¥ ¥ 1 cytochromeb52 3 & » ¥ =

% pmol/mg protein (Omura and Sato, 1964) -



11~ < 85kt ¢ NADPH-CY P450 reductase 7 1B

#-%-+ Philipsand Langdon (1962)2. = % » #-f &4 » 96344 ¢ > F AR
% 200 pl > 2 cytochromec & X & > & iz @ 3¢ FkA 5 0.05mg/ml - §]* 0.1
M PPB (pH 7.4)#fF » 4 % B~ 2 ul 0.05 mg/ml ok 8 35 F ~ 20 pl 30 mM MgCl, ~
20 pl 10 mM cytochrome ¢ ¥ 20 Wl ImMM NADPH ¥ J& » >+ 37C323 BT 1~ 4> 5
i54]* ELISA 3 B~ 550 nm 2. s £ & 5 it (s % 8k e=19.6 mMlem™) » & 10 #/48
Wh - o BEFE IS Ik E R > TF -5 NADPH-CY P P450 reductase

% & cytochromec 2. % 4> ¥ = % pmol/min/mg protein (Phillips and Langdon, 1962) -

12~ 4 k0 % BUFRR2 [ % ¢ CYPAS0 %% 75 Mkl 2

% w12 ethoxyresorufin (1 pM) ~ methoxyresorufin (0.5 uM) ~ pentoxyresorufin (0.5
uM) ~ diclofenac (0.8 uM) ~ dextromethorphan (1 uM) ~ p-nitrophenol (10 uM) -
midazolam (0.85 uM) % testosterone (12 uM) i s CYP1A1 -~ 1A2-~2B~2C - 2D ~ 2E
2 3A R X 04 96348 ¢ A u4e ~ 10 pl Img/ml ok A -9 B~ 20 pl 30 mM
MgCl, ~ 149 pl 0.1M PPB (pH 7.4) » #4253 15 » e » 20 ul 1 mM NADPH £t fik %
FRe > F IR 5 200p] - #0458 54w & 3¢ & F % (Thermo shaker, PST-60
HL plus, BIOSAN)® 2 37°C» i 15 # 480 &+ e = = {6 » = %] 4c » /R4 & acetonitrile
(ACN)% iR % ok F Ji » 3o 15 4 48(10000 xg ~ 20C) » B~ % » 4 HPLC/MS -

EREF RTA Y 2 NBHAER 0 ¥ kg2t ¥ CYPEEZ S (Yaoet ., 2008) -

13~ * 8V F5RE | 5% ¢ UGT p# B Rl
HFRHOR 48 11 * Hanioka (2001) 2. = ;2 » 12 4-nitrophenol (0.01 mM)§ i€
FoF die® £3 %% FikA 0.01mg/ml~ 80 ul 40 mM Tris-HCI % (pH 7.5) ~

20 pl 30 mM MgCl; ~ 1 pl 25 pg/ml alamethicin /4 2 20 ul 1.7 uM UDPGA
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(UDP-glucuronic acid) > * 2884 &% 5 200 pl - f¥ % F J& &4 » UDPGA {5 :#
B4e K 15 &2 418 0 e » k4 e acetonitrile (ACN) & ok & i » 3w 15 4 435 (10000
xg~20°C) » B~t Fi% > 12 HPLCIMS = 2 jp] = H F Ji i* ¥4 4-nitrophenyl

B-D-glucuronide 74 = & % 7+ (Haniokaet a., 2001) -

3- ~CYPs# UGT 2 £ g 8 3t

Enzymes Substrate Concentration M etabalites Referances

CYP1A1l Ethoxyresorufin 1uM Resorufin (Burke et a., 1994)
CYP1A2 Methoxyresorufin 0.5uM Resorufin (Szaefer et a., 2003)
CYP2B Pentoxyresorufin 0.5uM Resorufin (Szaefer et al., 2003)
CYP2C Diclofenac 0.8 uM 4-hydroxydiclofenac  (Kobayashi et al., 2002)
CYP2D Dextromethorphan 1 uM Dextrophen (Walsky and Obach, 2004)
CYP2E1  p-Nitrophenol 10 uM 4-ntrocatechol (Sugiyama et al., 2004)
CYP3A  Testosterone 12 uM 6-pB-hydroxytesterone  (Sugiyamaet al., 2004)
CYP3A Midazolam 0.85 uM 1'-hydroxymidazlam (Kanazawaet al., 2004)

. 4-ntrocphenyl .
UGT 4-Nitrophenol 1.7 uM _ (Haniokaet al., 2001)
B-D-glucuronide

14~ ¥9 F4RA15—7 > & 282 (Western blotting assay)
D) 35 Fag

¥ 179 3¢ - Coomassie Plus Protein Assay Kit = i » §§ it 4™ @ % P~ 5l BSA
2 2 o A8 S v H R Fee 5 A W 3T 96 3L 4 o 4r ~ 150 pl dye reagent
(% » ‘dyereagent=1: 30" V/V) > % ** 3R "o &I F & % (Thermomixer compact,
eppendorf) + > 2R P 323 3% 10 A48 0 FBRERAY F0 FRESEI FF
"% E 49 A 17 R (ELISA , Enzyme-Linked Immunosorbent Assay Model 680, BD
Biosciences) i A £ 595 nm w3k B > £ 27 BSA #7 R 2 G0 TR SRR 6 A

RS TS G TR R o
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(2) & > % g% (Western blot)

v FER w5 > 1 5X kA samplebuffer (7 0.5M Tris ~ 20% glycerol
10% SDS ~ 0.1% bromophenol blue 2 5% B-mercaptoethanol) 2 1 mM potassium
phosphate buffer (PPB) 2 1@ 41t b i #-v F a8 R AN E S 1 pg/ul » 95C T 5
SR LAt 0 Poip £ WA 2 5L » SDSPAGE th &1 ¢ 0 1 130 REF TR
BERA

5X sample buffer (i% %+ 4°C)

0.5M Tris (pH 6.8) 10.0 ml
20% SDS 17.5ml
B-Mercaptoethanol 25ml
Bromophenol blue (w/v) 0.05mi
Glycerol 10.0 ml
H,O 8.0ml

Polyacrylamide gel fe =
Separating gl 10% Stackinggel 4%

30% Acrylamide 3.74ml 0.67 ml
1.5M Tris-HCI (pH 8.8) 25ml

0.5M Tris-HCI (pH 6.8) 1.25ml
H,O 3.66 ml 31ml
20% SDS 50 ul 25 ul
10% Ammonium persulfate 50 ul 25 ul
TEMED 10 ul 10 ul
Total 10 ml 5ml

AR NS BT R, 2 Gi stacking gel » #- separating gel /%2 >+ transfer buffer
(7 80% 25 mM Tris~192 mM glycine 2 20% methanol) ® » ¢ = # B~ ~ % £2 separating
gel = -] 4p = 2_ PVDF (polyvinylidene fluoride) & ;3 #&> ¢ * o =L #-pt 5% 72 3t 99.5%
ethanol ¥ 5 4 48 > £ &9 5 R Z 3 W — 42372 > transfer buffer ) 5 2 48 > & &

Bm s A SRR SPVDR S S Jpi s A E T PN R B Es
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o F e o 2 100 REE ks P i TEEE 90 A 4B o
wF 28 Bt PVDF % > 2122k eh buffer A (25 mM Tris-HCI ~ 150 mM
NaCl ~ 0.3% Tween 20 » pH 7.4)i# % - =t » 4 » Ponceau Ssolution % ¢ » f& T -

(4

.
L

Kl

B 503 PVDF s £ ko4 chbuffer A e = =& = 5 4 48 "g 16 #- PVDF

i

723 7 5% g ks (skim milk) &0 buffer B (2 25 mM Tris-HCI ~ 150 mM NaCl »

W

pH7.4)¢ » E 3 ACT IR &3 FE T 2/ FF > i&{7 blocking & °

B0 PVDF &3 % > ok chbuffer A ez = » & =0 5 048 » 2 ¥ k- B
WE? o> 3R F K604 4 4CT F & overnight » B 1118 > PVDF #cf =k 12
FkAeabuffer A ez > B X544 SEfS S » 2 B FR T K B 40 4 4TS
rpk4 e buffer A k= & 0 & =0 5 448 0 £ 8 4 » Enhanced Chemiluminescence
Reagent (ECL kit) & ¢ - # 124 ki & 47 % (LAS-4000, FUJIFILM, Japan) & i ~ %
o Bl e FARTEAI -

2 > F9 Fl0g 2094

1°4 8 aF% HZaRE Aidpl

CYPI1AL 59.393 20 pg 1:500
CYPIAZ2 58.259 20 pg 1:500
CYP 2BlI 55.93 10 pg 1 1000
CYP 2C6 56.00 10 pg 1200
CYP2CI11 57.18 10 pg 1 1000
CYP 2DI 57.17 10 pg 1 1000
CYP 2EI 56.62 10 pg 112000
CYP 3Al 57.91 4 pg 1500
CYP 3A2 57.73 4pg 1: 500
GST-« 25.63 10 pg 111000
GST-p 25.60 10 pg 1 1 1000
GST-m 23.43 10 pg 11 1000
UGT 1Al 59.59 10 pg 1 : 1000
P-gp 141.38 10 pg 1 : 1000
GCLC 72.61 10 pg 1 : 1000
GCLM 30.54 10 pg 1 : 1000
HO-1 33.00 10 pg 1 : 1000
GAPDH 35.82 1 : 2000
B-ACTIN 41.73 1 1000
2°4L
anti-rabbit 112000
anti-mouse 122000
anti-gout 1 : 2000
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15 - Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
(1) =% Total RNA & B~
B U4 R R BLBLE LB 50mg o 4r ~ 1 ml TRIzol reagent E=L =

k w325 10 =% (4000 rpm) » H2F R &8 ki P o 4o » BCP 100 pl > 323 27 15
iR d > 2EFE 3,4 4o 1545 45(11,000xg~4TC) » =B5 t K 7
7 RNA 0 Fi 2 ¥ - §g2 0 1.5ml s ¢ ¢ > 4e » 500 pl isopropanol> & & 355 >
FEFE 10~ 481 RNA LAk > g 20 4~ 48(11, 000 xg ~ 4C) > # “éfi R Ao
500 ul 7k £ 70% ethanol -7 4B 4F 5 =t > .o 5 4 48(5,000 xg~4C) » &8 e »
750 ul 7k 51 70% ethanol > i p¥ 75 »5-20°C & 14 f RNA £ A 47 -
(20 RNA =&

B i3 3% 70 % ethanol e RNA k& @ &tw 15 4 45(11,000 xg ~ 4°C) » #]4-
i A ‘}fa’-;"]’i v0 ¢ B RNA B3 2R T S h gz 4 x 100l (2 RNA % %@
2)DEPC -k » % RNA % 274 f2 » B~ 2 Wl RNA 3% > MATHE & % k3%

(Nanodrop 1000, Thermo,USA):#] %_260/280 nm sk i& » it 2+ 5 RNA k& -

(3) RT

# % RT mixture (# ¢ % 2 pl 10X PCR buffer » & 2 pul 10 mM dNTP ~ 1ul 250 ng
Oligo dT ~ 0.25 pl 40 units RNase inhibitor ~ 0.25 pl 200 units reverse transcriptase)** 1.5
mlgges g @ o B AuE4ul02 ug/ml RNA &R E > T4 2 4 303 K3 BMH S
20ul 0 R £353 (87 4~ B(MJIMino Thermo Cycler, BD Biosciences) » % @

242°C-15 2 48 ~ 99°C-5 » 48 ~ 4°C-10 » 45 > %2 cDNA 2 F -

(4) Red-timePCR

£ % % #% PCRmixture (¥ = Rx 5 5 ul KAPA PROFAST qPCR kit ~ 1 ul 10 pM
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probe ~ 0.5 ul 10 uM 3’ primer ~ 0.5 pl 10 uM 5° primer) » »* 384 34 4 # & B 4e » 3l
cDNA 2 2 PCR mixture 84 5 10 ul > g {259+ 41 * red-time PCR (Light
Cycler® 480, Roche) it i % £ fis i 4 ¥ iz cDNA 47 %l - 2% i ©* % @ enzyme activation
95°C-60 #; ~ denature 95 C-2 #) ~ anneal/expend/acquire 55°C-30 #} -

GRER R F R B RS A AR A Z -

2 HRESREFRYF RZEBHRIF A

Gene Gene number |Probe|Primer| Lengt | Position |Tm|%GC Sequence

Left 20 (1285-1304(59| 50 gtgaagctttcatgcccttc

Right 20 |1388-1407|59| 50 ccaaatggcttgacacagag |
Left 24 (1247-1270(59| 46 |tggtcactttctagatgagag
Right | 20 |1318-1337|59| 55 | ggcttctcctgecacatatcc

Left 19 |1210-1228|59| 58 gtgcaggacttcgtcatcc

Right 21 |1303-1323|60| 48 |caggaagtgttctggatggaa
Left 23 |1285-1307|59| 39 |gactatttcaaggcattttctg
Right 23 |1390-1412|59| 48 |[ttagggtcaaccagagacttc
Left 20 |1063-1082|59| 55 |gaaactgcaggaggagatcg
Right 23 |1105-1127|59| 48 |tcacagtatcataggtgggag
Left 22 |1431-1452|59| 45 | cgctctcactaaagttctgca
Right 24 [1501-1524(59| 38 |tggttcaagaattgcttgtcta
Left 21 |1297-1317|60| 43 |cgcccttaaaactgtcatcaa
Right 20 (1406-1425(59| 55 tgcctcatcacgtactccac
Left 19 724-742 | 59| 58 ctaagaccgccttectget

Right 21 795-815 | 60| 57 |tgtctgtgagggactctggtc
Left 18 |3285-3302|60| 56 tacaaccccatggctgga

Right 20 |3388-3407|59| 50 |gatgctgcagtcaaacagga
Left 19 |1039-1057|59| 58 ctggctcctagcaccatga

Right 20 |10595-1114|60| 50 tagagccaccaatccacaca

|ICYP2B1 [NM_001134844.1| #65

CYP2C11| NM_019184.2 | #18

ICYP2D1 | NM_153313.1 #H7

CYP2E1 | NM_031543.1 | #68

CYP3A1| NM_013105.2 |#113

CYP3A2| NM_153312.2 | #12

UGT1IA1| NM_012683.2 | #76

HO-1 NM_012580.2 #6

P-gp NM_012623.2 | #92

B-actin | NM_031144.2 | #63

16 -~ Electrophoretic mobility shift assay (EM SA)
() 3 5

B8 PR e P 0.1.g 4e » 900 pl 5573 % (7 10 mM HEPES ~ 10 mM
KCl~0.1 mM EDTA 1.0 mM MgCl,~0.5mM DTT~0.5 mM PMSF+4 pg/ml leupeptin ~
20 pg/ml aprotinin » pH 7.4)32 75 » B {ey R £323 > ki 15 #4518 > 4 » 1%NP40

3 otk 154480 4 15 A 4(6000Xg s 4C) ¢ dE 5 TR 4 T 5
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o dn o L4~ 800 pl MBEA R o @ e BE A KRR R P > At 15 A 45(6000 xg -
AC) > st it Yo ts chim e ik $ £ 4~ 100 pl % %672 7% (3 10 mM HEPES -
1.0 mM MgCl,~0.5mM DTT ~ 0.2 mM PMSF ~ 4 ug/ml leupeptin ~ 20 pg/ml aprotinin ~
10% glycerol ~ 400 MM KCI ~ 0.2 mM EDTA)44cim e 2 » >+ 4Crkfa? Bf-R ¥ 30
A4 g 15 4 48(12,000Xg ~ 4C) 0 718 b iFi T 5 e b 3-8 3 P (nuclear
protein extract) o ‘m*z % }-v % P~;% 12 Coomassie Plus Protein Assay Kit Coomassie

Plus 28 - 5 & % 75 2 -80°CAL (U /4 i % » 15 5 EMSA 2478 % -

(20 EMSA

W& 5 s g 7 [50ng/ul poly (dIdC) ~ 1X binding buffer ~ 2.5% glycerol -
5mM MgCl; ~ 0.05% NP-40 12 2 2 ng biotin & % 2. 3A1-DR3 % 7| [forward: 5-GTA
GAT GAA CTT CAT GAA CTG TCT AG-3;; reverse: 5-CT AGACAG TTCATGAAG
TTCATCTAC-3) £ A u]2r 15 ug fm%e £ Fov 50 & > a4 » 4 35 K T 4 F#
0ple-REHIIS > R TF 3044 5gfs# ¢ 4 » 5pl5X loading dye » i
F ¥ R4 S 25 ul 72 » 3] 6% polyacrylamide gels (6% acrylamide solution~ 1X TBE
buffer ~ 1%APS % 15 pl TEMED)# &1 # » 12 0.5X TBE buffer 5 2 74 /% » & 32mA
SkoRiE e BT R A 90 A4 > NE(S 1 100 REFT RIS KoREP M T 45 44
#-protein-DNA & £ # # % = nylon membrane (HyBond N*) + o #&7F = = {5 » B~ 41950
B L oprac 10 A48 0 g fh kg T crosslink 10 4 4 0 12 1X wash buffer i3
e b4 0 B 0 7 10 ml blocking buffer /7% B 353 3£ & 20 4 45 0 S8 4o »
10 pl Streptavidin- Horseradish Peroxidase (HRP) » #23 # & 20 4 4& > 1X wash buffer
iR 3& & A& 544 0 B fd 4 » Substrate equilibration buffer = §75 4 48 > *
Chemiluminescent Substrate & ¢ > 1 #* 4 k& #)c i~ 4 47 ik (LAS-4000, FUJIFILM, Japan)

1T o
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R L
LmR s ririE 2 B T e e - B f R £ (meanstSD) £ T 0 F
B it gkt SAS AL R Aacie Y 2 H F]3 % R #ics 7 (one-way anaysis

of variance, ANOVA) I fiz £ Duncan’'stest > 4 p £<0.05 % & &2 5 g% 4

2o
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e 8%
- ~JHPLC/UV BPlZ+ iR ? gmit &2 71
P E AR H > £ HPLCIUV Bl @ 2 B2 5 anit &4 —
DAS-DADS-DATS 2 5 # o frib i 5rip| 2 K47 RV 15 (R - ) » TR %% 4

w4 ¢ DAS~ DADS~DATS 7 & # %] = 0.08~0.28 122 0.529g/g GO (% -

S AGRAHARYE R ERRHEELRBF
PR AE A e R E T A B B2 Pk = T 0 L R
z

WA B R ET X Ak 0 B

(g
\r:s
A-
L)
N
=3

(P<0.08) » ' A E k> Apddplio 2 AR i % B B AR S G R § G 2 2

WE AP WAL Z Y v R AP -

2 AR L BFR R B
AN R PR TR 0 BT B R Tt S A
TR Bl Y ASTHrALT A3 2 it dp ik id » k4o = 977 > < Gt &3 &7
B AJLS BAMHELES RfrHRe  BF AR F2Z A8 - d 7 3
FE 2 A AR R T M E R4 B Dy R ETREHE R 0 2 200

mg/kg Efﬂ -E-‘ ¥ %;}F’ ],5 BF-14 50 o

T A SR RIET R B R HA BUFRES SRR R LB
FhAvdw oS AN S EH B MHE Y ¢ B F R 4P total PAS0
7z £ (p<0.05) > e 7 B2 58 cytochrome b5 ¥2 NADPH-CY P450 reductase 7z & £ & 1% ©

A ke T X {8 B (B9 P ethoxyresorufin O-deethylase (CYP1A1L) -
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pentoxyresorfin O-deethylase (CY P2B1)¥ UDP-glucurosyltransferase (UGT) 2. f% % %
P A E B % 4e (p<0.05); X @ diclofenac 4-hydroxylase (CY P2C) £ c-nitrophenol
hydroxylase (CYP2E)f% % & 14 0| £_r4 & & B 7% < 337 4] (p<0.05) o #-~ Frsfd b 454 P
Frat £ 5w P G ethoxyresorufin O-deethylase (CYP1A1) ~ pentoxyresorfin
O-deethylase (CYP2B1)#r UGT fi % 7% | ¢t » Testersterone 6B-hydroxylase (CYP3A)
% dextromethorphan O-demethylase (CY P2D) & {25 F] = srdf id @ i 3 4o

(p<0.05) ; @ = #g iu#r#] o-nitrophenol hydroxylase (CY P2E)f% % i 14 (p<0.05) :2.% %

A ¥ ey R o

I~ A HR R SRS AR LT

dod T TR ARG X ArEid 180 ] s @ diclofenac 4-hydroxylase (CYP2C)
testosterone 6B-hydroxylase (CYP3A)# midazolam 1-hydroxylase (CYP3A)i# 1238 7 <
¥ 58 - 3 3t phasell e UDP-glucurosyltransferase (UGT)# 1 » &7 * Ew ¥ % %

AT - T AR M AR 4 0 B A E B F B T HR 2 (p<0.05) -

A~ & ek A AR CYPIAL2 39 AR PF
XA ESTE X BT kS M4 FHEY CYPLAL sh3-d 4> @ CYPLA2
v FAR o HighGO 23 B EA% > pptRle » & W34 228 23 B (Kl =)

(p<0.05) -

=~ A AR A BDFRCYP2B1 -~ 2D1 &1 2E1 Fv & mRNA £ R2 B 5

!

XA RIRT RS EMEM BFF TR CYP2BL v AR ppRHE R

<~ B LowGO 24 mE 5 27 & » HighGO 2p| % 6.8 (B = A)> mRNA 7 &}

i

830 Fapiu o =B A LowGO26 % ~ HighGO 126 & (Bl = B) > 4p if 4 % %



b RGBS X M e i end % ¢ (p<O.05) - fe & CYP2DL $v AR T =

B ¥R S EBEEELTY T - RO AL G RMT X1 Low GO & High GO
Bk BFHEE H 4 CYP2DL chgev AR > e G F %7 MIEFE - 150X 5H
4 % CYP2EL 3% Ffr mRNA £ 2 P85 7 - R &H7 2 & v AL -Low GO

# High GO & .+ B9%5 CYP2EL $vv 4 JLE #7130 B 2 (p<0.05) » %4 7 + 77

\lv

# 0 3 CYP2ELMRNA £ 8 2 8 4rer A hv W2 s fidpF 0T % a2t Low
GO #2 High GO = =+ &% CYP2EL1 mRNA 353 " ¥+ & 2 (p<0.05) > = i¥ pd2 i >

“ 574 # CYP2EL mRNA # LR & %5 -

Ao~ X e L BRI CYP2C6 & 2C1L 3¢ 78 mRNA £ B2 5§

SR A G LT X A S CYP2C6 30 B AR E P & High GO g™
TAEEAR A (FE A)D 107 CYP2CIL 3o 4 9L tu4 f7it i AJZ 15 High GO i
FEEHS LR REE e B0 RO R RAE - 2 CYPCLL

MRNA h& LR &G T % & w it X i 2358 $ R 2 4p (B2 B) -

1~ % A R CYP3AL2 35 8 MRNA 4 2 4
©EE A A A AT X &m0 PR CYP3AL B A RIS A E M

% H 4 (BT A): MRNA £ 34 % AP 025 % > High GO + Bt % 34 AUZT <
2w 15 dp SR 2 CYP3ALMRNA 4 w3 40 7 90%7c 65% (p<0.05)(Hl = B) -
@ CYP3A2 F-v B # JLih# 40 & 117> Low GO (p<0.05) (Bl A)» & & High GO

<= s pIEEEAAeS]  MRNA £ 4 B AR 2%

55



Lo A R A BDFRUGTIAL 39 F& mRNA £ R2 §5F

BT R A w I AIL < M Y A E M %5 UGTIAL 2 v 4R

/” >

£
RS

(B A) tpi$tpe e > HighGO 5.7 = & w ik &J® (5 > £ E A B4 7 150%4-

260%; & = mRNA £ £ 2 3 7 4 34p (B = B) -

Lo XA A BRI GSTS 38 F AR B
FLE A Gk AST 5 $FREY Z fEA & h GSTS s F AR H &% B R

BN o § S iR RdZT X {50 High GO 2 ¢ & ¥ 4 4v GST-o (Ya)si3-v B 4 . >

ERFHRUEE I FUELRAIEF  AHNHBERAEFTLE L T § 457
M ESTT X Aw ik o % € EAE M G 4 % BT 0 GST-B (Yb) GST-n (Yp)

mﬁ»w ’Eﬁ'z\ R Yi gﬁ?%‘?ii (p<0 05)

Lo kG A BUFRRP-gp 39 T8 mMRNA £ B2 5
BLE S b B2 T X {5 > High GO & ¥ > "% ¢ P-gp &+ 7 # 1. (p<0.05)
(B4 A e TR %Y > 73 Apieni % 5 fgodrd] P-gp mRNA 0% % ¢ 75 IR

st % % High GO + EF% (4 B) -

Lz A FRHBHL RS2 CYP3ALE 3A2 39 TR
X e RJZT X {8 Low GO + 8 %52 CYP3AL F-v 4 I3 >4 R e (]

+) & HighGO pF Rl & 258> o8 5o i g as £ Sw 18> 4§ 8 ehlg %

23 CYPBA2 Edh te rf i T * w3k {6 Y AP B g o

LA R HA R Y2 UGTIAL v F4 R
375K UGT1AL 3-v ’E‘Fz\ﬁl A RERAES AT XAk | 5 _F_T%‘«
¥ UGTIAL 3-v [ 35X H & M a4 (B-+ - ) ¥R e » HighGO ~ &

56



AR ASLT % S w (s 0 God A LE A N4 1 300%fc 250% -

LI AR HA R Y GSTs v FARLEF

BB G RILSH | H Y 23 & enGSTsihdv T4 > &% IR H
L@ A AeH M RJET X 1 Low GO ¢ High GO ¢ # 4 GST-a (Ya)GST-B (Yb)
2 GST-n(Yp)ehd-d AR > ¥R mku LI b AMPERT P Y - 50
GST-B (Yb)*+ » GST-a(Ya) ¥ GST-n (Yp)% H.+ > &% - Low GO & HighGO # -

R RERPELE -

LA AGFREHES RS2 Pgp Ry FRAR

AEUEST B AR Y M Bk Pogp2 A RE (RS
Z) LowGO £ E A W 2 ¥R % B564{c21 % » HighGO £ R |4 & 4
HREL R214c52 @ d MF AAGHMI T M;ﬁd B4 P-gp & T H A4 h R

oA R RIS R T » R R

SRR L - 5]': ¢ atorvastatin (ATV)# 2-hydroxy atorvastatin (2-OH ATV)
ER2ZEE
@ -Lte 7 %% ¢ Atorvastatin fv# 314 $+ 2-OH atorvastatin =#-

F5lchod 2 9f7 o RS GBI A% > & K7 (0-6h) atorvastatin {- £
A ¥+ 2-OH atorvastatin h% 1 ik & (AUC) ¥R & 3@ & B 1% chipt » > e 75 0 A
2 (High GO) # &2 ™ - Atorvastatin 1 AUC & & ¥ e 2 > 31.5% (p<0.05)>2-OH
atorvastatin B|j& > 1 59.2% (p<0.05) %7 1735 % Fr 5 TLTiE & % B X ke v ik en
+ B > Atorvastatin = 2-OH atorvastatin AUC =+ e id M3 £ ed@ T A W) b

22.8%7r 30.7% > Tt % AR 4 A T o R4 W% K 76.4%q e 60.2% (p<0.05) ©

57



* Fraf o ¥ atorvastatin #5 4 8 23 Cra & Tk 22 B84 273042 7 o § <
Bl fofid 27 % (5% aorvastatin: % % &7 o Jf: ¢ atorvastatin e Cpgy I 7
£ X G B AR @ 2-OH Atorvastatin e Crax 8 * #rfd b 087 F MO R
BT 7% 7 v ¥ 9 %7 &% & aorvastatin &2 2-OH Atorvastatin # % ¥ % IR Crax &
R ke B MO 4R 2 46.1%7 63.9% 0 o I E A BIEREZ R (Tha) * &
B RS T ARl LR aEFALR > Atorvastatin £ Ty

A

1’3)@

& R A2 30-36 4 48 0 2-OH atorvastatin e Trg & & 2 /1 %% 40-60 » 48 7 -
LREERET A G ARSPEERFARE AR FF ATV B4 (o 312(%&4?#,};}?; » 4 77

R 4 0 @ R D

58



#- M HPLC/IUV Rlz s s ? gt &2 38

Table 1. Diallyl sulfides content in garlic oil (GO) by HPL C/UV.

Diallyl sulfides  (g/g GO)

DAS 0.08
DADS 0.28
DATS 0.52

A. 1 mg/ml pooled standard DATS

VEEM
O 02 0 7 Ob 03 8 004 020 Ovl 094 D31 002 022 002 097 062
O
>
lw)
wm

B. 1 mg/ml GO

DATS

0o 2L oW 090 el O

W- ~HPLC/UV Rl Z x5l ¥ ZA T &5 2 K47 H
Figure 1. HPL C/UV chromatograms of (A) 1 mg/ml pooled standard, (B) 1 mg/ml GO.

DAS, dialyl sulfide; DADS, didlyl disulfide; DATS, diallyl trisufide.
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Table 2. Body weight and liver and lung tissue weightsin rats dosed with garlic oil for 5
daysor 4 weeks.

Diet S days 4 weeks
Con Low GO  High GO Con Low GO  High GO
Initial body weight (g) 2514203  251+7.7 251443  235+3.6 23549  236+6.1
Final body weight (g) 278+ 184" 27050 235+9.5° 406+16.5" 396+29.7° 371+143°
Liver weight (g) 8.5+0.6 80£05 85+06  11.1+£07 11.6+08 11410
Relative liver weight (g/100g BW) 3.1+0.1° 30£01° 3.6+02"  27£01°  29+02" 31x02°
Lung weight (g) 1.6+0.2 1504 16+04 17£0.1 18402  1.7£0.
Relative lung weight (g/100g BW) 0.6 + 0.0 05+0.1 0.7+0.1 04+£00  05+01  05£0.0

Values are meantSD (n=5). GO, garlic ail; Low GO, 50 mg/kg; High GO, 200 mg/kg.
®\/alues not shareing an alphabetic letter are significantly different (p<0.05).
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Table 3. Changes of hepatic function index in rats dosed with garlic oil for 5 days or
4 weeks.

5days 4 weeks
Con Low GO High GO Con Low GO High GO
AST 182+22 186+30 201+27 232+48 3331222 21.0+1.7
ALT 124+26 11.1+27 103x25 100x37 13.1+40 11.6+0.7

Diet

Vaues are meantSD (n=5). GO, garlic ail; AST, Aspartate aminotransaminase; ALT,

Alanine aminotransaminase; Low GO, 50 mg/kg; High GO, 200 mg/kg.
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Table 4. Effect of garlic oil on rat hepatic drug-metabolizing enzyme activities.

Five days

Four weeks

Enzymes
Con

Low GO

High GO

Con

Low GO

High GO

Total P450 387+93.3°
Cytochrome b5 279 + 59.8
NADPH-CYP450

reductase

409+73

Ethoxyresorufin
O-deethylase 56.5+10.4°
(CYP1A1)
Methoxyresorufin
O-deethylase 58.6 £ 10.0"
(CYP1A2)
Pentoxyresorufin
O-deethylase 165+1.1"
(CYP2B1)
Diclofenac
4-hydroxylase 183 +12.4°
(CYP20)
Testosterone
6p-hydroxylase 593+ 114
(CYP3A)
Dextromethorphan
O-demethylase 138 =44.5
(CYP 2D6)
o-Nitrophenol
hydroxylase 402+:953°
(CYP 2E1)
UDP-glucurosyl
transferase 2.1+0.3"
(UGT)

487 + 160 ™
221 +30.4

374+79

62.0+8.2°

444+5,0°

231472

171 £26.4™

625+92.2

157 +£40.5

302+ 14.0°

2.5+0.1%®

675+ 140°
237+ 87.2

36.0+7.8

76.3+10.0°

51.7+9.7%®

308+6.7"

150+ 17.7°

456 + 265

153+ 19.0

281+54.7"

28+0.7°

517+ 111°
315+56.9

37.0+4.2

439+174°

394116

12.7+39°

101 +14.1

571 +245°

158 £7.3%

490 £ 115°

1.6+0.2°

816 +149°
304 + 84.1

344+48

65.0+£22.1°

36.5+ 104

18.7+6.0°

101 +22.1

596 +241°

183 £18.2°

340 £38.5°

25+04°

822 +254°
25] + 85.4

37.5+8.8

130 +31.7°

48.9 = 10.1

693+17.1"

123 £22.2

904 + 202"

237 +£39.4°

391 +61.5°

3.6+08°

*Rats were orally administered (ig) with corn oil (Con) or garlic oil (GO) in dose of 50

mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. Microsomal enzyme

activities were determined by LC/MS. Enzyme specific activities: CY P, pmol/min/mg

protein; NADPH-CY P450 reductase and UGT, nmol/min/mg protein. The contents of total

P450 and cytochrome b5 and c are expressed as pmol/mg protein. Values are mean+SD

(n=4~5).%°Values not sharing the same letters differ significantly (p<0.05).

62



2T 0 AR AIEIH L RLSBEE AL B

Table 5. Effect of garlic oil on rat intestinal drug-metabolizing enzyme activities*.

Enzymes S days 4 weeks
Con Low GO High GO Con Low GO High GO

Diclofenac 4-hydroxylase
(CYP20O)
Testosterone 6B-hydroxylase
(CYP3A)
Midazolam 1-hydroxylase
(CYP3A)
UDP-glucurosyltransferase
(UGT)

1.1+04 1.1+04 1.0+02 05+01 07+02 05+03
43+£1.6 54=x£27 95£47 26159 40+£13.0 26+6.9
7.1+43 10£28 15+7.0 17+£74 25+£13.6 26+7.1

48+12% 13+3.7° 15+49" 3.6+20° 7.7+37®11+£5.0°

*Rats were orally administered (ig) with corn oil (Con) or garlic oil (GO) in dose of 50
mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. Microsomal enzyme
activities were determined by LC/MS. Enzyme specific activities are pmol/min/mg
protein for CY P2C and 3A and nmol/min/mg protein for UGT. Values are mean+SD

(n=4~5). ®Values not sharing the same letters differ significantly (p<0.05).
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Figure 2. Effect of garlic oil on rat hepatic CYP1A1/2 protein levels. Rats were orally
administered (ig) with corn oil (Con) or garlic oil (GO) in adose of 50 mg/kg (Low GO)
or 200 mg/kg (High GO) for 5 days or 4 weeks. A total of 10 pug microsomal protein was
used for Western blot analysis. Protein levelsin control rats were set at 1. Values are

mean+SD (n=4~5). ®Values not sharing the same letters differ significantly (p<0.05).
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Figure 3. Effect of garlic oil on rat hepatic CYP2B1, 2D1 and 2E1 protein (A) and
MRNA (B) levels. Rats were orally administered (ig) with corn oil (Con) or garlic oil
(GO) inadose of 50 mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. A
total of 10 pg microsomal protein was used for Western blot analysis. Changes of
CYP2B1 and 2E1 and B-actin mRNA levels were determined by real-time PCR as
described in Materials and Methods. Protein and mRNA levelsin control rats were set at
1. Values are mean+SD (n=4~5). ®Values not sharing the same letters differ significantly

(p<0.05).
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Figure 4. Effect of garlic oil on rat hepatic CYP2C6 and 2C11 protein (A) and
MRNA (B) levels. Rats were orally administered (ig) with corn oil (Con) or garlic oil
(GO) inadose of 50 mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. A
total of 10 pg microsomal protein was used for Western blot analysis. Changes of
CYP2CI11 and B-actin mRNA levels were determined by real-time PCR as described in
Materials and Methods. Protein and mRNA levelsin control rats were set at 1. Values are

mean+SD (n=4~5). ®Values not sharing the same letters differ significantly (p<0.05).
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Figure5. Effect of garlic oil on rat hepatic CYP3A1/2 protein (A) and mRNA (B)
levels. Rats were orally administered (ig) with corn oil (Con) or garlic oil (GO) in adose
of 50 mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. A total of 10 pg
microsomal protein was used for Western blot analysis. Changes of CYP3A1 and 3A2
and B-actin MRNA levels were determined by real-time PCR as described in Materials
and Methods. Protein and mRNA levelsin control rats were set at 1. Values are mean+SD

(n=4~5). ®Values not sharing the same letters differ significantly (p<0.05).
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Figure 6. Effect of GO on UGT1A1 protein (A) and mRNA (B) expression in rat
livers. Rats were orally administered (ig) with corn oil (Con) or garlic oil (GO) in adose
of 50 mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. A total of 10 pg
microsomal protein was used for Western blot analysis. Changes of UGT1A1 and B-actin
MRNA levels were determined by real-time PCR as described in Materials and Methods.
Protein and mRNA levelsin control rats were set at 1. Values are meantSD (n=4~5).

#°\/alues not sharing the same letters differ significantly (p<0.05).
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Figure 7. Effect of GO on GSTs protein expression in rat livers. Rats were orally
administered (ig) with corn oil (Con) or garlic oil (GO) inadose of 50 mg/kg (Low GO)
or 200 mg/kg (High GO) for 5 days or 4 weeks. A total of 10 pg cytosol protein was used
for Western blot analysis. Protein levelsin control rats were set at 1. Values are mean+SD

(n=4~5). ®Values not sharing the same letters differ significantly (p<0.05). Ya, GST-; Yb,
GST-u; Yp, GST-n.
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Figure 8. Effect of garlic oil on P-glycoprotein protein (A) and mRNA (B) levelsin

rat livers. Rats were orally administered (ig) with corn oil (Con) or garlic oil (GO) ina

dose of 50 mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. A total of 50

ug protein was used for Western blot analysis. Changes of P-glycoprotein (P-gp) and

B-actin mMRNA levels were determined by real-time PCR as described in Materials and

Methods. Protein and mRNA levelsin control rats were set at 1. Values are mean+SD

(n=4~5). ®Values not sharing the same letters differ significantly (p<0.05).
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Figure9. Effect of garlic oil on rat intestinal CYP3A1 and 3A2 protein expression.
Rats were orally administered (ig) with corn oil (Con) or garlic oil (GO) in adose of 50
mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. Equal amount of
microsomal protein from each rat in the same treatment was pooled, and a total of 100 pg

pooled protein (n=4-5) was used for Western blot analysis. The level in control rats was

set at 1.
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Figure 10. Effect of GO on phase |l enzyme-UGT1A1 protein expression in rat
intestine microsomes. Rats were orally administered (ig) with corn oil (Con) or garlic oil
(GO) in adose of 50 mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks.
Equal amount of microsomal protein from each rat in the same treatment was pooled, and
a total of 100 pg pooled protein (n=4-5) was used for Western blot analysis. Thelevel in

control ratswas set at 1.
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Figure 11. Effect of GO on Phase || enzyme— GSTs protein expression in rat
intestine microsomes. Rats were orally administered (ig) with corn oil (Con) or garlic oil
(GO) inadose of 50 mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks.
Equal amount of microsomal protein from each rat in the same treatment was pooled, and

a total of 100 pg pooled protein (n=4-5) was used for Western blot analysis. Thelevel in

control ratswas set a 1. Ya, GST-a; Yb, GST-u; Yp, GST-x.
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Figure 12. Effect of GO on phase |l enzyme-P-gp protein expression in rat intestine
microsomes. Rats were orally administered (ig) with corn oil (Con) or garlic oil (GO) in
adose of 50 mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. Equal
amount of microsomal protein from each rat in the same treatment was pooled, and atotal

of 100 pg pooled protein (n=4-5) was used for Western blot analysis. The level in control

ratlswas set at 1.
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Table 6. Effects of garlic oil on pharmacokinetic patterns of plasma atorvastatin

(ATV) and 2-hydroxy atorvastatin (2-OH ATV)*.

5 days 4 weeks
Con Low GO High GO Con Low GO High GO

ATV
AUC, ng/mlxh 106.7+17.7% 952+£252% 73.1+102°% 763+21.5° 589+338% 18.0+124°
Cmax, ng/ml 64.7+198  708+226  553+63.8 57.8+12.8" 883+355" 129+1.6"
Tmax, min 30.0 £ 0.0 36+134  30.0+0.0 30.0= 0.0 30.0+ 0.0 30.0+ 0.0
2-OH ATV

AUC, ng/ml xh 289.9+61.4° 238.0+61.3° 118.8+23.7° 286.4+89.6" 198.4+50.4% 114.0+50.1°
Cmax, ng/ml  109.2+39.6" 138.2+52.6" 58.9+154" 106.5+41.8™ 115.1 +38.8° 384+44"
Tmax, min 42,0+ 16.4 36+ 134 30.0+0.0 42.0 + 16.4 48+ 164  42.0+0.3

*Rats were orally administered (ig) with corn oil (Con) or garlic oil (GO) in adose of 50
mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. At the next day of the
final dosage of garlic ail, atorvastatin (10 mg/kg) was orally administered to rats. Blood
samples were collected at different time intervals over a6-h period. Plasma ATV and
2-OH ATV were determined by LC/MS. Va ues were the mean+SD (n=4~5).

®\V/alues not shareing the same | etters differ significantly (p<0.05).
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Figure 13. Effects of 5-d garlic oil treatment on plasma concentr ations of
atorvastatin (ATV) and 2-hydroxy atorvastatin (2-OH ATV). Ratswere oraly
administered (ig) with corn il (Con) or garlic oil (GO) in adose of 50 mg/kg (Low GO)
or 200 mg/kg (High GO) for 5 days. At day 6, atorvastatin (10 mg/kg) was orally
administered to rats. Blood samples were collected at different time intervals over a 6-h
period. PlasmaATV and 2-OH ATV were determined by LC/MS. Valuesin each time
point are mean+SD (n=4~5). ®Values not shareing the same letters differ significantly
(p<0.05).
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Figure 14. Effects of 4-week garlic oil treatment on plasma concentr ations of
atorvastatin (ATV) and 2-hydroxy atorvastatin (2-OH ATV). Ratswere oraly
administered (ig) with corn il (Con) or garlic oil (GO) in adose of 50 mg/kg (Low GO)
or 200 mg/kg (High GO) for 4 weeks. At the next day of the final dosage of garlic ail,
atorvastatin (10 mg/kg) was orally administered to rats. Blood samples were collected at
different time intervals over a6-h period. PlasmaATV and 2-OH ATV were determined
by LC/MS. Values in each time points are expressed as the mean+SD (n=4~5). ®*Values
not shareing the same letters differ significantly (p<0.05).
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PR3 W B Rt L § 2 4 (phytochemicals) » vt 4e ¢ % B 3 (phenols) ~ + Ak 47
(flavonoids) ~ 3 4% £ i+ 4~ (organosulfur compounds, OSCs) ~ #3lei-f (indoles) & - & #+
B @lium) > v de X 55 FE  F EE 0 T 7 OSCs FAL 0 L E B pOATHE A
TS A A bl U Z G B fAE HARR R M Bt EH o X
DAS - DADS 1 2 DATS:iz= B & #73 = ll%%fﬁ PARGE M FEREREAM > - BIA
Ve AAGFARBERSIRBERAD 3R EREEAE S AT RAE
FERIEF 0 A e FoonE M P REHE ez BB Ay i 4 o FIR ARG AFER
o B AR L BERLEE R BRI FF L AN ASS AP TP S5
BHNRES S TR GEET P A R TR S R o T
ARHRAE P DR A SR HER AR R 2 B R F e DS R FRE

S)o i ET RS R IR N E e A E K4 2(278vs. 235Q) ) A u £E S
PR P o R E IR b F K4yl 0 F @ H50] (406vs. 371Q) 0 Biom B AR < ARaE
BEAEHEPEPREA PR T AFRFLE L TR LR TR E
RERHEEP AR A e 2 50mgkg M B 4 G B B R E Ao
SRR E B o X ek 0V i & 4% 4 23R ¥ - Davenport and Wargovich **
2005 & 5 # R AR 4 ¢ Wh AL 4 RS 4 G4 A7 4 4 DAS (200 mg/kg) e
Wik A S E Bt R 16% T A R 0 R TPIROEA B
e %5 alyl methyl sulfide (AMS) 200 mg/kg > & 7 258+ R & &23+F 10 > F) QL iF
H 5 i i _DAS 2 2 3%4 24 3% (Davenport and Wargovich, 2005) » & & § 2%

P RmAT AR RS d A R kY ASTEALT AR tdgihtz o ¥
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AABDREFR(ZZ) A mHu R @4 B E KON R e > kR TR
SAE 0 Flet ARl 2 L B E T R FF o aetd e hflEcli s B Tt R
FoB g gEsaa o TR ab P REPFOREZI G A E < A B
R2 ] BAE R LR G o ¢ i Bz it £ 55 Pt d R arangr it

#7412 DAS & % 5 3145730 % (Papageorgiou et al., 1983) - Imada (1990)~ 45 &1 >
dlicin .4 « 559 A & anflgy > adalzmit e kialsmit e £ 5
Moo EF S ARSHE S A R R T KA M (Imada, 1990) o gtk o B TR i
PR RNEE A FEHSA G T 0 BEPRA L Sk S AR G BBk
ToRR GO TR 2 oHE B R A FEE 207 5 g2 E 7 i R % (Hoshino
eta., 2001) -

of 5B g MM PB4 3 Bo SR % phasel s 1L £ 11 4wl JEF phasell fi

FoRvh ke EE N A AR B A g 1 (oxidation) ~ i & (reduction) & -k f#

(hydrolysis) » ¢ 5 1 £ 5P (k& RT 5 )X PpA § o F 117 phasell i3

1'-‘\

i EORB ] A TR DA A S kBB B RIS et 0 S 48 phasell
Wik Fv o g phasel fe Il % (8% (£ 4 S eng drix vz vh o Bt pd Gl EER

fei % v R W i EHR P M g S > WARTHR - AR REHK
BES CHER TR S SR AT XD i PR BEER
R CYPIA 2B~ UGT1AL 4 b T X e X 9 % ¢ % 5 £ B (33 4 >
P F0 Fe RT-PCRen % 4pin o 2307 X f%¢ CYP2C i 2 7 A o ¥ F 5%

CYP2E % % 3| srff i rdT™ @ Frf| £ B en& 3R o b b > 3F5Y P-gp 39 &
2 mMRNA = B3 HE X w e? 2T % EEFLR e 8 CYP2CE A+
A R s o e CYP2C6 3= 7 £ A E R 4r > @ 2EL R E B Sl b i
TR B AR SRR A b0 RS AL - OB R

ARa 2EIMRNA £ a7 X md@if 27T > Fr R M 4o 5 20 5 ¢ A p
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CYP3AL2~UGT~GSTs & P-gp eif% % & 3-v F £ o g% HIF50R(H chg % 4p il
B¢ CYPSAFE# E 127 H4c48% > CYP3AL v F AR A MAHE ~ H i dT™ 4
A A4 > UGTIAL % it frdy TR P-gp 3y FTLARAEHALFI L EY &
AL A e o TR BRET A SHB S A RT X BTT IR a
BHoghicd > a2 -k gT T 4% 5 p CYP2C & 2E % > 5 ik phasel
fo ll A AT 39 T/MRNA £ 3R F] & ot b @ 3 4 o
KA g BE e H P 4w {1 5 (bioavailability) 38 EAE T < 5 A
®EME & kg 0 Amagase (2006)4 % - B v pR1I0mgalliin: 104 4818 » 5 -4 »
alinte i ~ ] % R 5 vk Bl A B G 5 7.2% 22.4%% 2.5% (Amagase, 2006) ;
Lachmann 4 (1994)~ 3 > § =~ B v pR=> ;8 &5 60 mgkg aliin s ~ 472 /] pFis
Jf: ¢ aliink & > Jpet mraliingnd 3¢ 4% 5 G 5 16.5% (Lachmannet al.,

1994) - < A g A A2 7 JU* FpF R (S o e [ H o o s N g
I iﬁ‘—“,$ FE L RB s 1\7,%-“? Z % + membrne transporters z 1] » Berginc
+ 4 (2010)3 7 SAC ~ DADS - methyl disulfide ~ alyl methyl disulfides < mraiit 4 ¢
4o e £ A membrne transporters (P-gpfeMDR2) £ v 4z %] (monocarboxyl ate
transporter 1f-organic anion transporter polypeptide) si= 2 » F] - 3 4 Rho123 i )
(efflux) » B2 57 B4 b 5 d5fT 5 3% FHE-HRFLER A FREFH] (=
RSS2 R EF L BP S5 BN URAGFEKEFEIHN IS H
lorsatan ~ atorvastatin ~ pravastatin=fid i% 5 (permeability) » F FFatorvastatine - = 5
il 3 54 TSR A Gk 4 g2 @ 3 4o (Berginc et ., 2010) © 1245 Wufe Benet
(2005) 5% £ - Atorvastatin - Biopharmaceutics Classification System (BCS) # # 4 #f
Joked kfF Lclassllc B G MR IR R R EEaEE o A R EES S HER (T
* o 1 3% dgefflux transpoteri@ d1ve ¢k > #pru o] ¥ gpical efflux transpoters (4 : P-gpfe

MDR2)# 1% -3 BEf e o foie » § P 0 3 % > 3 30 iFggefflux transpotersi:
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1% SRR FE ik (Wuand Benet, 2005) = 12451 8% § ey 0 2357 iR
AP S ek A ST RATV I ¢ R R 0 VA& A S W 4 B P-gpenk
B pES ] EP-gpend G B o
FohY 2 FRFEFBEFDEEAFTSEEE F0 FEmMRNALZRT 2 8% > -
3% » 1M CYP2C9% & » Diclofenacirtestosterones %4t :E & CYP2C{rCYP3A X § » ¥
12 Diclofenac 4-hydroxylasef-testosterone 6B-hydroxylases & :# 5 it 5 CYP2CHr
CYP3A & ik 4 » 82 X diclofenacirtestosterones#x £_% 4% 5 CYP2C{rCYP3A et
R g i diclofenacqi-testosteronest # is CYPAE % i e v g 1 > #712
LR E R R AR R v P o fodF TCYPsEd T2 mMRNAGE G Ao o ¥
G ABTE A« BUFRCYP2ELMRNAZ IRfr v F 2 E2 B2 AR X2
- R s e dra] 1 CYP2ELR-d Feepr & iE e o 2@ 2ELmMRNA# RArF &+ 4%
Hb EdE o B 4012 F — Rk % ¥ AL fringelman-Sundbergd i CYP2EL 4 ¥ %
FEBAITAET M FoEL B ST 0 2§ Bl A
i 2 g 2FS i3 AR FF £ (Ingelman-Sundberg, 2004) - ++ 4 % acetoacetate (AA) a2
T AAE % 18 PIBK/AKT/MTOR/p70s6k (p70 ribosome S6 kinase) 3t 5Lk = e 2
griE® b AAL p pEts (CCYP2EL 3w 7 c1*% f2(Abdelmegeed et al., 2005) ; #f %
&4 ~ RCYP2EL g g a® wmie V799 » » 5 5 4 schlormethiazole (&L 42
# &) g Fry|CYP2ELS A > fE %}‘giﬁ“éf T CMZFrfl @ EE 2k - = 5 04 TR
FREr AR AR A L G 3 R R (Simi and
Ingelman-Sundberg, 1999) = ¢+ 7 » % FRcnjimd fr B 5 R E g | CYP2ELi
» e DAS#® 3%+ 2 # % diadlyl sulfoxide (DASO)£: dialyl sulfong(DASO,) > H ¢ DASO;
e (5% 5 R 2R E o @ | CYP2ELs % 4] 5 mechanism-based inactivation
(Jinand Baillie, 1997) - F]* 4B + ot id ¥ it 3 4e CYP2EL e 45 18 % > fv {8 enii

BAEG BT T A KL FP gL S 3 [ < & LCYPRELepr ] it 2
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AERETY A2 5ROk e b 5 8- A wef R 8357 BN R T4
A HCYP2EL: — F 2 fi¥ 2 chE & iT% {84 o

TE KL A ORI e VR A G e R E S S A T S
T* 4 > uphasellf¥ 2 5 ) @ &+ &clone 9%+ w?z k¢ > DADSI1 2 DATS}
GSTPe Ak Flif g5 17 * » T4k F frERKFeINKIUBLES 1= F B > Fla & 1L 7 475
AP-1¢1 GSTPZ Fljc#s % + GPE 1% & (Tsai etal., 2007) % < » § 4p B e fe e oip iy
phase | . endg 45 5]+ & & B 72%m 5 7L B > H ¢ CYP3A S < I0A E4 (N gpend
&% > @ g PXRIRXRA; = heterodimeris > 18 % & I|PXRRE (PXR response
element) t > & @ v 2§ CYP3A R Flen 4 (7% (Waxman, 1999) o ~ i b 2% 5
CYP2Bl:# 22 45 %]+ CARALE i+ 7 B (Fisher et al., 2007) ; Zhang% + (2006)~
pd < BH%S08 mg/g DASE2 % » ¢ & FCARd ‘wm@e 5 e #4451 Fip > FL 3
4t CAR¥ CYP2BL/2 promoter + =NR1 binding elementeai: & » %]t + 33 7 CYP2BL/2
ek Tl 45 17 * (Zhang et al., 2006) -

d 30X G A P S Bioen s BUFRTE ] S e “‘*47’ R3BEE & s e AR Tl &
o Ft S i feZE £ g B AP 5 B LR T o T e A
FA R o d WA EE R By T i?’%%ﬁr} ¥Rt R TR B
atorvastatin (ATV) » grit— % 7 f&5 ¥ B AT 5 2 F 3187 « ATV 4P % fojk
Tipie * e F iR E L > $ 2 & HMG-CoA B R i i dr4] 4 47 & 30% > 1345
IPI-193 (2001):};] B ATV U RS » AR B ST > X A RY {5 12 R e

&%L’J\/fi&fi’ ATV Bz & frm ’Fiféfi‘ﬁfi_t’i’ ATV B & 5 r 48 5 ATV 28 ¥4

&
fos

AL FEN L 14% 0 2 HWE I R MR TV L 5 AR e~ o R
Bk 5o EOFRE R A PPk(first pass effect) #73 o ATV i ~ P 16 0 i F g AL
# 5 ortho- (2-OH ATV)4r para-hydroxylated (4-OH ATV)ji72 4= 11 % 2 78 B-3 it A&

Pz RFA S o ATV - $ v d5 #ri] HMG-CoA B R s F f i 4 0 73597
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70%#Fr#] s HMG-CoA B s /a1 % p izt B 782 ATV R34 - 4 48 ATV
Tion RREERP L 1AL R FID ATV B3 R G Frdliail o o1
HMG-CoA B R fsdrd| stz 2 8+ £ £ 20-30 /) P o B % I » 3670 AT
ke T X fw o & G R R R ATV ol A 3FA H 2-OHATV 2. #
P ? RREY AT G fF(AUCosn) (£ ) 28 < BUFRE [ 57 1 & f 3 ATV
1 CYP3A fr UGT ¥ F1% Frtt i ASL A B 4o - & « % @ Fd kR AUC - Sk
o P BHEFERCra)® BB ERE NIEF (The)be 2 T4 kb Ala k¥
U e B AR A G AT ATV 22 2-OH ATV ¢ Crgx (% M M3 4R 42 2 5 =
2 h ATV 82 2-OH ATV 4 %] &_64.7 vs. 55.3 ng/mL 4 57.8 vs. 12.9 ng/mL » 4 ¥ jix
= ATV 22 2-0OH ATV 4 5] £109.2 vs. 58.8 ng/mL {= 106.5vs. 38.4 ng/mL (% = ) >
Pt B S N B F kR (Crax) NI R (Ta) T 3212 40-60 4+ 452 F > F2 58 %
ST N e B AR R E G Y R EE K XK 4T CYP E e 8
fEd eni® % W RES BT M 2 PFREIE R 35 Eoned ATV &2 2-0HATV
i ® R T G T e TR B L e M AT Pogp s R
FE A R - g o 2 P-gp A R P e e i@ gy £ 4 o ) B T e o
FoT BEHA e ST S o AR A LA 4 0 T i A T B chik S O m e
MeiE o FEREEFIR LS 50 & 200mglkg < A iE 0 ] 5 P-gp 3v H 7
TP R R CH R S (R 2) 0 Bm A A T R (T ] e R R ATV e
2-OHATV it » 5 % J5%k % 50 Ra X Fof i #9795 P-gp 3 7 2 £ Ealg )
BARE > AT A Fadl AT L A e BUTEP-gp v AP K
WHRE(RIAL ) B Fwie BATV (A P 0 ke hag TR S B - o A 4
gk ? ATV REpA 4 G #G 20w § 00— RAT o f ot 2 b Ao e & R R
Yol o AFEE Y ATV RBAER > AR B LR 0 RS RN g ATV

B4 8 ity ik .
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PHAGETEEEF AL T oo YA B e BARM T

SR P REHRERS AT BH bldo o X Fiowafain - A=@ 1 T i C R

bl

E= &
14
W

A B PR T £ INR (International normalized ratio) » F] ¢4 3 4¢ £ fiFis 41 5 2

9

B4 R ) w6 % R 4E(Vaesand Chyka, 2000) 5 ¥~ § 4 i p BEK S22 g
v o ERF 1200mQ 4 AR E Bt 0 B X Z 50 21 R S A R E B B K
saquinavir(i- §FpFde 414 s 3 % -k & (Plosker and Scott, 2003) © % Lin % «
B R o RS A A G En (Y DAS ehik @A 4+ diallyl sulfone ¥ s
acetaminophen (f2# 427 %)% ri¢ = 273 |4 522 dialyl sulfone 74| CYP2EL & 1+
FHM(Linetd.,1996) - pt#ts F A A B BE P ErF % K F AT HETE D
AR RA B A RSE A 600mg < s EBF o 5 36mg challicin 5 4

17 = > &% 3 % § 8 docetaxel (Feh B 2 4+ ) e 4 6 & (Cox et al., 2006)
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REFHRSFET > S AR L™ 7 R F i Ha JE Y atorvastatin &

H %4 2-hydroxy atorvastatin cr& $+ kB > A & (T d 3 & B (8 R E 0 g E

Bov 2 fEE B0 B8 MRNA hd R B ik o < A o ATV £ R IRY T

?E‘E—ﬁATVﬁikg‘%'éiijf%? ’@qKﬂ%TﬁATV“ﬁi”%ﬁﬁﬁL%iio
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Figurel. Effect of GO on GCLC and GCLM protein expression in rat livers. Rats
were orally administered (ig) with corn oil (Con) or garlic oil (GO) in adose of 50 mg/kg
(Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. A total of 10 ug cytosol
protein was used for Western blot analysis. Protein levelsin control rats were set at 1.
Values are mean+SD (n=4~5). ®Values not sharing the same letters differ significantly

(p<0.05).
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Figure 2. Effect of GO on HO-1 protein (A) and mRNA (B) expression in rat livers.
Rats were orally administered (ig) with corn oil (Con) or garlic oil (GO) in adose of 50
mg/kg (Low GO) or 200 mg/kg (High GO) for 5 days or 4 weeks. A total of 10 pg
microsomal protein was used for Western blot analysis. Changes of HO-1 and B-actin
MRNA levels were determined by real-time PCR as described in Materials and Methods.
Protein and mRNA levelsin control rats were set at 1. Values are meantSD (n=4~5).

2c\/alues not sharing the same letters differ significantly (p<0.05).
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	♥ 最終版論文初稿-
	第二章、文獻探討
	一、 大蒜(Garlic)之簡介
	大蒜(Garlic, Allium sativum)，屬蔥科(Alliaceae)，為一年生鱗莖草本植物，屬淺根性作物，無主根，發根部位發生在短縮莖週圍。大蒜因具有的獨特風味及成份，為烹調時不可或缺的辛香料，在中東與遠東地區的栽培史，至少有五千年，而在古老之中國、埃及和印度更將大蒜視為高級食品，2008年大蒜製品仍為全世界最盛行的食品補充品(Irene Lelekis, 2008)。
	幾千年來世界各地不但將大蒜當作香料使用，也普遍運用在醫學用途上，李時珍《本草綱目》上記載大蒜性溫味辛，用以治療疑難雜症。近年來，探討大蒜生理特性的文章並不少見，其中較廣泛被研究是其在心血管及其他代謝疾病的預防與治療，例如血管新生作用(atherosclerosis)、高血脂症、血栓、高血壓和糖尿病等(Asdaq and Inamdar, 2009)，亦有文獻指出大蒜具有抑菌(antimicrobial)、抗腫瘤(anticancer)、抗發炎(antiinflammation)、抗氧化 (an...
	在臺灣，大蒜是雲嘉南地區重要的經濟作物，又以雲林縣產量最多，佔總產量80％以上，大片黑為主要栽植品種，是臺灣品質最佳的蒜頭品種(沈立言, 2004)。
	大蒜的營養成分：水份62～68%、醣類26～30%、蛋白質1.5～2.1%、脂質0.1～0.2%、膳食纖維1.5%等，詳細含量見表一；根據台灣行政院農業委員會的報告指出，台灣自產大蒜約有10-20個蒜瓣其營養成分為：水份66.2公克、蛋白質7.0公克、脂質0.3公克、醣類24.9公克、膳食纖維1.1公克等(許苑培, 2009)。除此之外，大蒜亦含多種特殊的有機硫化物(organosulfur compounds, OSCs)，含量約1.1～3.5%，這些含硫化合物不但是大蒜特殊氣味的來源，也被...
	大蒜具有獨特風味，這與大蒜中的allicin (蒜素)與其下游多種油溶性含硫化合物有關。新鮮大蒜主要的含硫化合物為alliin(S-allyl-L-cysteine sulfoxide)和少量的S-methyl cycteine sulfoxide, S-propyl cysteine sulfoxide。Alliin主要存在完整未被破壞的大蒜中，無色無味，一但經過切碎或壓榨後，釋放出酵素alliinase會將alliin轉變成具特殊氣味的allicin。Allicin並不穩定，會迅速分解、重...
	在不同的加工處理方式下，其大蒜產品的含硫化合物組成也有極大不同(圖一)，例如利用水蒸氣蒸餾加熱法所得到的大蒜精油，其主要的含硫化合物成份為油溶性的DAS、DADS、DATS等，各佔總硫化物4%、35~40%和30~35%之多(Sheen et al., 1996)；另外將生大蒜切片、浸泡於15～20%酒精中經20個月後製成後熟大蒜(age garlic extract, AGE)，由於此方法會流失較多的allcin，因此其主要的成份不同於大蒜精油所知的油溶性含硫化合物，而多為較具穩定性、生物可...
	DAS和DADS已被證實具有調節藥物代謝酵素活性和基因轉錄作用的生理效應，因此可能具備改變生物體對藥物的代謝能力。目前已有研究指出同時服用大蒜補充劑與抑制愛滋病毒生長的saquinavir或ritonavir時(Piscitelli et al., 2002)，將影響saquinavir或ritonavir的藥物動力學(pharmacokinetics)。
	圖一、大蒜精油不同製備方式所存在含硫化合物成份(Banerjee et al., 2003)
	二、 生物轉換酵素系統(biotransformation enzyme system)
	當脂溶性內生性物質(例如固醇類荷爾蒙、膽紅素)或外來物質(xenobiotics)例如藥物等，進入生物體內將藉由生物轉換酵素進行代謝，加速其排泄速率。生物轉換系統成員依功能可分為三大類：第一期作用(phase I reaction)主要透過分布於細胞平滑內質網上的cytochrome P450 (CYP450)進行催化，對親脂性物化合物進行氧化(oxidation)、還原(reduction)以及水解(hydrolysis)作用，使其轉變為更具極性（親水性或親電子性）的代謝產物；第二期作用...
	圖二、細胞內或外來物質之生物轉換系統modified from (Bock, 2003)
	(二) 第一期藥物代謝作用(Phase I drug metabolism)
	許多藥理活性分子在正常生理酸鹼值下，為脂溶性或非離子性。phase I酵素系統中包含多種代謝酵素，其中以細胞色素P450 (cytochrome P450, CYP) 最為重要，屬單氧化酶(monooxygenase)，主要分布於細胞內平滑內質網上。進行催化反應時，同時需要NADPH-CYP reductase及細胞膜上磷脂質(phospholipids)的共同參與，電子主要透過NADPH-CYP reductase將NADPH轉移到CYP上，並藉由cytochrome b5 reduct...
	大部分的CYPs存在肝臟中，亦存在小腸黏膜、肺、腎、腦、鼻黏膜和皮膚等組織。肝臟中CYP家族含量多寡依次為CYP3A＞CYP2C＞CYP1A2＞CYP2E。Lin (2001) 指出小腸黏膜則是肝外組織中最重要的藥物代謝轉換的部位，與肝臟一樣小腸中含量最多的也是CYP3A，約佔50~70% (Paine et al., 1997; Watkins et al., 1987)。肝臟與小腸中CYPs主要分布比例如圖三所示(Shimada et al., 1994)。至於大鼠體內CYPs分布情形，也與人...
	表二、Cytochrome P450家族的基本特性(Ingelman-Sundberg, 2004)
	圖三、人類肝臟與小腸中CYPs之平均分佈比例 modified from
	(Paine et al., 2006; Shimada et al., 1994)
	(三) 第二期解毒作用(Phase II detoxification)
	由多種負責催化結合反應(conjugation)的酵素所組成，主要催化的反應有glucuronidation、sulfation、methylation、acetylation、glutationation以及amino acid conjugation等。Phase II酵素大部分為轉移酶(transferases)，比如glutathione (GSH) S-transferases (GSTs)、sulfotransferases (SULTs)、UDP-glucuronosyltran...
	1. UDP-glucuronosyltransferases (UGTs；EC 2.4.1.17)
	UGTs主要存在細胞的內質網(endoplasmic reticulum)與核膜上(Mackenzie et al., 1997)，催化受質與glucuronic acid結合後，將使得脂溶性化合物的親水性大為增加，因此有利於由膽汁與尿液排出體外，參與許多藥物、植化素和內生性物質例如膽紅素、甲狀腺荷爾蒙及固醇性荷爾蒙的代謝。人體內，將近40～70%臨床用藥可透過UGTs行醣醛酸作用。哺乳動物的UGTs超過117種，在人類中，依其基因同源性可分為UGT1、UGT2，可分為兩個subfamily ...
	圖四、UDPGA與親和性受質透過UGT代謝(Jancova et al., 2010)
	2. Glutathione S-transferases (GSTs；EC 2.5.1.18)
	GSTs是phase II反應中重要的酵素之一，為複合型酵素家族(mutienzyme family)，多數isozymes存在細胞質(cytosol)中，僅少部分則存在微粒體(microsome)中。哺乳動物之GST可分為八大類，分別是存在細胞質的α、μ、ο、π、σ、τ、ζ和微粒體中的κ form (Hayes et al., 2005; Pool-Zobel et al., 2005; van Iersel et al., 1999)；廣泛分布於各組織中。
	GSTs藉由催化GSH與外來物質或致癌物結合，GSTs受質包括親核性芳香物質(nucleophilic aromatic substitutions)、氫過氧化物以及疏水性和親電子性的化合物等，所以胞內如有過多這些化合物發生GSH結合反應時，將使得胞內GSH含量減少，此時GSH如未能及時補充，將增加氧化傷害的機會(圖五) (Jancova et al., 2010)。GSTs除行解毒反應外，同時也具有過氧化酵素活性(selenium-independent GSH peroxidase)，可將...
	圖五、GST催化的結合反應(Jancova et al., 2010)
	由於GST的特性，它有廣泛的受質選擇性，比如1-chloro-2,4-dinitrobenzene (CDNB)即是其中之一，而CDNB也常作為測量GST酵素活性的受質。Manson等人證實十字花科蔬菜的萃取物與葡萄柚萃取物具有誘發GST的現象，被當作GST的inducer (Manson et al., 1997)。
	(四) 第三期膜轉運作用(Phase III membrane transportation)
	轉運蛋白主要的角色是降低內生性物質及外來物質的吸收或增加排除，所以藥物轉運蛋白(drug transporter proteins)的角色於許多醫學領域中受到不少注意，尤其是藥理學(pharmacology)和腫瘤學(oncology)，其調節作用無論在藥物之動力學性質(吸收、分布以及排除)和細胞抗藥性之發展上皆為重要。膜轉運蛋白主要分為三大類：ATP-binding cassette transporters (ABC)、mutidrug resistance-associated prot...
	1. ATP-binding cassette transporters (ABC)
	ABC transporters家族約有48種基因，最廣為研究的是ABCB1和ABCG2兩者，與跨膜蛋白結合，水解ATP產生能量，驅動許多分子穿透細胞膜(Franke et al., 2010)。ABC轉運蛋白被認為具有高度的受質依賴性(substrate-dependent)，在解毒和防禦抵抗外來物質上扮演著重要的角色(Lin and Yamazaki, 2003)，已知ABC transpoter基因剔除的mdr1a/1b (-/-)小鼠，將有血腦障壁功能改變(Schinkel et al...
	ABCB1是第一個被分離鑑定出來的膜轉運蛋白，又稱為MDR1 (muti-drug resistant)或P-gp (p-glycoprotein) (Gottesman and Pastan, 1993)。已知ABCB1表現在許多正常的組織中，主要目的是將有毒物質從細胞內排出，避免殘留在胞內，造成傷害。ABCB1在血腦障壁中高度表現，所以有助於排出腦部的有毒化合物，減少這些化合物在腦內的濃度(van Tellingen, 2001)。除此之外，ABCB1也存在於許多具分泌功能的細胞(excr...
	2. Mutidrug resistance-associated protein (MRP)
	MRP共有MRP1 (ABCC1)、MRP2 (ABCC2)、MRP3 (ABCC3)等共9個家族，MRP1和MRP3位於肝細胞小管(canalicular)的基底膜上，負責將代謝後的藥物運送至血液中，透過尿液排除；MRP2則位於肝細胞膜表面，負責將藥物運送至膽汁中(Xu et al., 2005)。
	3. Organic anion transporting polypeptides (OATP)
	OATP家族包含至少300種以上蛋白質，分成47個家族(Hediger et al., 2004)，此膜蛋白利用被動運輸和離子交換方式協助運送、穿透細胞膜。OATP調節廣泛的兩性有機化合物(amphipathic organic compounds)，並以sodium-和ATP-independent方式運送多種內生性與外源性化合物，包括結合與未結合的膽紅素、類固醇結合物、陰離子oligopeptides、二價陽離子、甲狀腺素(T3、T4)、膽鹽、外來物質以及藥物等(Hagenbuch and...
	OATP1B1主要表現在肝細胞的基底膜上，可將血液中的藥物吃入(uptake)肝細胞內(Abe et al., 1999)，進入細胞後，再由Phase I及Phase II藥物代謝酵素接手作用(圖六)。
	圖六、ABC和OATP對口服與靜脈注射藥物的作用(Franke et al., 2010)
	(五) 大蒜與藥物交互作用
	近年來，已有不少研究指出大蒜或大蒜硫化物可改變生物體內多種藥物代謝酵素的活性及基因轉錄作用，此外深入了解保健食品消費市場後，可發現慢性病患者或高齡者常是購買這些食品補充劑最大之族群，由於慢性病患者或高齡者同時也是慢性處方藥物高度使用者，因此保健食品和藥物共同服用後，如果引起herb-drug interaction，將是使得藥效減弱或是使得藥物累積於體內產生毒性之重要關鍵。
	Gurley等人即證實大蒜精油會影響人類的藥物代謝酵素CYP2E1活性，他們給予受測者大蒜精油每天1500 mg，為期28天，結果發現大蒜精油可顯著抑制了血液中6-hydroxychlorzoxazone/chlorzoxazone的比值，指出大蒜精油可抑制CYP2E1的酵素活性(Gurley et al., 2002, 2005)。在另一有九位自願者參與的實驗中，每人每日服用1200 mg大蒜萃取物，分三次給予，持續21天，結果發現大蒜萃取物將降低血漿中蛋白質酶抑制劑－saquinavir曲線下...
	表三、大蒜與藥物之交互作用
	(六) 食用大蒜之副作用及安全性評估
	雖然大部分的人服用大蒜似乎是安全的，然而也有報告發現有些人在食用大蒜後，可能會有呼吸困難、口腔或胃灼熱、心灼熱、產氣、噁心、嘔吐和腹瀉等副作用，亦有研究指出在術後服用可能增加出血的機率，大蒜也不適合塗抹在皮膚上，可能造成皮膚灼傷(Ackermann et al., 2001)。
	許多研究已證實大蒜可能對部分藥物在體內的作用產生影響，因此改變了這些藥物的藥效，可能藥物包括acetaminophen (Zhao and Shichi, 1998)、chlorzoxazone (Gurley et al., 2002)、抗癌藥物(paclitaxel) (Cox et al., 2006)、降血壓藥(losarstatin)、降血糖藥(glucocorticoids)與抗凝血藥物(aspirin, diclofenac, heparin, warfarin)等(Medlin...
	三、 生物體之抗氧化防禦系統(antioxidant defense system)
	生物體進行氧化作用等代謝時，比如粒線體中氧化磷酸化作用、免疫作用、CYP藥物代謝，常伴隨自由基與活性氧物質(reactive oxygen species)的產生，如超氧陰離子(superoxide anion radical，O2-‧)、過氧化氫(hydrogen peroxide，H2O2)、氫氧自由基(hydroxyl radicals，‧OH)及過氧化自由基(peroxyl radical)等，除了來自前述內生性反應外，也有部分活性氧來自外在因子，比如離子輻射、紫外線照射、抽菸...
	1. 麩胱甘肽(glutathione, GSH)
	圖八、GSH之抗氧化功能(Lu, 2009)
	2. 血基質氧化酶(Hemeoxygenase, HO; EC 1.14.99.3)
	目前已知有三種血基質氧化酶，分別為第一型血基質氧化酶(HO-1)，分子量約32 kDa，第二型血基質氧化酶(HO-2)，分子量約34 kDa，以及第三型血基質氧化酶(HO-3)，分子量約33 kDa。三者可能源自同一基因，所以分子量相近，事實上，HO-1及HO-2二者同源性(homology)約40%，然而HO-2與HO-3的同源性則高達90%。HO-1屬於誘導表現(inducible)的酵素，多存在於脾臟、肝臟及睪丸組織中(Siow et al., 1999)；HO-2和HO-3則是持續表現...
	由於HO-1的可誘發性質，因此被視為是細胞在氧化壓力誘發下重要的抗氧化酵素蛋白質之一。HO-1負責催化血基質(heme)之分解，產生等莫耳數的膽綠素(biliverdin)、鐵離子(Fe+2)以及一氧化碳(carbon monoxide, CO) (圖九) (Farombi and Surh, 2006)。
	3. 麩氨酸-半胱氨酸接合酶(glutamate-cysteine ligase, GCL; EC 6.3.2.2)
	GCL又稱γ- glutamylcysteine synthase (GCS)，為GSH生合成之第一反應步驟，也是GSH生合成的速率限制酵素(rate-limiting enzyme)。GCL主要作用為催化glutamate上的γ-羧基(carboxyl group)經由ATP的活化，形成醯基磷酸(acyl phosphate)中間產物，再與cysteine上α-胺基形成γ-glutamylcysteine；γ-Glutamylcysteine形成後，再藉由GS催化與glycine結合，即可完...
	在低等生物體中，GCL為單一基因產物；但在多數真核生物體中，GCL為異質二聚體(heterodimer)，由兩個獨立的蛋白質所構成，一為麩氨酸-半胱氨酸接合酶催化次單元(glutamate-cysteine ligase catalytic subunit, GCLC)，分子量約73 kDa，另一則是負責調節GCLC活性的麩氨酸-半胱氨酸接合酶調節次單元(glutamate-cysteine ligase modifier subunit, GCLM) 分子量約為31 kDa，兩者共同合作形成...
	四、 Atorvastatin之簡介
	Atorvastatin是目前市面上常見六種statins中的一種，其他則有fluvastatin、lovastatin、pravastatin、rosuvastatin、simvastatin (蔡慧珊, 2004)。
	3-Hydroxy-3-methylglutary:coenzyme-A (HMG-CoA) reductase是催化HMG-CoA轉變成mevalonate的速率限制酵素，抑制此一酵素將可減少膽固醇合成，使得血膽固醇濃度降低。由於Statins在抑制HMG-CoA reductase活性上表現出良好的效果，所以臨床上主要應用在降血膽固醇，可(1)抑制內生性膽固醇之合成、(2)降低低密度脂蛋白(LDL)、(3)降低apolipoprotein B (Apo B)、(4)降低三酸甘油脂(trig...
	表四、Statins類藥物之比較(Goard et al., 2010; 蔡慧珊, 2004)
	(一) Atorvastatin之代謝路徑
	經口攝入atorvastatin後，透過腸肝循環進行全身性代謝作用(圖十一)，第一個遇到的屏障為負責吸收的腸腔，在小腸上皮細胞中透過CYP3A4代謝，產物隨即在腸腔中即被P-gp等轉運蛋白送入腸腔中，未代謝的atorvastatin則藉血液循環進入肝臟中，此時的atorvastatin再藉由CYP3A4與phase II的UGTs的代謝，最後經由尿液或膽汁排出體外。Atorvastatin在人體內被CYP3A4代謝後可生成具活性的acid產物ortho- (2-OH)和para- (4-OH) h...
	由於atorvastatin主要藉CYP3A4、UGTs以及P-gp所代謝，因此，如同時服用也由CYP 3A4所代謝的藥物時，例如azole類抗黴菌藥物、巨環類抗生素、鈣離子阻抗劑(如diltazem、verapamil)、cyclosporin或葡萄柚汁(抑制CYP 3A4活性)時，均可能降低atorvastatin的代謝速率，因此增加藥物滯留時間，當然可能增加atorvastatin的副作用。
	圖十一、Atorvastatin之代謝路徑modified from (Klein et al., 2001)
	(二) Atorvastatin之安全性評估
	目前已超過400個臨床試驗對atorvastatin的功效與安全性進行評估，結果指出atorvastatin在劑量80 mg/day下是安全的，然而仍有少部分的人可能出現不良現象，如腹瀉、關節痛、鼻咽炎、噁心、嘔吐等副作用，也有些人在服用80 mg/day時，可能增加血漿中轉胺酶(AST、ALT)活性。除此之外，若再同時服用CYP3A4抑制劑(如cyclosporine, protease inhibitors)、葉酸衍生物(如gemfibrozil)或菸鹼酸(≧1 g/day)時，則可能發展...
	五、 調控藥物代謝酵素之訊息傳遞路徑
	近年來有許多研究指出，大部分的CYP基因表現可透過ligand-activated nuclear receptors (NRs)或轉錄因子(transcription factors)加以調節。目前已知有49種NR subfamily，但仍有許多NRs的ligand仍不清楚，因此稱為orphan receptors，或可能不存在的稱為true orphans。核接受器的ligand在自然情況下通常為小的且是親脂性的分子，待其以擴散(diffuse)方式進入細胞。
	目前較廣泛被研究的三種orphan核接受器次家族為Constitutive androstane receptor (CAR，NR1I3)、Pregnane X receptor (PXR，又稱NR1I2)與peroxisome proliferative activating receptors (PPARs，有α、δ與γ三種形式)，分別調節肝臟中的CYP2、CYP3與CYP4家族基因的轉錄作用，一般實驗中常見的典型誘發劑(inducer)分別是phenobarbital (CAR)、pre...
	表五、調節CYPs的核接受器(Waxman, 1999)
	aBasic helix-loop-helix protein belonging to the Per-Arnt-Sim family of transcription factors.
	表六、核接受器：內生性ligands與DNA response element (Waxman, 1999)
	圖十二、外來物質或內生性物質對核接受器與CYP450s之間的交互影響
	(Waxman, 1999)
	1. Aryl hydrocarbon receptor (AhR)
	AhR為basic helix-loop-helix (bHLH) 蛋白質，屬於Per-Arnt-Sim家族的轉錄因子(transcription factor)，除了負責誘發人類CYP1A1、1A2以及1B1的轉錄作用外(Quattrochi et al., 1994; Tang et al., 1996; Whitlock, 1999)，也會誘發許多其他的基因，例如phase II的藥物代謝酵素，比如：NQO-1、GST與UGT等， (Schmidt and Bradfield, 1996...
	2. PXR
	PXR為orphan receptors，負責調節CYP3A4、3A7與2C9等，但其中以CYP3A4為最重要的目標基因，主要表現在肝臟、小腸與結腸中(Bertilsson et al., 1998)。PXR的ligand具有多樣性的，其中包括親和性較低的內生性物質與化學物質，例如：固醇類荷爾蒙和固醇類代謝物等以及食物來源的成份(coumestrol (香豆素)和類胡蘿蔔素等) (Pichard-Garcia L, 2000)；此外，PXR也已知可被一些藥物所活化，例如rifampicin、p...
	除了phase I的CYPs調控外，Phase II解毒酵素基因轉錄作用的調控機制也廣受研究，後來更發現phase II結合酵素與phasr III膜轉運蛋白在活化轉錄因子間有著共同調節的關係(Yang et al., 2010)。綜合許多研究證實，植物化學物質可透過phosphoinostide 3-kinase (PI3K)、protein kinase C (PKC)以及mitogen-activated protein kinases (MAPK)等訊號路徑誘發phase II結合酵素...
	圖十三、轉錄因子與核接受器調節CYP之路徑Modified from (Hukkanen, 2000)
	圖十四、參與phase II結合酵素與phase III轉運蛋白基因轉錄之訊號路徑
	(Yang et al., 2010)
	六、 藥物動力學(pharmacokinetics)
	藥物開發的過程中，找到具備良好藥物活性的候選藥物是最重要的，然而具有活性的藥物卻無法同時擁有適當的藥物動力學性質(例如吸收差、半衰期過短或過長等)，即可能無法成為發展為適用藥物的候選者。臨床試驗中藥物動力學試驗屬於藥理與毒理試驗中的一部份，目的在探討人體中對藥物的吸收(absorption)、分布(distribution)、代謝(metabolism)以及排除(elimination)等性質，以及藥物與其代謝產物在體內的濃度隨時間變化與毒性或藥效間的相關性。
	藥物動力學模式可分為compartmental或non-compartmental，但無論使用何種模式描述生理現象，都會有許多的限制，因此模式並非分析的必要條件，更重要的是藥物動力學參數的計算，所以藥物動力學分析應著重在精確的參數運算上。常見藥物動力學參數包括清除率(clearance)、分布體積(volume of distribution)、生物可利用率(bioavalibility)、吸收速率常數(Ka)、排除常數(K)、半衰期(half-time)、藥物在體內的平均滯留時間(mean ...
	(一) 清除率(Clearance, Cl)
	清除率(Clearance, Cl)，指單位時間內藥物從身體清除的體液體積，被認為是藥物溶解且分布於身體的體液中，而身體為體液分布的空間。清除率的單位為ml/min或L/min，因此清除率可被定義為藥物排除速率除以血漿中藥物之濃度，由下列公式表示：
	Cl=藥物排除速率/血漿中藥物濃度
	(二) 半衰期(half-life, T1/2)
	血漿中藥物濃度達到其原始值的一半所需的時間，計算藥物的半衰期可以了解藥物目前的體內濃度。
	(三) 藥物濃度曲線下面積(area under the curve, AUC)
	AUC可反應藥物到達全身循環的總量，利用血漿中藥物濃度－時間曲線下，從t=0到t=∞的面積，單位是濃度×時間(μg/ml×hr)。
	(四) 血中藥物最高濃度(Cmax)
	口服藥物後，觀察其血漿中達到最高之藥物濃度，單位是nmol/ml或ng/ml。
	(五) 藥物達血中濃度最高之時間(Tmax)
	口服藥物後，觀察其血漿中達到最高濃度所需之時間，單位是min或hr。
	一、 實驗架構
	二、 實驗材料
	(一) 實驗動物
	六週齡及十週齡3 50公克頸靜脈插管雄性Sprague-Dawley大鼠由樂斯科生物科技股份有限公司(Bio LASCO Taiwan Co., Ltd)購入。
	(二) 大蒜精油的製備
	(三) 化學試劑

	三、實驗方法
	（一）動物飼養
	大鼠飼養於中國醫藥大學動物中心，餵養環境控制為室溫24℃、12小時晝夜循環(光照時間為8：00～20：00)及相對濕度61%的條件下。大鼠經兩天適應後，依體重分組，實驗期間，自由攝取水與飼料(LabDiet®　rodent 5001, Framingham, MA)，實驗分兩部分進行，(1)短期實驗(五天)：早上(9:00-10:00 AM)以胃管灌方式(ig)餵食玉米油(CO 1mg/kg，對照組)或50 mg/kg或200 mg/kg兩種不同劑量的大蒜精油(Garlic oil, GO)，...
	（二）實驗分析項目
	表一、CYPs與UGT之受質與其代謝物
	14、 蛋白質表現分析－西方墨點法(Western blotting assay)
	15、 Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
	16、 Electrophoretic mobility shift assay (EMSA)


	三、 統計分析
	各組實驗分析所得之數據以平均值加減一個正負標準差(means±SD)表示，實驗統計分析將採用SAS統計套裝軟體中之單因子變異數分析(one-way analysis of variance, ANOVA)並配合Duncan’s test，當p值<0.05代表各組之間有顯著差異。
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