[UCI]1804: 24011- 200000233891

2007 & 2 &

SEALSED) = 2

THE EFFECT OF KAEMPFEROL AND
MORIN ON THE BIOAVAILABILITY OF
TAMOXIFEN IN RATS

"
[z
=
o
)
=
o
[0



THE EFFECT OF KAEMPFEROL AND
MORIN ON THE BIOAVAILABILITY OF
TAMOXIFEN IN RATS

ZHZEW 2el0] Ef=sAIHS] dHolEs0 0Xl=s S

2007 4 22 23 &

ZME D Ot
Al 0| 045t I}

X
fol
[z



THE EFFECT OF KAEMPFEROL AND
MORIN ON THE BIOAVAILABILITY OF
TAMOXIFEN IN RATS



100
K

ol

ol
0K
H]
Ok
wor

ol

o]
K
104

Tl

KO
0

S+
3

E
ol

oK
oF

I
010

4
E

s
ok
W

S+
3

oy

N

[u

o]

4
E

<[
K
2

S+
3

2006 & 12 2

o)
ol

E

ol
0

&
KA



CONTENTS

Part |. The effect of kaempferol on the bioavailigpiof

tamoXifen IN ratS......c..oovoe e e 5

ADStracCt. ..o i B
1

INTrOdUCTION ... o e e e e e i d

2. Materials and methods...........ccooiiiii 18
2.1. Chemicals and apparaflS. . .......eeoeruueorrunneeriieeeiiieeeannens 18
2.2, ANiMal EXPEIHMENTS. ... v it vttt et e e e ae e e eeeenns 18
2.3. Drug adminiStration. ... .uvesvee e e e vt iee e e e 19

2.3.1. Intravenous administration of tamoxifen..........cocovvviiiiinnians 19
2.3.2. Oral administration of tamoxXifen..........ooviiiiiiiiiiiiiiinrans 19
2.3.3. Oral administration of kaempferal.........c.cceuvvivieineiieinennennnn. 20
2 : 4 : H P L C

ANAlY SIS .t it i i i e e e e e e e e e e e 20
2.4.1. Sample Preparation ........veeeeeereeiisiiieeereenseiiierneenennann 20
2.4.2. HPLC CONItIONL . vvtvvnvnsveeennvneenannnneennnienensnnnenennnnenn. 20

2.5. Pharmacokinetic analysiS..........vvviiviriieiiiieeneenereeneenans 21

2 . 6 . S t a t i s t i ¢ a



AN ALY ST S te te et e e e e e e e e e e e e e e 00 22
3. RESUIS .. 32

3.1. Chromatographic Separation............coeeivieieeeneeneeeeneannnn 32
3.2. Effect of kaempferol on the pharmacokinetic$d o

t am o x i fe n ... .. .. .. .. 3 2
3.3. Effect of kaempferol on the pharmacokinetitd-tlydroxytamoxifen..33
4

DS CUSSION ... et e et e e e e e e e e i34

Part Il. The effect of morin on the bioavailabiliby tamoxifen

N TS ..o e e e 036

FAY o 15] 1 = (o3 I

L. INtrOAUCHION . ..ot e e e e e e e e e e e, 38
2. Materials and methods... ..o s 44

2.1. Chemicals and apParatliS.. ... .eueereeeereerernernersonenenneneenss 44
2 . 2 . A n [ m a I

EXPEIIMENTS.. cet i et it ve e e et e e e e e e e e 2 A4
2 . 3 . D r u g

=0 L N TR Y - R o) s P 1.5
2.3.1. Intravenous administration of tamOXifeN .. .. vvrververeeeiieeeneeennn 45
2.3.2. Oral administration of tamoxifen.........vvevveveeeereeeenn.....4b

2.3.3. Oral administration Of MOKML ... vvrvee e es e e e e eee e eeens 46

2 . 4 : H P L C



2 L= 1Y 2] 1”2 1 ¢
2.4.1. Sample PreParation .......ueeeeeeeeeneaseie e i e eeaeeeeaeanans 46
2.4.2. HPLC CONGItION .+« .t v vt ees e et et e eee e e ene e e eneennes 46

2.5. Pharmacokinetic analysSis..........ooiiiiiiiii i eee e 48
2.6. Statistical @analySis.........vuiiiir i 48
3. RESUIS. .. 55
3.1. Chromatographic Separation..........c..vveesersviiinaienneinnnenen. 55

3.2. Effect of morin on the pharmacokinetics of ¢aifen.................. 55
3.3. Effect of morin on the pharmacokinetics of

hydroxytamoxifen.. .. .. 5@®86
4

[ FSY o1 U FSX=] [ ] o 1PN - I 4
CONCLUSION. ... e e 0BT

REFERENCE..........ccooi 0,60



LIST OF TABLES

Table 1. Mean (+ S.D.) plasma concentration of taifiem after an i.v.
administration of tamoxifen (2 mg/kg), and an osaministration of
tamoxifen (10 mg/kg) to rats in the presence oeabs of kaempferol (n
= 6 , e a c h )

i 26

Table 2. Mean (+ S.D.) plasma concentration of drtyyytamoxifen after an oral
administration of tamoxifen (10 mg/kg) to rats I tpresence or absence
of kaempferol (N = 6, €aCN)......vvvii i e 27
Table 3. Mean (+ S.D.) pharmacokinetic parametdérsamoxifen after an i.v.
administration of tamoxifen (2 mg/kg), and an osaministration of
tamoxifen (10 mg/kg) in the presence or absendeaefmpferol (3 or 10
m g/ k g) I n rats (n = 6 )
. ...30
Table 4. Mean (+ S.D.) pharmacokinetic parametéré-loydroxytamoxifen after
an oral administration of tamoxifen (10 mg/kg) lne tpresence or absence
of kaempferol (3 or 10 mg/kg) in rats (n = 6).
3 1

Table 5. Mean (+ S.D.) plasma concentration of taifiem after an i.v.
administration of tamoxifen (2 mg/kg), and an oaaministration of
tamoxifen (10 mg/kg) to rats in the presence oeabs of morin (3 or 10
MO/KG) (N =6, BACK Kt vt et vt e e e e e e 49

Table 6. Mean (+ S.D.) plasma concentration of drtwyytamoxifen after an oral
administration of tamoxifen (10 mg/kg) to rats lme tpresence or absence
of morin (3 or 10 mg/kg) (n=6,each)...........coceivviiiiinnnn.n. 50

Table 7. Mean (+ S.D.) pharmacokinetic parametdérsamoxifen after an i.v.



administration of tamoxifen (2 mg/kg), and an oaaministration of
tamoxifen (10 mg/kg) in the presence or absencearfn (3 or 10 mg/kg)
g T = LT (T < ) 1O 53
Table 8. Mean (+ S.D.) pharmacokinetic parametéré-loydroxytamoxifen after
an oral administration of tamoxifen (10 mg/kg) lne tpresence or absence
of Morin (3 or 10 mg/kg) in rats (n = 6).



LIST OF FIGURES

Figure 1. Proposed in vitro biotransformation patisvof tamoxifen to its primary
metabolites and the P450s involved................cccevveinene. 14
Figure 2. Proposed in vitro biotransformation padlys/ of tamoxifen to its
secondary metabolites and the P450 isoforms indolve............ 15
Figure 3. Chemical structures of tamoxifen andritetabolites (A) along with their
fluorescent phenanthrene derivatives (B).........covvvvvvnnenenn.. 16
Figure 4. Chemical structures of the most commatady polyhydroxyflavones,
Morin, kaempferol, quercetin, fisetin, myricetindarutin. ............ 17

Figure 5. Chromatograms of the rat’s blank plasAja &nd the plasma (B) spiked

with tamoxifen (26.1 min), 4-hydroxytamoxifen (718in) and

butylparaben (Internal standard, 14.5 Min)..........ccvveveen... 23

Figure 6. Calibration curve of tamoxifen when spike rat's blank plasma...24

Figure 7. Calibration curve of 4-hydroxytamoxifernem spiked in rat's blank
(0] F= ] 1 = D 2ato )

Figure 8. Mean plasma concentration-time profildstamoxifen after an
intravenous administration of tamoxifen (2 mg/kghd an oral
administration of tamoxifen (10 mg/kg) to rats lre tpresence or absence

of kaempferol (3 and 10 mg/kg).
e e . 28

Figure 9. Mean plasma concentration-time profiled-bydroxytamoxifen after an

oral administration of tamoxifen (10 mg/kg) to ramsthe presence or
absence of kaempferol (3 and 10 Mg/Kg)......oovvvvrrirennennnn.. 29

Figure 10. Mean plasma concentration-time profitdstamoxifen after an

intravenous administration of tamoxifen (2 mg/kghd an oral

Vi



administration of tamoxifen (10 mg/kg) to rats lre tpresence or absence
of morin (3 and 10 MQ/KG). . urvreiriieiee e e e i aneass 51

Figure 11. Mean plasma concentration-time profie4-hydroxytamoxifen after an

oral administration of tamoxifen (10 mg/kg) to rémsthe presence or

bsence of morin (3 and 10 MQ/KG). ... vvvvirieiriieeeeeeeeneenans 52

Vii



ABSTRACT

THE EFFECT OF KAEMPFEROL AND MORIN ON THE
BIOAVAILABILITY OF TAMOXIFEN IN RATS

Hyo-chan Sul
Advisor: Prof. Jun-Shik Choi, Ph.D.
Department of Food and Drug,

Graduate School of Chosun University

Multidrug resistance (MDR) proteins as well as dragtabolism catalyzed by
phase | and phase Il enzymes play a major roldénfirst-pass extraction that
contribute to the low oral bioavailability of maapticancer agents. Tamoxifen is a
substrate of MDR transporters, specifically P-gmd athe phase | and I
metabolizing enzymes, specifically CYP3A. Some ratuflavonoids were
suggested to inhibit CYP3A and P-gp in vitro. léyhdo not elicit toxicity or side
effects, flavonoids might have some advantages nmpraving the oral
bioavailability of many anticancer agents via theldnhibition of CYP3A and P-
gp. Therefore, the present study investigated tffecte of two flavonoids
(flavonols), kaempferol and morin, on the pharmawetics of tamoxifen and one
of its metabolite, 4-hydroxytamoxifen, in rats. Mge dose of tamoxifen was
administered intravenously (2 mg/kg), and orall§ (dg/kg) to rats in the presence
or absence of kaempferol (3 and 10 mg/kg) or m@irmand 10 mg/kg). Plasma
concentration of tamoxifen was determined by HPIgQigped with fluorescence
detector.

Following an oral administration of tamoxifen, theesence of flavonoids (i.e.,

kaempferol and morin) significantly altered the hacokinietics of tamoxifen.



Compared to the oral control group (given tamoxitdone), the presence of
kaempferol and morin significantly (p < 0.05) reddcthe total body clearance
(CL/F) of tamoxifen, followed with the significagt{p < 0.05) increased the area
under the plasma concentration-time curve (AU and peak plasma
concentration (Gay of tamoxifen. Consequently, the absolute bioamlity (AB)

of tamoxifen in the presence of flavonoids was &fed significantly (p < 0.05)
compared to that from the control group. Relatii@atbailability (RB) of tamoxifen
was increased approximately 1.5-fold in the presefdcaempferol or morin. The
enhanced bioavailability of tamoxifen is likely b mainly due to the decreased
first-pass extraction in the intestine and liveheTpresence of kaempferol and
morin did not show significance in the time to @&y (Tmay and the terminal
half-life (t1,2) of tamoxifen.

The presence of the two flavonoids reduced the GlodF increased the AYC,
of 4-hydroxytamoxifen, but not significantly excdpt morin at a dose of 10 mg/kg
(p < 0.05). The metabolite-parent ratio (MR) of yditoxytamoxifen was not
changed significantly by the flavonoids, suggestthgt the flavonoids do not
inhibit the production of the active metabolitehyldroxytamoxifen considerably.

In summary, the presence of kaempferol and morilmaeced the oral
bioavailability of tamoxifen and did not affect th&JCy_, of 4-hydroxytamoxifen
considerably in the present study. Kaempferol amdinmas the nature flavonoids
with many health-benificial activities and non-cmtent side-effect might be
effective MDR modulators to improve the bioavaildpiof tamoxifen in humans.
These results also suggest that the concomitanbiuieese flvonoids or dietary
supplements containing these flavonoids with tafeoxishould require close

monitoring for potential diet-drug interactions.

Key words: tamoxifen, flavonoids, kaempferol, morin, P-glyocaiein (P-gp),

CYP3A, pharmacokinetics, bioavailability, rats.
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Part |. The effect of kaempferol on the bioavaiiapi

of tamoxifen in rats

Abstract

Kaempferol is supposed to inhibit CYP3A and P-gpvitro. This study
investigated the effect of kaempferol on the phawkaetics of tamoxifen and its
metabolite, 4-hydroxytamoxifen in rats. A single sdo of tamoxifen was
administered intravenously (2 mg/kg) to the malea§pe-Dawley rats, and orally
(10 mg/kg) in the presence or absence of kaempf{&ar 10 mg/kg). Plasma
concentration of tamoxifen was determined by HPIgQigped with fluorescence
detector.

The presence of kaempferol (3 and 10 mg/kg) sicpnifily altered the
pharmacokinetics of orally administered tamoxif@ampared to the oral control
group (given tamoxifen alone), the CL/F of tamomifeduced significantly (p <
0.05, 28.6-32.4%), and the AYC of tamoxifen increased significantly (p < 0.05,
39.9-48.1%). AB of tamoxifen in the presence of rkpéerol was 33.5-35.5%,
which was enhanced significantly (p < 0.05) comg@aie the oral control group
(23.9%), and RB of tamoxifen elevated 1.39- to #el8. The enhanced
bioavailability of tamoxifen is mainly due to theaeased first-pass effect in the
intestine and liver.

In regarding of the active metabolite, 4-hydroxyteifen, even if the presence of
kaempferol decreased the CL/F and increased the,AUSE 4-hydroxytamoxifen,
it was not significant. The MR of 4-hydroxytamoxifevas not altered significantly,
implying orally administered kaempferol cannot effehe production of 4-
hydroxytamoxifen considerably.

The enhanced oral bioavailability of tamoxifen walsserved in this study in



combination of kaempferol. Kaempferol might be difeative modulator in

improving the oral bioavailability of tamoxifen inumans. The pharmacokinetic
interaction between tamoxifen and kaempferol and thetary complements
containiny kaempferol should be taken into consitien in the clinical setting to

avoid the toxic reactions of tamoxifen.

Key words: tamoxifen, kaempferol, P-glycoprotein (P-gp), CYP3

pharmacokinetics, bioavailability, rats.



1. Introduction

Oral administration of drugs has many advantages awravenous injection
because it is less invasive, easier to use fop#irent in a chronic regimen and
more cost-effective because of the decreased latizptton. The bioavailability of
many orally administered anticancer drugs are MWich contribute to the first-
pass extraction mediated by multidrug resistancBRYtransporters and phase |
and phase Il metabolizing enzymes in the intestimeeliver. MDR is a term used to
describe the phenomena that tumor cells resistaminaber of structurally and
functionally unrelated chemotherapeutic agents. fraesport-mediated MDR is
caused by the ATP-binding cassette (ABC) family roeane transport ATPases. P-
glycoprotein (P-gp), an important member of ABC fignmexpresses highly in solid
tumours of epithelial origin, such as the colonr@@m-Cardo et al., 1990), kidney
(Fojo et al., 1987), and breast (Merkel et al., 2038 efflux substrates out of cells.
MRPs, another important member of the ABC familgs tbeen described as a
Vanadate-sensitive magnesium-dependent glutatteoenjugate (GS-conjugate)
ATPase (GS-X pump) capable of transporting orgamion drug conjugates as
well as intact anticancer drugs (Grant et al., 19drst et al., 1997). Several
isoforms of MRPs have been identified and the myaméntioned are MRP1 and
MRP2 (cannalicular multispecific organic anion sparter, cMOAT), which have
been identified as organic anion transporters (Beiral., 1997).

P-gp and MRPs are present widely in many normaledary organs, such as the
liver, kidney and intestine, where they provideaarier to eliminate the substrates
out of the body. P-gp, and MRP2 co-localized to #mpecal membrane of the
intestine, liver, kidney, and blood-brain barri€higbaut et al., 1987; Buchler et al.,
1996; Fromm et al., 2000; Schaub et al., 1999), BiRP1 is localized to the
basolateral membranes of polarized epithelial adllghe intestinal crypt (Peng et
al., 1999), renal distal and collecting tubulesn@et al., 1999), and liver (Mayer et



al., 1995; Roelofsen et al., 1997).

P-gp and MRPs are co-localized with phase | and®Hametabolizing enzymes
CYP 3A4, UDP-glucuronosyltransferases and Glutai®transferases in the
liver, kidney and intestine (Sutherland et al., 39%urgeon et al., 2001). The
CYP3A subfamily was reportedly involved in approxitely 40-50% of Phase |
metabolism of marketing drugs (Guengerich, 1995pec8ically, CYP3A4
accounts for 30% of hepatic CYP and 70% of smadistinal CYP (Schuetz et al.,
1996). A substantial overlap in substrate spetyfiexists between CYP3A4 and P-
gp (Wacher et al.,, 1995). Thus, a synergistic imtahip exists between the
transporters and metabolizing enzymes, such as B8¥P&rsus P-gp and
conjugating enzymes versus MRP2, within excretsygues to protect the body
against invasion by foreign compounds, which alscrelase the oral bioavailability
of many drugs, especially anticancer drugs.

Since MDR is one of the main obstacles to succeskimotherapy of cancer, a
number of biochemical, pharmacological and clingtahtegies have been devised
to overcome it. The first generation of MDR modatat including the calcium
channel blockers, such as verapamil, felodipine alltlazem), quinolines,
cyclosporines (Cyclosporin A) (Ford and Hait, 19%@rd and Hait, 1993) are
therapeutic agents. They could reverse MDR at adratons much higher than
those required for their individual therapeutic inatt, which resulted in
unnecessary adverse effects and toxicities. Thenslegeneration of modulators is
more potent and less toxic, such as the analog®rmapamil, dexverapamil (less
cardiotoxic R-enantiomer of verapamil), the non-immunosuppressinalog of
Cyclosporin A, PSC 833 and so on. Although thesentsgappear to be well
tolerated in combination with anticancer drugss iheed to be determined whether
these compounds are suitable for clinical applecatn anticancer therapy.

Tamoxifen is a nonsteroidal antiestrogen and isailpent of choice for treating

and preventing breast cancer (Powles, 1992; St®®2; Jaiyesimi et al., 1995).



Tamoxifen has a relatively low toxicity and is lesarmful than most
chemotherapeutics. The main adverse effects ofxdemin humans are that there
might be an increased risk of endometrial cancet #momboembolic diseases
(Fornander et al., 1993; Meier and Jick, 1998).lI@radministered tamoxifen
undergoes extensive hepatic metabolism and theequbat biliary excretion of its
metabolites (Buckley and Goa, 1989). Demethylatbdnthe aminoethoxy side
chain to N-desmethyltamoxifen is the main route of tamoxiferetabolism
(Lonning et al., 1992; Stearns et al., 2003). Taifieoxand its primary metabolites
undergoextensive oxidation, principally by CYP3A and CYR2[Desta et al.,
2004). The major primary metabolitdl-desmethyltamoxifen, was catalyzed by
CYP3A4/5, and the minor metabolite, 4-hydroxytanfej catalyzed by CYP2D6
CYP2C9 and CYP3A (Mani et al.,, 1993; Crewe et 8097) (Figure 1)Other
minor primary metabolites include-, 3-, and 4'-hydroxytamoxifeand one
unidentified metabolite (M-1) were primarily catagdby CYP3A4, CYP2B6/2C19,
and CYP3A5, respectively. Tamoxifesecondary metabolism showed tHgt
desmethyltamoxifen was predominariilgtransformed te-hydroxy N-desmethyl-,
N-didesmethyl-, andi-hydroxy N-desmethyl-tamoxifen (endoxifen), whereas 4-
hydroxytamoxiferwas converted to 3,4-dihydroxytamoxifen and endaxifFigure
2). Except fothe biotransformation dil-desmethyltamoxifen to endoxifen, which
was exclusively catalyzed by CYP2D6, other routésNedesmethyl-and 4-
hydroxytamoxifen biotransformation were catalyzeddominanthby the CYP3A
subfamily. 4-hydroxytamoxifers a relatively minor metabolite, but it has been
studied bya number of investigators because it is a morenp@etiestrogethan
tamoxifen (Jordan et al., 1977; Borgna and Rochef®@81; Coezet al., 1982,
Robertson et al., 1982). Jordan et al. (1997; 188®)onstrated that high first-pass
metabolismof tamoxifen results in a significant increase is activity and
characterized the first active primary metabol#eyydroxy-tamoxifen. Although

the plasma and tumor concentrations of 4-hydroxgtafan are only about 2% of



those of the parent compound (Daniel et al., 1981as beeshown to possess a
high affinity for estrogen receptors and 30- to -t@@d more potency than
tamoxifen in suppressing estrogen-dependent pelliferation (Borgna and
Rochefort, 1981; Robertson et dl982; Coezy et al., 1982; Jordan, 1982). A
secondary metabolite of tamoxifen, endoxifen, eithilpotencysimilar to 4-
hydroxytamoxifen with respect to estrogen receptoding affinity,suppression of
estrogen-dependent cell growth, and gene expresiearns et al., 2003; Johnson
et al., 2004). So, tamoxifen has beeierred to as a prodrug that requires activation
to exertts effects.

Since tamoxifen and its metabolitesN-desmethyltamoxifen and 4-
hydroxytamoxifen, are substrates for the effluxRefjp and MRP2 (Rao et al.,
1994; Gant et al., 1995, Sugimoto et al., 2003;fiaann et al., 1998), the MDR
modulators might be able to improve the bioavaltglof tamoxifen. As upper
mentioned, although some P-gp modulators such rapamil, cyclosporine A and
PSC 833 have been proved to be the potent P-gpitiois in vitro, but their
toxicities have hindered their use in clinical apgtion (Bradshaw and Arceci,
1998). Some flavonoids as natural products weravshto be modulators of the
MDR transporters (Castro and Altenberg, 1997; Sc¢arabal., 1994) and phase |
and phase Il metabolizing enzymes (Tsyrlov et1l894; Walleet al., 1995). They
have many health promoting benefits and have ngistmt side effects, it could
be expected as one of the nature members to impghevdioavailability of the
anticancer drugs.

Flavonoids are widely distributed in dietary suppéats such as vegetables, fruit,
tea and wine (Hertog et al., 1993b). Flavonoidsehavany beneficial effects
including antioxidant, antibacterial, antiviral, tamflammatory, antiallergic, and
anticarcinogenic actions (Ross and Kasum, 2002;eKoet al., 2002) though
whether these effects can be attributed to thecagly forms or their metabolites is

not entirely clear. High-level consumption of flaads was found to associate

-10 -



with an overall lowerisk of getting a wide variety of cancers (Knekiaét 1997).
Epidemiological studies also support an associdigiween dietary flavonoids and
a reduced risk of certain cancers, suchstammach carcinoma and lung cancer
(Dorant et al., 1996; Knekt et al., 1997). Proposeechanisms for anticancer
benefitanclude numerous effects on signal transductiompays involvedn cell
proliferation (Weber et al., 1996; Lepley and Rg]i1997) and angiogenesis
(Fotsis et al., 1997), as well as inhibitmihenzymes involved with procarcinogen
bioactivation such as cytochroRd50 (Tsyrlov et al., 1994) and sulfotransferase
enzymes (Wallet al., 1995). A high dietary intake of flavonolgutd reduce the
incidence of cardiovascular disease (Hertog efiléb3b; Knekt et al., 1996). Some
flavonoids, such as quercetin, protect LDL choledtédrom oxidative damage.
Others, such as the anthocyanidins from bilbemyple cabbage, and grapes, may
help protect the lens of the eye from cataractsim@h research suggests that
naringenin, found in grapefruit, may have anticarasivity (So et al., 1996). The
total daily intake of flavonoids via the dietarypplements has been 23 mg/day in
Dutch population (Hertog et al., 1993a).

Several studies have shown that flavonoids can tatelthe activities of both P-
gp and MRP1 (Zhang and Morris, 2003a; Bobrowskadtstgand et al., 2003)
affecting drug accumulation, cell viability follong cytotoxic drug exposure, and
the ATPase activity of P-gp (Bobrowska-Hagerstragid al., 2003). Some
flavonoids have been reported to interact withititensic ATPase of P-gp, both
inhibition and stimulation of P-gp ATPase activihave been observed for
silymarin, morin, and biochanin A (Zhang and Mqr2903b). Some flavonoids
reduced the secretory flux of talinolol across Cacocells, such as
hesperetin, quercetin, kaempferol, spiraeosideguisitrin and naringin, but none
of the selected flavonoids was able to repldeétélinolol from its binding to P-gp,
which might be due to an interaction with P-gp withcompetition of the talinolol

binding site of P-gp (Ofer et al., 2005). Sever#vdnoids, specifically

11 -



methoxylated flavonoids, are confirmed to be thedymhibitors of MRP1 and 2
(van Zanden et al., 2005).

The flavonol kaempferol (3,4',5,7-tetrahydroxyflang), like its hydroxylated
analog quercetin, is most widely distributed inas, broccoli and black tea etc.
The epidemiological study showed that ingestiorihef high dose of kaempferol
correlated to a reduced risk of cerebrovasculaeagie (Knekt et al, 2002).
Everyday intake of kaempferol in humans in USA &letherland estimated to be
6-10 mg, and it accounts for 25-33% of mean tol@dnol intake in humans
(Hertog et al, 1993a; Sampson et al, 2002). Duthé¢ohigh degree of structural
similarity between kaempferol glucosides and quercglucosides, kempferol
glucosides are almost certainly absorbed from thmallsintestine as quercetin
glucosides by active transport by sodium glucoseansporter (SGLT1) (Gee et al,
2000) and deglycosylation processes catalyzed digda phlorizin hydrolase and
cytosolicpB-glucosidase (Day et al, 2000b, 2003; Nemeth €2@03). Kaempferol-
3-glucoside is a substrate for lactase phlorizidrolase, whereas kaempferol-3-(6-
malonyl)-glucoside and kaempferol-3-glucuronide po®r substrates for lactase
phlorizin hydrolase (Nemeth et al, 2003). It is ikely that kaempferol-3-
glucuronide is absorbed directly from the jejunias,the compound is relatively
hydrophilic and will be charged at the pH of theafirmtestine, which reducing the
ability of the compound to diffuse across the hjidal membrane. Endive is a rich
source of kaempferol, containing up to 246 mg/kdrash weight (DuPont et al,
2000). Kaempferol mainly presents in endive as k#derol-3-glucuronide rather
than a glycoside. Administration of endive accdant® mg of Kaempferol showed
Tmax at 5.8 h, suggests absorption occurs at the distalon of the small intestine
and/or the colon (DuPont et al., 2004) where mietdotbegradation of kaempferol-
3-glucuronide might occur. By administration of erli a high level of
nonconjugated kaempferol was detected in the plamndaurine. Kaempferol-3-

glucuronide was shown to be a substrate for hureaambinang3-glucuronidase
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(O'Leary et al, 2001). The catalytic efficiency thfe enzyme was higher for
kaempferol-3-glucuronide compared with quercetighBzuronide since no
unconjugated quercetin was detected in plasma ore uof volunteers fed
considerable amounts of quercetin from onions (Bawl, 2001). The chemical
structures of some flavonols were shown in Figure 4

Kaempferol was a substrate of P-gp (Wang et ab52@nd it also inhibited P-gp
activity (Romiti et al., 2004). Kaempferol and hydroxylated analog quercetin
exhibited a remarkable inhibition of P-gp-mediag¢ditix of ritonavir by increasing
its cellular uptake, which were comparable with itht@bitory effect of quinidine, a
well-known inhibitor of P-gp (Patel et al., 200&Kaempferol and quercetin also
caused substantial inhibition of CYP3A4-mediatedisol metabolism with 89.7%
and 90.1% of intact cortisol, respectively, compargth 45.9% in the control
(Patel et al., 2004). Kaempferol reduced the effiixalinolol across Caco-2 cells
without replacement of talinolol from its binding P-gp (Ofer et al., 2005).

Orally administered kaempferol, as the P-gp and 8 hibitor, might affect
the pharmacokinetics of tamoxifen. This study ingaged the effect of kaempferol
administration on the pharmacokinetics of tamoxifend its metabolite, 4-

hydroxytamoxifen, in rats.
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A
CYP3A4
(3A5 ZBG 2C8)
CYP2B6 CYP3A5
Tacty (286, 3A4)
4'-hydroxyTAM /Tamoxﬁ w 3-hydroxyTAM
CYP3A4 CYP3AA4/5 CYP2D6
(3A5) (1A2, 2c:9 2¢19,2D6) (2B6, 2C9, 2C19, 3A)

e 3“.
alpha-hydroxyTAM N-desmethylTAM 4-hydroxyTAM

Figure 1. Proposed in vitro biotransformation patisvof tamoxifen to its primary

metabolites and the P450s involved. The relativerdmution of each pathway to
the overall oxidation of tamoxifen is shown by theckness of the arrow, and the
principal P450 isoforms responsible are highlightethrger fonts and in bold. M-,

unidentified primary metabolite (Cited from Destak, 2004).
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Tamoxlfen (TAM)

/@’ Q /@ Primary

O Q metabolites
alpha-hydroxyTAM N-desmethleAM 4- hydroxyTAM —’.
cvp? CYP3A CYP3A CYPZDG CYP3A CYP3A Secondary
* metabolites
N
ﬂ”‘"“ ,©r°f"“ ,@”‘"" /0 o
OH
OH OH
alpha-hydroxy -dldesmethyITAM Endoxlfen 3,4-dihydroxyTAM
N-desmethylTAM

Figure 2. Proposed in vitro biotransformation padisv of tamoxifen to its
secondary metabolites and the P450 isoforms indolvée thickness of each
arrow indicates the relative contribution of eackthgvay to the formation of a
specific metabolite. The principal enzymes respguasare highlighted in larger
fonts and in bold (Cited from Desta et al., 2004).
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H3CH2|C H3CH2C
Rs Ry Rs Ry
R2 R2
Ry R R R
Tamoxifen OCH,CH,N(CHjy), H H H
Primary metabolites
N-desmethyltamoxifen OLHH,NHCH; H H H
4-hydroxytamoxifen OGZH,N(CH,), OH H
alpha-hydroxytamoxifen OLHH,N(CHg), H OH
4'-hydroxytamoxifen OLIH,N(CHg), H H OH
Secondary metabolites
N-desdimethyltamoxifen OLHH,NH, H H H
Endoxifen OCHCH,NHCH;Z; OH H H
alpha-hydroxy N-desmethyltamoxifen OGEH,NHCH, H OH H
3,4-dihydroxytamoxifen OHGEH,N(CH3), OH H H

Figure 3. Chemical structures of tamoxifen andritabolites (A) along with their

fluorescent phenanthrene derivatives (B).
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2. Materials and methods

2.1. Chemicals and apparatus

Tamoxifen, 4-hydroxytamoxifen, kaempferol and butyparaben (p-
hydroxybenzoic acid n-butyl ester) were purchasethfthe Sigma Chemical Co.
(St. Louis, MO, USA). HPLC grade methanol and acigtile were acquired from
the Merck Co. (Darmstadt, Germany). All other cheats for this study were of
reagent grade and were used without further patiba. Water was deionized and
filtered through a Millipore Milli-Q system (Bedfdy MA, USA).

Apparatus used in this study were a high performalmpuid chromatograph
equipped with a Waters 1515 isocratic HPLC Pumpaders 717 plus autosampler
and a Waterd' 474 scanning fluorescence detector (Waters Colfoidj MA,
USA), a HPLC column temperature controller (Phenoexelnc., CA, USA), a
Bransoni€ Ultrasonic Cleaner (Branson Ultrasonic Corporati@anbury, CT,
USA), a vortex-mixer (Scientific Industries Co., NYSA) and a high-speed micro

centrifuge (Hitachi Co., Tokyo, Japan).

2.2. Animal experiments

The male Sprague-Dawley rats weighing 270 to 30@ege purchased from
the Dae Han Laboratory Animal Research Co. (ChookgKorea), and were
given access to a commerciat chow diet (No. 322-7-1, Superfeed Co.,
Gangwon, Korea) and tap watad libitum. The animals were housed, two per
cage, maintained at 22 £@, and 50-60% relative humidity, under a 12:12 h
light-dark cycle. The experiments started aftedia@tion under these conditions
for at least 1 weel.he Animal Care Committee of Chosun University (Ggja,

Korea) approved the design and the conduct ofgtudy.
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The rats were fasted for at least 24 h prior tarbegg the experiments and had
access to tap water freely. Each animal was arete=tt slightly with ether. The
left femoral artery and vein were cannulated ugioltyethylene tubing (SP45, i.d.
0.58 mm, o.d. 0.96 mm; Natsume Seisakusho Co. LT@kyo, Japan) for blood

sampling and i.v. injection, respecitively.

2.3. Drug administration

2.3.1. Intravenous administration of tamoxifen

Tamoxifen solution for intravenous administratich rag/kg) was prepared by
dissolving tamoxifen in saline containing 10% ofeem 80 (1.5 ml/kg). It was
injected through the femoral vein within 1 min (n6% A 0.45-aliquot of blood
sample was collected into heparinized tubes froenféimoral artery before and 0,
0.1, 0.25, 0.5, 1, 2, 4, 8, 12 and 24 h after thection, respectively. The blood
samples were centrifuged at 13,000 rpm for 5 ml, the plasma samples stored
at -40°C until HPLC analysis. A 0.4-ml aliquot o®® NacCl-injectable solution
was used to flush the cannula immediately afteh édaod sampling to replace the
blood lose and a 0.2-aliquot of the heparinized®OMNaCl-injectable solution (20-

units/ml) was used to prevent blood clotting.

2.3.2. Oral administration of tamoxifen

An tamoxifen solution for oral administration (10gfkg) was prepared by
dissolving tamoxifen in the distilled water coniaimn 10% of tween 80 (3.0 ml/kg).
It was then intragastrically administered immidéiyeusing feeding tube (n = 6).
Blood samples (0.45 ml) were collected into hepaed tubes from the femoral
artery before and 0.25, 0.5, 1, 2, 3, 4, 6, 8 B2ai2d 36 h after the administration.

Other treatment procedure is same as i.v. injection
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2.3.3. Oral administration of kaempferol

Kaempferol suspentions (3 and 10 mg/kg) were pegply mixing kaempferol
in distilled water (3.0 ml/kg), respectively. Thaeyere orally administered by
feeding tube 30 min prior to an oral administratmintamoxifen (n = 6, each).

Other treatment procedure is same as oral adnatiatrof tamoxifen.

2.4. HPLC analysis

2.4.1. Sample preparation

The plasma concentrations of tamoxifen and its budii®, 4-hydroxytamoxifen,
were determined by a HPLC assay method reportefrieg et al.(1994) after a
slight modification. Briefly, a 5Qd aliquot of 8ug/ml butylparaben, an internal
standard, and a 0.2-ml aliquot of acetonitrile weiged with a 0.2-ml aliquot of
the plasma sample in a 2.0-ml polypropylene midret¢Axygen Scientific Co.,
Calif., USA). The resulting mixture was then vormxxed vigorously for 2 min
and centrifuged at 13,000 rpm for 10 min. A@Gliquot of the supernatant was
injected into the HPLC system.

2.4.2. HPLC condition

Chromatographic separations were achieved usingrar@try® C;s column (4.6
mm i.d. x 150 mm long; particle sizeyn, Waters Co.), and @Bondapak" Cyg
HPLC Precolumn Inserts (Particle size ifh; Waters Co.) was used before the
analytical column. The mobile phase consisted 20 wtipbtassium hydrogen
phosphate (pH 3.0, adjusted with phosphoric aaéjemitrile (60: 40, v/v) was
passed through a 0.48n membrane filter and degassed by an Ultrasoniar@le
under vaccum before use. The flow-rate of the neopilase was maintained at 1.0
ml/min. Chromatography was performed at a tempezaiti30°C that was set by a

HPLC column temperature controller. The fluoreseetietector was operated at an
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excitation wavelength of 254 nm with an emissionvelanth of 360 nm. A
homemade post-column photochemical reactor waslisdpwith a bactericidal
ultraviolet lamp (Sankyo Denki Co, Japan), and dloR€ tubing (i.d. 0.01”,
0.d.1/16”, 2 m long) was crocheted and fixed hortatly with a stainless steel
frame under the lamp at a 10 cm-distance in omleonhvert the tamoxifen and 4-
hydroxytamoxifen to the fluorophors, since photouoleal conversion of tamoxifen
and its metabolites to highly fluorescent phenastbs could increase the lower
limit of dectection of tamoxifen and 4-hydroxytaniex at HPLC (Figure 3). Data
were acquired and processed with bré8zoftware (Version 3.2) (Waters Co.).
Standard calibration curves were prepared by addiagoxifen, 4-
hydroxytamoxifen and butylparaben into a 0.2-mtadit drug-free rat plasma to
form the plasma concentration of 5, 10, 20, 50,,12@0 and 500 ng/ml for
tamoxifen, and 0.5, 1, 2, 5, 10, 20 and 50 ng/ml4dnydroxytamoxifen, and 2
ug/ml for butylparaben. These plasma samples wetraa®d as described above.
Calibration curves of tamoxifen and 4-hydroxytaniexiwere computed using the
ratio of the peak area of tamoxifen or 4-hydroxydaifen and that of butylparaben
as a function of the tamoxifen or 4-hydroxytamomifeoncentrations in plasma.
The linearity of the assay procedure was determinyedalculation of a regression
line using the method of least squares analysiga-bay variability was tested on
five different rat’'s plasma samples using the saaidration curve in a same day.
Inter-day variability was tested on five differetdys. The mean relative standard
deviation (RSD) of the mean predicted concentratoorihe independently assayed
standards provided the measure of precision. Acgumas calculated by the
percentage deviation of the mean predicted coresgonr of tamoxifen and 4-

hydroxytamoxifen from the expected target value.

2.5. Pharmacokinetic analysis
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The plasma concentration data were analyzed byamopartmental method
using WinNonlin software version 4.1 (Pharsight @wation, Mountain View, CA,
USA). The elimination rate constantKwas calculated by log-linear regression of
tamoxifen or 4-hydroxytamoxifen concentration ddtaing the elimination phase
and the half-life @;) was calculated by 0.693/KThe peak concentration {&)
and the time to reach peak concentratigg)f tamoxifen or 4-hydroxytamoxifen
in plasma were obtained by visual inspection ofdata from the concentration—
time curve. The area under the plasma concentrdioe-curve (AUG_) from
time zero to the time of last measured concentrati@,s) was calculated by the
linear trapezoidal rule. The AUC zero to infinitdUCy-,) was obtained by the
addition of AUG_; and the extrapolated area determined RWK%. Total body
clearance (CL/F) was calculated by Dose/ AUC The absolute bioavailability
(AB) of tamoxifen was calculated by AUG/AUC <Dosg,/Dose,,, and the
relative  bioavailabilty = (RB) of tamoxifen was esated by

AUC . .qmidAUC . ,.1ox100 The metabolite-parent ratio (MR) was estimated by

(AUC4-hydr0xytamoxifelAUC tamoxifer*)X(MWtamoxifer{MW4-hydroxytamoxifea x100
2.6. Statistical analysis

Statistical analysis was conducted using a one-ABDVA followed by a
posteriori testing with the use of the Dunnett correctionffddences were

considered to be significant at a level of p < 0.AB mean values are presented

with their standard deviation (Mean £ S.D.).
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Figure 5. Chromatograms of the rat's blank plasm3, @nd the plasma (B) spiked with tamoxifen (26.1 )mih-
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Table 1. Mean (+ S.D.) plasma concentration-timgfiles of tamoxifen after an
intravenous administration of tamoxifen (2 mg/kahd an oral administration of
tamoxifen (10 mg/kg) to rats in the presence oenabs of kaempferol (3 and 10

mg/kg) (n = 6, each).

Kaempferol

Time (hour)  Control i"’('zt";‘nrg‘/’li‘g)e”
3 mg/kg 10 mg/kg
0 0 0 0 2140 + 514
0.25 63.9+15.3 120 + 28.8 116 £ 27.8 411 + 98.6
0.5 92.8+22.3 181 +43.4 177 £42.5 280 £ 67.2
1 126 + 30.2 195 + 46.8 188 +45.1 191 + 45.8
2 119 + 28.6 183 +43.9 179 +43.0 146 + 35.0
3 105 £ 25.2 167 £40.1 162 + 38.9 -
4 97.1 +23.3 147 + 35.3 143 + 34.3 96.2 +23.1
6 88.8+21.3 131 +31.4 127 +30.5 64.1+15.4
8 81.9+19.7 115+ 27.6 109 + 26.2 45,3 +10.9
12 61.1+14.7 89.1+21.4 85.2+204 27.9+£6.70
24 30.8 +7.39 43.0 +10.3 40.3 + 9.67 14.2 £+ 3.41
36 15.0 + 3.60 22.3+5.35 20.1 +4.82 —
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Table 2. Mean (+ S.D.) plasma concentration-tinailes of 4-hydroxytamoxifen
after an oral administration of tamoxifen (10 mg/kg rats in the presence or

absence of kaempferol (3 and 10 mg/kg) (n = 6,)each

Time Control Kaempferol
(houn) 3 mg/kg 10 mg/kg
0 0 0 0
0.25 2.39 +0.57 3.43+0.82 3.02+0.72
0.5 558+1.34 7.60 £ 1.82 7.06 + 1.69
1 9.81 +2.35 11.7+ 281 11.1+2.66
2 11.6+2.78 13.6 £ 3.26 12.8 + 3.07
3 11.2+2.69 12.6 + 3.02 11.9+2.86
4 10.3+2.47 12.0 £ 2.88 11.3+2.71
6 9.47 +2.27 11.1+2.66 10.6 + 2.54
8 8.83+2.12 10.3 £ 2.47 9.80 +2.35
12 7.41+1.78 9.01 +2.16 8.50+2.04
24 421+1.01 550+1.32 5.01+1.20
36 243 +0.58 3.31+0.79 3.03+0.73
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Figure 8. Mean plasma concentration-time profilels tamoxifen after an
intravenous administration of tamoxifen (2 mg/kahd an oral administration of
tamoxifen (10 mg/kg) to rats in the presence oenabs of kaempferol (3 and 10
mg/kg) (n = 6, each).

Bars represent the standard deviatidn) (ntravenous administration of tamoxifen
(2 mg/kg); @) Oral administration of tamoxifen (10 mg/kg),] the presence of 3
mg/kg of kaempferol; ¥) the presence of 10 mg/kg of kaempferol.
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Figure 9. Mean plasma concentration-time profiled-bydroxytamoxifen after an
oral administration of tamoxifen (10 mg/kg) to ratsthe presence or absence of
kaempferol (3 and 10 mg/kg) (n = 6, respecitively).

Bars represent the standard deviatior@®) Oral administration of tamoxifen (10
mg/kg); (O) the presence of 3 mg/kg of kaempferd:)(the presence of 10 mg/kg

of kaempferol.
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Table 3. Mean (+ S.D.) pharmacokinetic parametdrstamoxifen after an
intravenous administration of tamoxifen (2 mg/kahd an oral administration of
tamoxifen (10 mg/kg) to rats in the presence ornbs of kaempferol (3 or 10

mg/kg) (n = 6, each).

Kaempferol AY2
Parameter Control tamoxifen
3 mg/kg 10 mg/kg (2 mg/kg)
AUCO~oo
1 2137 £ 513 3165+ 760* 2991 £ 511* 1783 % 428
(ngh-ml™)
Crmax 126 £ 30.2 195t 46.8* 188 = 45.1*
(ng/ml)
Tmax (h) 1.00 1.00 1.00
CL/F
.1, 1, 78.0% 18.7 52.7 £ 12.6* 55.7 £ 13.4* 18.7% 4.49
(ml-min kg ")
t12(h) 116 £ 278 118+ 284 114+ 275 8.80% 2.11
AB (%) 239 £ 574 355 £ 8.52* 33.5* 5.49* 100
RB (%) 100 148 139

* p < 0.05 compared to control.

AUC,-,: area under the plasma concentration-time cuom f h to infinity;

Cmax peak plasma concentration;

Tmax time to reach peak concentration;

CL/F: total clearance;

t12: terminal half-life;

AB: absolute bioavailability;

RB: relative bioavailability.
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Table 4. Mean (+ S.D.) pharmacokinetic parametéré-loydroxytamoxifen after
an oral administration of tamoxifen (10 mg/kg) &srin the presence or absence of

kaempferol (3 or 10 mg/kg) (n = 6, each).

Kaempferol
Parameter Control
3 mg/kg 10 mg/kg
AUCo-, 271 + 65.0 349+ 83.7 322+ 77.2
(ngh-ml™)
Crnax 11.6 £ 2.78 13.6+ 3.26 12.8+ 3.07
(ng/ml)
Tmax (h) 2 2 2
(mI-rgiIr_m{llz- kg-l) 616 + 148 478+ 115 518+ 124
ti2(h) 15.0 £ 3.60 17.0t 4.07 16.4+ 39.9
MR (%) 12.2 £ 2.90 10.6+ 2.51 10.3+ 2.49
RB (%) 100 128 119

AUC,-,: area under the plasma concentration-time cuom f h to infinity;
Cmax peak plasma concentration;

Tmax time to reach peak concentration;

CL/F: total clearance;

t12: terminal half-life;

MR: Ratio of the area of metabolite versus parentmound;

RB: relative bioavailability.
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3. Reaults

3.1. Chromatographic separation

Figure 5 illustrates the chromatograms of blankplasma (A) and the plasma
spiked with tamoxifen, 4-hydroxytamoxifen and theernal standard, butylparaben
(B). The tamoxifen, 4-hydroxytamoxifen and butykiaen were eluted with
retention times at 26.1, 7.3 and 14.5 min, respelgti Figure 6 and 7 showed the
calibration curve of tamoxifen and 4-hydroxytamexifconstructed by plotting the
ratio of the peak area of tamoxifen and 4-hydroxyigifen and that of
butylparaben as a function of the plasma tamoxidea 4-hydroxytamoxifen
concentrations. There is an excellent linearityrdtiese concentration ranges. The
typical equation describing the calibration curmerat plasma for tamoxifen was
y=001%-0.0384, where is the peak area ratio of tamoxifen against bargdpen
and x is the concentration of tamoxifen, with a meanreation coefficient of
0.999; for 4-hydroxytamoxifen wag=0.022%+0.0055, wherey is the peak area
ratio of 4-hydroxytamoxifen against butylparabenl aris the concentration of 4-
hydroxytamoxifen, with a mean correlation coeffiti®ef 0.999. The lower limit of
detection for tamoxifen and 4-hydroxytamoxifen iat plasma defined at a
minimum signal-to-noise of three was 5 ng/ml an8l 8g/ml, respectively. The
lower limit of quantification for tamoxifen and 44troxytamoxifen in rat’s plasma
was 5 ng/ml and 0.5 ng/ml with an acceptable pi@tiand accuracy (RSD: 11.5%,

Deviation: —4%, n = 5).

3.2. Effect of kaempferol on the phar macokinetics of tamoxifen

Mean arterial plasma concentration-time profiles tamoxifen following an

intravenous administration of tamoxifen (2 mg/kahd an oral administration of
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tamoxifen (10 mg/kg) to rats in the presence oenabs of kaempferol (3 and 10
mg/kg) were shown in Figure 8 and Table 1, corredpw pharacokinetic
parameters were shown in Table 3. The presencaevhgferol significantly altered
the pharmacokinetic parameters of tamoxifen. Coetpao the control group
(given oral tamoxifen alone), the presence of tafeaxsignificantly reduced (p <
0.05, 28.6-32.4%) the total plasma clearance (Cla/yl significantly increased (p
< 0.05, 39.9-48.1%) the area under the plasma otrat®n-time curve (AUg..)

of tamoxifen. The peak plasma concentratiop (Cof tamoxifen also increased
significantly (p < 0.05, 49.2-54.7%). The absolub@availability (AB) of
tamoxifen in oral control group was 23.9%, whichsveevated significantly (p <
0.05) to 33.5-35.5%. Relative bioavailability (R&)tamoxifen in the presence of
kaempferol was 1.39- to 1.48-fold greater. The timeaeach peak concentration
(Tmay and the terminal half-life {¢) of tamoxifen were not altered significantly in

the presence of kaempferol.

3.3. Effect of kaempferol on the pharmacokinetics of 4-hydroxytamoxifen

Mean arterial plasma concentration-time profilegldfydroxytamoxifen after an
oral administration of tamoxifen (10 mg/kg) to ratsthe presence or absence of
kaempferol (3 and 10 mg/kg) were shown in Figuran® Table 2, correlated
pharacokinetic parameters were shown in Table #mp2oed to the control group,
although the presence of kaempferol reduced th& @hd increased the AYC of
4-hydroxytamoxifen, they were not statistically fdient. The metabolite-parent
ratios (MR) of 4-hydroxytamoxifen also decreasesignificantly, suggesting the
production of 4-hydroxytamoxifen was not affectemsiderably by kaempferol.
Pretreatment of kaempferol has not significantterald other parameters such as

Cmax tizand Thax Of 4-hydroxytamoxifen.
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4. Discussion

Using the modified HPLC method, the excellent safian of tamoxifen, 4-
hydroxytamoxifen and the internal standard was meduin the chromatograms
(Figure 5). No apparent interfering peaks from émelogenous substances were
observed in any of the plasma samples. The methad lwear over the
concentration range of 5-500 ng/ml for tamoxiferd ah5-50 ng/ml for 4-
hydroxytamoxifen (Figure 6, 7).

Tamoxifen and its primary metabolites undeegtensive oxidation, principally
by CYP3A and CYP2D6 (Desta et al., 2004). Tamoxidea its metabolited\-
desmethyltamoxifen and 4-hydroxytamoxifen, are sabes for the efflux of P-gp
and MRP2 as well (Rao et al.,, 1994; Gant et al951%ugimoto et al., 2003;
Kauffmann et al., 1998). CYP3A and P-gp inhibitorgiht interact with tamoxifen
and its metabolites and could contribute to sulbslaralteration of their
pharmacokinetic fate.

As shown in Table 3, the prsence of kaempferoliagmtly reduced the CL/F of
oral tamoxifen and significantly increased the AUCand G.ax of tamoxifen.
Kaempferol is a substrate for P-gp (Wang et alQ52@&nd exhibits a remarkable
inhibition of P-gp-mediated efflux of ritonavir an@YP3A4-mediated cortisol
metabolism (Patel et al., 2004), and oral tamoxifera substrate for CYP3A-
catalyzed metabolism and P-gp-mediated efflux enitibestine and liver, pretreated
kaempferol might be effective to obstruct this pati. This result is consistent
with the result acquired by Shin et al. (2006) tlaadministration of the
hydroxylated kaempferol analogue quercetin at do$&s5 and 7.5 mg/kg to rats
significantly increased the AUC, and Gax of tamoxifen in rats. Interestingly, 3
mg/kg of kaempferol altered the parameters more th@& mg/kg although they
were not significantly different. The report of 8het al. (2006) showed that
quercetin at the higher dose (15 mg/kg) did notralhe pharmacokinetic
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parameters significantly, and in the report of Hsfial. (2002) also showed that 50
mg/kg of quercetin significantly decreased the Atf@yclosporin in rats and pigs,
which needs to be clarified in the future. In rejag of the pharmacokinetic fate of
4-hydroxytamoxifen, although the presence of kaemgbfreduced the CL/F and
increased the AUE.,, of 4-hydroxytamoxifen, they were not significatdatsstically.
MR of 4-hydroxytamoxifen also decreased insignifitya(Table 4). Since the main
enzyme to produce 4-hydroxytamoxifen is CYP2D6, &¥P3A is only a minor
one (Mani et al.,, 1993; Crewe et al., 1997), kaeargdf might not affect this
biotransformation pathway considerably. Many reposuggested that 4-
hydroxytamoxfen was much more effective in suppngsestrogen-dependent cell
proliferation. Since kaempferol has not inhibited formation, the anticancer
activity of tamoxifen should be more potent via ¢conation of kaempferol. On the
other hand, it migh make the toxicity of tamoxifgrcure more frequently.

The presence of kaempferol enhanced the oral biahuay of tamoxifen. The
adjustment of the dose of tamoxifen should be takém consideration in the
presence of kaempferol and the dietary complenfefitef kaempferol in patients

to avoid the toxicity of tamoxifen.
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Part Il. The effect of morin on the bioavailabiliby

tamoxifen in rats

Abstract

The effect of morin on the pharmacokinetics of taifem and its metabolite, 4-
hydroxytamoxifen, was investigated in rats. A singlose of tamoxifen was
administered intravenously (2 mg/kg) to the malea§pe-Dawley rats, and orally
(10 mg/kg) with or without morin (3 or 10 mg/kg)laBma concentration of
tamoxifen was determined by HPLC equipped withrisoence detector.

When tamoxifen was administered orally, the preseoic morin significantly
altered the pharmacokinetics of tamoxifen. Compacedhe oral control group
(given tamoxifen alone), the CL/F of tamoxifen amsed significantly (p < 0.01,
35.9-40.8%) in the presence of morin. The AUCand G, of tamoxifen
significantly (p < 0.05 for 3 mg/kg morin, p < 0.€@dr 10 mg/kg morin) increased
50.6-68.9% and 65.5-80.9%, respectively. ConsetjyeB of tamoxifen in the
presence of morin was 37.4-40.5%, which was enlthsmmificantly (p < 0.05)
compared to the oral control group (23.9%). RBavhoxifen was 1.56- to 1.68-
fold greater than the control group. The increastné bioavailability of tamoxifen
is likely to be due to the decrease in the firgspaxtraction by the intestine and
liver.

When morin was coadministered at a dose of 10 mgfikmificant reduction in
the CL/F (p < 0.05, 33.8) and consequent increasieed AUG_,, (p < 0.05, 50.9%)
were observed for 4-hydroxytamoxifen, but the melitd>parent ratio (MR) of 4-
hydroxytamoxifen was not altered significantly, iyipg that the formation of 4-
hydroxytamoxifen was not affected considerably it elimination of tamoxifen

and the metabolite was decreased parallelly andfisigntly by administration of
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morin.
The increase in the oral bioavailability of tamexifby the coadministration of
morin should be taken into consideration in thaicél setting in order to avoid

potential toxic reactions of tamoxifen.

Key words: tamoxifen, morin, P-glycoprotein (P-gp), CYP3A apmacokinetics,

bioavailability, rats.
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1. Introduction

Oral administration of drugs has many advantages awravenous injection
because it is less invasive, easier to use fop#ient in a chronic regimen and
more cost-effective because of the decreased latizptton. The bioavailability of
many orally administered anticancer drugs are MWich contribute to the first-
pass extraction mediated by multidrug resistancBRYtransporters and phase |
and phase Il metabolizing enzymes in the intestimeeliver. MDR is a term used to
describe the phenomena that tumor cells resistaminaber of structurally and
functionally unrelated chemotherapeutic agents. ffaesport-mediated MDR is
caused by the ATP-binding cassette (ABC) family roeane transport ATPases. P-
glycoprotein (P-gp), an important member of ABC fignmexpresses highly in solid
tumours of epithelial origin, such as the colonr@@m-Cardo et al., 1990), kidney
(Fojo et al., 1987), and breast (Merkel et al., 2038 efflux substrates out of cells.
MRPs, another important member of the ABC familgs tbeen described as a
Vanadate-sensitive magnesium-dependent glutattfeoenjugate (GS-conjugate)
ATPase (GS-X pump) capable of transporting orgamion drug conjugates as
well as intact anticancer drugs (Grant et al., 19drst et al., 1997). Several
isoforms of MRPs have been identified and the myaméntioned are MRP1 and
MRP2 (cannalicular multispecific organic anion sparter, cMOAT), which have
been identified as organic anion transporters (Beiral., 1997).

P-gp and MRPs are present widely in many normaledary organs, such as the
liver, kidney and intestine, where they provideaarier to eliminate the substrates
out of the body. P-gp, and MRP2 co-localized to #mpecal membrane of the
intestine, liver, kidney, and blood-brain barri€higbaut et al., 1987; Buchler et al.,
1996; Fromm et al., 2000; Schaub et al., 1999), BiRP1 is localized to the
basolateral membranes of polarized epithelial adllghe intestinal crypt (Peng et
al., 1999), renal distal and collecting tubulesn@et al., 1999), and liver (Mayer et
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al., 1995; Roelofsen et al., 1997).

P-gp and MRPs are co-localized with phase | and®Hametabolizing enzymes
CYP 3A4, UDP-glucuronosyltransferases and Glutai®transferases in the
liver, kidney and intestine (Sutherland et al., 39%urgeon et al., 2001). The
CYP3A subfamily was reportedly involved in approxitely 40-50% of Phase |
metabolism of marketing drugs (Guengerich, 1995pec8ically, CYP3A4
accounts for 30% of hepatic CYP and 70% of smadistinal CYP (Schuetz et al.,
1996). A substantial overlap in substrate spetyfiexists between CYP3A4 and P-
gp (Wacher et al.,, 1995). Thus, a synergistic imtahip exists between the
transporters and metabolizing enzymes, such as B8¥P&rsus P-gp and
conjugating enzymes versus MRP2, within excretsygues to protect the body
against invasion by foreign compounds, which alscrelase the oral bioavailability
of many drugs, especially anticancer drugs.

Since MDR is one of the main obstacles to succeskimotherapy of cancer, a
number of biochemical, pharmacological and clingtahtegies have been devised
to overcome it. The first generation of MDR modatat including the calcium
channel blockers, such as verapamil, felodipine alltlazem), quinolines,
cyclosporines (Cyclosporin A) (Ford and Hait, 19%@rd and Hait, 1993) are
therapeutic agents. They could reverse MDR at adratons much higher than
those required for their individual therapeutic inatt, which resulted in
unnecessary adverse effects and toxicities. Thenslegeneration of modulators is
more potent and less toxic, such as the analog®rmapamil, dexverapamil (less
cardiotoxic R-enantiomer of verapamil), the non-immunosuppressinalog of
Cyclosporin A, PSC 833 and so on. Although thesentsgappear to be well
tolerated in combination with anticancer drugss iheed to be determined whether
these compounds are suitable for clinical applecatn anticancer therapy.

Tamoxifen is a nonsteroidal antiestrogen and isailpent of choice for treating

and preventing breast cancer (Powles, 1992; St®®2; Jaiyesimi et al., 1995).
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Tamoxifen has a relatively low toxicity and is lesarmful than most
chemotherapeutics. The main adverse effects ofxdemin humans are that there
might be an increased risk of endometrial cancet #momboembolic diseases
(Fornander et al., 1993; Meier and Jick, 1998).lI@radministered tamoxifen
undergoes extensive hepatic metabolism and theequbat biliary excretion of its
metabolites (Buckley and Goa, 1989). Demethylatbdnthe aminoethoxy side
chain to N-desmethyltamoxifen is the main route of tamoxiferetabolism
(Lonning et al., 1992; Stearns et al., 2003). Taifieoxand its primary metabolites
undergoextensive oxidation, principally by CYP3A and CYR2[Desta et al.,
2004). The major primary metabolitdl-desmethyltamoxifen, was catalyzed by
CYP3A4/5, and the minor metabolite, 4-hydroxytanfej catalyzed by CYP2D6
CYP2C9 and CYP3A (Mani et al.,, 1993; Crewe et 8097) (Figure 1)Other
minor primary metabolites include-, 3-, and 4'-hydroxytamoxifeand one
unidentified metabolite (M-I) were primarily catagdby CYP3A4, CYP3AS5,
CYP2B6/2C19, and CYP3A4, respectively. Tamoxifgrondary metabolism
showed thatN-desmethyltamoxifen was predominantiyotransformed toa-
hydroxy N-desmethyl-, N-didesmethyl-, and4-hydroxy N-desmethyl-tamoxifen
(endoxifen), whereas 4-hydroxytamoxifenwas converted to 3,4-
dihydroxytamoxifen and endoxifen (Figure 2). Excéptthe biotransformation of
N-desmethyltamoxifen to endoxifen, whisias exclusively catalyzed by CYP2D6,
all other routes oN-desmethyland 4-hydroxytamoxifen biotransformation were
catalyzed predominantlypy the CYP3A subfamily. 4-hydroxytamoxifeils a
relatively minor metabolite, but it has been stddiya number of investigators
because it is a more potent antiestrapan tamoxifen (Jordan et al., 1977; Borgna
and Rochefort, 1981; Coery al., 1982; Robertson et al., 1982). Jordan et al
(1997, 1982) demonstrated that high first-pass badiemof tamoxifen results in a
significant increase in its activity ancharacterized the first active primary

metabolite, 4-hydroxy-tamoxifen. Although the plasand tumor concentrations of
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4-hydroxytamoxifen are only about 2% of those @& gfarent compound (Daniel et
al., 1981), it has beeatown to possess a high affinity for estrogen rexepand
30- to 100-foldmore potency than tamoxifen in suppressing estroggendent
cellproliferation (Borgna and Rochefort, 1981; Robartsbal. 1982; Coezy et al.,
1982; Jordan, 1982). A secondary metabolite of taf@wn, endoxifen, exhibits
potencysimilar to 4-hydroxytamoxifen with respect to egea receptor binding
affinity, suppression of estrogen-dependent cell growth, gewe expression
(Stearns et al., 2003; Johnson et al., 2004). &ooxifen has beaeferred to as a
prodrug that requires activation to extsteffects.

Since tamoxifen and its metabolitesN-desmethyltamoxifen and 4-
hydroxytamoxifen, are substrates for the effluxRefjp and MRP2 (Rao et al.,
1994; Gant et al., 1995, Sugimoto et al., 2003;fiaann et al., 1998), the MDR
modulators might be able to improve the bioavaltgbof tamoxifen. As upper
mentioned, although some P-gp modulators such rapamil, cyclosporine A and
PSC 833 have been proved to be the potent P-gpitiois in vitro, but their
toxicities have hindered their use in clinical apgtion (Bradshaw and Arceci,
1998). Some flavonoids as natural products weravshto be modulators of the
MDR transporters (Castro and Altenberg, 1997; Sc¢arabal., 1994) and phase |
and phase Il metabolizing enzymes (Tsyrlov et1894; Walleet al., 1995). They
have many health promoting benefits and have ngistmt side effects, it could
be expected as one of the nature members to impghevdioavailability of the
anticancer drugs.

Flavonoids are widely distributed in dietary suppéats such as vegetables, fruit,
tea and wine (Hertog et al., 1993b). Flavonoidsehavany beneficial effects
including antioxidant, antibacterial, antiviral, tamflammatory, antiallergic, and
anticarcinogenic actions (Ross and Kasum, 2002;eKoet al., 2002) though
whether these effects can be attributed to thecagly/forms or their metabolites is

not entirely clear. High-level consumption of flaads was found to associate
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with an overall lowerisk of getting a wide variety of cancers (Knekiaét 1997).
Epidemiological studies also support an associdigiween dietary flavonoids and
a reduced risk of certain cancers, suchstasmach carcinoma and lung cancer
(Dorant et al., 1996; Knekt et al., 1997). Proposeechanisms for anticancer
benefitanclude numerous effects on signal transductiompays involvedn cell
proliferation (Weber et al., 1996; Lepley and Rg]i1997) and angiogenesis
(Fotsis et al., 1997), as well as inhibitmihenzymes involved with procarcinogen
bioactivation such as cytochroRd50 (Tsyrlov et al., 1994) and sulfotransferase
enzymes (Wallet al., 1995). A high dietary intake of flavonolgutd reduce the
incidence of cardiovascular disease (Hertog efiléb3b; Knekt et al., 1996). Some
flavonoids, such as quercetin, protect LDL choledtédrom oxidative damage.
Others, such as the anthocyanidins from bilbemyple cabbage, and grapes, may
help protect the lens of the eye from cataractsim@h research suggests that
naringenin, found in grapefruit, may have anticarasivity (So et al., 1996). The
total daily intake of flavonoids via the dietarypplements has been 23 mg/day in
Dutch population (Hertog et al., 1993a).

Several studies have shown that flavonoids can tatelthe activities of both P-
gp and MRP1 (Zhang and Morris, 2003a; Bobrowskadtstgand et al., 2003)
affecting drug accumulation, cell viability follong cytotoxic drug exposure, and
the ATPase activity of P-gp (Bobrowska-Hagerstragid al., 2003). Some
flavonoids have been reported to interact withititensic ATPase of P-gp, both
inhibition and stimulation of P-gp ATPase activihave been observed for
silymarin, morin, and biochanin A (Zhang and Mqr2903b). Some flavonoids
reduced the secretory flux of talinolol across Cacocells, such as
hesperetin, quercetin, kaempferol, spiraeosideguisitrin and naringin, but none
of the selected flavonoids was able to repldeétélinolol from its binding to P-gp,
which might be due to an interaction with P-gp withcompetition of the talinolol

binding site of P-gp (Ofer et al., 2005). Sever#vdnoids, specifically
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methoxylated flavonoids, are confirmed to be thedymhibitors of MRP1 and 2
(van Zanden et al., 2005).

Morin (3, 5, 7, 2 4-pentahydroxyflavone) is a flavonoid constituentrofny
herbs and fruits. Morin, like quercetin, kaempfer$etin, rutin, myricetin, is
known as the most common dietary polyhydroxyflavgRgure 3). Based on in
vitro studies, morin has been reported to show ouaribeneficial activities,
including antioxidation (Hanasaki et al., 1994; Ketkal., 2000; Ramanathan et al.,
1994), anti-mutagenesis (Bhattacharya and Fir@&881 Francis et al., 1989) and
anti-inflammation (Kim et al., 1999; Raso et al002; Fang et al., 2003). Zhang
and Morris (2003a) reported that morin was able itorease daunomycin
accumulation in P-gp positive cell-lines concemraidependentlyand P-gp
expression level-dependently, which suggestsmimain inhibited P-gp mediated
cellular efflux. Thancrease of daunomycin accumulation by morialirthe P-gp
positive cells is comparable with that with veragam potentP-gp inhibitor. In
human liver microsomes, the formation ofi-Bydroxypaclitaxel (formed by
CYP2C8) was inhibited by morin, but sydroxypaclitaxel and £
hydroxypaclitaxel (formed by CYP3A4) was less atiéelc (Vaclavikova et al.,
2003). Buening et al. (1981) also reported thatimoould inhibit cytochrome P-
450 reductase in human liver microsomes.

Orally administered morin, as the P-gp inhibitorjgiht improve the oral
bioavailability of tamoxifen. This study investigat the effect of morin
administration on the pharmacokinetics of the taifeoxand 4-hydroxytamoxifen

in rats.
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2. Materials and methods

2.1. Chemicals and apparatus

Tamoxifen, 4-hydroxytamoxifen, morin and butylpanalfp-hydroxybenzoic acid
n-butyl ester) were purchased from the Sigma Chaln@o. (St. Louis, MO, USA).
HPLC grade methanol and acetonitrile were acquiiean the Merck Co.
(Darmstadt, Germany). All other chemicals for ttisdy were of reagent grade and
were used without further purification. Water wasothized and filtered through a
Millipore Milli-Q system (Bedford, MA, USA).

Apparatus used in this study were a high performalgpuid chromatograph
equipped with a Waters 1515 isocratic HPLC Pumpaders 717 plus autosampler
and a Waterd' 474 scanning fluorescence detector (Waters Colfoidj MA,
USA), a HPLC column temperature controller (Phenoexelnc., CA, USA), a
Bransoni€ Ultrasonic Cleaner (Branson Ultrasonic Corporati@anbury, CT,
USA), a vortex-mixer (Scientific Industries Co., NYSA) and a high-speed micro

centrifuge (Hitachi Co., Tokyo, Japan).

2.2. Animal experiments

The male Sprague-Dawley rats weighing 270 to 30@ege purchased from
the Dae Han Laboratory Animal Research Co. (ChookgKorea), and were
given access to a commerciat chow diet (No. 322-7-1, Superfeed Co.,
Gangwon, Korea) and tap watad libitum. The animals were housed, two per
cage, maintained at 22 £@, and 50-60% relative humidity, under a 12:12 h
light-dark cycle. The experiments started aftedia@tion under these conditions
for at least 1 weeK he animal care committee of Chosun University (Gwa,

Republic of Korea) approved the design and the gondf this study.
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The rats were fasted for at least 24 h prior tarbegg the experiments and had
access to tap water freely. Each animal was arstestt lightly with ether. The
left femoral artery and vein were cannulated ugiotyethylene tubing (SP45, i.d.
0.58 mm, o.d. 0.96 mm; Natsume Seisakusho Co. LT@kyo, Japan) for blood

sampling and i.v. injection, respecitively.

2.3. Drug administration

2.3.1. Intravenous administration of tamoxifen

Just before administration, 2 mg/kg of tamoxifefugson for i.v. administration
was prepared by dissolving tamoxifen in saline ammg 10% of tween 80 (1.5
ml/kg). It was injected through the femoral veintvim 1 min (n = 6). A 0.45-
aliquot of blood sample was collected into hepagdi tubes from the femoral
artery before and 0, 0.1, 0.25, 0.5, 1, 2, 4, 8,ah@d 24 h after the injection,
respectively. The blood samples were centrifugetBz200 rpm for 5 min, and the
plasmas stored at -40°C until HPLC analysis. A ral4aliquot of 0.9% NaCl-
injectable solution was used to flush the cannoiaediately after each blood
sampling to replace the blood lose and a 0.2-aligtithe heparinized 0.9% NacCl-

injectable solution (20-units/ml) was used to prévdood clotting.

2.3.2. Oral administration of tamoxifen

Tamoxifen solution for oral administration (10 mg)kwas prepared by
dissolving tamoxifen in the distilled water coniaimn 10% of tween 80 (3.0 ml/kg).
It was then intragastrically administered immideiyeusing feeding tube (n = 6).
Blood samples (0.45 ml) were collected into hepaed tubes from the femoral
artery before and 0.25, 0.5, 1, 2, 3, 4, 6, 8 B2aiad 36 h after the administration.

Other treatment procedure is the same as i.v.tigjec
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2.3.3. Oral administration of morin
Morin suspentions (3 and 10 mg/kg) were preparechibyng morin in distilled
water (3.0 ml/kg), respectively. They were oraldmanistered by feeding tube 30

min prior to an oral administration of tamoxifen<r6, each).

2.4. HPLC analysis

2.4.1. Sample preparation

The plasma concentrations of tamoxifen and 4-hygeoroxifen were
determined by a HPLC assay method reported by Ftied. (1994) after a slight
modification. Briefly, a 50l aliquot of 8ug/ml butylparaben, as an internal
standard, and a 0.2-ml aliquot of acetonitrile weriged with a 0.2-ml aliquot of
the plasma sample in a 2.0-ml polypropylene midret¢Axygen Scientific Co.,
Calif., U.S.A.). The resulting mixture was then texrmixed vigorously for 2 min
and centrifuged at 13,000 rpm for 10 min. A@Galiquot of the supernatant was
injected into the HPLC system.

2.4.2. HPLC condition

Chromatographic separations were achieved usingran®try’ C;s column (4.6
mm i.d. x 150 mm long, particle sizeudn, Waters Co.), and gBondapak™ Cig
HPLC Precolumn Inserts (particles size (i, Waters Co.) was used before the
analytical column. The mobile phase consisted 20 wipbtassium hydrogen
phosphate (pH 3.0, adjusted with phosphoric aaé}emitrile (60: 40, v/v) was
passed through a 0.48a membrane filter and degassed by a Ultrasonicnélea
under vaccum before use. The flow-rate of the neopilase was maintained at 1.0
ml/min. Chromatography was performed at a tempegaifi30°C that was set by a
HPLC column temperature controller. The fluoreseetietector was operated at an

excitation wavelength of 254 nm with an emissionvelangth of 360 nm. A
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homemade post-column photochemical reactor waslisdpwith a bactericidal
ultraviolet lamp (Sankyo Denki Co, Japan), and #0Ré& tubing (i.d. 0.01”, o.d.
1/16”, 2 m long) was crocheted and fixed horizdgtalith a stainless steel frame
under the lamp at a 10 cm-distance in order to ednthe tamoxifen and 4-
hydroxytamoxifen to the fluorophors, since photaulel conversion of tamoxifen
and its metabolites to highly fluorescent phenambs could increase the
sensitivity of the detction of tamoxifen and 4-hyxlytamoxifen in the fluorescence
detector (Figure 3). Data were acquired and precessith breezB! Software
(Version 3.2) (Waters Co., CA, USA).

Standard calibration curves were prepared by adalitigul aliquot of tamoxifen
solution at the concentrations of 20, 40, 80, 2400, 800 and 2,000 ng/ml,
respectively, a 5@d aliquot of 4-hydroxytamoxifen solution at the cemtrations
of 2, 4, 8, 20, 40, 80 and 200 ng/ml, respectivaelgd a 5Qi aliquot of
butylparaben at a concentration ofug§/ml into a 0.2-ml aliquot drug-free rat
plasma. Thus, the corresponding plasma calibratiandards were 5, 10, 20, 50,
100, 200 and 500 ng/ml of tamoxifen in plasma, arig 1, 2, 5, 10, 20 and 50
ng/ml of 4-droxytamoxifen in plasma, andig/ml for butylparaben. These plasma
samples were extracted as described above. Calibrairves of tamoxifen and 4-
hydroxytamoxifen were computed using the ratiohaf peak area of tamoxifen or
4-hydroxytamoxifen and that of butylparaben asrfion of the tamoxifen or 4-
hydroxytamoxifen concentrations in plasma. Theditg of the assay procedure
was determined by calculation of a regressionusiag the method of least squares
analysis. Intra-day variability was tested on fidiéferent rat’'s plasma samples
using the same calibration curve in a same dagr-by variability was tested on
five different days and each day a new calibratiorve was constructed. The mean
relative standard deviation (RSD) of the mean pmtedi concentration for the
independently assayed standards provided the neea$yrecision. Accuracy was

calculated by the percentage deviation of the m@eaicted concentration of
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tamoxifen and 4-hydroxytamoxifen from the expedtadet value.
2.5. Pharmacokinetic analysis

The plasma concentration data were analyzed byamopartmental method
using WinNonlin software version 4.1 (Pharsight @wation, Mountain View, CA,
USA). The elimination rate constantfKwas calculated by log-linear regression of
tamoxifen or 4-hydroxytamoxifen concentration ddtaing the elimination phase,
and the terminal half-life {t) was calculated by 0.693{KThe peak concentration
(Cmay and time to reach peak concentrationaft of tamoxifen or 4-
hydroxytamoxifen in plasma were obtained by vismapection of the data from
the concentration—time curve. The area under thenph concentration-time curve
(AUCq_y from time zero to the time of last measured catregion (G,s) was
calculated by the linear trapezoidal rule. The A€o to infinite (AUG..) was
obtained by the addition of AUG and the extrapolated area determined QK.
Total plasma clearance (CL/F) was calculated byeD@#dJCG .. The absolute

bioavailability (AB) of tamoxifen was calculated byAUC, /AUCy

oral

< Dosg,/Dosg,,, and the relative bioavailability (RB) of tamoxifevas estimated

by AUC,,4midAUC ,hox100 The metabolite-parent ratio (MR) was estimated by

(AUC4-hydroxytamoxifeA’A‘UC tamoxifer)x(MWtamoxifer{ MW4-hydroxytamoxifea x100
2.6. Statistical analysis

Statistical analysis was conducted using a one-AB¥DVA followed by a
posteriori testing with the use of the Dunnett correctionffddences were

considered to be significant at a level of p < 0.AB mean values are presented

with their standard deviation (Mean + SD).
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Table 5. Mean (+ S.D.) plasma concentration-timgfiles of tamoxifen after an
intravenous administration of tamoxifen (2 mg/kahd an oral administration of
tamoxifen (10 mg/kg) to rats in the presence oeabs of morin (3 and 10 mg/kg)

(n =6, each).

Morin . .
Time (hour) Control "V('Zt?nrgc;;g)e :
3 mg/kg 10 mg/kg
0 0 0 0 2140 £ 514
0.25 63.9 +15.3 125+ 30.0 132 +31.7 411 +98.6
0.5 92.8+22.3 191 +45.8 209 +50.2 280 +67.2
1 126 + 30.2 208 +49.9 228 +54.7 191 +45.8
2 119 + 28.6 194 + 46.6 213 +51.1 146 + 35.0
3 105+ 25.2 174 +41.8 192 +46.1 —
4 97.1 +23.3 154 +37.0 168 + 40.3 96.2 +23.1
6 88.8 +21.3 139+ 334 152 + 36.5 64.1+154
8 81.9+19.7 122 +29.3 132 +31.7 45.3 +£10.9
12 61.1 +14.7 94.0 + 22.6 101 +24.2 27.9+6.70
24 30.8 +7.39 45.0 £ 10.8 49.0+11.8 14.2+3.41
36 15.0 £ 3.60 23.5+5.64 25.1 +6.02 —
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Table 6. Mean (+ S.D.) plasma concentration-tinailes of 4-hydroxytamoxifen

after an oral administration of tamoxifen (10 mg/kg rats in the presence or

absence of morin (3 and 10 mg/kg) (n = 6, each).

Time

(hour) Control
3 mg/kg 10 mg/kg
0 0 0 0
0.25 2.39 £ 0.57 3.51+£0.84 3.92+0.94
0.5 558+1.34 7.60 £1.82 8.51+2.04
1 9.81+£2.35 11.7+2.81 13.1+3.15
2 11.6 +2.78 13.3+3.19 145+ 3.48
3 11.2 +2.69 12.6 + 3.02 14.1 + 3.38
4 10.3+2.47 12.1+2.90 13.5+3.24
6 9.47 £ 2.27 11.3+x2.71 12.6 + 3.02
8 8.83+2.12 10.6 £ 2.54 11.9+2.86
12 7.41+1.78 9.10+2.18 10.2+2.45
24 421 +£1.01 571+1.37 6.40+1.54
36 2.43 £0.58 3.49+0.84 4.00 £ 0.96
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Figure 10. Mean plasma concentration-time profiles tamoxifen after an
intravenous administration of tamoxifen (2 mg/kghd an oral administration of
tamoxifen (10 mg/kg) to rats in the presence oeabs of morin (3 and 10 mg/kg)
(n = 6, each).

Bars represent the standard deviatidn) (ntravenous administration of tamoxifen
(2 mg/kg); @) Oral administration of tamoxifen (10 mg/kg);§ the presence of 3

mg/kg of morin; ) the presence of 10 mg/kg of morin.
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Figure 11. Mean plasma concentration-time profie4-hydroxytamoxifen after an
oral administration of tamoxifen (10 mg/kg) to ratsthe presence or absence of
morin (3 and 10 mg/kQ).

Bars represent the standard deviation (n = 6)®) Oral administration of
tamoxifen (10 mg/kg);©) the presence of 3 mg/kg of morir¥ | the presence of
10 mg/kg of morin.
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Table 7. Mean (+ S.D.) pharmacokinetic parametdrstamoxifen after an
intravenous administration of tamoxifen (2 mg/kahd an oral administration of
tamoxifen (10 mg/kg) to rats in the presence oeabs of morin (3 or 10 mg/kg) (n

= 6, each).

Morin vt "
i.v. tamoxifen
Parameter Control (2 mg/kg)
3 mg/kg 10 mg/kg
AUC,-,
(ngh-ml'l) 2137 = 513 3334+ 802* 3610 £ 867** 1783 = 428
(nc;;?rﬁl) 126 = 30.2 208+ 49.9* 228 + 54.7**
Tmax (D) 1 1 1
CL/F o o
(ml'min-l‘kg-l) 78.0 £ 18.7 50.0+ 121 46.2 £ 11.1 18.7 = 4.49
ty2(h) 11.6 £ 2.78 11.8+ 2.83 11.7+ 2.81 8.80+ 2.11
AB (%) 239+ 574 37.4+ 8.98* 405 + 9.72* 100
RB (%) 100 156 168

*p < 0.05,**p < 0.01 compared to control.

AUC,-,: area under the plasma concentration-time cuom 0 h to infinity;
Cmax peak plasma concentration;

Tmax time to reach peak concentration;

CL/F: total clearance;

t12: terminal half-life;

AB: absolute bioavailability;

RB: relative bioavailability.
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Table 8. Mean (+ S.D.) pharmacokinetic parametéré-loydroxytamoxifen after
an oral administration of tamoxifen (10 mg/kg) &srin the presence or absence of

morin (3 or 10 mg/kg) (n = 6, each).

Morin
Parameter Control
3 mg/kg 10 mg/kg

AUCo, 271 + 65.0 361+ 86.7 409+ 98.1*
(ngh-ml™)

Crnax 11.6 £ 2.78 13.3+ 3.19 145+ 3.48
(ng/ml)

Tmax(h) 2 2 2

CL/'1: 1 616 £ 148 461+ 111 408+ 97.8*

(ml-min kg ")

t1/2(h) 15.0 = 3.60 175+ 4.20 17.8Lt 4.27
MR (%) 12.2 + 0.290 104+ 2.51 11.0+ 2.83
RB (%) 100 128 149

* p < 0.05 compared to control.

AUC,-,: area under the plasma concentration-time cuom f h to infinity;
Cmax peak plasma concentration;

Tmax time to reach peak concentration;

CL/F: total clearance;

t12: terminal half-life;

MR: Ratio of the area of metabolite versus parentmound;

RB: relative bioavailability.
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3. Reaults

3.1. Chromatographic separation

Figure 5 illustrates the chromatograms of blankptasma (A) and the plasma
spiked with tamoxifen, 4-hydroxytamoxifen and theernal standard, butylparaben
(B). The tamoxifen, 4-hydroxytamoxifen and butykiaen were eluted with
retention times at 26.1, 7.3 and 14.5 min, respelgti Figure 6 and 7 showed the
calibration curve of tamoxifen and 4-hydroxytamexifconstructed by plotting the
ratio of the peak area of tamoxifen and 4-hydroxyigifen and that of
butylparaben as a function of the plasma tamoxidea 4-hydroxytamoxifen
concentrations. There is an excellent linearityrdfiese concentration ranges. The
typical equation describing the calibration curmerat plasma for tamoxifen was
y=001%-0.0384, wherg is the peak area ratio of tamoxifen against bargdpen
and x is the concentration of tamoxifen, with a meanreation coefficient of
0.999; for 4-hydroxytamoxifen wag=0.022%+0.0055, wherey is the peak area
ratio of 4-hydroxytamoxifen against butylparabenl aris the concentration of 4-
hydroxytamoxifen, with a mean correlation coeffiti®ef 0.999. The lower limit of
detection for tamoxifen and 4-hydroxytamoxifen iat plasma defined at a
minimum signal-to-noise of three was 5 ng/ml ansl ®g/ml. The lower limit of
quantification for tamoxifen and 4-hydroxytamoxifenrat’s plasma was 5 ng/mi
and 0.5 ng/ml with an acceptable precision andracguRSD: 11.5%, Deviation:
-4%, n = 5).

3.2. Effect of morin on the phar macokinetics of tamoxifen

Mean arterial plasma concentration-time profiles tamoxifen following an

intravenous administration of tamoxifen (2 mg/kahd an oral administration of
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tamoxifen (10 mg/kg) to rats in the presence oenbs of morin were shown in
Figure 10 and Table 3, corresponding pharacokingi@ameters were shown in
Table 5. The presence of morin significantly alderthe pharmacokinetic
parameters of tamoxifen. Compared to the controugr(given oral tamoxifen
alone), the presence of tamoxifen significantlyuest the total plasma clearance
(CL/F) of tamoxifen (p < 0.01, 35.9-40.8%), andnsigantly (p < 0.05 at 3 mg/kg
of morin, p < 0.01 at 10 mg/kg of morin) increasaca under the plasma
concentration-time curve (AUC.) and the peak plasma concentration,£L of
tamoxifen 56.0-68.9% and 65.1-80.9%, respectivEhe absolute bioavailability
(AB) of tamoxifen was 23.9% in oral control groupshich was elevated
significantly (p < 0.05) by 37.4-40.5%. Relativeavailability (RB) of tamoxifen
in the presence of morin was 1.56- to 1.68-foldatge There are not any
significant difference of the time to reach peakspha concentration () and the

terminal half-life (i,2) of tamoxifen in the presence of morin.

3.3. Effect of morin on the pharmacokinetics of 4-hydroxytamoxifen

Mean arterial plasma concentration-time profilegldfydroxytamoxifen after an
oral administration of tamoxifen (10 mg/kg) to ratsthe presence or absence of
morin (3 and 10 mg/kg) were shown in Figure 11 drable 4, correlated
pharacokinetic parameters were shown in Table &gaoed to the control group,
the presence of morin at a dose of 10 mg/kg swamtly (p < 0.05) reduced the
CL/F (33.8%) and increased the AplC(50.9%) of 4-hydroxytamoxifen. Although
the metabolite-parent ratio (MR) of 4-hydroxytanferi decreased in the presence
of morin, it was not significant. These results geg} the production of 4-
hydroxytamoxifen is not affected by addition of nmmofThe Gax tizand Tnax Of 4-

hydroxytamoxifen did not changed significantly bgnin.
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4. Discussion

Tamoxifen and its primary metabolites undeegtensive oxidation, principally
by CYP3A and CYP2D6 (Desta et al.,, 2004). Tamoxienl its metabolites, N-
desmethyltamoxifen and 4-hydroxytamoxifen, are sabes for the efflux of P-gp
and MRP2 as well (Rao et al.,, 1994; Gant et al951%ugimoto et al., 2003;
Kauffmann et al., 1998). CYP3A and P-gp inhibitorgiht interact with tamoxifen
and its metabolites and contribute to substantiataion of their pharmacokinetic
fate. Morin was supposed to inhibit P-gp mediatétlne of daunomycin, which
was comparable with the potent P-gp inhibitor (Zhand Morris, 2003a; Buening
et al., 1981), and impeded, at least partly, CYPB&diated G-hydroxylation of
paclitaxel in human liver microsomes (Vaclavikovak, 2003). It is possible that
concomitant administration of morin might affece tpharmacokinetics of orally
administered tamoxifen.

As shown in Table 7, the prsence of morin signifttareduced the CL/F and
increased the AUEL.,, and G,ax of tamoxifen. Since orally administered tamoxifen
Is substrate for CYP3A-catalyzed metabolism andpfPrgdiated efflux in the
intestine and liver, pretreatment of morin might éfective to obstruct this
pathway. These results are coincident with the ntepboChoi and Han (2005) in
that the presence of morin significantly increasedAUG ., and G,ax of diltiazem,
the P-gp and CYP 3A4 substrate, in rats, and thert@f Choi et al. (2006) in that
pretreatment of morin significantly increased thd@ ., of paclitaxel in rats. Shin
et al. (2006) also reported that coadministratibthe morin analogue quercetin at
doses of 2.5 and 7.5 mg/kg to rats significanttréased the AUL, and Gax Of
tamoxifen significantly. The presence of morin aligh significantly reduced the
CL/F and increased the AYC of 4-hydroxytamoxifen, the MR of 4-
hydroxytamoxifen was not altered significantly (Te), which suggests morin

can not affect the production of 4-hydroxytamoxjfamich was mainly formed by
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CYP2D6 (Mani et al., 1993; Crewe et al.,, 1997). Tinealtered MR of 4-
hydroxytamoxifen suggests morin, like kaempferahn cnot affect CYP2D6-
mediated metabolism. The presence of morin coutvatéd the AUg., of
tamoxifen and 4-hydroxytamoxifen more than its agak, kaempferol, at the same
dosage, which indicates that morin might be moréemothan kaempferol in
promoting anticancer activity of tamoxifen and #mergence of its toxicity as well.
The presence of the morin enhanced the oral bilzdoiity of tamoxifen. The
dose of tamoxifen should be taken into considematiothe presence of morin and

the dietary complements full of morin in patierdsaioid the toxicity of tamoxifen.
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CONCLUSION

The presence of kaempferol and morin affect thermpheokinetic parameters of

tamoxifen and 4-hydroxytamoxifen as follows:

(1)
(2)

3)

(4)

(5)

(6)

(7)

The total clearance (CL/F) of tamoxifen reduceadhsicantly (p < 0.05);
The area under the plasma concentration-time c(A&#Co_.) increased
significantly (p < 0.05);

The peak plasma concentration,(g of tamoxifen increased significantly
(p < 0.05);

The absolute bioavailability (AB) of tamoxifen irhe presence of
flavonoids elevated significantly more than thetoolngroup.

The relative bioavailability (RB) of tamoxifen ireased approximately 1.5-
fold.

The two flavonoids reduced CL/F and increased tH8CA, of 4-
hydroxytamoxifen, but not significantly except fororin at a dose of 10
mg/kg (p < 0.05).

The metabolite-parent ratios (MR) of 4-hydroxytaniex did not shown

any significant difference.

The presence of the flavonoids, kaempferol and moenhanced the oral

bioavailability of tamoxifen. Mean while, the syste exposure of the potential

metabolite, 4-hydroxytamoxifen, was elevated. Sikaempferol and morin have

many health-improving benefits and have no consistile effects, they might be

provide the therapeutic benefits to improve thel dymavailability and the

anticancer potency of tamoxifen in humans, whicedn& be confirmed in the

clinical setting. Meanwhile, the dosage regimetaofoxifen in anticancer therapy

may take into account of the potential toxic remttwhen tamoxifen is used

concomitantly with kaempferol and morin or the digtsupplements containing

these flavonoids.
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