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Effects of Apigenin, a Flavonoid, on the Bioavailability of Tamoxifen in Rats

Yang-Woo Kim and Jun-Shik Choi*
National Health Insurance Corporation, College of Pharmacy, Chosun University, Gwangju 501-759, Korea

Abstract — The aim of this study is to investigate the effect of apigenin on the pharmacokinetics of tamoxifen in rats.
Tamoxifen was administered orally (10 mg/kg) or intravenously (2 mg/kg) without or with oral administration of apigenin
(0.4, 2.0 or 8.0 mg/kg) to rats. The effect of apigenin on the P-glycoprotein (P-gp) and CYP3A4 activity was also evaluated.
Apigenin inhibited CYP3A4 enzyme activity with 50% inhibition concentration (IC5,) of 1.8 uM. In addition, apigenin sig-
nificantly enhanced the cellular accumulation of rhodamine 123 in MCF-7/ADR cells overexpressing P-gp. The plasma con-
centrations of tamoxifen were increased significantly by apigenin compared to control. The areas under the plasma
concentration-time curve (AUC) and the peak concentrations (C,,,,) of tamoxifen with apigenin were significantly higher
than those of the control group. Consequently, the relative bioavailability (RB%) of tamoxifen with apigenin was 2-3-fold
higher than the control, and absolute hioavailability (AB%) of tamoxifen were significantly higher (p<0.05 with co-admin-
istration, p<0.01 with pretreatment) than those of the control. The increased bioavailability of tamoxifen in rats with api-
genin might be associated with the inhibition of an efflux pump P-glycoprotein and CYP3A4 by apigenin. From these results,
dosage regimen of tamoxifen may be need to adjust when concomitantly administered with apigenin.
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E}=-A] 3l (tamoxifen citrate salt), ©}3) 2 (apigenin; 4',5,7-
trihydroxyflavone)¥} butyl paraben(p-hydroxybenzoic acid n-
butyl ester) Sigma Chemical*F(St. Louis, MO, =]=)ell -
Ql&kAT. A7) 219<(0.9% NaCl injectable solution)= % 2|
R A -, 32 Be ARSI o EUEH Y HivhES
MerckAH(Darmstadt. 5%)2] HPLCE 3= AHSSIATE. 71ERA|
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(1515 isocratic HPLC Pump), AF5%171(717 plus autosampler),
& B7%7)(474 scanning fluorescence detector)=S AFE-8F31,
Z228]3 Symmetry® C;gZH¥(4.6x150 mm, 5 pm, Waters Co.,
Ireland), Z5-25%%7](Phenomenex Co., CA, 7]=r), g+-e]
7](National Labnet Co., NY, 1|=%), %23} 2] 7] (Bransonic
Ultrasonic Co., Danbury, CT, 7|=) W5t ](scientific Industries
Co., Bohemia, NY, "]=)5 ARE3IIT]
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(I ml FFel 8lAZ) oA 5 mgkgs 3033 5o
T BFEAEL 10 mgkgs AFo)H 3 AT A ml SR
off 834171 ol A 5mgkgE 3Y FQF T (1Y€23])
5 EFgAIE 10 mgkgs 2 ml Srell E8iA1Z] the ARRo])
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CYP inhibition assay

QIZke] CYP3A4 &4 E442] inhibition assay:= CYP inhibition
assay kitS AHE3F multiwell plateollA] Al&&kgict. 7hd3] A
WakAP 917ke] CYP &4+ baculovirusell ¥ Z5AEE
53] A3t CYP 7] 22 potassium phosphate bufferol] A 1
pmol®] CYP3A4 &4 ¢} NADPH A4t A A1(1.3 uM NADP,
3.54 mM glucose 6-phosphate, 04 U/m/ glucose 6-phosphate
dehydrogenase?} 3.3 mM MgCl,)] W& &3-S 71t St
H7¥ebA] ok& 2t wieksIglth. RS- stop solutions 7}k
%, 457 F FAHLE dAAe] 5= o17]3 (excitation
wavelength) 409 nm, 3313 (emission wavelength) 530 nm=
AAslo] 343 (spectrofluorometer)® =451t} Positive
control(1 uM ketoconazole)> 72 plateol|A] AJ& = 33L 99%
AalE vERith e AP st FREsia A= A

& HAEZ Zdsict.

Rhodamine-123 retention assay
MCE-7/ADR cell& 10°¢] seeding 5% = 24-well plateso]]
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Inhibitory effect of apigenin on CYP3A4

CYP3A4 /e tist oAl de] A3l avk= Fig. 104 K
o] 3L Stk obu] A CYP3A4 E40 &S5 Asfatal
CYP3A4el] ti&t o] Ad €] 50% A3l 5 E7k(AC5) 1.8 uM
o]3ict.

Rhodamine-123 retention assay

Fig. 204 XRoJF% MCE7/ADR celldll p-gp”7} overex-
pressing =™ P-gp7} 53t MCF-7 cellol] 1|3l Rhodamine-
1239] ZAo] 743 oF 2= 9t} ol IS W3t u)
2]s=4 © 2 Rhodamine-1232] cellular uptake”’} <718} a1,

100 1

% inhibition of CYP3A4

100 10 1 01 0.01
Log concentration (LV)

Fig. 1 —Inhibitory effect of apigenin on CYP3A4 activity. The
experiment was done in duplicate, and the result are
expressed as the percent of inhibition.
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Fig. 2 — Rhodamine-123 retention. MCF-7/ADR cells were pre-
incubated with apigenin for 30 min after incubation of
MCF-7/ADR cells with 20 uM R-123 for 90 min. Data
represents mean=SD of 6 separate samples (significant
versus the control MCF-7 cells, **P<0.01).

10~30 uM HJollA] SAsH o= {2 (p<0 01)& H3itt. o]
Ay olAldo] Pgpo] S T oFH WHoE f
YA AalghS hAlgt,

J. Pharm. Soc. Korea



olsgjAdo] EREAlE 373

1000 4

8

=
o
L

Mean plasma concentration
of tamoxifen (ng/mL)

Time(h)

Fig. 3 — Mean plasma concentration—time profiles of tamoxifen after
oral (10 mg/kg) administration of tamoxifen to rats in the
presence or absence of apigenin (0.4, 2 and 8 mg/kg) (n=
6, each). Bars represent the standard deviation; (@) Oral
administration of tamoxifen (control, 10 mg/kg); (O) with
0.4 apigenin mg/kg; ('¥) with 2 mg/kg apigenin; (A ) with
8 mg/kg of apigenin.
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Table 1 - Mean pharmacokinetic parameters of tamoxifen after an oral (10 mg/kg) and iv (2 mg/kg)administration of tamoxifen with apigenin

to rats (Mean+S.D., n=6)

Tamoxifen+Apigenin
Parameters Control v
0.4 mg/kg 2.0 mg/kg 8.0 mg/kg
AUC (ng/m/ - h) 2061+350 2398+408 3061+520* 3781£643** 1860316
Crax (ng/ml) 12620 148+24 194+31* 238 +38%*
Toax 1.00+0.10 1.00+0.10 1.00+0.13 1.00+0.13
Ty ) 11.1+2.0 11.6+2.1 11.7+2.1 11.9+2.1 9.0+1.6
AB (%) 22.2+3.6 25.8+4.1 32.9+5.3*% 40.7£6.5%*
RB (%) 100 116 148 183

* P<0.05, **; P<0.01, significant difference compared to the control group.

AUC: area under the plasma concentrationtime curve from Oh to infinity, C,,: peak concentration, T,

time to reach peak

concentration, T,,: terminal half-life, AB (%): absolute bioavailability, RB (%): relative bioavailability.
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