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ABSTRACT

Effects of apigenin on the pharmacokinetics of nimodipine in rats

Kyuhwa Seo
Advisor : Prof. Wonjae Lee, Ph.D.
College of Pharmacy,

Graduate School of Chosun University

The purpose of this study was to investigate the effect of apigenin on the
pharmacokinetics of nimodipine in rats. Pharmacokinetic parameters of nimodipine
were determined in rats after oral and i.v. administration of nimodipine with or
without apigenin and also the effect of apigenin on the cytochrome P450 (CYP)
3A4 and P-glycoprotein (P-gp) activity were evaluated. Apigenin inhibited
CYP3A4 and P-gp activity. Apigenin significantly increased the area under the
plasma concentration-time curve (AUC) and peak plasma concentration (Cpax) of
nimodipine. The absolute bioavailability (AB) of nimodipine with apigenin (10
mg/kg) was significantly (P < 0.05) higher (46%) than that of the control group. In
contrast, apigenin did not affect the intravenous pharmacokinetics of nimodipine.
Based on these results, the increased bioavailability of nimodipine might be due

to inhibition of CYP3A4 in the small intestine and/or in the liver and inhibition



of P-gp in the small intestine by apigenin. The increased bioavailability of
nimodipine with apigenin might be due to an inhibition of the P-gp-mediated efflux
transportor in the small intestine and CYP3A4 mediated metabolism in the small

intestine and/or in the liver or to a reduction of total body clearance.

Key words: Nimodipine, Apigenin, Bioavailability, Pharmacokinetics, CYP3A4,

P-gp, Rats



1. INTRODUCTION

g5 9 FAY Asdd g ARgsta dd 1] °] dEsS €d T

AZ sele] dt Zgol JIAZG I PIT ATTS s

=3
ghafo] Ao w N Fols TR ARAl ARSI YEF ES
S7HA A A= AstAH (2]

YURU®  (nimodipine)  1,4-dihydropyridine A ZHEAEAGAZ  [3]
A4 kmoln AT Fol Al A&sHA FFEY 1 23] FHadE A3
BACIGESl WA 9799% dHiEATE &v, wEA HI T
TExET [4-5] URYAE by ZaFbute]  EAs= Cytochrome  P450
(CYP) 3A4 o] 213} AF3}w o] pyridine THAFAE thALE v} [6-8]. Fuhr et al <]
Aol st AE A9 UROAS sA FoAs W yRyHAl
BAl&ES 51% FEARGL BuEHdu [9] E=3F yRoaA p-
Fek 2 (P-glycoprotein) 2] 7] Z o] 7] & slt} [10].

E8H o] = (Flavonoid) oA oFF AT (Apigenin) FEF8F F-obmtol

N
N

AL Gatsh, o)A, AT, FLU Y], FFEH oY s AES

b

O

¢

xgteto]  thekdt AEsHE A4S yekdt [11-16]. AltrE ofdAld S

CYP3A4 #%t ofye} p-Fetild §5 HZT (P-gp efflux transporter) = 4 T 4H-4-&

1
W
1
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2. MATERIALS AND METHODS

2.1. Materials

yrod (nimodipine), HEHo A (nitrendipine, internal standard) gl ol A
(apigenin)> Sigma-Aldrich A} (St. Louis, MO, USA) #|%& A3t} Ethyl
acetate i~ JUNSEI 3}8F#|% (Kyoto, Japan)<, BFslr+ t59F#% (Seoul, Republic
of Korea), 12|13l methanol <= Merck A} (Darmstadt, Germany)®] HPLC &&=
AH-E-3F ST

HPLC 7]7]+% Shimadzu A} (Kyoto, Japan)2] liquid chromatograph pump &= LC-10AD,
autoinjector 1= SIL-10A, UV-Vis detector i= SPD-10A & ARE-5}1 .21, column - Hypersil
ODS, 5 um, 150mmx4.6mm & A}FE-3}3ITh Syringe pump & Sage Instruments A}
(Boston, MA, USA)®] Model 341B & A3 2™, vortex mixer = Scientific
Industries A (Bohemia, N.Y., USA) 12|31 ¥A3#2]7]= #]= Abbot A} (X-system,
TM, USA)E A3} 11, shaker = 4™ (Seolin)A} (Seoul, Republic of Korea), Dry

thermo bath = Eyela A} (Tokyo, Japan)E A}-&3} 1t

2.2. Animal studies

At 21AA 7-8 F AFSSE AT 280 g AF 2] Sprague-Dawley Al 43 3

—

A2 172 67gH o7 atof, B Af2o] THFsHEA 24 A7F XA T
5 dE s EZlo|gd@# (PE5S0, Intramedic, Clay Adams, NJ, USA)=

adletel dels AFHsIRoH, dASuE WAy fd duel FARE



AeAdsz Bl Hgd (50 Umhe  Folskdch aEla AFe

o

goguae PYNA5E 54 79 BrE nEd 2ok

TE AT AFES AU sEasds Y $As Wk

2.3. Drug administration
) 2= (control, n = 6)= YUEUYHA 16 mgkg = =° L3AA 0.3 ml/rat
AT %ol stk AW Folt URTD 4 mgkg 2 FAE AN A5

4N A 03 mirat A9 Fo] ATt L 4 = 6 olgAd 1 Y

10 mgkg = ZH7F 47 Fo] 30 + ¢ UEGAS A5 U d9 Fof 33t
g2 0 0.1, 025, 0.5 1,2, 4,8, 12 2 24 holA 04 mlE FH3F 13,000

pm oA 5 B3 94 B F 8F 02 ml & FHa AE A7A -40T e

2.4. HPLC assay

g% 5 UEYA 42 Qian et al & W Fste] SA4sAH [22].
g4 02 ml o 1 pgml HEAT A 50 pl 9} ethyl acetate 5 ml & 7}sFal 1 AJZF
&% FE=3TE 121 1,000 rpm oA 10 & AR ¥ vs 77 B =
45 ml & UE AR AABOR FHV]|AL, 40T Aa rtar dd F
ZEAFell 65% methanol = 0.3 ml & % 3 vortex mixer & 3 7F £3|A171 5 1,000

rpm oA 10 23F &4 Felske] AdS 9 50wl & HPLC °ff F]lskitt.



HPLC Z=712 ZHsl2 Hypersil ODS (5 pm, 150 mmx4.6 mm)<-, mobile phase =
methanol : water (65 : 35, v/v) H|EZ 41 7|5 AAS & AFE35 o,

22 1.0mlmin © 2 FA5F1 F4L 238nm & A48k}

Jo

Ao HEAYHAL 7.6 min, YEHH2 9.1 min oA EFHRoH, 1
B Arrt sl o] BAMo® HA 10 ngml A SAE £ glon

A @ A7+ WE AL (Coefficient of Variation):= 11.3% X.t} Zgtt},

2.5. CYP3A4 inhibition assay
QIAe] CYP3A4 a4 &9 AA G 7= Crespi et al 2] CYP inhibition
assay kit & AF-&3F 96-multiwell plate |4 A] & 5}SITh [23].

hds] AEAbE Q7ES] CYP &4+ baculovirus © ¥ 2EA

Fl
i

Fal A3tk CYP 7122 potassium phosphate buffer ©|4 1 pmol 2] CYP3A4
a49 NADPH 4F A7 (1.3 uM NADP, 3.54 mM glucose 6-phosphate, 04 U/mL
glucose 6-phosphate dehydrogenase ¢} 3.3 mM MgCl,)%] ®hs &£3&E-& FH7bsh
A H7bshA| & AL wjFetAd vt REE-2 stop solution = FH7FsE & 45 &
5 TAHT AR sEE 97|34 (excitation wavelength) 409 nm,
3374  (emission  wavelength) 530 nm 2 AAsto] FFFLA
(spectrofluorometer) = =7 3} %1 TF. Positive control (1 uM ketoconazole) 7> well

plate oA A= 3L 99% AslE deEbUTh BE AP YA FPE

A A HAER EH@3A



2.6. Rhodamine-123 retention assay

MCF-7/ADR cell °| P-Ft®do] o} L= p-Frtuido] 53t MCF-7
cell o] H]s}o] p-Fkwlzl 33 7] <l Rhodamine-123 2] 4 o] F7}stty,

= Aol otvAlde AAAF % Rhodamine-123 9] FF HEE
3 7}35FSI T MCF-7/ADR cell = 24-well plates ©] #]F ¥ Hj 2] & Hanks' balanced
salt solution &= W}4-31 37Cef|A 30 &3+ FYSAIZI T o] % AM3zel 20 uM &
Rhodamine-123 & 3 7Fsto] 90 & &<t wikst § wix|E ¢-ds] AAsIATh
AEE 27 QS (pH 7.002.% 33 HZ 3 lysis buffer & &3 831t}

A3 W Rhodamine-123 &3> ©]7] 3} (excitation wavelength) 480 nm, %337

S

15

1o

(emission wavelength) 540 nm ©. % =43}t dF > 7 T ad

St o 2 A9f3} (normalized)stil thxa" x| thsh v =2 EA|SATH

2.7. Pharmacokinetic analysis

oFEFE8 412 non-compartmental pharmacokinetic analysis %= WinNonlin
software version 4.1 (Pharsight Corporation, Mountain View, CA, USA) computer
program & ©]-§-3} 31 T

Ttk o] dF 5% 274184 (area under the plasma concentration-time
curve, AUC)<> trapezoidal rule °l &3t @ x}& Fo°|”7] $]3] WinNonlin °] ¢]3
Adbedth A @8 E Cu)dt Hal dTes E2AT (Te) 28EE
ZF A AA FAEAAA FROH, AAEEHT KoT At
5559 regression Aol o3&, WH7] (t,)= 0.693/K, = TR 181

HE Foite dAdEd AAolEE (AB)2 AUC../AUC;, X Dose;,/Doseos X

-8-



100 & Fom, Az AAo]§E [RB)Z X AUC °f o

T AUC 9] MEERE R,

2.8. Statistical analysis
zb ok wEieh4] sebn|E el oA AE S one-way ANOVA
iz vlws] P < 005 P < 001 4 w F204 Q= xolr}

B ErAsy



3. RESULTS

3.1. Inhibition of CYP3A4
CYP3A4 Aol gt olxmjAlde] A3 a3+ Figure 2 oA HojFil Ut}
ol Al CYP3A4 @40 €448 Aslistal CYP3A4 o tfjst o9 A 2] 50%

A FEFE (ICs)E 1.8uM ©] Atk

3.2. Rhodamine-123 retention assay

Figure 3 o4 X o5 MCF-7/ADR cell ol P-F&# & o] overexpressing =™
P-getmid o] F-53k MCF-7 cell ©l M8 Rhodamine-123 ¢ FZ#o] fHadh= <
T AUtk olgAdE WEYE Fo4F¥ u s &EZCE Rhodamine-123 2

cellular uptake 7} 5783, 53] 10-30 uM WA FAIstH o2 {94 (P

L

< 00D)& E3ATh old A= ofyAde] p-demMA L S &

DR

Frl

R FoA A AdEde FAlRT

3.3. Effect of apigenin on the pharmacokinetics of oral nimodipine

AT Fod YRoAl HFHAIFEE Fol Figure 4 8 Zrow

b= FH 4 detv ¥ = Table 1 ¥ ZTh
dFsr JAsEE (AUC)E txTolA 506 + 95 ngh/ml ©] 310,

oluAld W Tl (1 2 10 mgkg)old ZHzF 592 + 114 3 738 + 141

ngh/ml °]¢lo™ olTAUS I % (10 mgkg) WL Fost oAt

-10-



=l Bl FoAAA Z=7HP < 0.05, 45.8%)E vk UEUA Hu
dZFE Co)= TETFONA 91 + 14 ng/ml o1 o™, olgdAd 1 2 10
mg/kg) HME FojTolAdE= 2z 97 + 15 ¥ 105 £ 16 ng/ml °]L o™
oAU IEE (10 mgkg W& Folst FelAnt tixztel] H]E)
T UA S7HP < 0.05, 15.4%) 5 Atk Aod] Aol &8 (AB) ol AW
(10 mg/kg) HE FAFANA 594 P < 0.05UA 46% S7F= Atk A4
A A o] &4 (RB)o] otulAld (1 ¥ 10 mgkg) HE FoldolAE 1.17-1.46 vl
S7 AT UERHA ] A=A w7 (ip)k H1EFsE gt
(Tma)> 24 0] GG

3.4. Effect of apigenin on the pharmacokinetics of intravenous nimodipine
yrgdae] HAIdFESE Folo Figure 5 ¢ #@srow okEFH A
Ttebu| B = Table 2 9} Z T}
S35 FAsAE (AUC) = tiZTolA 572 + 117 ngh/ml ©] 3} o1,

olulAlY WE T (1 ZL 10 mgkg)olA Z+ZF 601 + 124 T} 648 + 130

AL E 8ol (Total body clearance)i= 2F7F THAE o FoAd2> A

T YEgAe EsAnNtdT] (tp)7th S ew 1942 /it

-11 -



4. DISCUSSION

Urhae A8 Fmoln AT Fo Al AKSA FEEm dAalsdl
T8ty dol 23]eHaHARE Q] Aol EEe] Wi AL 9 AP uhet
apolm ATt [3]. ©] oFES 2T IboA FE CYP3A4 o A3 thAlE o]
pyridine THAFAIZ thAFRTE [6-8]. ES YRUWS P-gekde] y|Ho| 7=
&ttt [10].

CYP3A4 Ao st ofuAde A3 &= Figure 2 oA & 2o
ol AU CYP3A4 &4 NS s =4 WRHlew Adsta
CYP3A4 o tfgt ol A 50% A3l FE#k (ICs)= 1.8uM °] 3Lt}

Figure 3 ol HoJx% ofujAd S WE AHEE u % o&4 e

MU

Rhodamine-123 9] A|ZWf FH2o] F7FekAal 10-30 pM oA FA8H4 o

o

T4 P < 0.0)e HJTh o] A= ofyAdo]l p-duiAe] &4
FAAAUNA Asere AARRE 1Y in vitro ol CYP3A4 4l P-ghal A o]
G4 Aol diE SO E invivo AR APl Fasitta Als
ol Al d W& FolwelA HERUHE sk FAshdz] (AUC)H Hial
A5 (Ca)’t 2Tl B8l 7274 AA F71skl=t ©]i= Soambia et
al ¥} Choi et al ©] quercetin ©] P-ZE:A ] H|Z2ES AAstt= Hag
Endicott et al ©] P-@huidl2 Al Eupa} koA wjE2g2 v
2 o] [24-26], AT Fol® otdAld

FE SUAA UEHRAY] dFEE7F Eokxl Zom ARRHIAY. o)™

]



A= Fubr et al ©] AF 74 Ee Eds UEGHAD} HE AT FoIA

CYP3A4 ¢ tALE oAste] Ymoael Aol

OFO
mlo
o\
)
>,
S
)
rlr

Rie}
AT [9]. T3 Zhang et al ©] Ha3H YXUjd AUC #5744
ngh/ml °]a, & =F°] 3%t AUC #<& 506 ng'h/m

A A8k [27].

A Fol A YrRYHAS Hi FEE Folv Figure 5 & #gkom,
g3t  FelulElE= Table 2§ #Zo] olmAIUE Ymrd 9]
B8t mhepulgo] s mXA] Estlth
P-F M 2 3} CYP3A4 & A uA A e st A8 Y [30]. P-TF
e 0] Ve 2 AYAE Yol Ao WE FEATIE DAz A
714 ofkEEo] AelA AE Ul Mg sHAl Hw CYP3A4 ¢} HSTFES
S7Feko] CYP3A4 o <13 tiibE X8k F55 #A4stvdn HuEHu
[12-15]. P-Fdid = Q3] getokE
A FEEHY Aol EE] HadETdy RuEIT [20]. 188k YRTHo)
P-gewz 4l CYP3A4 o] 7|Holm=E [28-29], URUH HAHoM FFE
CYP3A 9} P-Ftuilzle] J&s wb= Z1o=® Atm e wie] ofgAde 2
b aAelA Pl AAlel A W HgeA YRTHEe] At

CYP3A4 9] oAl = Aste] Yrrae] F45719 23 EnasthE HaA

= AelA ofujAldS UREHFE AUC &} Cow = 274 A7 S7FsFLS

W o A% grdae) Ago 88 §94 QA ZHARA



ool At Fuetd UmoHe QA9 fAE gAbE zdets Al
A elAder dHe SRS o Unne YAolgEe @43 Sy
o QAT BS HAATI Aestin AR, ohuAe HAF
sl B3] EARE BARA Qe NgHE Yrdust g4 yroa

of ekEEESA MekE nelshs o] MEAsithn AtmHth
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S. CONCLUSION

Hroast obsAdS M8 Fol A Urtae] AAo] g5} oFEF s
sebn e 8] WEtE JdES Ade o 2ok

o A2 P-Fehul I CYP3A4 242 AAAZ N, G FdsH
AUC)Y HUHFEE (Cu) UlZRTel Bl oldAld 1 % (10 mgke)
WE AT FoATeA f4 (P < 0.05)U0A FIHATIER A0 §ES
tztel vle] B8 AT FolwelA 117-1.46 M2 F7HE Ak

AgAoz ofgAYel g Jwdne Aol agel G4

o[\

i,

7}
A2 otuAde] oJF Aol p-FEWAS] A|gt A% Bl el A

Umgae giatasadl CYP3A4 o AR st Yrude F457h

©

%235} FIPAHE FAaAH 7] e Ao R o SHh

i
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(A)

(B)

HO.

(D)

Figure 1.

The structures of nimodipine (A), apigenin (B), nitrendipine (C) and ketoconazole (D).
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% 60 o 60+
5 s
E= g
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.-E 40 i 40
° £
B
X
20 - 20 1
[
0-r T T T 1 0y T T T 1
10 1 0.1 0.01 0.001 100 10 1 0.1 0.01
Concentration of ketoconazole (uM) Log concentration (uM)
Figure 2.

Inhibitory effects of ketoconazole (A) and apigenin (B) on CYP3A4 activity. The

experiment was done in duplicate, and the result is expressed as the percent of inhibition.
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Figure 3.
Rhodamine-123 retention. MCF-7/ADR cells were preincubated with apigenin for 30 min

after incubation of MCF-7/ADR cells with 20 uM Rho-123 for 90 min. Data represents

mean = SD of 6 separate samples (significant versus the control MCF-7 cells, **P < 0.01).
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3

lasma concentration of
dipine (ng/ml)

nimodipi

10 1

Mean p

Time(h)

Figure 4.

Mean plasma concentration-time profiles of nimodipine after oral (16 mg/kg)
administration to rats without or with apigenin (1 or 10 mg/kg) (n = 6, each). Bars
represent the standard deviation; (e) Oral administration of nimodipine (control, 16

mg/kg); (o) with 1 mg/kg apigenin, (V) 10 mg/kg of apigenin.
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10000 -
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Figure 5.

Mean plasma concentration-time profiles of nimodipine after intravenous (4 mg/kg)
administration to rats without or with apigenin (1 or 10 mg/kg) (n = 6, each). Bars
represent the standard deviation; (@) Intravenous administration of nimodipine (control, 4

mg/kg); (o) with 1 mg/kg apigenin, (V) 10 mg/kg of apigenin.

-20-



Table 1.
Pharmacokinetic parameters of nimodipine after oral (16 mg/kg) administration of

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

Nimodipine+Apigenin

Parameters Control

1 mg/kg 10 mg/kg
AUC (ng-h/ml) 506 £ 95 592+ 114 738 + 141
Cnax (ng/ml) 91 + 14 97 + 15 105 + 16°
Tomax (h) 0.25 0.25 0.25
t12 (h) 7.1+£1.2 7.7+1.2 83+1.3
AB (%) 22.1£4.0 25.8£5.0 32.3+6.0°
RB 100 117 146

"P < 0.05, Significant difference compared to the control.
AUC: Area under the plasma concentration-time curve from time zero to time infinity,
Cuax, Peak concentration, T,.x: The time to reach peak plasma concentration, t;,: Terminal

half-life, AB: Absolute bioavailability, RB: Relative bioavailability.
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Table 2.

Pharmacokinetic parameters of nimodipine after intravenous (4 mg/kg) administration of

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

Nimodipine+Apigenin
Parameter Control
1 mg/kg 10 mg/kg
AUC (ng-h/mL) 572 £ 117 601 £ 124 648 £ 130
CL,(mL/h/kg) 87+ 17 83+ 16 78 +£17
ty2 (h) 6.8+1.3 6.7+14 7.1+1.5
RB 100 105 113

AUC: Area under the plasma concentration-time curve from time zero to time infinity,

CL: Total body clearance, t;,: Terminal half-life, RB: Relative bioavailability.
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