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Effects of Resveratrol on the Pharmacokinetics of Nifedipine in Rats

Byung-Chul Choi and Jun Shik Choi**
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Abstract — The aim of this study was to investigate the effect of resveratrol on the pharmacokinetics of nifedipine in rats.
The pharmacokinetic parameters of nifedipine were measured after the oral administration of nifenipine (6 mg/kg) in the
presence or absence of resveratrol (0.5, 2.5 and 10 mg/kg, respectively). The effect of resveratrol on the P-glycoprotein (P-
gp), CYP 3A4 activity was also evaluated. Resveratrol inhibited CYP3A4 enzyme activity in a concentration-dependent man-
ner with 50% inhibition concentration (ICsy) of 0.94 uM. In addition, resveratrol significantly enhanced the cellular accu-
mulation of rhodamine 123 in MCF-7/ADR cells overexpressing P-gp. Compared to the control groups, the presence of
2.5 mg/kg and 10 mg/kg of resveratrol significantly (»<0.05, p<0.01) increased the area under the plasma concentration-
time curve (AUC) of nifedipine by 49~75%, and the peak concentration (C,,,) of nifedipine by 48~66%. The absolute bio-
availability (AB%) of nifedipine was significantly (p<0.05) increased by 22.9-34.8% compared to the control (19.8%). The
terminal half-life (T,) of nifedipine was significantly (p<0.05) increased compared to the control. While there was no sig-
nificant change in the time to reach the peak plasma concentration (T,,,,) of nifedipine in the presence of resveratrol. It
might be suggested that resveratrol altered disposition of nifedipine by inhibition of both the CYP3A and P-glycoprotein
efflux pump in the small intestine of rats. In conclusion, the presence of resveratrol significantly enhanced the oral bio-
availability of nifedipine, suggesting that concurrent use of resveratrol or resveratrol-containing dietary supplenment with
nifedipine should require close monitoring for potential drug interation.
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Nifedipine, resveratrol?} UW5F-3FE4<Q] nisoldipine<>
Sigma-AldrichAKSt. Louis, MO, 7]=9)2] 21, WES tert-
butylmethylether?} 442 Merck*H(Darmstadt, =<!)2] HPLC
TEe, A 2 SRR EELS JunsherH(Tokyo, U)0] #&
ARESISATE

71712+ ShimadzwA}e] HPLC CBM 10A seriesS, 22715
Z32 (dry thermo bathy= Rikakikai Co., LTD(Tokyo, Japan),
W HE7] = Scientific Industries, INC.(Bohemia, N.Y.,, USA), <
A1%-2]7]%= Hitachi Co., Ltd.(Tokyo, Japan)Z-2 AM&-313itt.
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SEF0]

th % (control)S nifedipine 6 mgkgs 775 sttt
Resveratrol -85 (coadministration)|X= resveratrol 0.5,
2.5 9 10 mg/kgS 217} nifedipine 6 mg/kg? SFroll &3)4]
7 A7-Folerleh. AWFARFo (L) nifedipine 1.5 mg/kg
S S=gEgwog 15 Foisigit),

PAAFH = ATFolrelA ool 025, 05, 1, 2, 3, 4,
8, 12 W 24A|7hollA], 1e] 3 G Fof oo 3 (, 0.1,
025,05, 1, 2, 3, 4, 8, 12 2 2417kollA] 242} &l 0.4 ml )
#3514 130,000 rpmellA] 573F GAhEElst & 3 02 mis &
3l A A7HA] -40°ColA] WBiE RAsiSict

8% = nifedipine £

Y%+ % nifedipine 553 Grundy 5209 WS 4310 =
A&k}, @4 0.2 mioll nisoldipine(0.005 mg/mf) 0.02 m/, 1 M
NaOH €9 0.2 m/¢} tert-butylmethylether : #4H(75 : 25, v/v)
1.2 miE 718kl vortex® 2% FESITE ©1AS 1087 UA
3k % 130,000 rpmellA] 1023 G E 3 o2 f7180S
LOm/E TR Alg#Ee® $71 $ AAvkA 7)5 Sl 30°Cel]
A gy BT Aol 0.01N FAF 0.2 mis Wil wRE7]olA
257 gaiA)Z] 3 0.05 miS HPLCel F=¢)3k5ith.

A2 Symmetry®Cig(4.6x150 mm, particle size 5 um,
Waters)er, ©157d-> HIEhe : MRS : oA EAL : Egjofelojy]
S 600:400:4: 0.8/ BIEE 41 25912 7|25 AAS
F AN oH, 4458 15 m/min® 2 350 nmoild ST
g F Yo 2 YWR-EFEAL ARvfE 13 e &
Y=L, 8] TErE TS S TS TA) W9t

He=92 nifedipinee] &&ol4 10, 20, 50, 100, 200, 500
4l 1,000 ng/miell 38k = 2 Aldael 0.05 mA Yol 4

AN AFS D 02 mis 71ste] W)= 2% wyke
o) Spal A W o7 Aaksle] S ZAds)
o} o]Z@ A ZAd3E AL y=0.0052x+0.005(r=0.9993)°.

CYP inhibition assay

Q1A12] CYP3A4 &4 B4 9] inhibition assay:= o] ®ig
WHQ13NCYP inhibition assay kitS A3 multiwell plateclA]
A&k, 7hds] sk 917ke] CYP &4 baculovirus
of ZdE FFMEE T3l AUt CYP 7142 potassium
phosphate buffer®ll<] 1 pmol®] CYP3A4 &4} NADPH A4t
A A (1.3 uM NADP, 3.54mM glucose 6-phosphate, 04 U/ml
glucose 6-phosphate dehydrogenase$} 3.3 mM MgCl,)2] Wk
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EE ke A vk s A wieFeIit RS
stop solutions 713t & 455 & AW} thakA|e] =
+ 9379} (excitation wavelength) 409 nm 3333} (emission
wavelength) 530 nm= 37d3}0] 44| (spectrofluorometer)
2 F73F5lt). Positive control(1 pM ketoconazole)> -2
plateclA] Al&ES1a1 99% AelE HERITE Be A3 Y
s FelelSlal Ak As HAEAR FHTh

Rhodamine-123 retention assay
MCE-7/ADR cell& 10°¢] seeding == 24-well platesell
seed$tt}. 80%2] &30l A FBS-free DMEMS 1843t &
¢F Hjeksit), Wix]E Hanks' balanced salt solution® & HF1L
cell& 37504 303t njekstct, Cellell 20 uM2] rhodamine-
1235 H7kste] 90 &<F wiokst 5 viAE €3] AlAgt
cell ice-cold phosphate buffer(pH 7.0)°.Z 3 :=t}. cell
lysis 5 lysate’®l cell RF] rhodamine-1232 1713} (excitation
wavelength 480 nm 3 3%3}7(emission wavelength) 540 nm .
2 =43t} d42kS 742 sample?] T sleko g At
3H(normalized)3}. control Zkoll T3t N]&= HAIBHTL,

Nifedipine 2FE2SEfEIY £4]

2l H]eJEA¢] Lagrange 'S 083 LAGRAN computer
program*¥S- A8} nifedipine®] SFEEE|erA vlEn|ElE
sFeith Fatt)7hx] o] €45 s =245 # (area under the
plasma concentration-time curve; AUC): AFCtE|Z-3-2]e] ]3|
B7e] el wet ARFeith. HudETE5(C et HF1dF

EE EPARKT > AsE 2F A1) Al Sl
Fom, HHE(Ty0 0.693/K,% T3

8] a AR} 4-E(AB.)S AMFEITe] AUC thst
SOl AUCS] hits= F3om, JugAo] 8- ER.B.)
Ze] AUCe] ot W-8-Fola AUCS] ¥ii-g= 73t =
WE=oI3t nifedipine?} 735013t nifedipineS W] w3t A2 A
Aol-&& ArPHL o5 2t

o, 5‘,: OE

oz

AUCoral IV dose

AUCy " Pral dose 100

Absolute bioavailability (A,B%)=

Aol nifedipine JTI%] Aol §E] AL E Tk}
2o,

Uccombmed
AUCcontral *100

Relative bioavailability (R,B%)=

SAH X2

7} 9o oFREsA stetlE el fold 43S ANOVA
£ Agsto] tizr@t vl p<0.05Y ol old e Aow

HE R

23 % Dy
Inhibitory effect of apigenin on CYP3A4
CYP3A4 &5f th3l resveratrol®] A& & ¥+= Fig. 1A
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CYP3A4¢e] thgt resveratrol®] 50% A3l &=k (C,,) 0.94 uM
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Rhodamine-123 retention assay

Fig. 2014 X %)% MCF-7/ADR celll] p-gp7} overexpressing
= PgpZ} ¥53F MCF-7 celloll B3l Rhodamine-1232] %3]
o] 7k43kS < 9t} Resveratrols H-EAME I 5 o&
Z WY © 2 Rhodamine-1239] cellular uptake’} 7}3F3 1L
100 pMelA EAIEA 02 724 (9<0.01)= BT ol At
+ resveratrol®] P-gp®] 55 FAAIA A SASIT

3

gw

ResveratrolO| nifedipine?| 2t=38} H4=0]| 0|X|= A
Nifedipine Tz 2} ¥-8-F01re] Hddgs® Fol= Fig
33 Zorow, ok E s seb|E= 212t Table I} 28kt
o5 =84 (AUCYS thzaollA] 3058+714 ng/mi -
hr, resveratrol ' £5 (2.5 W 10 mgkg)olA 27 4547+
1109 ng/m/ - hr % 5365+1312ng/ml - hrZ 2] (p<0.05,
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Fig. 1 - Inhibitory effect of resveratrol on CYP3A4 activity. All
experiments were performed in duplicate, and results are
expressed as the percent of inhibition (ICs,; 0.94 uM).
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Fig. 2 — Rhodamine-123 retention. After incubation of MCF-7/ADR
cells with 20 uM R-123 for 90 min. Data represents
means*+SEM of 4 separate samples (significant versus the
control MCF-7 cells, **<0.01). Verapamil (100 uM) was
used as a positive control.

2<0.0D3MA S7FIITH HuBF 55 (C e tiEmrolr 248+
60.1 ng/ml, resveratrol H-8-FI7(2.5 ¥ 10 mgkg)ollA 2+t
367+77.6 ng/ml 2 412+84.3 ng/ml= 5214 (<0.05, p<0.01)
QA 7RI, ty = el nlsl HEE-FolelA 21
QI *17%] AT}, Nifedipine®] AthA0]-8-E(AB%)»> it
oA 19.8+4.2%, resveratrol H-E537-(2.5 2 10 mg/kg)olA
237} 295+6.3% H 34.8+7.0%% 273 (p<0.05, p<0.01)3IA
=7}k e}, Nifedipine?] At A0]- 45 RB%) thxatl B]
3l resveratrol &5l E 1.15~1.7581= #A3] S718)
Sitt.

ol#3t Avh= P A} CYP3A40] Aol U] A 2|

10000 4

Plasma concentration of nifedipine (ng/mL)

0 2 4 6 8 10 12 4 16 B8 20 2 24
Time(h)
Fig. 3 — Mean plasma concentration of nifedipine after oral admin-

istration of nifedipine (6 mg/kg) coadministered with
resveratrol and after intravenous administration of nifedipine

(1.5 mg/kg) in rats. (@) Control (nifedipine, 6 mg/kg); (O)
Coadministered with resveratrol, 0.5 mg/kg; ('¥) Coadmin-
istered with resveratrol, 2.5 mg/kg; (A ), Coadministered
with resveratrol, 10 mg/kg; () L.V. (nifedipine 1.5 mg/kg).

o] EAsta glor e o ok FHE As S
A tXH(first-pass effectys Pt 58-S St Huw A
2013 resveratrole CYP3A49} P-dabala o 4| okE 2 4]
nifedipine?} W85 S7He AA 0] 52 resveratrolo] 3
Fe] g AlzelA] Pl fEAE-5 9Alsk, CYP3A
Z Qs drtE TAAIZ A0E AlsET

HAY Ay BRL vz 9 A AR ERoiA] SF el
nifedipine®] 0] 45 T/ AR Hargl X|SISIch
w3 Hong™ 59 727K resveratrol?} Ejolale 8%

Table I -Mean (£S.D.) Pharmacokinetic parameters of nifedipine after oral administration of nifedipine (6 mg/kg) coadministered with

resveratrol in rats (Mean+SD, n=6)

Nifedipine Resveratrol coadministration 1A%
Parameters

control 0.5 mg/kg 2.5 mg/kg 10 mg/kg 1.5 mg/kg
AUC (ng/m! - h) 3058+714 3529772 4547+1109* 5365+1312%* 3856902
Crux (ng/ml) 248+58.8 303+62.1 367+77.6% 412+84 3%*
T ) 0.8+0.3 0.8+0.3 0.46+0.10 0.46%+0.10
typ () 11.6+2.8 12.5+3.0 14.0+3.3* 14.7+3.6* 8.7+2.3
AB (%) 19.8+4.2 22.9+4.5 29.5+6.3* 34.8+7.0%* 100
RB (%) 100 115 148 175

*$<0.05 compared to control.

AUC: area under the plasma concentration-time curve from 0 h to infinity.
Crax: Peak plasma concentration; T,.: time to reach peak concentration; t,: terminal half-life; RB (%): relative bioavailability,

compared AUC, ineq to AUC

Vol. 54, No. 4, 2010

contro AB (%): absolute bioavailability.
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oA HEJopgle] BAlol8ES T7MZITRE Halske dA|sI8l
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FFoA] Y7tEoEe] AUCS Cmaxs 57T Haleks
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resveratrol®] 27 W 7PgollA4 cytochrome P450(CYP) 3A4E
At gelA] Pt de] §E2-8-(P-gp efflux trans-
porter)ys AlIste] UERt 210 AlmHTh S RellA] o
A A} AAIEA EIFETHHE, nifedipineS resveratrol 2}
W-8-5F0lA] nifedipine®] *FEFEsH] AE 8-S aEste] I
dolM] §E ZEsh= Zlo] nigsitiar Al dh

a4 £

Nifedipine 6 mg/kgs 73 751 $F thx7 7} resveratrol(0.5,
2.5 2 10 mg/kgyS nifedipine®} *H-&-Fof 8ol nifedipine®)
Aol g5 9 k=5 Fetv|H e WS resveratrol©]
CYP3A4 &9 E4A U Pgpol BAAAax= &S 4
= o 2k

1. Resveratrol> CYP3A4 /42 &S A3&)|stal CYP3A4
o o8t resveratrol®] 50% A3l F=FhAC5)> 0.94 uMo| ALt

2. Resveratrols W§-8AM-2| 55 ©]E2] 22 Rhodamine-
1239] cellular uptake”} <7}*17] A¥}= resveratrol©] P-gp2]
S o Al Al skl

3. Nifedipine®d 855 =418t 2(AUC) % HudFs=
(C i HHZl B3] resveratrol 8501725 2 10 mg/kg)
M 27 (p<0.05, p<0.01)30A T7F3I3At.

4. WRP(th= thzsrol] B3l resveratrol H-8-FoollA]
23 A A= ST

5. Nifedipine®] “Ath#] gA0]8-E(AB%)y> tholA Bla)
resveratrol ¥ -25o172.5 2 10 mgkg) ol A 7214 (9 <0.05,
p<0.0D3IA F7FsI3iH

6. Nifedipine®] 3t 2 gA°]-8ERB%)> thzr ol Bl
resveratrol H-EFo o= 1.15~1.75812 FA3] S 18ISt

Nifedipine®] Ao ¢ &&F7 & &3571= resveratrol©]
27 9 ZHgelA cytochrome P450(CYP) 3A45 ©jA|EkaL 4
ol P o] 5528 (P-gp efflux transporter)s 4]
sto] Rt A0 % Alm Tt

B o35te]] 2J3Pd resveratrolo] nifedipine®] AAO]EES &

7N 7o) 1o oA nifedipines resveratrol 5=
+ resveratrol2 E-ote AET W&t AR A4
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