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ABSTRACT

The effect of naringenin on the pharmacokinetics of diltiazem

and its metabolite, desacetyldiltiazem in rabbits

Kim, Jong Youn
Advisor : Prof. Choi, Jun Shik, Ph.D.
Department of Pharmacy,

Graduate School of Chosun University

The purpose of this study was to investigate the effect of naringenin,
one of flavonoids, on the pharmacokinetics and bioavailability of
diltiazem (15 mg/kg) after oral administration of diltiazem with or
without naringenin (2.0, 10, 20 mg/kg) in rabbits. Coadministration of
naringenin increased the absorption rate constant (Ka), the area under
the plasma concentration-time curve (AUC) and peak concentration
(Cmax) of diltiazem compared to the control group, but only significantly
(p<0.05) by 10 mg/kg of naringenin coadministration. The absolute
bioavailability (AB%) of diltiazem by co-administration ranges from
7.8% to 10.3%, increased more than control (7.2%), and relative
bioavailability (RB%) of diltiazem is increased from 1.08- to 1.43-fold.
Coadministration caused on significant changes in the terminal
half-lives (ti2) and the time to reach the peak concentration (Tmax) of
diltiazem. On the other hand, coadministration of naringenin increased
the AUC desacetyldiltiazem, significantly at the dose of 10mg/kg. But

the metabolite versus ratio (MR) was decreased, significantly at 10



mg/kg of naringenin.

Based on these results, we can make a conclusion that the increased
bioavailability and the significant changes of these pharmacokinetic
parameters might be due to naringenin, which possess the potency to
inhibit the metabolizing enzyme (CYP 3A4) in the liver and intestinal
mucosa, and also inhibit the P-glycoprotein efflux pump in the

intestinal mucosa.

[OKeywords : Diltiazem, Desacetyldiltiazem, Naringenin, Bioavailability,

Pharmacokinetics, CYP 3A4, P-glycoprotein.
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e oAl 7 Deacediltiazem g+ k& (Seoul, Korea)oll Al F§stlaz, v

AAJde  Sigma Chemical(St. Louis, MO)A}, A2]434(0.9% NaCl

injectable solution)™= &A% (seoul, korea)Ale] AES AFE3IHF o,

imipramine< Sigma(St. Louis, MO, USAAMIES A3 A2k

tert-butylmethylether®t ammonium bromide= Aldrich(Milwaukee, WC,

U.S.A)AF A%&E, triethylamine< Junsei(Kyoto, Japan)Ate] Al%S, 18]l
s

v ete 7} oA EYUEZ LS Merck(Darmstadt, Germany)AFe] HPLC S3< A}

HPLC 7]7]+= Shimadzu(Kyoto, Japan)A}2] liquid chromatograph pump
(LC-10AD), autoinjector(SIL-10A), UV-Vis detector(SPD-10A) T1g]il
Communications Bus Module(CBM-10A), Ciz ZAHS AFE3}% 3L, syringe
pumpi Sage Instruments (Boston, MA, USA)AFS] Model 341BE A}-8-3}S)
). Vortex mixeri Scientific Industries (Bohemia, N.Y., USA)A} 18]l
e 7= "5 Abbot(X-system, TM, USA)ALS] 717185 AR&-31Qltt.

WAk fsl dllel FARE A AR =9 §9(T5



ZtEs dzd, HeFow % AR o2 Uik o
A 15 mg/kgs STl &AA FHEHEE Sl BTFolE3
< dEoHl 15 mg/kg? WHAY 2.0, 10, 20 mg/kgEs W& ATFA AL
o, Aol dEoMlE 5 mg/kegs FAMOoR Fosgitt. delX 0, 0.1,
0.25, 0.5, 1, 2, 3, 4, 8, 12 ¥ 24 AztellA 1.2 mE AFH3ste] 13,000
rpmol| A 583 YA EE st 4 0.5 mE FHE| -40Co Y& RS

)
ol
o

D. dEoh4l 24

g7 dEoldl BAL Goebel® F9o WS FAIY =AYt A
0.5 méell 2xg/mé imipramine 50 b} tert=butylmethylether 5 m{E 7}skaL
vortex mixero|A 105 F=3}3th. o] A4S 3,000 rpmell A 108 YA4Al&9 3+

ftlo

s §718mE 45 mE UE AFRoZ 273 0.01 N-92F 0.3 mE 9@
1l vortex mixero A 287 &aA)71 = 3,000 rpmel A 108 A& E
A

o]'o ol ]ﬂ‘ﬂ ‘I‘%‘ 50 ,uf&% —?‘ﬂé}‘}il‘/}.
E. HPLCZZA ¥ 8ZI=ZvEOH

HPLC”717]€ Z#-& p-bondapcak Cigsr, o672 HWEhs @ cHEYES
0.04M ammonium bromide : triethylamine (24:31:45:0.1, v/v/v/v, Ao &2
pH 74% x4) HIEZE 43 7|5 A7 5 AR&sidlen, &= 1.5 ml
/mine. 2 UVAZE7]9] 342 237 nmollAl SH3s3 . Ao A imipramine
2 10.5 min, EE o2 8.0 min, desacetyldiltiazem= 6.7 minol Al &%
qom, Belrl gsegith AR ETRS Fig.ld g

g% dEF3Ae dEoldl 5, 10, 20, 50, 100, 200, 500 % 1,000 ng/ml
= 50 ul, desacetyldiltiazem 5, 10, 20, 50, 100, 200, % 400 ng/m¢ 3H



95 50 w2 pg/ml imipramine 50u0E ZF AlE o) 73 3 AAF JFE
A AQF I 0.5 mE 7FeF vortex mixer® 2%
W o R SA3ste] ARdE A4 skl

2gek AeFae JdEob e x=176.05y-1.0204(r=0.9999) 2 e}
(Fig.2), desacetylacetyldiltiazem< x=151.31y+ 1.428 (r=0.9997)=
A TH(Fig.3).
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Fig.1. Chromatogram of blank plasma and plasma spiked with diltiazem

(8.0 min), desacetyl diltiazem (6.6 min) and imipramine (10.3 min).
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Fig.2. Calibration curve of diltiazem spiked to blank plasma

x = 176.1y-1.0 (r=0.9999)
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Fig.3. Calibration curve of desacetyldiltiazem spiked to blank plasma

x = 151.3y+ 1.4 (r=0.9997)
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noncompartmental pharmacokinetic analysis®. =
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Ve A dElolAS G5 R o YAy HE A Fo3 3 Je dE|o}
A D g gAY HF AT Table I, 10, Fig.4, 59 #om, 7} oFE% g gt
te}u) ¥ = Tablelll, IVE} 29kt HE]olAS v &2 dElopAly} YA dS

BEFAT 7R A& dE okl 9 O thAA 9] oF=-s Bl el gebHElE Table
I, el 2t

dEjoAl S YA} HEF 2 =5 H
B ey 2o 94T dEoMlY SEEATKIE dEaddA 31 +
0.8 hr'o]9li HE&F7(2.0 mg/kg, 10 mg/kg 2 20 mg/kg)olE 3.6
+ 1.0 hr', 42 £ 1.1 hr'', 3.4 + 0.9 hr o]t} HEjop e HudF %
E(Cha) WE&TONA 113.1 £ 294 ng/ml, HEFATLINAE 1324 =+
34.2 ng/ml, 160.1 = 42.7 ng/ml ¥ 121.3 * 34.1 ng/mlo|}. dH5%=
FAFHA(AUC)S diEaol A 326 £ 84.6 ng/mlhrolw yixld HE&%F
o] ol A4 387 + 107.6 ng/mlhr (2.0 mg/kg), 468 + 131.4 ng/mlhr (10
mg/kg), 354 =+ 98.8 ng/mlhr (20 mg/kg)eltt. WEFoAT A Kel,
Cmax ¥ AUCE tjzxto| vla] Z71st9l o, 10 mg/kg BH-E&F o] oA &
4 < 0.05) A S7HEAT. AR YA o) &E(ABR)S HE=T 7.2
1.6%°1A L HEFoTo| s 8.5 + 2.4% (2.0 mg/kg), 10.3 £ 2.6% (10
mg/kg) ® 7.8 £ 2.1% (20 mg/kg)2=A FleIlth. A A A 0] &F
(RB%)2 HWE&Fo]TolA 108-143%% F718kitt. dElobAle] Aadk7l7)
(tip) R HLdTse & }\]7]—(Tmax) frold = zkel7 (1Sl

dEolAS YA Iy HEFAA A% desacetyldiltiazem®] ¢F&E -5 El
stA glebvels thS 3 72Tl desacetyldiltiazem®] AUCE H -85 of 7Fof A
296 = 80.8 g/mlhr, 330 £ 90.5 ng/mlhr 2 284 + 74.5 ng/mlhro]% o
W E(264 £ 74.9 ng/mlhr)el] B3] F7}stoen, E3] 10 mg/kgoll A
o4 < 0.05) YA F7FskAth. 18]l descetyldiltiazem¥ EE o} 4 €]
AUCHI&E(MR)S HEFAF94 0.77 £ 0.16 , 0.71 £ 0.13 % 0.80 +

H



0.18 224 izl 0.81 + 0.18 o Hl3} stopdon 10 mg/kg HA
o BEFATed A Fod(p <0.05) A HFaH A



Table 1. Mean plasma concentration of diltiazem (ng/ml) after oral
administration of diltiazem ( 15 mg/kg) with naringenin ( 2.0, 10, 20
mg/kg) and IV administration of diltiazem ( 5 mg/kg) to rabbits

Naringenin
Time(hr) Control v
2.0 mg/kg 10 mg/kg 20 mg/kg
0 0 0 0 0 10112 + 2670
0.1 576 + 149 686 + 201 823 + 236 622 + 158 2011 + 522

0.25 102.0 + 265 1205 £ 336 144.8 £ 36.8 110.1+ 280 1102 = 286.5
0.5 113.1 + 294 1324 + 40.1 160.1 = 447 121.3+ 31.2 601 + 156.3

1 62.8 + 16.3 739 + 226 895 * 262 678 £ 171 311 = 80.7
2 29.0 £ 75 339 + 91 413 + 120 313 = 87 152 + 395
3 194 £ 5.0 227 £ 69 276 £ 72 209 £ 65 71 + 185
4 145 + 3.8 173 £+ 45 202 £ 64 155 + 44 38 + 99
3 77 £ 2.0 91 £ 23 109 £ 26 83 £ 2.3 152 £ 4.0
12 54 = 1.4 6.4 = 2.0 77 + 21 58 £ 1.6 81 = 2.1
24 34 =09 41 = 1.1 49 = 1.3 38 £ 1.1 33 £08

Mean + S.D. (n = 6)



Tablell. Mean plasma concentration of desacetyldiltiazem (ng/ml) after
oral administration of diltiazem ( 15 mg/kg) with naringenin ( 2.0, 10, 20
mg/kg) to rabbits

Naringgenin
Time(hr) Control

2.0 mg/kg 10 mg/kg 20 mg/kg
0 0 0 0 0
0.1 464 + 134 534 + 145 595 + 15.2 50.1 £+ 13.6
0.25 516 + 15.0 59.2 + 15.3 66.3 + 16.3 55.2 + 148
0.5 552 + 15.1 63.1 + 16.0 70.1 + 17.0 59.1 + 15.1
1 438 + 114 494 + 12.0 55.1 + 14.2 465 + 12.3
2 216 + 64 247 + 6.2 276 + 7.1 23.1 £ 6.1
3 13.1 + 35 15.0 £ 3.7 169 + 4.3 14.0 + 35
4 95 = 25 109 + 3.0 121 + 34 101 + 2.7
8 59 + 1.8 6.7 £ 2.0 7.6 + 2.7 6.3 £ 19
12 47 + 1.3 5.1 £ 16 54 = 14 49 £ 1.3
24 3.3 £ 1.0 3.8 £ 1.2 41 + 1.1 36 £ 1.0

Mean + S.D. (n

Il
S
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Fig.4 Mean plasma concentration of diltiazem (ng/ml) after oral
administration of diltiazem ( 15 mg/kg) with naringenin ( 2.0, 10,
20 mg/kg) and IV administration of diltiazem ( 5 mg/kg) to rabbits
O; Control (Diltiazem 15 mg/kg oral)
A; Coadministered with naringenin 2.0 mg/kg
A; Coadministered with naringenin 10 mg/kg
B Coadministered with naringenin 20 mg/kg

@®; IV administration ( 5 mg/kg diltiazem iv administration)
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Fig.5. Mean plasma concentration of desacetyldiltiazem (ng/ml) after oral
administration of diltiazem ( 15 mg/kg) with naringenin ( 2.0, 10,

20 mg/kg) to rabbits

O; Control (Diltiazem 15 mg/kg oral)
A; Coadministered with naringenin 2.0 mg/kg
A ; Coadministered with naringenin 10 mg/kg

M; Coadministered with naringenin 20 mg/kg



Table II. Pharmacokinetic parameters of diltiazem after oral
administration of diltiazem ( 15 mg/kg) with naringenin ( 2.0, 10, 20
mg/kg) and IV administration of diltiazem ( 5 mg/kg) to rabbits

Naringenin
Parameters Control v
2.0 mg/kg 10 mg/kg 20 mg/kg
AUC
326 + 84.6 387 + 1076 468 + 131.4* 354 + 98.8 1515
(ng/ml - hr)

Cmax(ng/ml) 113.1 + 294 1324 + 342 160.1 + 427« 121.3 + 34.1
Tmax(hr) 05 £ 0.13 05 % 0.13 05 £ 0.13 05 = 0.14

Ka(hr ") 3.1 £ 0.8 36 £ 1.0 42 £ 1.1% 34 = 09

ti (hr) 104 = 2.7 106 = 2.7 11.0 = 3.0 109 = 2.9 70 £ 1.9
AB(%) 72 £ 16 85 = 2.4 10.3 £ 2.6% 78 £ 21
R.B(%) 100 118 143 108

Mean * S.D (n=6), *p < 0.05, compared with control.

AUC, area under the plasma concentration—time curve from time zero
to time infinity;

Cmax, peak concentration;

Thax, time of peak concentration;

K, absorption rate constant;

t;, terminal half-life;

R.B., AUC rate compared to AUC control;

A.B. absolute bioavailability.



Table IV. Pharmacokinetic parameters of desacetyldiltiazem after oral

administration of diltiazem ( 15 mg/kg) with naringenin to rabbits

Naringenin
Parameters Control
2.0 mg/kg 10 mg/kg 20 mg/kg
AUC
264 + 71.9 296 + 80.8 330 + 82.8x 284 £745

(ng/ml - hr)

Cmax(ng/ml) 55.2 + 144 63.1 £ 16.1 70.1 £ 18.6 59.1 + 20.1
Tmax (hr) 05 £ 0.15 05 = 0.16 05 = 0.15 05 = 0.14
t, (hr) 144 + 3.6 145 £ 44 145 + 3.6 149 + 3.7

MR 0.81 £ 0.18 0.77 £ 0.16 0.71 £ 0.13x% 0.80 £ 0.18
R.B(%) 100 112 125 107

Mean = S.D (n=6), *p < 0.05 compared with control.

AUC, area under the plasma concentration—time curve from time

to time infinity;

Cmax, peak concentration;

Tmax, time of peak concentration;

t;. terminal half-life;

R.B., AUC rate compared to AUC control;

MR, AUCmetabolite/AUC diltiazem

zZero
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g% tAFAl = M-monodemethyl diltiazem(MA), desacetyldiltiazem(M;) 2
N-monodemethyl diltiazem(Ms2) S°| HAE=HJUTtr B aEAc). 150 A}
g3 Aeld= MA, E71¢ HAolAe Mol 7HE Bohar Bauwde. st
of B Ao M= VlEA HE oA S desacetyldiltiazem¥} 74 S 35S
t}.

AT A dEoMls YdAdY #HEFosils w s dEotAl
Ka, Crmax B AUCS 7}l o™ 53] 10 mg/kgol A o4 A 57183
ok A A A o] &8 (AB%)S & FolwelA 10.3 £ 2.6 % (10 mg/kg) &
2A dtixd 7.2 £ 1.6%° sl dAs Frpsisivh. AiH Aol E
(RB%)S W &Fo]woll Al 143%(10 mg/kg)= F7Hallth. 12]al B &5 oAl
desacetyldiltiazem®] AUCE  tixwrol] H]3] 10 mg/kgolA F940(p <
0.05) AA F7FstR o} MRS HEFo oA 0.71 £ 0.13 (10 mg/kg) S
2ZA gz 0.81 +£0.18 o Hl&] Yol om 10 mg/kgHHAF HEFo
ol A o)A (p <0.05) A FAaE AT
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Yusa ¢ Hilo] ¢gi calcium channel blocker$l
o] Aol g aE Xié}*‘: CYP 3A4 thAta ol o3
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gl AFRIA ARl G BN FREUE AT 95t AEloly

T oha o] 2 2 WgTolste] RN Amatg
th gElel e URAI JERele F delold L 1 viAbAY R B
3}

1. 9¥o}A( 15 mg/kg)¥} YHAI( 2.0 mg/kg, 10 mg/kg 2 20 mg/kg)
S HEFAqA] 4% dEolye] FEFH A el o3 2ok
EAAT-K)e T vl §944(10mg/kgel A p < 0.05) 2

FTE(Cha)®t @ EFAHAAUCOS F94(10mg/kgell Al p
< 0.05) A F71ek3d

(3) AAH YA ] &&(AB%)S> WE&FolA 10.3 £ 2.6%(10mg/kg) o=
A Uz 7.2 £ 1.6%° nld A3 F71ss

(4) A AA ] & ERB%)S 10 mg/kg¥&F ool ] 1.43%HW = S 7}3)
Art.

2. YEjoA S YHAA I HEFAA AT desacetyldiltiazeme] F= &
B4 spebl el vt 2ok

(1) AUCE= dthzel Hls) 10 mg/kg&FAw ol #214d(p < 0.05) A7
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