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Abstract

Drug I nteraction Between Pioglitazone or Metformin with

Diltiazem in Rats

[I-Kkwon Lee
Advisor: Prof. Jun-Shik Choi, Ph.D.
Department of Pharmacy,

Graduate School Chosun University

Diltiazem, a substrate of cytochrome P450 (CYP)a®# P-glycoprotein (P-gp),
is a calcium channel blocker that is widely used tlee treatment of angina,
supraventricular arrhythmias and hypertension. Tmesent study aimed to
investigate the effect of pioglitazone or metfornon the pharmacokinetics of
diltiazem in rats. Pharmacokinetic parameters ltladem were determined in rats
after oral administration of diltiazem (15 mg/kg) the presence and absence of
pioglitazone (1 or 3 mg/kg) or metformin (10 or13@/kg).

The presence of pioglitazone significantly (1 mgiRg 0.05; 3 mg/kgP <0.01)
increased the area under the plasma concentratimm€trve (AUC) of diltiazem.
Pioglitazone significantly R < 0.05) increased the peak concentratiopafCof
diltiazem. Pioglitazone increased the terminal hfdf (t15) of diltiazem but not
significantly. Consequently, the relative bioavhildy (RB) of diltiazem was
increased by 1.49— to 1.68-fold than those of tbetrol group. Pioglitazone
increased the terminal half-life;) of diltiazem but not significantly. It did not
change the peak concentration timen,dJ of diltiazem. The enhanced
bioavailability of diltiazem might be due to thecdeased first-pass metabolism

(CYP3A) of diltiazem in the intestine and/or livaympetitively.



The presence of 3 mg/kg of pioglitazone signifibaifP <0.05) increased the
area under the plasma concentration—time curve (ADICdesacetyldiltiazem.
Pioglitazone increased the peak plasma concenirfffig.y) and the terminal half-
life (t12) of desacetyldiltiazem but not significantly. Cegsently, the relative
bioavailability (RB) of desacetyldiltiazem incredsby 1.32— to 1.48—fold than
those of the control group.

The presence of metformin, antioxidant, signifitantaltered the
pharmacokinietic parameters of diltiazem. Compai@dhe oral control group
(given diltiazem alone), the presence (10 and 3kg@f metformin significantly
(P < 0.05) increased the area under the plasma ctratien—time curve (AUg.,)
and peak plasma concentration,§§ of diltiazem. Consequently, the relative
bioavailability (RB) of diltiazem was increased apgmately 1.34— to 1.54—fold in
the presence of metformin. Metformin increased treninal half-life (1) of
diltiazem but not significantly. It did not change the peak concentration time
(Tmay Of diltiazem.

The presence of 30 mg/kg of metformin significan® <0.05) increased the
area under the plasma concentration—time curve (AUICdesacetyldiltiazem.
Metformin increased the peak plasma concentraii®p,( and the terminal half-
life (ty2) of desacetyldiltiazem but not significantly. Cegsently, the relative
bioavailability (RB) of desacetyldiltiazem incredsby 1.26— to 1.41—fold than
those of the control group. Metformin increased teeminal half-life (i) of
desacetyldiltiazem but not significantly. It didtnchange the peak concentration
time (Tmay Of desacetyldiltiazem.

The presence of pioglitazone or metformin signifiba enhanced the oral
bioavailability of diltiazem. Based on the resultse diltiazem dosage adjustment
should be taken into consideration for safe andcéffe therapy of hypertension
disease with diabetic complication when diltiazesnused concomitantly with

pioglitzone or metformin in the clinical setting.



Key words: Diltiazem, Desacetyldiltiazem, Pioglitazone, Metin, CYP3A, P-

gp, Pharmacokinetics, Bioavailability, Rats
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Part I. Drug Interaction Between Pioglitazone arnitidzem

in Rats

Abstract

Diltiazem, a substrate of cytochrome P450 (CYP)aB@ P-glycoprotein (P-gp),
iIs a calcium channel blocker that is widely used thie treatment of angina,
supraventricular arrhythmias and hypertension. $higly investigated the effect of
pioglitazone on the pharmacokinetics of diltiazemd aits main metabolite,
desacetyldiltiazem in rats. A single dose of diéian was administered orally (15
mg/kg) without or with pioglitazone (1 or 3 mg/kg).

The presence of pioglitazone significantly (1 mgiRg 0.05; 3 mg/kgP <0.01)
increased the area under the plasma concentratimm€trve (AUC) of diltiazem.
Pioglitazone significantlyR < 0.05) increased the peak concentratiopafCof
diltiazem. Pioglitazone increased the terminal -hfdf (t17) of diltiazem but not
significantly. Consequently, the relative bioavhildy (RB) of diltiazem increased
by 1.49- to 1.68—fold than those of the controlugroPioglitazone increased the
terminal half-life (i,;) of diltiazem but not significantly, and did nohange the
peak concentration time (J) of diltiazem. The enhanced bioavailability of
diltiazem might be due to the decreased first-pagtabolism (CYP3A4) of
diltiazem in the intestine and/or liver competitixe

The presence of 3 mg/kg of pioglitazone signifibafP <0.05) increased the
area under the plasma concentration—time curve (AUDICdesacetyldiltiazem.
Pioglitazone increased the peak plasma concenirfffig.y) and the terminal half-
life (ty2) of desacetyldiltiazem but not significantly. Cegsently, the relative
bioavailability (RB) of desacetyldiltiazem incredsby 1.32— to 1.48—fold than

those of the control group.



The presence of pioglitazone significantly enhantted oral bioavailability of
diltiazem. Based on the results, the diltiazem desadjustment should be taken
into consideration for safe and effective theragyhgpertension disease with
diabetic complecation when diltiazem is used contamtly with pioglitzone in the

clinical setting.

Key words: Diltiazem, Desacetyldiltiazem, Pioglitazone, CYR3A

Pharmacokinetics, Bioavailability, Rats.



1. Introduction

Diltiazem, (55,39)-5-[2-(dimethyl-amino)ethyl]-2-(4-methoxyphenyl}ako-
2,3,4,5-tetrahydro-1,5-benzothiazepin-3-yl ace(&igure 1), is a calcium channel
blocker. The drug is widely used for the treatmeftangina, supraventricular
arrhythmias and hypertension (Chaffmetnal., 1985; Yeunget al., 1993; Weir,
1995). Diltiazem undergoes extensive and compleas@hl metabolized to
desacetylation, N-demethylation, and O-demethytatlts extent of absolute oral
bioavailability (F) is approximately 40%, with ardge inter-subject variability
(Buckley et al., 1990; Yeunget al., 1993). Based on the preclinical studies, the
estimated hypotensive potency of desacetyldiltiaappeared to be about one-half
of diltiazem, whereas that of N-demethyldiltiazemdaN-demethyldesacetyl-
diltiazem was about one-third of diltiazem (Naetal., 1986; Yeungt al., 1998).
Considering the potential contribution of the aetimetabolites to the therapeutic
outcome of diltiazem treatment, it coul be impottao monitor the active
metabolites as well as the parent drug in the pheokinetic studies of diltiazem.
Diltiazem is subjected to extensive intestinal rhbetsm by different microsomal
cytochrome P 450 (CYP) 3A4 and esterases, andréuaces the amount of
unchanged diltiazem into the portal by over 50%heforal dose (Leet al., 1991,
Lefebvre et al., 1996; Moldenet al., 2000; Iwaoet al., 2004) (Figure 1).
Deacetylation of diltiazem, a main metabolic pathwarats’ intestine (Leet al.,
1991), is mediated via esterases (LeBoeuf and @etdnger, 1987). CYP3A4, a
key enzyme for the metabolism of diltiazem in husa mainly located in the
liver, but it is also expressed in the small intes{\Watkinset al., 1987; Picharat
al., 1990; Kolarset al., 1992). Thus, diltiazem could be metabolizedhia small
intestine as well as in liver (Homsyal., 1995a; Homsyt al., 1995b; Lefebvre et
al., 1996). Leeet al. (1991) reported that the extraction ratios ofiailem in the

small intestine and the liver after oral administra to rats were about 85 and 63%,



respectively, suggesting that diltiazem is highkgracted in the small intestine.
Yusa and Tsuruo (1989) reported that the calciuranchl blockers such as
verapamil and diltiazem competitively restraineé thulti-drug resistance of P-
glycoprotein (P-gp). Wachet al. (2001) suggested that diltiazem is a substrate of
both CYP3A4 and P-gp. Since P-gp is co-localizethv@YP3A4 in the small
intestine. Thus P-gp and CYP3A4 may act synergityidor the absorption of
presystemic metabolism of drug, respectively (Gotien and Pastan, 1993; Gan

al., 1996; Wacheet al., 1998; Itoet al., 1999; Wacheet al., 2001).

A peroxisome proliferator—activated receptor (PPAR) member of the nuclear
receptor superfamily of ligand-activated transaeoipt plays a crucial role in
adipogenesis and insulin resistance. A PRARhighly expressed in adipose tissue,
and is also exists in myocytes, vascular smooth chauscells, and
macrophages/monocytes, as well as in adipocyte&libtieeet al., 1997 Schiffrin
et al., 2003) Thiazolidinediones, which are PPARactivators, improve insulin
sensitivity and are used as an anti-diabetic dfags category of drug has also been
shown to exert anti-inflammatory and anti-fibro&gtivites in animal models of
cardiovascular diseases, including atherosclerogscular inflammation, and
cardiac failure (Schiffriret al., 2003; Mukherjeet al., 1997; Ishibashet al., 2002).

Pioglitazone, (Figure 2) a thiazolidinedioaatidiabetic drug that increases
insulin sensitivity in target tissues (Chilcettal., 2001), has F value of 80%, and is
metabolized via multiple cytochrome P450 (CYP) isnenes, mainly by CYP2CS8,
CYP3A4 and CYP2C9 to several active and inactiveabwites (Gillieset al.,
2000). A recent report suggests that rifampicinjratucer of CYP3A4 decreased
the total area under the plasma concentration—tinmee from time zero to time
infinity (AUC) of pioglitazone by 35% whereas, gerofil; an inhibitor of
CYP2CS8 increased the AUC by 239% (Scheen, 20@i7yitro, pioglitazone has
been reported to inhibit both CYP2C8 (Sa&hial., 2003; Walskyet al., 2005;
Kajosaariet al., 2006) and CYP3A4 enzymes (Sahial., 2003; Kajosaaret al.,

10



2006). But the inhibitory effects of the pioglitamohave not been demonstrated
vivo (Kajosaariet al., 2006). These evidences suggest that pioglitazanebe a
prime candidate for several drug—drug interactiopatticularly because large
number of drugs is reported to modulate the CYRHYme activity.

The multiple prescription of drug is increasinglgnomon in current medical
practice, and anti-diabetic agent could be coadstered with drugs used for the
treatment of hypertension such as calcium charloekérs in patients. But there is
less report about their interactions between ditiia and pioglitazoni vivo. Thus,
this study was performed to investigate the effe€t pioglitazone on the

pharmacokinetics of diltiazem and its main metaolidesacetyldiltiazem, in rats.
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Figure 1. Main metabolite pathways of DTZ in rats.
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Figure 2. Structure of pioglitazone hydrochloride.
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2. Materials and methods

2.1. Chemicals

Diltiazem, desacetyldiltiazem, pioglitazone andgramine [internal standard to
the high-performance liquid chromatographic (HPL&alysis of diltiazem and
desacetyldiltiazem] were purchased from Sigma—Akd@o. (St. Louis, MO, USA).
Methanol and acetonitrile (HPLC grade) were produdeom Merck Co.
(Darmstadt, Germany). Other chemicals were of reagawle or HPLC grade.

2.2. Drug administration

The protocols of the animal studies were approvgdthe Animal Care
Committee of Chosun University (Gwangju, Republi¢ Korea). Male
Sprague—-Dawley rats (7-8 weeks of age is weighii@ # 300 g) were
purchased from the Dae Han Laboratory Animal Redeafo. (Eumsung,
Republic of Korea), and were given access to a abstandard chow diet (No.
322-7-1) purchased from the Superfeed Co. (WongpuRlic of Korea) and
tap waterad libitum. Throughout the experiment, the animals were houfir
or five per cage, in laminar flow cages maintair@d22 + 2C, and 50-60%
relative humidity, under a 12:12 h light-dark cytheoughout the experiment.

The rats were randomly divided into three groups 6, each): oral
administration of diltiazem at a dose of 15 mg/kgthaut or with oral
administration of pioglitazone at a dose of 1 an@kg. The rats were fasted for at
least 24 h prior to beginning of the experimentaclEanimal was anaesthetized
with ether and the right femoral artery (for blogainpling) was cannulated with a
polyethylene tube (Clay Adams, Parsippany, N.J.).

The diltiazem solution was diluted in distilled wato make a 15 mg/kg. The

14



pioglitazone was suspended in distilled water. Blaamples (0.5 ml) were
collected into heparinized tubes via the femortdrgirat O (to serve as a control),
0.1, 0.25, 0.5, 0.75, 1, 2, 3, 4, 8, 12 and 24 thrahe oral administration of
diltiazem. Blood samples were centrifuged (13,0001,r5 min), and the plasma
sample was stored at —40 until use for the HPLC analysis of diltiazem and

desacetyldiltiazem.

2.3. HPL C analysis of diltiazem and desacetyldiltiazem

2.3.1. Sample preparation

Plasma concentrations of diltiazem were determungdg a slight modified of
the reported HPLC assay Goeletlal. (1985). Briefly, 50ul of imipramine (2
ug/ml; internal standard), and 1.2 ml of tert-butgtinylether were added to a 0.2
ml of samples. The mixture was then stirred fori and centrifuged for (13,000
rpm, 10 min). One ml of the organic layer was tfared to a clean test tube and
0.2 ml of 0.01 N hydrochloride was added and mifa@d® min. 50ul of the water

layer was injected into the HPLC system.

2.3.2. HPLC condition

The HPLC system consisted of two solvent delivamnps (Model LC-10AD,
Shimadzu, Japan), a UV-Vis detector (Model SPD-10&)system controller
(Model SCL-10A), a degasser (Model DGU-12A) andhatoinjector (SIL-10AD).
The mobile phase was methanol : acetonitrile : AM\DAmmonium bromide :
triethylamine (24 : 31 : 45 : 0.1, v/viv, pH 7.4ljasted with acetic acid) was run to
flow rate of 1.5 ml/min, and the colump-pondapack & column (3.9 mm, i.d. x

300 mm, 10um) Waters Co., Ireland] eluent was monitored at A8Y at room

15



temperature. The retention times of desacetyldétia, diltiazem and internal
standard was 6.9-min, 8.7-min and 9.7-min, respelstiFigure 3). The calibration
curves of diltiazem and desacetyldiltiazem weredmwithin the ranges of 5-500
ng/ml (Figures 4 and Figures 5). The intra- and inter-@ay 5) coefficients of
variation were less than 5% for diltiazem and desédiltiazem, respectively.

Detection limit of diltiazem and desacetyldiltiazevas 10 ng/ml

2.4. Pharmacokinetic analysis

The following pharmacokinetic data were analyzedgighe non-compartmental
method (WinNonlin software version 4.1; Pharsiglotrgoration, Mountain View,
CA, USA). The half-life () was calculated by 0.693/{KThe peak concentration
(Cnmay and the time to reach peak concentratiopa)t of diltiazem or
desacetyldiltiazem directly read from the experitaknlata.. The area under the
plasma concentration time-curve (Ab§ from time zero to the time of last
measured concentration & was calculated by the linear trapezoidal rulee Th
AUC zero to infinite (AUG-,) was obtained by the addition of Ad¢and the
extrapolated area was determined ky/&.. The relative bioavailability (RB) was

estimated by AUG,./AUC x 100 The metabolite-parent ratio (MR) was

control

estimated by Aug%sacetyldiltiazeAAUC

diltiazem
2.5. Statistical analysis

Statistical analysis was conducted using a one-waglysis of viariance
(ANOVA) followed by a posteriori testing with Dunnett correction using the
means for the unpaired data. Differences were dédraesignificant at a level q@f

< 0.05. All data were expressed in terms of therme&.D.

16
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Figure 3. HPLC chromatograms of the rat’'s blankspla (A), and the plasma
spiked with diltiazem (8.7 min), desacetyldiltiaze®9 min), and imipramine

(internal standard; 9.7 min) (B).
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Figure 4. A calibration curve of diltiazem whenlsgl into the rat’s blank plasma.
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Figure 5. A calibration curve of desacetyldiltiazernen spiked into the rat’s blank
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Table 1. Mean (+ S.D.) plasma concentrations dfadiém after oral administration

of diltiazem (15 mg/kg) without or with pioglitazote rats ( = 6, each).

Diltiazem + Pioglitazone

. Control
Time () piltiazem) L ok 3 make
0 0 0 0
0.1 138 +33.1 203 + 48.6 219 +52.6
0.25 162 + 38.8 242 +58.6 266 + 63.7
0.5 112 + 26.8 158 +37.8 171 + 41.0
1 67+ 16.1 86 + 20.5 94.3+22.6
2 29.5 +7.07 42.6 +10.2 475+11.4
3 16.7 + 4.01 27 +6.45 30.4 +7.29
4 13.6 + 3.24 19.7 +4.71 21.5+5.16
8 7.0+ 1.67 11.2+2.89 12.4+2.97
12 42+1.0 6.4+ 1.6 75+1.8
24 31+0.73 5.0+1.2 5.7+13




Table 2. Mean (+ S.D.) plasma concentrations ofadetyldiltiazem after oral

administration of diltiazem (15 mg/kg) with or wathit of pioglitazone in rats(=

6, each).
Diltiazem + Pioglitazone
Time (h) Control
(Diltiazem) 1 mg/kg 3 mg/kg

0 0 0 0

0.1 55.6+13.4 59.2+14.3 63.4 +15.2

0.25 64.4 +15.3 71.8+17.2 77.5+18.1
0.5 66.1 +15.7 74.6 £+18.1 80.0 +19.3
1 48.7 £ 11.6 52.8+12.7 56.7 £ 13.6
2 26.0+6.24 30.1 +7.22 32.3+7.75
3 15.7 £ 3.76 20.2+4.85 21.7+£5.21
4 11.3+2.71 14.5 + 3.67 16.5 + 3.96
8 6.7+1.61 9.7+23 10.6 £ 2.54
12 46+1.1 6.8+1.6 74+1.8
24 3.1+74 47 +1.2 54+1.3
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Figure 6. Mean arterial plasma concentration—timadilps of diltiazem after oral

administration of diltiazem (15 mg/kg) withou#)( or with 1 mg/kg {\) or 3

mg/kg (A) of pioglitazone to ratsn(= 6, each). Bars represent the standard

deviation.
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Figure 7. Mean arterial plasma concentration—tim#ilps of desacetyldiltiazem

after oral administration of diltiazem (15 mg/kgittvout (e) or with 1 mg/kg {\)

or 3 mg/kg @) of pioglitazone to ratsn(= 6, each). Bars represent the standard

deviation.
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Table 3. Mean (x S.D.) pharmacokinetic parametdrsdiiiazem after oral

administration of diltiazem (15 mg/kg) with or wathit of pioglitazone to rat (=

6, each).
Parameter Diltiazem + Pioglitazone
Control
1 mg/kg 3 mg/kg
AUC (ngh/ml) 348 £ 83.5 518 + 125* 583 + 139**
Crmax(ng/ml) 162 +38.9 242 +58.8* 266 + 63.8*
Tmax () 0.25 0.25 0.25
t12(h) 10.3 + 2.47 10.9 + 2.62 11.3 +2.83
RB (%) 100 149 168

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

AUC: area under the plasma concentration—time cinore time 0 time to infinity;

Cmax peak plasma concentration;
Tmax time to reach Gax
t12: terminal half-life;

RB: relative bioavailability.
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Table 4. Mean (x S.D.) Pharmacokinetic parametbdesacetyldiltiazem after oral

administration of diltiazem (15 mg/kg) with or wathit of pioglitazone to rat (=

6, each).
Diltiazem + Pioglitazone
Parameter Control
1 mg/kg 3 mg/kg

AUC (ngh/ml) 285 +68.4 384 +95.6 424 + 102*
Crmax(ng/ml) 66.1 + 15.8 74.6 +18.0 80.0 + 19.3

Tmax (D) 0.5 0.5 0.5
ti2(h) 11.6 +2.78 12.8 +3.12 13.1 +3.16

RB (%) 100 132 148
MR 0.82 +£0.18 0.74 £0.17 0.73+0.17

* P < 0.05 compared to control.

AUC,..: area under the plasma concentration—time cuora @ h to infinity;

Cmax peak plasma concentration;

Tmax time to reach Gayx

t12: terminal half-life;

RB: relative bioavailability;

MR: metabolite-parente ratio.
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3. Reaults and Discussion

Figure 3 shows the HPLC chromatograms of the tatiek plasma (A) and the
plasma spiked with diltiazem, desacetyldiltiazemd amipramine (internal
standard) (B). The retention of diltiazem, desddétyazem and imipramine was
8.7, 6.7 and 9.7 min, respectively.

The calibration curves of diltiazem (Figure 4) adebacetyldiltiazem (Figure 5)
were linear within the concentration ranges frond@-ng/ml, respectively. The
detection limits for diltiazem and descetyldiltiazevas 5 ng/ml. The intra- and
inter-day 6 = 5) coefficients of variation were less than 5&t @iltiazem and
desacetyldiltiazem.

Figure 6 shows the mean plasma concentration—tiofigs of diltiazem after
oral administration (9 mg/kg) with or without ofgglitazone (1 or 3 mg/kg), and
Table 3 lists the relevant pharmacokinetic pararsetd diltiazem after oral
administration. Pioglitazone significantly (1 mg/kg < 0.05; 3 mg/kgP <0.01)
increased the area under the plasma concentratimm€turve (AUC) of diltiazem.
Pioglitazone significantly{ < 0.05) increased the peak concentratiopa{Cof
diltiazem. Pioglitazone increased the terminal -hifdf (t,,) of diltiazem but not
significantly. Consequently, the relative bioavhildgy (RB) of diltiazem increased
by 1.49- to 1.68—fold than those of the controlugroCYP3A4, a key enzyme for
the metabolism of diltiazem is mainly located imeli, and in small intestine
(Watkins et al., 1987; Pichardet al., 1990; Kolarset al., 1992). The
pharmacokinetic studies indicated that pioglitazamenetabolized by multiple
cytochrome P450 (CYP) isoenzymes, mainly by CYP3Ad CYP2C8 to several
active and inactive metabolites (Gilliesal., 2000).In vitro, pioglitazone has been
reported to inhibit CYP3A4 enzymes (Sahal., 2003; Kajosaarét al., 2006).The

enhanced bioavailability of diltiazem by pioglitaw might be due to the
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competitive inhibition of CYP3A4. This result apped to be consistent with
previous studies reported by Hong et al. (2007)@hdi et al. (2006); a single oral
administration of atorvastatin and fluvastatin gfigantly increased the AUC and
Cmax Of diltiazem in rats, respectively, which was doeirthibition of CYP3AA4.
Pioglitazone did not significantly chage thg,Jof diltiazem.

Figure 7 depicts the mean plasma concentration—tiprefiles of
desacetyldiltiazem after oral administration ofiddem (15 mg/kg) with or without
pioglitazone (1 or 3 mg/kg). As listed in Table 3,mg/kg of pioglitazone
significantly P <0.01) increased the area under the plasma caatenttime
curve (AUC) of desacetyldiltiazem. Pioglitazone reased the peak plasma
concentration (Gay and the terminal half-life {¢) of desacetyldiltiazem but not
significantly. Consequently, the relative bioaviildy (RB) of desacetyldiltiazem
increased by 1.32- to 1.48-fold than those of thetrol group. Compare to the
control group, presence of pioglitazone (1 or 3kgpMdecreased the metabolite-
parent ratio (MR) but not significantly. These msusuggest the first-pass
metabolism diltiazem might be inhibited by piogtitee. Pioglitazone did not
significantly chage the [Joxof desacetyldiltiazem.

CYPs in enterocytes contribute significantly to tifiest-pass” metabolism and
oral bioavailability of many drugs and chemicalfieTfirst pass” metabolism of
compounds in the intestine limits absorption of itoxenobiotics and may
ameliorate adverse effects. Moreover, inductioninbibition of intestinal CYPs
may be responsible for significant drug/drug intéicns when one agent decreases
or increases the F and, Kf biotransformation of a concurrently administed¥ug
(Kaminsky and Fasco, 1991).

The increased bioavailability of diltiazem by pibgtone suggests that CYP3A
could be competitively inhibited by pioglitazonehieh resulted in reducing first-
pass metabolism of diltiazem in the intestine andli@r. The adjustment of the

dose of diltiazem should be taken into considenatior potential interaction
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between pioglitazone and diltiazem in clinical isegtt
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4. Conclusion

Presence of pioglitazone significantly enhanced dygemic bioavailability of
diltiazem in rats. If the results are further comied in the clinical trial, dose
adjustment of diltiazem shoud been taken into cmration when diltiazem is

treated with concomitantly with pioglitazone to fhegients.
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Part Il. Drug Interaction Between Metformin andtiaitem in
Rats

Abstract

Diltiazem, a substrate of cytochrome P450 (CYP)a®#l P-glycoprotein (P-gp),
iIs a calcium channel blocker that is widely used tlie treatment of angina,
supraventricular arrhythmias and hypertension. $higly investigated the effect of
metformin on the pharmacokinetics of diltiazem aitsd main metabolite,
desacetyldiltiazem in rats. A single dose of diéian was administered orally (15
mg/kg) without or wity metformin (10 or 30 mg/kg)

The presence of metformin, antioxidant, significantlaltered the
pharmacokinietic parameters of diltiazem. Compai@dhe oral control group
(given diltiazem alone), the presence of metfor(did and 30 mg/kg) significantly
(P < 0.05) increased the area under the plasma ctratien—time curve (AUg.,)
and peak plasma concentration,§§ of diltiazem. Consequently, the relative
bioavailability (RB) of diltiazem increased by appimately 1.34- to 1.54-fold in
the presence of metformin. Metformin increased treninal half-life (1) of
diltiazem but not significantly, and did not chantde peak concentration time
(Tmay Of diltiazem.

The presence of 30 mg/kg of metformin significan® <0.05) increased the
area under the plasma concentration—time curve (AUCdesacetyldiltiazem.
Metformin increased the peak plasma concentraii®p,( and the terminal half-
life (ty2) of desacetyldiltiazem but not significantly. Cegsently, the relative
bioavailability (RB) of desacetyldiltiazem incredsby 1.26— to 1.41—fold than
those of the control group. Metformin increased teeminal half-life (i) of

desacetyldiltiazem but not significantly, and diot significantly change the peak
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concentration time (fz,) of desacetyldiltiazem.

The presence of metformin significantly enhancee tinal bioavailability of
diltiazem. Based on the results, the diltiazem desahould be taken into
consideration for safe and effective therapy ofdmignsion disease with diabetic
complication when diltiazem is used concomitantithwnetformin in the clinical

setting.

Key words:. Diltiazem, Desacetyldiltiazem, Metformin, CYP3Ahd&macokinetics,

Bioavailability, Rats.
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1. Introduction

Diltiazem, (55,39)-5-[2-(dimethyl-amino)ethyl]-2-(4-methoxyphenyl}ako-
2,3,4,5-tetrahydro-1,5-benzothiazepin-3-yl acef&igure 1), is a calcium channel
blocker. The drug is widely used for the treatmeftangina, supraventricular
arrhythmias and hypertension (Chaffmetnal., 1985; Yeungget al., 1993; Weir,
1995). Diltiazem undergoes extensive and compleas@hl metabolized to
desacetylation, N-demethylation, and O-demethytatlts extent of absolute oral
bioavailability (F) is approximately 40%, with ardge inter-subject variability
(Buckley et al., 1990; Yeunget al., 1993). Based on the preclinical studies, the
estimated hypotensive potency of desacetyldiltiaappeared to be about one-half
of diltiazem, whereas that of N-demethyldiltiazemdaN-demethyldesacetyl-
diltiazem was about one-third of diltiazem (Naetal., 1986; Yeungt al., 1998).
Considering the potential contribution of the aetimetabolites to the therapeutic
outcome of diltiazem treatment, it coul be impottao monitor the active
metabolites as well as the parent drug in the pheokinetic studies of diltiazem.
Diltiazem is subjected to extensive intestinal rhetsm by different microsomal
cytochrome P 450 (CYP) 3A4 and esterases, andréuaces the amount of
unchanged diltiazem into the portal by over 50%heforal dose (Leet al., 1991,
Lefebvre et al., 1996; Moldenet al., 2000; Iwaoet al., 2004) (Figure 1).
Deacetylation of diltiazem, a main metabolic pathwarats’ intestine (Leet al.,
1991), is mediated via esterases (LeBoeuf and @etdnger, 1987). CYP3A4, a
key enzyme for the metabolism of diltiazem in husa mainly located in the
liver, but it is also expressed in the small intes{Watkinset al., 1987; Picharat
al., 1990; Kolarset al., 1992). Thus, diltiazem could be metabolizedhia small
intestine as well as in liver (Homsyal., 1995a; Homsyt al., 1995b; Lefebvre et
al., 1996). Leeet al. (1991) reported that the extraction ratios ofiailem in the

small intestine and the liver after oral administra to rats were about 85 and 63%,
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respectively, suggesting that diltiazem is highkgracted in the small intestine.
Yusa and Tsuruo (1989) reported that the calciuranchl blockers such as
verapamil and diltiazem competitively restraineé thulti-drug resistance of P-
glycoprotein (P-gp). Wachet al. (2001) suggested that diltiazem is a substrate of
both CYP3A4 and P-gp. Since P-gp is co-localizethviYP3A4 in the small
intestine. Thus P-gp and CYP3A4 may act synergityidor the absorption of
presystemic metabolism of drug, respectively (Gotien and Pastan, 1993; Gan

al., 1996; Wacheet al., 1998; Itoet al., 1999; Wacheet al., 2001).

Metformin (Figure 8) is use for the treatment gidy2 diabetes as an adjunct to
diet and exercise, either as a single oral agemt combination with sulfonylureas,
alpha-glucosidade inhibitors, or insulin (Setéeral., 2003; Robertt al., 2003).
Metformin treatment is followed by improved oxideti stress, preserved
antioxidant function, and restrained platelet aton in type 2 diabetic subjects
(Gloria et al., 2008). Recently, it has been regbrthat metformin is mainly
metabolized via the hepatic microsomal cytochromB0P(CYP) 2C11, 2D1, and
3A1/2 in male Sprague—Dawley rats (Choi and Le8620

The multiple prescription of drug is increasinglgnomon in current medical
practice, and anti-diabetic agent could be coadstered with drugs used for the
treatment of hypertension such as calcium charloekérs in patients. But there is
less report about their interactions between dita and metformiin vivo. Thus,
this study was performed to investigate the effeét metformin on the

pharmacokinetics of diltiazem and its main metamolidesacetyldiltiazem, in rats.
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2. Materials and methods

2.1. Chemicals

Diltiazem, desacetyldiltiazem, metformin and imipiae [internal standard to
the high-performance liquid chromatographic (HPL&alysis of diltiazem and
desacetyldiltiazem] were purchased from Sigma—A&kdGo. (St. Louis, MO, USA).
Methanol and acetonitrile (HPLC grade) were produdeom Merck Co.
(Darmstadt, Germany). Other chemicals were of reagawle or HPLC grade.

2.2. Drug administration

The protocols of the animal studies were approvgdthe Animal Care
Committee of Chosun University (Gwangju, Republi¢ Korea). Male
Sprague-Dawley rats (7—-8 weeks of age is weighii@ # 300 g) were
purchased from the Dae Han Laboratory Animal Redeafo. (Eumsung,
Republic of Korea), and were given access to a abstandard chow diet (No.
322-7-1) purchased from the Superfeed Co. (WongpuRlic of Korea) and
tap waterad libitum. Throughout the experiment, the animals were houfir
or five per cage, in laminar flow cages maintair@d22 + 2C, and 50-60%
relative humidity, under a 12:12 h light-dark cytheoughout the experiment.

The rats were randomly divided into three groups 6, each): oral
administration of diltiazem at a dose of 15 mg/kgthaut or with oral
administration of metformin at a dose of 10 or 3§kg. The rats were fasted for at
least 24 h prior to beginning of the experimentaclEanimal was anaesthetized
with ether and the right femoral artery (for blogainpling) was cannulated with a
polyethylene tube (Clay Adams, Parsippany, N.J.).

The diltiazem solution was diluted in distilled wato make a 15 mg/kg. The
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metformin was suspended in distilled water. Bloadhgles (0.5 ml) were collected
into heparinized tubes via the femoral artery éoOserve as a control), 0.1, 0.25,
0.5,0.75, 1, 2, 3, 4, 8, 12 and 24 h after théanteninistration of diltiazem. Blood
samples were centrifuged (13,000 rpm, 5 min), &edtasma sample was stored at

—40C until use for the HPLC analysis of diltiazem aresbalcetyldiltiazem.

2.3. HPL C analysis of diltiazem and desacetyldiltiazem

2.3.1. Sample preparation

Plasma concentrations of diltiazem were determimgdg a slight modified of
the reported HPLC assay Goeleelal. (1985). Briefly, 50ul of imipramine (2
ug/ml; internal standard), and 1.2 ml of tert-butgtimylether were added to a 0.2
ml of samples. The mixture was then stirred fori and centrifuged for (13,000
rpm, 10 min). One ml of the organic layer was tfamsd to a clean test tube and
0.2 ml of 0.01 N hydrochloride was added and mifced?2 min. 50ul of the water

layer was injected into the HPLC system.

2.3.2. HPLC condition

The HPLC system consisted of two solvent delivamynps (Model LC-10AD,
Shimadzu, Japan), a UV-Vis detector (Model SPD-10&)system controller
(Model SCL-10A), a degasser (Model DGU-12A) andaatoinjector (SIL-10AD).
The mobile phase was methanol : acetonitrile : A\DAmmonium bromide :
triethylamine (24 : 31 : 45 : 0.1, v/viv, pH 7.4jasted with acetic acid) was run to
flow rate of 1.5 ml/min, and the colump-pondapack & column (3.9 mm, i.d. x
300 mm, 10um) Waters Co., Ireland] eluent was monitored at BA&Y at room

temperature. The retention times of desacetyldéta, diltiazem and internal
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standard was 6.9-min, 8.7-min and 9.7-min, respelgtiFigure 3). The calibration
curves of diltiazem and desacetyldiltiazem weredmwithin the ranges of 5-500
ng/ml(Figures 4 and Figures 5). The intra- and inter-flay: 5) coefficients of
variation were less than 5% for diltiazem and delddiltiazem, respectively.

Detection limit of diltiazem and desacetyldiltiazevas 10 ng/ml

2.4. Pharmacokinetic analysis

The following pharmacokinetic data were analyzedgighe non-compartmental
method (WinNonlin software version 4.1; Pharsiglorfgdration, Mountain View,
CA, USA). The half-life (1) was calculated by 0.693{KThe peak concentration
(Cnmay and the time to reach peak concentratiopa)t of diltiazem or
desacetyldiltiazem directly read from the experitaknlata.. The area under the
plasma concentration time-curve (ALl from time zero to the time of last
measured concentration & was calculated by the linear trapezoidal rulee Th
AUC zero to infinite (AUG-,) was obtained by the addition of AdEand the
extrapolated area was determined hy/€. The relative bioavailability (RB) was

estimated by AUG, i /AUC x 100 The metabolite-parent ratio (MR) was

control

diltiazem

estimated by AUG,cetyidittiaze#AUC

2.5. Statistical analysis

Statistical analysis was conducted using a one-waglysis of viariance
(ANOVA) followed by a posteriori testing with Dunnett correction using the
means for the unpaired data. Differences were dedraesignificant at a level q@f

< 0.05. All data were expressed in terms of therme&.D.
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Table 5. Mean (+ S.D.) plasma concentrations dfadiém after oral administration

of diltiazem (15 mg/kg) without or with metformin tats ¢ = 6, each).

Diltiazem + Metformin

Tme () (iiazem)
10 mg/kg 30 mg/kg
0 0 0 0
0.1 138 +33.1 191 +45.8 203 +48.7
0.25 162 + 38.8 230 +55.2 246 +59.0
0.5 112 + 26.8 148 + 35.5 158 +37.9
1 67 +16.1 80.0+£19.2 87.0+20.9
2 29.5+7.07 40.0+£9.6 43.7 £10.5
3 16.7 £ 4.01 25.2+6.05 27.8 +6.69
4 13.6 +3.24 18.2 + 4.37 19.8 £4.95
8 7.0+1.67 10.3+2.47 11.4+2.85
12 42+1.0 6.0+1.44 6.7+1.7
24 3.1+0.73 45+1.1 52+1.3




Table 6. Mean (+ S.D.) plasma concentrations ofadetyldiltiazem after oral

administration of diltiazem (15 mg/kg) without oitlv metformin to ratsr( = 6,

each).
Time conro Diltiazem + Metformin
(hour) 10 mg/kg 30 mg/kg
0 0 0 0
0.1 55.6+13.4 57.0 £ 13.7 61.0+14.6
0.25 64.4 +15.3 68.4+16.4 745+17.8
0.5 66.1 + 15.7 715+17.2 76.8 +18.5
1 48.7 £ 11.6 504 +12.1 54.6 +13.1
2 26.0+6.24 285+6.84 31.0+7.44
3 15.7 +3.76 19.0 £ 4.56 20.9 +5.02
4 11.3+2.71 13.6 £ 3.26 15.0 £ 3.60
8 6.7+1.61 89+21 10.0+ 251
12 46+1.1 6.3+1.6 71+1.8
24 3.1+0.75 43+1.1 5.1+1.3
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Figure 9. Mean arterial plasma concentration—timadilps of diltiazem after oral

administration of diltiazem (15 mg/kg) withous)(or with 10 mg/kg f\) or 30

mg/kg (A) of metformin to ratsn= 6, each). Bars represent the standard deviation.
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Figure 10. Mean arterial plasma concentration—toradiles of desacetyldiltiazem

after oral administration of diltiazem (15 mg/kgithout (e) or with 10 mg/kg (\)

or 30 mg/kg &) of metformin to ratsn( = 6, each). Bars represent the standard

deviation.
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Table 7. Mean (x S.D.) Pharmacokinetic parametdrdittiazem after oral

administration of diltiazem (15 mg/kg) without oitlv metformin to ratsr( = 6,

each).
Diltiazem + Metformin
Parameter Control
(Diltiazem)
10 mg/kg 30 mg/kg

AUC (ngh/ml) 348 £ 83.5 481 + 115* 534 + 128*
Cmax(ng/ml) 162 + 38.9 230 + 55.2* 246 = 59.0*

Tmax () 0.25 0.25 0.25
t12(h) 10.3 + 2.47 10.7 £ 2.57 11.2 +2.69

RB (%) 100 134 154

* P < 0.05 compared to control.

AUC: area under the plasma concentration—time cfora 0 h to infinity;

Cmax peak plasma concentration;
Tmax time to reach peak concentration;
t12: terminal half-life;

RB: relative bioavailability.
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Table 8. Mean (x S.D.) Pharmacokinetic parametbdesacetyldiltiazem after oral

administration of diltiazem (15 mg/kg) without oitlv metformin to ratsr( = 6,

each).
Diltiazem + Metformin
Parameter Control
10 mg/kg 30 mg/kg

AUC (ngh/ml) 285 + 68.4 358 +85.9 405 + 98.4*
Crmax(ng/ml) 66.1 +15.8 71.3+17.1 76.8+18.3

Tmax (D) 0.5 0.5 0.5
ti2 (h) 11.6 +2.78 12.8 + 3.07 13.5+3.28

RB 100 126 141
MR 0.82+0.18 0.74 £0.17 0.77 £0.17

* P < 0.05 compared to control.

AUC,-,: area under the plasma concentration—time cuora @ h to infinity;

Cmax peak plasma concentration;

Tmax time to reach peak concentration;

t12: terminal half-life;

RB: relative bioavailability;

MR: metabolite-parent ratio.
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3. Results and discussion

Figure 3 shows the HPLC chromatograms of the tdtisk plasma (A) and the
plasma spiked with diltiazem, desacetyldiltiazemd amipramine (internal
standard) (B). The retention of diltiazem, desaddtidzem and imipramine was
8.7, 6.7 and 9.7 min, respectively.

The calibration curves of diltiazem (Figure 4) adebacetyldiltiazem (Figure 5)
were linear within the concentration ranges frond(-ng/ml, respectively. The
detection limits for diltiazem and descetyldiltiazavas 5 ng/ml. The intra- and
inter-day 6 = 5) coefficients of variation were less than 586 diltiazem and
desacetyldiltiazem.

The mean plasma concentration—time profiles of iad#im after oral
administration (15 mg/kg) with or without of metfoin (10 or 30 mg/kg) were
illustrated in Figure 9, and Table 7 listed theevaint pharmacokinetic parameters
of diltiazem after oral administration. Comparedhnathe control group, presence
of metformin significantly P < 0.05) increased the area under the plasma
concentration—time curve (AUC) and the peak comeéinh (Gnay Of diltiazem.
Consequently, the relative bioavailability (RB) diftiazem increased by 1.34- to
1.54-fold than those of the control group. CYP3A4key enzyme for the
metabolism of diltiazem is mainly located in livand it is also expressed in small
intestine (Pichardt al., 1990; Watkingt al., 1987; Kolarset al., 1992). This result
appeared to be consistent with previous studiesingle oral dose (fluvastatin,
atorvastatin, naringin and morin) significantly ieased the AUC and . of
diltiazem in rats, which was due to inhibition oY E3A4. Metformin increased the
terminal half-life ({,2) of diltiazem but not significantly. Metformin didot affect
the Tnax Of diltiazem.

The mean plasma concentration—time profiles of ackghliltiazem after oral

administration of diltiazem (15 mg/kg) with or watht metformin (10 or 30 mg/kg)
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were shown in Figure 10. As listed in Table 8, 3@kg of metformin significantly
(P <0.01) increased the area under the plasma coatenttime curve (AUC) of
desacetyldiltiazem. Metformin increased the peasipla concentration {,) and
the terminal half-life @) of desacetyldiltiazem but not significantly. Cogsently,
the relative bioavailability (RB) of desacetylditiem increased by 1.35- to 1.51-
fold than those of the control group. Compare t® tontrol group, presence of
metformin (10 or 30 mg/kg) decreased the metabphient ratio (MR) but not
significantly. These results suggest the metabobsior absorption of diltiazem
may be inhibited by metformin. Metformin did not fedt the T, Of
desacetyldiltiazem.

CYPs in enterocytes contribute significantly to tffiest-pass” metabolism and
oral bioavailability of many drugs and chemicalfieTfirst pass” metabolism of
compounds in the intestine limits absorption of itoxenobiotics and may
ameliorate adverse effects. Moreover, inductionnbibition of intestinal CYPs
may be responsible for significant drug/drug inticms when one agent decreases
or increases the F and, Kf a concurrently administered drug (Kaminsky &agco,
1991).

The increased bioavailability of diltiazem by metfon suggests that CYP3A
could be competitively inhibited by metformin, whicesulted in reducing first-
pass metabolism of diltiazem in the intestine antli@r. The adjustment of the
dose of diltiazem should be taken into considematior potential interaction

between metformin and diltiazem in clinical setting
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4. Conclusion

Presence of metformin significantly enhanced thstesyic bioavailability of
diltiazem in rats. If the results are further comied in the clinical trial, dose
adjustment of diltiazem shoud be taken into comaiiten when diltiazem is treated

with concomitantly with metformin to the patients.
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