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Abstract

A pharmacokinetic study of felodipine after administration of a single oral dose of felodipine to 24 healthy volunteers was realized. Two slow release pharmaceutical products, each containing 10 mg felodipine, were involved in the study: Plendil® (AstraZeneca Pharmaceuticals) and an experimental formulation. The obtained plasmatic profiles of felodipine from the studied formulations were not similar regarding both shape and levels, so different pharmacokinetic models were built and used for characterization of the absorption and disposition of the active compound. The representative model for felodipine from Plendil® product involves a zero order absorption kinetic, lag time of absorption, bicompartmental distribution and a 1st order elimination kinetic. For the experimental product, the absorption process has two phases (two basic 1st order kinetic processes), each having a different lag time and kinetic constant. Using the representative pharmacokinetic model for felodipine from each formulation, the corresponding pharmacokinetic parameters were calculated. 

Rezumat

A fost realizat un studiu farmacocinetic al felodipinei după administrarea unei doze unice pe cale orală de felodipină la 24 de voluntari sănătoşi. Au fost analizate două formulări farmaceutice cu eliberare prelungită, fiecare conţinând câte 10 mg de felodipină: Plendil® (AstraZeneca Pharmaceuticals) şi o formulare experimentală. Profilurile plasmatice ale felodipinei obţinute pentru cele două preparate nu au fost similare ca formă şi niveluri ale concentraţiilor, deci au fost construite şi utilizate diferite modele farmacocinetice pentru a descrie absorbţia şi dispoziţia compusului activ. Modelul farmacocinetic reprezentativ pentru felodipina din produsul Plendil® presupune un proces de absorbţie de ordinul zero, timp de latenţă al absorbţiei, distribuţie bicompartimentală şi eliminare după o cinetică de ordinul 1. Pentru produsul experimental, procesul de absorbţie are loc în două faze (două procese simple de ordinul 1), fiecare având un timp de latenţă şi constantă cinetică diferită. Utilizând modelul farmacocinetic reprezentativ pentru fiecare formulare studiată, au fost calculaţi parametrii farmacocinetici ai felodipinei.

· felodipine

· slow release

· pharmacokinetic compartmental analysis

IntroduCTION

Felodipine is a dihydropyridine calcium antagonist, widely used as a potent antihypertensive drug [1, 2]. The currently available pharmaceutical formulations with felodipine are mostly slow release coated tablets, containing 2.5, 5 or 10 mg felodipine. It is well known that in case of slow- release formulations, the pharmacokinetics of active compounds can be changed due to a different drug release rate or mechanism. Because the drug release rate from pharmaceutical form is slower than drug permeability rate through biological membranes, the former process will become rate-limiting and will “drive” the whole absorption process in a formulation-depending manner rather than drug-dependent. Thus, different slow release formulations of the same drug may exhibit different patterns of drug release/absorption, in vivo, having important consequences on the drug plasma profile, pharmacokinetics, and probably also on drug safety and efficacy [3].

The in vitro data from dissolution experiments did not show significant differences in the drug release rate from the two pharmaceutical products [4]. 

The aim of our work was to study the pharmacokinetics of felodipine from two slow release preparations, each containing 10 mg felodipine, after oral administration as single doses.

MATERIALS AND METHOD

· Subjects

A number of 24 healthy volunteers were enrolled in the study. The study was conducted according to principles of Declaration of Helsinki (1964) and its amendments (Tokyo 1975, Venice 1983, Hongkong 1989). The clinical protocol was reviewed and approved by the Ethics Committee of the University of Medicine and Pharmacy “Iuliu Hatieganu”, Cluj-Napoca, Romania.

· Study protocol

The study consisted in two clinical periods, cross-over, with a wash-out period between. In each period, after an overnight fast, the volunteers received a single dose of 10 mg felodipine (either Plendil®- AstraZeneca Pharmaceuticals or experimental product, according to the randomization scheme) along with 150 mL of water. Blood samples (5 mL) were taken via an indwelling venous cannula, according to the following time schedule: before drug administration (0 h), and 1, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 24 and 48 hours after drug administration. Within the first 10 minutes after collection, blood samples were centrifuged at 3000 rpm for 10 minutes and plasma samples were stored at -20˚C until analysis.

· Drug analysis from plasma

The plasmatic concentration of felodipine was determined using a validated LC/MS/MS analytical method. 

· Pharmacokinetic analysis

The data used for pharmacokinetic analysis were obtained by calculating the mean plasma concentrations of felodipine obtained from volunteers (n=24), for each administered product (n=2) and for each observation time (n=12). Seven mathematical models (noted M1…..M7) were used in order to analyze the pharmacokinetics of felodipine – six models for Plendil® product and one model for the experimental product (Table I). In all models there was considered the elimination process as 1st order. The differences between the models used for Plendil® product consisted in assumptions about the absorption kinetics or the number of compartments for felodipine. For example, the first pharmacokinetic model implies 1st order absorption kinetics, no lag time and monocompartmental distribution for felodipine, and in the same time the 6th model implies zero order absorption kinetics, lag time and bicompartmental distribution. 

Table I

Pharmacokinetic models of felodipine used in compartmental analysis

(M1 to M6 for Plendil, M7 for experimental formulation)
	
	Model properties

	Model
	Absorption 

Kinetics order
	Lag time
	Distribution

	M1
	1st order
	No
	monocompartmental

	M2
	1st order
	Yes
	monocompartmental

	M3
	1st order
	No
	bicompartmental

	M4
	1st order
	Yes
	bicompartmental

	M5
	Zero order
	Yes
	monocompartmental

	M6
	Zero order
	Yes
	bicompartmental

	M7
	Two 1st order 
	Yes, for each 

process
	monocompartmental


The last model, M7, was used for the experimental formulation and considers that the absorption has two basic processes, both with 1st order kinetics, but having different lag-times, different kinetic constants and, more than that, different magnitude regarding the amount of drug released by each process.  The corresponding equation for model M7 is shown below:


[image: image1.wmf]ï

ï

ï

ï

ï

î

ï

ï

ï

ï

ï

í

ì

=

-

+

=

¶

¶

-

=

¶

¶

-

=

¶

¶

c

c

c

c

absB

absA

c

absB

absB

absA

absA

Vd

Q

C

Q

kel

Q

kB

Q

kA

t

Q

Q

kB

t

Q

Q

kA

t

Q

*

*

*

*

*

 

M7


where QabsA and QabsB are the amounts of drug from the pharmaceutical formulation which will be released following the first kinetic process (A) or the second (B); kA and kB are the corresponding 1st order kinetic constants, kel is the elimination constant, Vdc is the distribution volume of the central compartment, Cc is the plasma level of felodipine.
For pharmacokinetic data analysis, WinNonlin software (Pharsight Inc., SUA) was used [5].

Results and discussion
The mean plasmatic concentrations of felodipine from Plendil® and the experimental formulation are shown in Fig. 1.
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Figure 1
The mean plasmatic levels of felodipine after oral administration of a 10 mg single dose of felodipine, as Plendil® product or experimental product

As it can be seen in Fig. 1, the mean levels of felodipine are different for the two preparations, regarding both shape and concentration magnitude. Moreover, for the experimental formulation a second plasmatic peak can be noticed after 24 hours, probably meaning a late absorption process which must be modelled separately. This is the reason why the classical models used for Plendil® formulation (M1-M6 in Table I) cannot be used for the experimental formulation and why we used for the last one a special model, with two absorption phases.


For Plendil® formulation, the data were analyzed using the six pharmacokinetic models presented previously. For model discrimination the Akaike index was used [6,7,8]. The model that fits better the data is characterized by a smaller Akaike index. The individual Akaike values for the six analyzed models are presented in Figure 2.
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Figure 2
Akaike index values for mathematical models used for the characterization of felodipine pharmacokinetics from Plendil® formulation

By analyzing the Akaike values presented in Figure 2, it can be clearly seen that the model M6 fits the data better than other models and is representative for pharmacokinetics of felodipine from Plendil® product. For example, in Figure 3 is presented the data fitting for M6, compared with M1. There can be observed a good correlation between the experimental (observed) and the fitted (predicted) values for felodipine concentrations in the case of model M6, but a systematic difference in the case of the model M1.
[image: image4.png]3500

3500
-G Obsenved Observed
3000 o0 -G Observe
Conc — Predicted o0 — Predicted
2500 2500
(pgfml) (pgfrl)
2000 2000
1500 1500
1000 1000
500 500
o
0
0 5 10 15 20 25 30 3B 4 45 50 5 10 15 20 25 ;W 3B 40 45

Time (hour)

Time (hour)




Figure 3

The fitting of model M1 and model M6 to the data – felodipine from Plendil®
The fitting of felodipine data for the experimental product to model M7 is presented in Figure 4. 
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Figure 4
The fitting of model M7 to the data – felodipine from experimental formulation

The pharmacokinetic parameters of felodipine from Plendil® product are presented in Table II.

Table II

The pharmacokinetic parameters of felodipine

from Plendil® product, calculated with model M6
	Parameter
	Unit
	Value

	Drug release time from product
	hour
	3.5020

	k0 (release constant)
	mg/hour
	2.86

	Kel (elimination constant)
	1/hour
	0.0961

	k12 (distribution constant 1-2)
	1/hour
	0.1124

	K21 (distribution constant 2-1)
	1/hour
	0.0637

	TLAG (latency time of absorption)
	hour
	0.2759


The pharmacokinetics of felodipine from Plendil® product is characterized by a zero order absorption rate (about 2.8 mg/hour, supposing that the bioavailability is 1) and bicompartmental distribution. After absorption, felodipine is epurated following a first-order kinetic process. 

The pharmacokinetic parameters of felodipine from Plendil® product are presented in Table III.

Table III

The pharmacokinetic parameters of felodipine

from experimental product, calculated with model M7
	Parameter
	Unit
	Value

	kA, rate constant of the first release process 
	1/hour
	0.5231

	FR fraction of dose released by first release process (%)
	-
	26.14

	kB, rate constant of the second release process
	1/hour
	0.0509

	TLA, latency time for the first release process
	hour
	0.0010

	TLB, latency time for the second release process
	hour
	8.1752

	Kel (elimination constant)
	1/hour
	0.0902


The pharmacokinetics of felodipine from the experimental product is characterized by biphasic absorption (two 1st order kinetic processes). The first process (A) has a constant of 0.52 hour-1 and is responsable for the release of only 26% of the drug from the pharmaceutical formulation. The second process (B) is slower (k=0.05 hour-1), it begins after 8 hours from drug administration and is responsible for the release of about 74% of the dose.

Conclusions

· In order to describe the pharmacokinetics of felodipine after oral administration of a single dose of 10 mg felodipine as slow-release tablets, seven mathematical models were used. These models involve differences regarding the kinetic release of the drug from pharmaceutical form or drug distribution.

· After data analysis, the representative model for the pharmacokinetics of felodipine from each studied formulation was assessed. 

· The pharmacokinetic model for felodipine from Plendil® formulation product is characterized by a zero order absorption rate, bicompartmental distribution and 1st order elimination.

· The pharmacokinetic model for felodipine from experimental formulation is characterized by a biphasic absorption - two 1st order kinetic processes- the first having higher constant value but lower magnitude and reversed situation for the latter process.

· Although the in vitro data did not suggest significant differences in the release rate of drug from the two pharmaceutical products [4], in vivo data show important differences in drug release – absorption and bioavailability

· The observed differences in felodipine plasma levels may be drug-related (the size of felodipine particles) or formulation-related; all this factors will be studied in further studies.
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