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Abstract

Furosemide is a powerful diuretic with a poor bioavailability. Its bioavailability can be improved by cyclodextrin binary or ternary complexation. The present study established an HPLC method for the analysis of furosemide in rat plasma. Pharmacokinetic parameters of furosemide in the presence/absence of randomly methylated β-cyclodextrin (RAMEB) were calculated and statistically analysed. The presence of furosemide as a complex with RAMEB led to increased plasmatic concentration and superior in vivo bioavailability. 

Rezumat

Furosemida este un diuretic eficient cu o biodisponibilitate redusă. Aceasta poate fi optimizată prin obţinerea unor complecşi binari sau ternari cu ciclodextrine (RAMEB). Prezentul studiu a stabilit o metodă HPLC de analiză a concentraţiei furosemidei în plasma de şobolan. Au fost calculaţi  şi analizaţi statistic parametrii farmacocinetici ai furosemidei în prezenţa/absenţa RAMEB. S-a constatat faptul că prezenţa furosemidei sub formă complexată conduce la  o concentraţie plasmatică mai ridicată şi, implicit, la o biodisponibilitate superioară.

· furosemide

· HPLC

· cyclodextrins

· inclusion complexation

INTRODUCTION
Furosemide (FS) is a benzoic acid derivative [1] with a powerful diuretic activity used in the treatment of edemas and hypertension [2]. Its solubility in water is very low, leading to a poor bioavailability [3], which can be improved by association with cyclodextrins [4-6]. Cyclodextrins are toroidal shape oligosaccharides with a cavity that can accommodate a large number of pharmaceuticals [7]. There is poor information in literature about the direct biological evaluations of diuretics as complexes in human plasma, therefore this type of in vivo study can be accepted. A second observation is that in order to reproduce a diuretic effect the whole organism is needed. Rats are very similar to humans concerning a lot of biological evaluations so, they were used for in vivo evaluation of plasmatic concentration of complexed furosemide. 

In previous papers [8, 9] we obtained binary and ternary complexes of FS with randomly methylated β-cyclodextrin (RAMEB) and polyvinylpyrrolidone (PVP) by specific methods (physical mixture, kneading, ultrasonication) in molar ratio of 1:1 and 1:2. The binary and ternary products were analyzed by in vitro dissolution tests, differential scanning calorimetry, X-ray diffraction, 1H-NMR and in vitro membrane diffusion tests.

We presented in our previous paper, [12] a HPLC method for the separation and identification of furosemide in rat plasma in order to perform a bioavailability study concerning inclusion complexes of furosemide and RAMEB.
In the present study, a HPLC method was developed in order to analyze FS concentration in rat plasma samples after the oral administration of furosemide and furosemide-RAMEB 1:1 complex to Wistar white rats. Pharmacokinetic parameters of furosemide in the presence/absence of RAMEB were calculated and statistically analyzed.

EXPERIMENTAL PART
1.  Laboratory animals

Experimental pharmacokinetic determinations were accomplished using Wistar white rats, both males and females, weighting 200±20 g. The animals were kept under standard conditions (24 ( 2(C, 60% air humidity) and had free access to water. No food was supplied in the last 18 hours before the experiment. All the experimental part was approved by the University Bioethical Committee. 
 2. Blood samples 

The experimental animals were divided in two groups of 42 individuals: a control group, treated with furosemide 40 mg/kg body weight (b.w.) and an experimental group, treated with an equivalent amount of furosemide complex (furosemide : RAMEB 1:1). For each prelevation time, six animals were sacrificed. 

Doses were established depending on the linearity of pharmacokinetic parameters in rat and the necessary conditions requested by the analytical method (40 mg/kg b.w. oral administration, corresponding to a dose of 8 mg / 200 g rat). 

An additional animal group was used for blood prelevation to obtain rat blank plasma, necessary for developing the analytical method and rat plasma standards preparation.

After administration, before each blood prelevation, anaesthesia was induced with ethylic ether, which is not metabolised in the rat organism; it is not soluble in plasma or bound by plasmatic proteins and also does not cause interferences with other metabolic processes. In addition, ether narcosis was used from ethical considerations concerning animal experiments, in order to get blood and liver samples and also for animal euthanasia.

Blood samples were taken by cardiac punction, each time being taken 2.5-3.5 ml in tubes using K3EDTA as anticoagulant, at different time periods, as follows: 0 (blank); 0.5; 1; 2; 3; 4; 6 hours. Right after prelevation, blood samples were transferred in pre-treated tubes with anticoagulant and centrifuged at 3500 rotations/minute for 10 minutes in a cooling centrifuge at a constant temperature of 4(C. The separated plasma was transferred in Eppendorf micro tubes and kept at -20(C until analyzed.

3. Pharmacokinetic parameters

The valid analytical method previously reported is used to quantitatively determine furosemide plasmatic levels for pharmacokinetic analysis. After determination of analyte concentration in plasma samples, the results were processed according to the following pharmacokinetic parameters [10]:

Primary pharmacokinetic parameters:

AUC0(( - area under the concentration/time curve from t0 = 0 extrapolated to infinite; calculation method was AUC0(( = AUC0(t + AUCt((, where AUC0(t  represents the area under the concentration/time curve measured by trapezoidal method up to the last detectable plasmatic concentration, and AUCt((,(AUCextra) is the extrapolated value, determined as AUCt((, = clast/Ke, where clast is the last detected concentration and Ke(Lz) is the elimination constant corresponding to phase β;
cmax – maximal plasmatic concentration noticed after substance administration;

Secondary/additional pharmacokinetic parameters:

t1/2 – half time of plasmatic concentration;

Tmax – time corresponding to maximal plasmatic concentration;

Ke ​– elimination constant (Lz);

MRT – mean time of molecule existence in organism.

Pharmacokinetic data, as well as graphical representations of plasmatic concentration - time curves and semi logarithmic plasmatic concentration-time curves were performed using a specific software (Kinetica 2000 – InnaPhase Ltd., SUA). 

Pharmacokinetic analysis was developed using a non-compartmental model, because the primary pharmacokinetic parameters analysed (AUC0((, cmax)  are independent from compartmental models.
Trapezoidal method [10] was used for the calculation of AUC0((, the extrapolated region (AUCt((, sau AUCextra) being situated under the value of 20% in order to fulfill pharmacokinetic determinations requirements.

The same method was used for calculating the area under the plasmatic concentration-time curve, based on the following mathematical equations [11]:
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Figure 1
AUC calculation

The half-time (T1/2) is characteristic for drug elimination and is calculated using the linearity between plasmatic concentration logarithm and time, in the final region (which characterises the elimination) of the concentration-time curve.

AUMC - area under the moment of the curve, evaluates the area under the plasmatic concentration - time curve every moment corresponding to experimentally determined plasmatic concentration. AUMC0(( / AUC0((  ratio leads to MRT value. If the half-time life is the necessary time for the elimination of half of the drug molecules, calculated from the moment when the elimination started (which follows the moment of the plasmatic peak), MRT is the time interval necessary for the elimination of 63.2% of the administered dose. Generally MRT is bigger than t1/2 because it is dependent on pharmacokinetical stages of absorption and distribution.

RESULTS AND DISCUSSION
Concentration-time curve of mean values for the control group is depicted in figure 2.
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Graphical representation of mean curve obtained under the same conditions, but using an oral treatment with a single dose of furosemide-RAMEB complex (corresponding to 40 mg/ kgb.w. furosemide) is depicted in figure 3. The two curves („spagetti plot”) are presented in figure 4.

The same data was used for the graphical representation of semi-logarithmic curves and for the linearization of the elimination process. The values logarithmation was necessary for calculating some pharmacokinetic parameters (T1/2, Ke).

Considering that the elimination of the active substance (furosemide) follows a Ist type kinetic, the linearization of the elimination curves (semi logarithmic graphic) led to specific equations type c = c0 . e-Ke·t (ng/ml). Correlation coefficients (R) are higher than 0.95 (in biological studies having great variability, like the experimental pharmacokinetic studies, a coefficient R > 0.95 is considered satisfactory and R > 0.99 is excellent).
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Figure 3
Mean curve concentration-time after oral administration of

furosemide-RAMEB complex (equivalent to 40 mg/ kgb.w. furosemide)
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Figure 4
Plasmatic concentration-time curves („spagetti plot”)
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Figures 5-6
Semi logarithmic curves

Pharmacokinetic processing of data is presented in Table I. 

Table I
Pharmacokinetic parameters

	Pharmacokinetic parameter
	Unit
	Control group
	Experimental group
	Observations

	C max
	(g/ml
	16.15 ( 4.80
	22.34   ( 4.39
	NS (because of the big variability, the results are not statistically significant 

	AUC o((
	(g/ml.h
	35.998 (  8.04
	52.29 ( 13.52
	

	T(( 2
	h
	1.50 ( 0.11
	1.76 ( 0.21
	

	MRT
	h
	2.43 ( 0.13
	2.65 ( 0.26
	

	Ke (Lz)
	h-1
	0.475 ( 0.041
	 0.427 (  0.05
	


The results obtained for the two groups are not statistically significant due to the great variability between organisms. Still, the value of cmax was very close to p = 0.05 (p = 0.08), so one can say with a 90% probability that in the case of furosemide-RAMEB complex, the plasmatic concentration (and bioavailability) is 1.4 times higher. This observation suggests that the presence of cyclodextrin together with the active compound generates a higher biological response. Increasing the hydrosolubility leads to optimizing the bioavailability. Even if furosemide is an active diuretic it is clear that the lypophilic/hydrophilic ratio could be improved by different procedures, including cyclodextrin complex formation, in order to achieve a more effective diuretic activity at a smaller dose. This important diuretic effect can be applied for intense hypotensive results or to reduce adverse effects such as K+ depletion due to the low quantity of active compound used for the same therapeutic activity.     

CONCLUSIONS
Oral administration of a single dose of 40 mg/kg body weight  furosemide to the rat (as aqueous suspension, the substance alone and the 1:1 complex with RAMEB) leads to a plasmatic peak with a short retention time (0.5 h), comparable with the one from literature (in humans).

Plasmatic half life and mean retention time of the molecule in the organism, have small values - t1/2 is 1.5 h for the control group and 1.76 h for the experimental group; the same values for MRT are 2.43 h and 2.65 h, respectively; due to the great variability, the differences between groups are not statistically significant (p = 0.08).

The presence of furosemide as a complex with RAMEB leads to increased plasmatic concentration and in vivo bioavailability. 
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Figure 2


Mean concentration-time curve after oral administration of 40 mg/kgbw furosemide (control group)
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