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Abstract

Alendronate (AL), is an antiresorptive agent used in both prophilaxy and treatment of all types of osteoporosis. Oral administration of AL induces a very low bioavailability (less than 1 %), which can be increased by various technological methods. For this purpose we formulated extendend release oral delivery system as hydrophilic matrix tablets based on Carbopols. The main objective of the study was to compare the hydratation and swelling characteristics of matrix tablets formulated using three sorts of Carbopol with different levels of crosslinker: Carbopol 974 P NF, Carbopol 971 P NF, Carbopol 71 G NF. The matrix tablets were prepared by direct compression, being formulated in four different concentrations for each type of  Carbopol that has been studied, using the same excipients (Ludipress-diluent, Magnesium stearate-lubricant).

The tablets were evaluated in regard to: weight uniformity, thickness, diameter, hardness, friability, dynamic hydratation and swelling behavior.

According to our results the formulations containing 15 % carbopol generate tablets that exhibit the best swelling and erosion characteristics, being recommended for the preparation of the extended release alendronate tablets.

Rezumat
Alendronatul (AL) este un inhibitor specific al resorbţiei osoase mediată de osteoclaste, fiind folosit în tratamentul profilactic şi curativ al tuturor formelor de osteoporoză. Administrat pe cale orală AL este caracterizat printr-o biodisponibilitate mică (sub 1%). În scopul creşterii biodisponibilităţii orale a AL ne-am propus să formulăm comprimate matriciale hidrofile pe bază de Carbopoli administrate ca sisteme terapeutice orală cu cedare prelungită.

Obiectivul acestui studiu constă în evaluarea comparativă a caracteristicilor de hidratare şi gonflare a comprimatelor formulate cu trei sorturi de carbopol caracterizate de grade diferite de polimerizare: Carbopol 974 P NF, Carbopol 971 P NF, Carbopol 71 G NF. Comprimatele matriciale au fost preparate prin comprimare directa, fiind formulate patru concentraţii diferite pentru fiecare sort de Carbopol studiat utilizând aceiaşi excipienţi (Ludipress-diluant; Stearat magneziu-lubrifiant). Analiza calitativă a comprimatelor a inclus următoarele determinări: uniformitatea masei, grosimea, diametrul, rezistenţa mecanică, friabilitate, gradul de hidratare şi gonflare. Rezultatele obţinute au evidenţiat faptul că formulările cu un procent de 15% carbopol, indiferent de gradul de polimerizare al acestuia, prezintă cele mai bune caracteristici de îmbibare şi gonflare fiind recomandate pentru prepararea comprimatelor matriciale hidrofile cu alendronat. 

· alendronate
· hydrophilic swellable carbopol matrixes
INTRODUCTION
Alendronate sodium is the orally bioavailable form of alendronic acid (4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid) acting as a specific inhibitor of osteoclast mediated bone resorption. This drug is indicated for the treatment of numerous diseases such as osteoporosis, Paget’s disease, myositis ossificans, malignant hypercalcemia, and metastatic bone disease [1, 2].

The major disadvantage in the oral administration of AL consists in the poor absorption from the gastrointestinal tract, hence its low oral bioavailability that is of 0.6-0.9 %. Orally administrated AL is absorbed mainly in the upper part of the small intestine (duodenum, jejunum), although it could be absorbed to a small extent from the stomach [3-5]. 

The gastric retention with controlled release allows the extended delivery of the drug to the duodenum. Controlled release of the drug to the duodenum and jejunum should allow an improvement in bioavailability.  

Carbopol® polymers (carbomers) are crosslinked acrylic polymers which have the potential to extend the release of drugs from gastroretentive delivery systems. Carbomers are efficient hydrophilic matrix forming excipients and they enable the uniform dispersion of drugs in polymeric matrix using direct compression and wet granulation methods. When carbomer tablets are placed in contact with dissolution media, the external surface of the tablet becomes hydrated, swells and forms a gel layer that further controls the release of the drug from the tablets [6, 7].

The main objective of the study was to compare the hydratation and swelling characteristics of the three types of Carbopol and the influence that the polymer level of crosslinker and its concentration have on the process of hydratation and, consequently, on the mechanism of drug release.

During the study there have been formulated and prepared matrix tablets using three sorts of Carbopol with different  levels of crosslinker: Carbopol 974 P NF, Carbopol 971 P NF, Carbopol 71 G NF (C 974, C 971, C 71). The matrix tablets have been prepared by direct compression, being formulated in four different concentrations for each type of  Carbopol that has been studied, using the same excipients (Ludipress-diluent, Magnesium stearate-lubricant).

The tablets were evaluated in regard to: weight uniformity, thickness, diameter, hardness, friability, dynamic hydratation and swelling behaviour.
MATERIALS AND METHODS

Materials

Carbopol 974 P NF, 971 P NF, 71 G NF (Noveon Inc.), Ludipress LCE (BASF), Aerosil 200 (Degussa), Magnesium stearate (Union Derivan S.A. Spain), Talc (Romanian Pharmacopoeia Xth quality).
Methods

Preparation and physical characterization of matrix tablets
There were prepared five formulations for C 71 and C 971, with the limit of 45 % polymer concentration. For C 974 we prepared three formulations associated with C 71 (table I). 

Table I

Formulations of hydrophilic matrix tablets based on Carbopol

	Matrix components

(mg %)
	Formula

	
	I

71
	II

71
	III

71
	IV

71
	V

71
	I

971
	II

971
	III

971
	IV

971
	V

971
	I

971-974
	II

971-974
	III

971-974

	Carbopol 71 G NF
	10
	15
	20
	25
	45
	–
	–
	–
	–
	–
	–
	–
	–

	Carbopol 971 P NF
	–
	–
	–
	–
	–
	10
	15
	20
	25
	45
	15
	15
	15

	Carbopol 974 P NF
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	1
	2
	3

	Mg stearate
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	1
	1
	1
	0.8
	0.8
	0.8

	Aerosil
	–
	–
	–
	–
	–
	–
	0.5
	0.8
	0.8
	3
	1.5
	1.5
	1.5

	Talc
	–
	–
	–
	–
	–
	–
	–
	–
	–
	1
	–
	–
	–

	Ludipress LCE
	89.5
	84.5
	79.5
	74.5
	54.5
	89.5
	84.5
	78.2
	73.2
	50
	81.7
	80.7
	79.7

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Final weight (mg/tablet)
	200


Ingredients were weighed and sieved using a TGL 7354/TGLO 4188 (150-400 μm) screen system and then mixed for 15 min in a tumbling mixer. Direct compression was performed on a Korsch EK0 tabletting machine with two stations (9 mm flat punches, compression pressure of 8-10 kN, corresponding to an upper punch going of 3-5 mm).  

The tablets were evaluated as followes: 

· Mass uniformity –according to Romanian Pharmacopoeia, by weighing the tablets on a Radwag WPE 60 electronic balance;

· Thickness, diameter and hardness of tablets-on a Schleuninger Apparatus (Eur. Ph. V);

· Friability – on a EFII friabilator (USP method).
Swelling and erosion properties were evaluated on a Dissolution test station SR 8 Plus Series (AB & L Jasco), Apparatus 2.

Swelling grade was determined by dipping matrix tablets in 1000 ml water at 37 °C with a rotating speed of paddles of 60 rpm. Matrices were removed from the dissolution medium at specific time intervals (1 h) and weighed after taking off the water excess from their surface. Swelling grade, as percentage of water absorbed, was calculated using the equation:
Ws = [(Wt-W0)/W0] · 100                                                          Eq. 1.

where:   -   Ws = swelling grade;

-   Wt = weight of matrix at t moment;

-    W0 = initial weight of matrix.

Erosion grade was determined in similar experimental conditions as those for swelling grade determinations. After weighing the matrices, drying was performed up to a limit of 1 % relative humidity, by means of a Kern MLB humidity balance. 

Erosion grade of hydrophilic matrices, as percentage of initial weight of matrix, was calculated according to the following equation:
We = [(W0-Wt)/W0] · 100                                                          Eq. 2.

where : -    We =erosion grade;

· Wt = weight of dried matrix at t moment;

· W0 = initial weight of matrix [3,4,5].

Statistical analysis of the swelling and erosion data results was fulfilled using the SPSS 10 programme by liniar regression, having the time (x) as the independent variable and the swelling (z) and erosion (w)  grades as dependent variables (table III and IV; fig. 3 and 4). 
RESULTS AND DISCUSSION
Characterization of tablets (table II) showed that all formulations are in accordance to the specifications of pharmacopoeias: mass uniformity with a ± 7.5 % variation, good hardness (44.01-91.36 N), and friability below 1%. We noticed that formulations with Carbopol concentration of 15-20% displayed the best physical characteristics. 

Table II

Hydrophilic matrix tablets based on Carbopol–physical characterization

	Formula
	Mass uniformity (%±)
	Diameter (mm)
	Thickness (mm)
	Hardness (N)
	Friability (%)

	I 71
	–3.46/+3.96
	9.03
	2.60(0.01)*
	44.01(1.92)*
	0.75

	II 71
	–2.60/+2.09
	9.03
	2.63(0.01)*
	68.51(1.37)*
	0.27

	III 71
	–3.52/+3.04
	9.01
	2.44(0.01)*
	78.28(2.41)*
	0.32

	IV 71
	–4.04/+3.52
	9.02
	2.55(0.04)*
	65.83(2.12)*
	0.38

	V 71
	–2.18/+2.18
	9.08
	2.45(0.05)*
	52.75(3.93)*
	0.42

	I 971
	–4.18/+3.88
	9.02
	2.75(0.04)*
	45.71(1.43)*
	0.39

	II 971
	–2.02/+1.52
	9.02
	2.65(0.01)*
	69.20(1.19)*
	0.20

	III 971
	–3.54/+4.56
	9.02
	2.78(0.04)*
	71.21(1.18)*
	0.69

	IV 971
	–4.73/+4.22
	9.03
	2.63(0.06)*
	91.36(3.01)*
	0.05

	V 971
	–4.04/+3.06
	9.06
	3.02(0.03)*
	64.68(3.79)*
	0.43

	I 971-974
	–2.16/+2.84
	9.02
	2.69(0.03)*
	69.41(1.04)*
	0.18

	II 971-974
	–1.99/+2.48
	9.02
	2.81(0.02)*
	71.13(1.18)*
	0.35

	III 971-974
	–2.07/+2.56
	9.02
	2.60(0.01)*
	71.01(1.83)*
	0.31


* Standard deviation; Diameter – standard deviation = 0.00

The results obtained for the determination of the swelling grade (Fig. 1) proved that for C 71 formulations, the best swelling grade was obtained for II 71 (15 % C71) which displays an exponential increase of the weigh in time. At lower concentrations I 71 the swelling process is progressive in the first four hours, during which there takes place the total hydration of the polymer by the intrusion of the water through the channels (pores) formed among the particles. After that there occurs the flotation process that enables the erosion. 


[image: image1]
Figure 1
The weight increase of hydrophilic matrices (% m/m)

The C 71 formulations in high concentrations (III–V formulations) absorb a large quantity of water in the first two-three hours. Later on it was observed a much slower increase of the matrices weight.
This phenomenon can be explained through the polymer gel structure, the Carbopol concentration increase determining a decrease of the channels dimension inside the matrix tablets and, consequently, a decrease of the absorbed water quantity. 

The matrix tablets based on C 971 display approximately the same swelling behavior as the type C71, underlining the fact that these matrices absorb a much larger quantity of water. In the same time we notice differences in the matrices structure hydrated for seven hours: C 71 displays a non-homogenous fibrous hydrogel structure while C 971 forms a homogenous clear gel structure.

In the C971- C974 association formulations, the type C974 in 2 % concentration had a favorable effect on the swelling process (II C971- C974), while in I C971- C974 şi III C971- C974 formulations we can notice a swelling decrease, explained by high crosslinker level of C974. In this case the gel hydrated matrix structure is not as homogenous as the one observed at C 971, because we observed very fine filaments due to the presence of C974 with many reticulate areas in its structure.
The erosion grade determination has the following results (Fig. 2): 

[image: image2]
Figure 2
The weight decrease of hydrophilic matrices (% m/m)

C 71 displays an almost constant erosion at the 15%  and 25% concentration, respectively. At I 71 formulation we observed an accentuated erosion determined by the tablet flotation while at V 71, with a high C 71 concentration, we noticed a decrease of the erosion process.  
Formulations with C 971 exhibit the same evolution of the erosion grade underlining the fact that the erosion speed is much lower than the one observed at C 71 formulations.

The II C974 - C971 and III C971- C974 association formulations display an erosion grade superior to the   C 971.

Statistical analysis of the swelling and erosion data results is shown in tables III and IV.

Table III

 Correlation coefficients for dependent variables swelling grade/time
	Statistical Indexes
	Formula

	
	I

71
	II

71
	III

71
	IV

71
	V

71
	I

971
	II

971
	III

971
	IV

971
	V

971
	I

971-974
	II

971-974
	III

971-974

	R
	–
	0.991
	0.941
	0.796
	0.979
	0.967
	0.988
	0.904
	0.940
	0.985
	0.987
	0.979
	0.970

	R2
	–
	0.982
	0.886
	0.633
	0.958
	0.935
	0.977
	0.817
	0.884
	0.970
	0.975
	0.959
	0.942

	R2adj
	–
	0.979
	0.864
	0.560
	0.950
	0.921
	0.972
	0.780
	0.860
	0.964
	0.970
	0.950
	0.930

	Sig.
	0.42
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Regr.

coeff.
	const.
	–
	69.10
	133.59
	230.78
	243.63
	227.84
	276.26
	337.23
	308.69
	313.91
	275.78
	255.54
	323.60

	
	y
	–
	110.57
	80.19
	68.06
	64.85
	92.79
	135.29
	91.88
	89.95
	106.80
	99.65
	131.06
	78.44

	
	t
	–
	16.63
	6.24
	2.93
	10.67
	8.45
	14.45
	4.72
	6.15
	12.73
	13.87
	10.78
	8.99

	
	Sig.t
	–
	0.00
	0.02
	0.32
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table IV

 Correlation coefficients for dependent variables erosion grade/time

	Statistical Indexes
	Formula

	
	I

71
	II

71
	III

71
	IV

71
	V

71
	I

971
	II

971
	III

971
	IV

971
	V

971
	I

971-974
	II

971-974
	III

971-974

	R
	0.961
	0.979
	0.988
	0.996
	0.980
	0.995
	0.973
	0.976
	0.998
	0.984
	0.997
	0.990
	0.998

	R2
	0.923
	0.959
	0.976
	0.992
	0.961
	0.990
	0.948
	0.953
	0.995
	0.968
	0.993
	0.981
	0.996

	R2adj
	0.908
	0.951
	0.971
	0.990
	0.953
	0.988
	0.937
	0.943
	0.994
	0.961
	0.992
	0.977
	0.995

	Sig.
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Regr.

coeff.
	const.
	12.17
	9.10
	15.23
	10.48
	12.57
	13.83
	12.01
	9.84
	6.98
	14.35
	2.85
	6.13
	7.37

	
	y
	12.96
	8.23
	6.82
	7.14
	5.43
	6.57
	4.59
	5.38
	5.60
	3.05
	5.76
	6.29
	6.42

	
	t
	7.75
	10.85
	14.16
	24.25
	11.06
	22.08
	9.50
	10.05
	32.83
	12.28
	27.60
	16.01
	34.47

	
	Sig.t
	0.001
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Sig. ≤ 0.05 ; R, R2 = multiple correlation coefficient; 
R2adj = adjusted multiple correlation coefficient.


[image: image3]
Figure 3
Regression plot correlation for dependent variables swelling grade/time (II 971)

z = 69.10+ 110.57 · x


[image: image4]
Figure 4
Regression plot correlation for dependent variables swelling grade/time (II 71)

From the statistical analysis we noticed that:

· all formulations exhibit a direct correlation between the dependent variables z and w, respectively, and the independent variable x, except for I 71 for which there is no  statistical significance (Sig = 0.427);

· II C71 and II C971 have the best swelling grade – time correlations, the  time predictor (t), having the main importance in proposed models for these formulations with a high prediction power;

· the dependence of the w variable towards x has an ascendant evolution up to the 25% polymer concentration; after that we noticed a decrease of the w dependence towards x.  

CONCLUSIONS

· Formulations containing 15-20% Carbopol generate tablets with the best physical characteristics;
· Formulation II 71 displayed the highest swelling grade for the C 71 formulations, which was also confirmed by statistical data analysis; 
· C 971 sort developed a higher swelling grade and a lower erosion grade, as opposed to C 71 sort. Therefore we chosed II 971 as the optimal formulation;
· Formulations containing the C 974/C 971 mixtures showed that a concentration of 2 % C 974 induced an increase of swelling grade and a slight increase of erosion, a phenomenon which may have a good influence on the release of sodium alendronate;
· The II 71, II 971, II 971-974 displayed the best swelling and erosion characteristics, being recommended for the preparation of the extended release alendronate tablets.
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z = 276.260 + 135.29 · x
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