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Abstract

The spheres were prepared by the desolvation technique combined with
gravitational sedimentation of droplets of methyicellulose gel suspensions with the
addition of 25 % quinidine adsorbate on the potato starch and 5 % hydrophilic agents
such as Span 80, Tween 60, glyceryl monostearate or PEG 2000 instilled into a
desolvation liquid (saturated sodium acetate : paraffin liquid : heptane 1:1:1, v/iv/v)
through a standardized capillary.

As follows from the physicochemical studies the sphericity (Sp) changed within
the range 1.020 — 1.314, the porosity (P) was 19.1 — 66.5 % and the loading efficiency
was 35.10 — 67.07 %. The release studies show that the dissolution efficiency after 60
min (DEep) in acidic medium was 78.6 % for quinidine and 52.6 — 63.4 % for the
spheres; in phosphate buffer pH 6.8 DEe was 32.4 % for quinidine, but ranged within
16.3 — 26.0 % for the spheres. The release of the drug from the spheres was fast and it
was slightly difference (the loaded drug was released within 60 min) in acidic medium,
while differentation of release in the phosphate buffer made it possible to evaluate the
effect of hydrophilic additives on the dissolution rate.

The general process of release can be described by the modified Higuchi

equation M, =K, - (vt - {T,) , which facilitates the analysis of the theoretical amount of
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the released substance (M{) depending on the zero-order dissolution rate constant

(Ko) and the dissolution lag time (Tp). Accordingly, spheres with sustained release can
be most effectively produced by addition of PEG 2000. These spheres are
characterized by Sp = 1.035, P = 60.2 % and a loading efficiency of quinidine 67.07 %.
The release in acidic medium proceeds with Ko = 3.857 mg:min®> and Tp = 6.21 min,
in phosphate buffer Ko was 1.293 mg-min®® and Tp = 7.14 min. These parameters
were of less importance for the other formulations. The modified Higuchi equation
gives information about the parameters of drug released.
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Introduction

Special type granules (spheres) are prepared by different spheronization methods
(1) such as polymer or monomer emulsification techniques (2,3) with the organic or
aqueous continuous phase, solvent evaporation from emulsion (4), multiphase
emuisification (5), molten dispersion (6), spray drying (7), extrusion — spheronization
(8). Emulsification techniques comprise formation of an emulsion from a dispersed
phase which is a solution of a monomer or a polymer in a volatile solvent including a
dispersed or suspended medicinal substance made up of water or oil with the addition
of emulsifier; evaporation of the solvent, and finally hardening of the particles. The
multistage character of the process requires the use of suitable quality homogenizers
and apparatus intercepting volatile vapours of the solvent or utilizing post — reaction
mixtures. A number of intermediate stages is significantly reduced using the drug —
carrier dispersion technique, the spray drying of aqueous or organic solvent
suspensions method and the extrusion ~ spheronization technique. These techniques
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require expensive technical equipment to produce particles of different diameters
which are not always spherical and uniform in size.

For higher efficiency, the following auxiliary substances are used for production of
spheres: carriers such as cellulose and its derivatives (9,10), proteins (11), starch (12),
synthetic polymers (13), solvents such as methylene chloride (14), chloroform (15),
acetone (16), ethanol (17), water (18), com oil (19), nonionic emulsifiers — cetyl alcohol
(20), polysorbate 65 (21), solubilizers such as PEG 1500 and PEG 4000 (1) and
plasticizers (22).

Spheres are delivery systems for drugs from different therapeutic groups such as
gentamicin sulphate (11), methotrexate (23), acyclovir (24), indomethacin (25),
acetylsalicylic acid (26), sodium cromoglycate (27), progesterone (28), insulin (29),
valproic acid (30), propranolol hydrochloride (31), tetanus vaccine (32). The rationale
for incorporation of these drugs into the spheres was to decrease side effects (e. g. to
reduce local irritation of anti — inflammatory drugs), to prolong therapeutic activity, to
increase bioavailability or to sustain the release of the active ingredient.

Spheres are characterized by physical analysis of size (33), sphericity (34), true
and relative density (35), porosity (36) and efficiency of drug loading (1).

The release of active agents is tested according to pharmacopoeal methods
recommended for tablets (BP 93, USP XXII, Eur. Ph. 3" Edition 1996).

Literature lacks sufficient data on preparing quinidine spheres by the technique of
desolvation of suspensions of starch — methylcellulose sorbats into a desolvation
liquid. Therefore, the aim of this study was to prepare the spheres by desolvation of
concentrated suspensions with different composition ‘and to determine the effect of
hydrophilic substances on the efficiency of loading, and on the kinetics of quinidine
release in artificial gastric or intestinal fluids.
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Results and Discussion
The compositions of spheres are shown in Table 1.
Table 1. The formulations of quinidine spheres

Components 1-0 I-1 1-2 1-3 1-4
(mg)
(Q + AS) 4000 4000 4000 4000 4000
MC 750 750 750 750 750
Span 80 - 250 - - -
Tween 60 - - 250 - -
MSG - - - 250 -
PEG 2000 - - - - 250
Water
contents for 13 12 13 13 13
gel
Water
contents for - 0.5 1 1 -
dilutions

In accordance with the formulations given in Table 1, quinidine spheres were
prepared using the desolvation and gravitation technique consisting in instilling sticky
suspensions into the desolvation medium. The desolvation medium consists of three
liquids: the upper layer was heptane, the medium one was paraffin oil, and the lower
was a saturated solution of sodium acetate. Droplets falling through the hydrophobic
layers were rounded, and next their surface areas became hydrophobic. Then they
slowly shifted into the saturated solution of sodium acetate, where the droplets
underwent desolvation and were rounded and hardened after 0.5 h. Macroparticles
were dried at room temperature and stored in a desiccator over anhydrous calcium
chloride. The metod proposed for sphere production is simple, economic and does not
require complicated technical equipment. Moreover, homogeneous spherical particles
can be obtained using capillaries of standardized outlet. The desolvation liquid can be
used many times after the previous saturation of sodium acetate of the liquid. For the
production of spheres evaporation, utilization of toxic solvent vapours, and other
chemicals harmful for the environment is not necessary.
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The obtained spheres were evaluated by their physical characteristics.
Table 2. Physical characteristics of quinidine spheres

Sphe- Size Weight \' P P P
res |L(mm)[SD(%)| Sp |m(mg)|SD (%)| (mm’) | (g/cm’) | (g/em’) | (%)

-0 2825| 52 1.314 | 5.109 4.0 8.06 0.634 1.372 |53.8

-1 2135| 76 | 1076 | 4460 | 34 457 | 0976 | 1275 |23.5

-2 2137 | 7.3 1.044 | 4.755 3.6 4.78 0.995 1.230 [19.1

-3 3.000| 22 [1.020 | 5440 | 2.8 | 13.71 | 0.397 | 1.184 [66.5
-4 2955| 32 |1.035 6660 | 4.1 12.83 | 0519 | 1.305 [60.2

The data in Table 2 show that the long axis (L) changed within the range 2.135 — 3.000
mm. The sphericity (Sp) was calculated using the equation (34): Sp = (L/l), where | is a
short axis and Sp changed from 1.020 to 1.314. Spheres with hydrophilic substances
had a round shape, but those only with methylcellulose were oval. The average mass
of spheres ranged between 4.460 mg and 6.660 mg within the range + 10 %.
Preparations obtained according to the compositions (I-3) are characterized by low
relative density (pr) 0.397 g/cm®, the (I-4, I-0) groups have slightly higher density 0.519
- 0.634 g/cm®, and a density close to the value of 1 is noted in the spheres (I-1, 1-2)
0.976 — 0.995 g/lcm’.

The porosity of spheres (P) was calculated according to the equation (36): P =
[(1-p/p1) 100%. The relative density (p;) of spheres was calculated as the ratio
between the beads mass and the beads geometrical volume (V), where V =
1/6-N-{(L+1)/2]° (37). The porosity increases from 19.1 % to 66.5 % proportionally to the
decrease in relative density. The addition of MSG (I-3) and PEG 2000 (I-4) causes a
‘'smaller increase in porosity of spheres 12.7 — 6.4 %; Span 80 (I-1) and Tween 60 (I-2)
significantly decrease the porosity of those spheres (30.3 — 34.7 %) which may depend
to some extent on the hydrophilic character of these components.
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Table 3. Loading efficiency of quinidine spheres (n = 6)

Spheres Quinidine contents (mg) in 200 mg dry mass Loading
added recovered SD (%) efficiency (%)
-0 42.10 19.81 4.8 47.06
-1 40.00 19.93 4.1 49.82
-2 40.00 23.81 3.2 59.52
-3 40.00 14.04 71 35.10
1-4 40.00 26.83 4.5 67.07

The loading efficiency of the active substance (Table 3) changes from 35.10 % to
67.07 %. The spheres with MSG (I-3) were characterized by the lowest efficiency
35.10 %. The spheres with MC or Span 80 (I-0, I-1) exhibited a loading efficiency about
50 % (47.06 — 49.82 %), while those with Tween 60 (I-2) and PEG 2000 (I-4) had the
highest efficiency 59.52 - 67.07 %.

The macrospheres (I-2) and (I-4) are most favourable.
The release of quinidine was significantly affected by pH of the dissolution media.
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Figure 1. Effect of hydrophilic agents on liberation of quinidine from spheres into a) HCI (0.1 mol/l), b)
phosphate buffer pH 6.8

Figure 1 shows that 928 - 99.9 % of the substance was released from
macrospheres (Mo = 20 mg) in acidic medium due to formation of readily soluble salts
— quinidine hydrogen chloride. However, the amount of the released substance (M) of
the function vt has a rectilinear character until 85 — 87.5 % are released from all
spheres. In phosphate buffer only 30 — 49 % quinidine is released from the spheres,
54 % (Q) which runs according to function.
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The F values indicate that the quinidine release was in accordance with the Higuchi
equation (1,6):

M: :Ko'(‘[t-“\ﬁ_l;)

F = (M; /M,)-100,

Ko = (M, - M) It — ),

To =[(Ko - VE=M) K I,
where M’ is the theoretical amount of the released substance, M: is the released
amount of the substance after 60 min,Tp is the dissolution lag time, Ko is zero-order
dissolution rate constant, M is the total amount of the released substance after the
time t;, M is the total amount of the released substance after the time t> and Mo is the
initial dose of quinidine.
The parameters of release are M;, Rv, and DEeo and they can be calculated according
to equations:
Rwm = (M / Mo) - 100%,
DE,, = (AUDC/M, -60)-100%,

60
AUDC=[M, -dt,
0

where Ry is the recovery calculated from the quotient mass, DEg is the dissolution
efficiency after 60 min and AUDC is the area under the graphs of quinidine release.
These values are presented in Tables 4 and 5.
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Table 4. Liberation kinetics of quinidine from spheres in 0.1 M HCI (n = 6)

res | (min)| (mg) | (mg) | (%) | (%) (mg | (min)| (mg | (%) (%)
-min"%) -min)

Q | 60 | 20 | 1998 [ 417 | 99.9 | 3365 | 0 | 943.20 [78.6 | 99.6

0 | 60 | 20 |19.40 | 163 | 97.0 | 5.085 | 6.58 | 73961 |61.6| 986

-1 60 | 20 [19.76 [ 262 | 98.8 | 4486 | 567 | 722.12 [60.2| 982

k2 | 60 | 20 [ 19.85 | 1.83 | 99.2 | 4593 | 5.06 | 760.45 (63.4 | 943

-3 | 60 | 20 [19.04 [ 147 | 952 | 4.513 [6.10 | 704.33 [ 58.7 | 100.5

4 | 60 | 20 | 1857 [4.71 ] 928 | 3.857 |6.21 [ 63069 [52.6 | 95.1
Q - quinidine in substance

Table 5. Liberation kinetics of quinidine from spheres in phosphate buffer pH 6.8

(n=6)
Sphe- t Mo M, SD Ru Ka To AUDC, | DEsgo F
res | (min)| (mg) | (mg) | (%) | (%) | (mg | (min) | (mg | (%) | (%)

-min®%) -min)

Q 60 | 20 | 10.80 | 1.05 | 54.0| 1622 | 1.26 | 388.67 | 324 | 994

-0 60 20 9.71 | 179 | 485 | 1702 | 473 | 31149 [ 26.0| 976

-1 60 20 | 6.08 | 340|304 | 1.091 515 | 19522 {163 | 98.2

-2 60 20 803 254 401 | 1645 | 6.79 | 25749 [21.5| 985

-3 60 20 | 590 [3.17 295 1.162 | 540 | 199.66 | 16.6 | 100.3

-4 60 20 | 637 | 270|318 | 1293 | 714 | 201.72 {16.8| 96.2

The data in Table 4 and Figure 1a indicate that the auxiliary agents included in
formulations I-1, |-2, and |-0 do not impede the release of quinidine to 0.1 M HCI; Ru is
98.8 %, 99.2 %, 97.0 %, and DE is 60.2 %, 63.4 %, 61.6 % with Ko 4.486 mg-min®>,
4.593 mg-min®5, 5085 mg-min®° respectively. The release rate of the substance
decreases successively with the spheres I-3, |-4 in which the values Ry are 95.2 %,
92.8 %, respectively. This is confirmed by the K, values of 4.513 mg-min*""5 and 3.857
mg-min"®°, and the DEs 58.7 % and 52.6%.

The dissolution of quinidine — base in phosphate buffer pH 6.8 proceeded very
slowly — Ru = 54 % within 60 min with DEs = 32.4 % and K, = 1.622 mg-min®°. The

data in Table 5 and Figure 1 b show that the release of the substance from spheres
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I-0, 1-2 is similar to quinidine — base, but the addition of Span 80 (I-1), MSG (I-3), PEG
2000 (I-4) to the formulations slowed down the release process (Rm = 29.5 — 31.8 %,
DEeo= 16.3 — 16.8 %, Ko = 1.293 mg-min®5 — 1.091 mg-min®).

In the facts the new desolvation technique of concentrated suspensions in a three-
layer solvent mixture is suitable for preparation spheres with quinidine. Sphericity and
loading efficiency of quinidine depend on a hydrophilizing agent being used. In acidic
medium, the amount of the released substance from the spheres after 60 min was
higher than in phosphate buffer. The introduction of the hydrophilic agents to the starch
— methylcellulose spheres caused some changes in the quinidine release. The
sustained release of quinidine spheres can be most effectively achieved based on the
formula consisting of the quinidine adsorbate, methylcellulose, PEG 2000 at the ratio
16:3:1 (w/w/w). Liberation kinetics from all spheres can be described by the modified
Higuchi equation, which characterizes the process by means of the analyses of the
dissolution rate constants and the dissolution lag time.

Experimental
Materials

Quinidine (Q, Sigma), potato starch (AS, Pol.Ph.V), methylcellulose (MC, Fluka),
sorbitan monooleate (Span 80, Aldrich), polyoxyethylene 20 sorbitan monostearate
(Tween 60, Merck), glyceryl monostearate (MSG, Fluka), polyethylene glycol 2000
(PEG 2000, Fluka).

Preparation of quinidine adsorbate

30 g quinidine was dissolved in 500 ml ethanol in a 1000 mi cone flask. Next, 90 g
potato starch, dried at 40°C, was added to the flask and stirred for 1 h. The suspension
was kept at room temperature for 24 h. After filtration through a Whattman membrane
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filter, the adsorbate was dried at 40°C and powdered. The initial and recovered amount
of quinidine was equal to 1000 mg in 4000 mg of adsorbate (Q + AS).

Quinidine and its salts administered orally can cause irritation of the
gastrointestinal tract with the symptoms of nausea, vomiting and diarrhoea. The
quinidine adsorbate on potato starch used for production of spheres can reduce the
imitation effect significantly, decrease the absorption of the drug from the initial part of
the gastrointestinal tract, and prolong the release of the drug from the spheres.

Preparation of spheres

The quinidine adsorbate and the hydrophilic substances were ground and then
suspended in methyicellulose gel. The suspension was stored at 4°C for 24 h to
improve rheological properties and after warming to room temperature, it was diluted
with an appropriate amount of water and dropped from 9 — 10 cm height into the
desolvation medium consisting of sodium acetate saturated solution, liquid paraffin, n —
heptane (50 : 50 : 50, v/viv) through a capillary tube of 0.9 mm in diameter. The
spheres were kept in the desolvation liquid for about 30 min. Then they were filtered,
washed with water, dried at room temperature, and stored in a desiccator over

anhydrous calcium chloride.

Physical characteristics

The spheres size (mm diameter) and weight (mg) were determined by measuring
the long (L) and short (I) axes of 100 sphere units and weighing 100 sphere units
(stereoscopic microscope, type MSt 127: with a magnification x 21 Poland, analytical
balance type Metter AT 201 Switzerland).

The true density (p) of spheres was measured by using a pycnometer with
ethanol (760 g/l) as a dispersion liquid at room temperature.
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Drug content

The assay procedure was similar to “Quinidine Sulfate Capsules” in USP XXil.
Dried spheres were powdered and accurately weighed 200 mg powder was transferred
into a 100 ml volumetric flask and hydrochloric acid solution (0.1 mol/l) was added.
Then, the mixture was shaken for 0.5 h and left for 10 min. The mixture was filtered by
the Whattman membrane filter of 0.45 um pore size, discarding the first 20 ml of the
filtrate. Next 5 ml of the filtrate was transferred to a 100 mi volumetric flask and
hydrochloric acid solution (0.1 mol/l) was added to the volume. The absorbances of
this solution were determined in a 1-cm cell at 250 nm, with a spectrophotometer
(Spectromom 195, Hungary), using hydrochloric acid solution (0.1 moifl) as a blank.
The content of active ingredient (M) was calculated from M= |A/al* [x20000 (mg) in

which A is the absorbance of assayed solution, a}* =880 is the specific absorbance.

lem

Release study

The release study was carried out in a miniflow — cell apparatus (38) similar to the
cell in Eur. Ph. 1996 at 37°C in the two dissolution media — hydrochloric acid solution
(0.1 molfl) and phosphate buffer at pH 6.8 (Pol.Ph.V) — at a constant flow rate of about
2.0 + 0.1 mimin. The accurately weighed samples of spheres with the theoretical
content equivalent to 20 mg of quinidine base were placed in the dissolution cell and
10 ml portions of eluate were collected. The content of released quinidine was assayed
spectrophotometrically after appropriate dilution of the samples with HCI (0.1 mol/l).
Each measurement was performed six times for each preparation.

References

[1] Czamecki W, Wielgus S.
Factors affecting the release of papaverine from spheres.
Acta Polon. Pharm. 1996;53:331-6.

[2] Bimrenbach G, Speiser P P.



131

[4]

(5]

6]

(71

(8]

9]

Effect of hydrophilic substances on liberation of quinidine from starch- ... 305

Polymerized micelles and their use as adjuvants in immunology.

J. Pharm. Sci. 1976;65:1763-66.

Couvreur P, Kante B, Roland M, Guiot P, Bauduin P, Speiser P.
Polycyanoacrylate nanocapsules as potential lysosomotropic cariers: preparation,
morphological and sorptive properties.

J. Pharm. Pharmacol. 1979;31:331-2.

Yamakawa |, Tsushima Y, Machida R, Watanabe S.

Preparation of neurotensin analogue-containing poly(dl-lactic acid) microspheres
formed by oil-in-water solvent evaporation.

J. Pharm. Sci. 1992;81:899-903.

Das S K.

In vitro dissolution profile of theophilline loaded ethyl cellulose microspheres
prepared by emulsification solvent evaporation.

Drug Dev. Ind. Pharm. 1991;17:2521-8.

Womg L P, Gilligan C A, Li Wan Po A.

Preparation and characterization of sustained-release ibuprofen-cetostearyl
alcohol spheres.

Int. J. Pharm. 1992;83:95-114.

Wan LS C,HengP W S, ChiaCGH.

Preparation of coated particles using a spray-drying process with an aqueous
system.

Int. J. Pharm. 1991;77:183-91.

Baert L, Vermeersch H, Remon J P, Smeyers-Verbeke J, Massart D L.

Study of parameters important in the spheronization process.

Int. J. Pharm. 1993;96:225-9.

Dubemet C, Rouland J C, Benoit J P.

Comparative study of two ethyicellulose forms (raw material and microspheres)
carried out through thermal analysis.

Int. J. Pharm. 1990;64:99-107.

[10] Bhardway S B, Shukla A J, Collins C C.

Effect of varying drug loading on particle size distribution and drug release kinetics
of verapamil hydrochloride microspheres prepared with cellulose esters.
J. Microencapsulation 1995;12:71-81.

[11] Mora M, Pato J.

Preparation of egg albumin microparticles for application.
J. Contr. Rel. 1993;25:107-13.

[12] Taguchi T.

Chemo-occlusion for the treatment of liver cancer: new technique using
degradable starch microspheres.
Clin. Pharmakokinet. 1994;26:275-91.

[13] Ficek B J, Peppas N A.



306 R. Kasperek and W. Czarnecki:

Novel preparation of poly(vinyl alcohol) microparticles without cross-linking agent
for controlled drug delivery of proteins.
J. Contr. Rel. 1993;27:259-64.

[14] Chang R K, Price J, Whitworth C W.
Control of drug release rate by use of mixtures of polycaprolactone and cellulose
acetate butyrate polymers.
Drug Dev. Ind. Pharm. 1987;13:1119-35.

[15] Levy M C, Lefebvre S, Rahmouni M, Andry M C, Manfait M.
Fourier transform infrared spectroscopic studies of human serum albumin
microcapsules prepared by interfacial cross-linking with terephthaloyl-
chloride: influence of polycondensation pH on spectra and relation with
microcapsule morphology and size.
J. Pharm. Sci. 1991;80:578-85.

[16] Sanghvi S P, Naim G J.
Phase diagram studies for microencapsulation of pharmaceuticals using celiulose
acetate trimellitate.
J. Pharm. Sci. 1991;80:394-8.

[17] Maharaj 1, Naim G J, Campbell J B.
Simple rapid method for the preparation of enteric-coated microspheres.
J. Pharm. Sci. 1984;73:39-42.

[18] Sjéholm |, Edman P.
Acrylic microspheres in vivo. |. Distribution and elimination of polyacrylamide
microparticles after intravenous and intraperitoneal injection in mouse and rat.
J. Pharmacol. Exp. Therap. 1979;211:656-62.

[19] Yoshioka T, Hashida M, Muranishi S, Sezaki H.
Specific delivery of mitomycin C to the liver, spleen and lung: nano- and
microspherical carriers of gelatin.
int. J. Pharm. 1981;81:131-41.

[20] Bodmeier R, Paeratakul O.
Process and formulation variables affecting the drug release from
chlorpheniramine maleate loaded beads coated with commercial and self-
prepared aqueous ethyl cellulose pseudolatexes.
Ind. J. Pharm. 1991;70:59-68.

[21] Kurumaddali K R, Ravis W R, Betageri G V.

Preparation and evaluation of sustained release ibuprofen beads.
Drug Dev. Ind. Pharm. 1994,20:2659-69.

[22] Goskonda S R, Hileman G A, Upadrashta S M.
Development of matrix controlled release beads by extrusion-spheronization
technology using a statistical screening design.
Drug Dev. Ind. Pharm. 1994;20:279-92.

[23] Bhagat H R, Hollenbeck R G, Pande P G, Bogdansky S, Rock M, et al.



Effect of hydrophilic substances on liberation of quinidine from starch- ... 307

Preparation and evaluation of methotrexate-loaded biodegradable polyanhydride
microspheres.
Drug Dev. ind. Pharm. 1994;20:1725-37.
[24] Genta [, Conti B, Perugini P, Pavanetto F, Spadaro A, Puglisi G.
Bioadhesive microspheres for ophthalmic administration of acyclovir.
J. Pharm. Pharmacol. 1997;49:737-42.
[25] Bodmeier R, Cehn H.
Preparation and characterization of microspheres containig the anti-inflammatory
agents, indomethacin, ibuprofen and ketoprofen.
J. Contr. Rel. 1989;10:167-75.
[26] Thanoo B C, Sunny M C, Jayakrishnan A.
Oral sustained-release drug delivery systems using polycarbonate microspheres
capable of floating on the gastric fluid.
J. Pharm. Pharmacol. 1993;45:21-4.
[27] Vidgren P, Vidgren M, Arppe J A, Hakuli T, Laine E, Paronen P.
In vitro evaluation of spray-dried mucoadhesive microspheres for nasal
administration. b
Drug Dev. Ind. Pharm. 1992;18:581-97.
[28] Aso Y, Yoshioka S, Terao T.
Effects of storage on the physico-chemical properties and release characteristics
of progesterone-loaded poly(L-lactide) microspheres.
Int. J. Pharm. 1993;93:153-9.
[29] Aiedeh K, Gianasi E, Orienti |, Zecchi V.
Chitosan microcapsules as controlled release systems for insulin.
J. Microencapsulation 1997;14:567-76.
[30] Giannola L J, De Caro V, Di Stefano V, Rizzo M C.
In vitro evaluation of cumulative release of valproic acid and vitamin E from
hexadecanol microspheres. Part 2. Antiepileptic agents.
Pharmazie 1993;48:917-20.
[31] Hosny E A, E-Mahrouk G M, Al-Angary A.
Preparation and evaluation of controlled release propranolol hydrochloride beads.
Drug Dev. Ind. Pharm. 1994;20:1085-91.
[32] Alonso M J, Cohen S, Park T G, Gupta R K, Langer R, et. al.
Determinants of release rate of tetanus vaccine from polyester microsphere.
Pharm. Res. 1993;10:945-53.
[33]Wan L S C, Heng P W S, Muhuri G.
Analysis of growth of granules in a fluidized bed granulator.
S.T.P. Pharm. Sci. 1992;2:381-6.
[34] Gaudy D, Miracy de Albuquerque M M, Duru C, Jacob M, Puech A.
Controlled drug release from spheronized microgranules by lipid coating.
S.T.P. Pharm. Sci. 1992;2:475-80.



308 R. Kasperek and W. Czarnecki: Effect of hydrophilic substances on ...

[35] Wakiyama N, Kusai A, Nishimura K.
Granule properties govem cohesiveness of granules containing oily material.
S.T.P. Pharm. Sci. 1994;4:181-9.
[36] Abebe A, Chulia D, Verain A.
The bioavailability of paracetamol. Il. The effect of porosity and mechanical
properties of the dosage form on solubility.
Pharm. Acta Helv. 1991; 66:83-7.
[371WanL S C,LimLY,SohBL.
Drug release from chitosan beads.
S.T.P. Pharm. Sci. 1994;4:195-200.
[38] Czamecki W, Nerio H.
Liberation of drugs from tablets. 1. Cell apparatus for estimation of dissolution of
drugs from tablets.
Acta Polon. Pharm. 1975;32:227-32,

Received February 4", 2004
Accepted November 30", 2004





