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1. INTRODUCTION

Efforts to innovate existing medication include the development of medicines with higher
selectivity of action, less toxicity and side-effects, higher stability, a more favorable
pharmacokinetic profile and improved patient compliance. At the administration of solid
dosage forms, the active pharmaceutical ingredients (APIs) have to bind their own receptors
in an optimal concentration to affect the body. It is influenced by liberation, absorption and
elimination, but it can be modified with special pharmaceutical technological methods.

Modern pharmaceutical technology concentrates on new dosage forms which are targeted
to the exact site at the appropriate time, with maximum efficiency and with reduced side
effects. These dosage forms can be found for example in the European Pharmacopoeia and
United States Pharmacopeia; and they are named as systems with sustained release, delayed
release or pulsatile release. In these systems the dissolution of the APIs are accurately
controlled by special composition and/or by special manufacturing process.

The properties of additives and APIs applied in pharmaceutical experiments rarely make
possible the direct processibility, therefore we should use some intermediate steps, such as

granulation, in the development of complete dosage forms.

2. LITERATURE SURVEY

2.1. Programming of the effect of solid dosage forms

The best new therapeutic entity in the world is of little value without an appropriate
delivery system. Tableted drug delivery systems can range from relatively simple immediate
release formulations to complex extended or modified release dosage forms. The most
important role of a drug delivery system is to get the drug delivered to the site of action in
sufficient amount and at the appropriate rate; however, it must also meet a number of other
essential criteria. These include physical and chemical stability, ability to be economically
mass produced in a manner that assures the proper amount of drug in each and every dosage
unit and in each batch produced, and, as far as possible, patient acceptability — for example
reasonable size and shape, taste, color to encourage patients to take the drug and thus comply
with the prescribed dosing regimen [1].

At sustained release preparations the rate and/or place of release of the active
substance(s) is different from that of a conventional release dosage form administered by the
same route. This deliberate modification is achieved by a special formulation design and/or

manufacturing method [2].



Controlled release delivery systems offer four principle advantages over conventional
formulations that deliver all of the APIs over a short period of time. These are the following:
* more constant plasma level of API(s),
= site of action delivery (this technology makes possible both the delivery of the
agent locally and its containment at the site of action),
* more efficient utilization of agents,

= less frequent administration [3].
2.2. Solid drug delivery systems

The majority of currently marketed modified release dosage forms fall into one of the
following three technologies:

1. Monolithic (matrix) systems: hydrophilic, hydrophobic or inert matrices. In these
systems, the drug is homogeneously dispersed or dissolved in a soluble or insoluble
matrix [4] and it is released by diffusion and erosion from the polymer.

2. Reservoir (coated) systems where drug-containing core is enclosed within polymer
coatings [5]. In membrane-controlled reservoir devices, the drug is released by
diffusion through this rate-controlling membrane.

3. Osmotic pump systems.

Different solid matrix systems have often proven popular among controlled drug delivery
technologies because of their simplicity, ease of manufacturing, high level of reproducibility,
stability of the raw materials and dosage form, and ease of scale-up and process validation
and their controlling effects on the dissolution of APIs [6]. This is reflected by the large
number of patents filed each year and by the commercial success of a number of novel drug
delivery systems based on matrix technologies [7].

In my work, two hydrophilic matrix systems were chosen. One of them is a swelling
controlled delivery system, which is a special approach to developing an orally applicable
system, the release of the API in the other system is controlled by mainly erosion and

diffusion through the gel layer; this is intended to be applied intravaginally.

2.2.1. Hydrophilic matrix systems

Of all drug forms, solid oral dosage is overwhelmingly preferred by patients, and
hydrophilic matrix systems are among the most widely used means of providing controlled

release in solid oral dosage forms.



Drugs dispersed in a soluble matrix rely on a slow dissolution of the matrix to provide
sustained release. If the matrix is presented with a conventional tablet geometry, then on
contact with dissolution media the surface area of the matrix decreases with time, with a
concomitant decrease of drug release (Figure I, [8]). The classic description of the events
following immersion of a matrix in aqueous media is as follows:

e Surface drug (if water soluble) dissolves and gives a ‘burst effect’.

¢ The hydrophilic polymer hydrates and an outer gel layer forms.

e The gel layer becomes a barrier to uptake of further water and to the transfer of drug.

e Drug (if soluble) release occurs by diffusion through the gel layer; insoluble drug is

released by erosion followed by dissolution.

¢ Following erosion, the new surface becomes hydrated and forms a new gel layer [4].

- 1
L Ingestion of tablet

Initial wetting: Tablet surface wets, and

begins to hydrate forming a gel layer. Drug <«—Gel layer
"—u_-__l._.“u_l-"

near the surface of the tablet is released.

Expansion of gel layer: Water permeates

into the tablet, increasing the thickness of “ .
the gel layer, soluble drugs diffuse through Tablet erosion: Outer polymer layer
the gel layer. Polymer relaxation in the dry becomes fully hydrated, eventually
core also contribute to dosage swelling. l dissolving into the gastric fluids.
Water continues to permeate toward
the tablet core.
Soluble drug & 'S Insoluble drug
...is released primarily by diffusion through ...1is released primarily by diffusion through
the gel layer tablet erosion

Figure 1. Drug release from a matrix tablet

Of the available range of cellulosic controlled-release agents, hydroxypropyl
methylcellulose (HPMC) is the most widely used. HPMC a semisynthetic derivative of
cellulose, it has its popularity for the formulation of controlled release dosage forms as a
swellable and hydrophilic polymer [9-11]. It is a well-known excipient with an excellent
safety record. Its nontoxic property, ease of handling, ease of compression, ability to
accommodate a large percent of drug, negligible influence of the processing variables on drug

release rates, and relatively simple tablet manufacturing technology make it an excellent



carrier material [12]. It is nonionic, so it minimizes interaction problems when used in acidic,
basic, or other electrolytic systems. HPMC works well with soluble and insoluble drugs at
high and low dosage levels [8]. As the outer gel layer of the tablet fully hydrates and
dissolves, a new inner layer must replace it and be cohesive and continuous enough to retard
the influx of water and control drug diffusion. Although gel strength is controlled by polymer
viscosity and concentration, polymer chemistry also plays a significant role. Evidence
suggests that the chemistry of HPMC encourages a strong, tight gel formation compared to
other cellulosics. As a result, drug release rates have been sustained longer with HPMC than

with equivalent levels of methylcellulose, hydroxyethylcellulose , or carboxymethylcellulose

(8].
2.3. Administration routes

The choice of a delivery route is driven by patient acceptability, the properties of the
drug, such as its solubility, access to a disease location, or effectiveness in dealing with the
specific disease [13]. The drug action can be variously influenced with different dosage
forms, such as gels, TTSs, microemulsions [14-16] at a given site of action. Nowadays, oral
administration is still the most convenient and preferred means of any drug delivery to the
systematic circulation [17], this route is still the most intensively investigated as it offers
advantages of convenience and cheapness of administration, and potential manufacturing cost
savings. In case of oral administration, the exact site of action can be accurately determined,
in case of e.g. APIs acting in the colon, gastroretentive drug delivery systems, buccal dosage
forms. Besides this, there are many other frequently applied delivery sites, such as the lungs
in pulmonary delivery systems, or the skin in case of transdermal drug delivery, and
numerous parenteral routes [13]. Vaginal administration route also need to be emphasized as
this dosage form has been developed and used clinically for many years in local therapy and

systemic delivery of systemically effective drugs [18-20].

2.3.1. Gastroretentive drug delivery systems

In recent years scientific and technological advancements have been made in the research
and development of rate-controlled oral drug delivery systems by overcoming physiological
adversities, such as short gastric residence times (GRT). These drug delivery systems may be
desirable for drugs with an absorption window in the stomach or in the upper small intestine

[21, 22], it is also useful for drugs that act locally in the proximal part of the GI tract [23-25],



and for drugs that are poorly soluble or unstable in the intestinal fluid [26, 27]. Several
approaches are currently utilized in the prolongation of the GRT, including floating drug
delivery systems (FDDSs) [28-30], also known as hydrodynamically balanced systems;
swelling and expanding systems [31-34]; polymeric bioadhesive systems [35-37]; modified-
shape systems [38-42]; high-density systems [43-45], and other delayed gastric emptying
devices [46, 47].

To comprehend the considerations taken in the design of GRDFs and to evaluate their
performance, the factors controlling gastric retention of dosage forms should be fully
understood. These include the following: density, size and shape of the dosage form [48, 49],
food intake and its nature [50], caloric content and frequency of intake [51-53], osmolarity
and pH of food [54], posture [55], gender, age [56], sex, sleep, body mass index, mental stress
and disease state of the individual [57-60], and administration of drugs with impact on GI
transit time, for example drugs acting as anticholinergic agents, opiates and prokinetic agents
[61, 62]. The molecular weight and lipophilicity of the drug depending on its ionization state
are also important parameters [63].

The process of gastric emptying occurs both during fasting and fed states; however, the
pattern of motility differs markedly in the two states: the motoric activity in the fasting state,
termed interdigestive myoelectric motor complex (IMMC) is a 2-h cycle of peristaltic activity
that is generated in the stomach, and progresses aborally to the ileocecal junction. Its aim is to
clear the stomach and the small intestine [50]. It is composed of four phases: phase 1 lasts
45-60 min, is quiescent, with rare low amplitude contractions; phase 2 with a length of
30-45 min, has intermediate amplitude contractions [64], phase 3 is also termed ‘housekeeper
wave’ and extends for 5-15 min. Very high amplitude contractions, with a frequency of 4-5
per min [54], and maximal pyloric opening [65], characterize this phase. The motor activity in
the fed state is induced 5-10 min after ingestion of a meal and persists as long as food remains
in the stomach. The larger the amount of food ingested, the longer the period of fed activity,
with usual time spans of 2-6 h, and more typically, 3-4 h. Its phasic contractions are similar to
those seen during phase 2 of the IMMC.

FDDSs have a bulk density lower than the gastric content and thus they remain buoyant
in the stomach for a prolonged period of time, with the potential for continuous release of
drug. Based on the mechanism of buoyancy, two distinctly different technologies, i.e.,
noneffervescent [66-70] and effervescent [71-73] systems have been utilized in the
development of FDDSs. Effervescent buoyant delivery systems typically utilize matrices

prepared with swellable polymers such as HPMC and effervescent components, e.g., sodium

7



bicarbonate and citric or tartaric acid [74]. The matrices are manufactured so that upon arrival
in the stomach, carbon dioxide is liberated by the acidity of the gastric contents and is
entrapped in the gellified hydrocolloid. This produces an upward motion of the dosage form
and maintains its buoyancy. A decrease in specific gravity causes the dosage form to float on

the chyme [75].
2.3.2. Vaginal dosage forms

Intravaginal preparations can be applied to treat various topical problems; because of the
good absorption and the lack of first pass effect, this route can be utilized to cure systemic
diseases, mainly by hormone replacement [76-78].

Recently, the vagina’s absorption capacity has been recognized, which suggests that the
vagina could provide a potential route for systemic drug delivery with a direct entry to the
blood stream with the possibility of bypassing the hepatic-gastrointestinal metabolism. Use of
the vaginal route as a novel site for drug delivery has recently received greater attention.

The most important factors controlling the phamacokinetics of vaginal drug delivery
systems include the following.

Despite the paucity of glands, the vaginal epithelium is usually kept moist by a surface
film. This film, known as vaginal fluid, consists of cervical mucus, exfoliated cells from the
vagina itself and also small amounts of the secretion from the Bartholin’s glands in the
vaginal wall. Transudation from the blood vessels through the intracellular channels to the
lumen can also contribute to the chemical composition. The quantity of this liquid is about
3-4 g, but it varies during the normal menstrual cycle. The vaginal secretion, which serves as
a protective barrier against infections, contains a variety of antimicrobial substances,
carbohydrates, acids and proteins.

Typically, the vaginal fluid in mature, healthy women has a pH in the range 4.0-5.0 [79],
it is controlled primarily by lactic acid (LA) produced from cellular glycogen, or by
carbohydrates produced by the action of normal vaginal microflora. The lowest values are
found at mid-cycle and the highest during menstruation. During pregnancy, the pH is the
lowest, it varies between 3.8 and 4.8 [80]. As there is a correlation between the required
acidic pH of the vaginal secretions and the inhibition of Chlamydial infections, maintenance
of the optimum pH of the vaginal fluid is therefore inevitable.

The variety of enzymes found in the vagina is an important concern for the development
of vaginal delivery systems. In addition to enzymes, the vaginal lumen is a non-sterile area
inhabited by a variety of microorganisms mainly Lactobacillus, Bateroides and

8



Staphylococcus epidermidis, as well as potentially pathogenic aerobes. The existence of these
microbes and their metabolites may also have a detrimental effect on the intravaginal stability
of a vaginal drug delivery device [79].

For restoring the normal pH and for providing the required acidic environment, different
acidic liquids are applied as irrigation fluids, but a large amount of such liquid can cause the
washing-out of the Lactobacillus flora and the effects of these materials are not long-lasting.
In addition, the application of such liquid is inconvenient. Solid preparations containing
various Lactobacillus species and other lactic acid-producing organisms have been used in the
treatment of vaginal disorders, but evidence to support their use is limited. Because of this
situation, the formulation of a solid dosage form containing a long acting acidifying

component — if possible LA — is reasonable [81].



3. AIMS

The aim of this study was the formulation and investigation of solid, erodible, hydrophilic
matrix systems. These matrix systems were planned to be applied via different administration
routes, thus different model APIs were chosen for the formulation. One of the systems was
planned to be administered intravaginally to restore normal vaginal pH. The intended system
would have sustained release and effect locally in the vagina, and could be used in the
treatment of gynecological conditions caused by changed pH, e.g. irritation. The other drug
delivery system was a gastroretentive matrix system that might be therapeutically effective in
Wilson’s disease. It would also have sustained release and float in the stomach for hours. The
hydrophilic matrix former was different types of HPMC in both drug delivery systems, thus
the mechanism of disintegration and the API’s dissolution through the gel layer were the
same, however some major characteristics, such as swelling and viscosity differed between
the types.

In the selection of additives, bioadhesive (mucoadhesive) and bioerodible properties of
the materials were taken into consideration; thus the solid dosage form would not irritate the
mucus membrane in the vagina and the stomach; and on the other hand, mucoadhesiveness
would make possible the attachment of the tablet to the vaginal wall and the wall of the
stomach, and the control of the API’s liberation.

A strong acid and a metal ion having a net positive charge of +2, usually being in
interaction with the majority of polymers were applied in the delivery systems as APIs, thus
the curiosity of this work was the investigation of APIs’ effect on the properties of polymer
matrices influencing the APIs’ release.

As two different drug delivery systems were formulated and investigated, they are
described and discussed separately. First, the vaginal system, after that, the gastroretentive

delivery system is to be detailed.
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4. SECTIONI

4.1. Sequence of the experiments

Solid intravaginal preparations can contain very small amounts of APIs, e.g. ug quantities
of hormones, and it is well known that the processibility of these materials is very difficult
[77]. These tablets are usually larger than conventional oral tablets (about 1-1.5 g) — because
of the easier application — but in contrast, the effects of the APIs are less relevant in the
properties of these pharmaceutical dosage forms, e.g. wetting properties, dissolution. The
determining factors are the composition (type and quantity) of the additives — it is the
so-called carrier system — and the operational parameters during the preparation.

In this study, the sequence that is usually applied in pharmaceutical research was
followed. On the ground of that, the experiments can be divided into two parts. First, the
properties of the starting materials were studied; then matrices without the API were prepared;

and finally the complete system with LA were produced and examined.

4.2. Materials

Lactic acid (LA) (Hungaropharma Plc., Budapest, Hungary) was applied as a model API
having a pH-decreasing effect. LA, also called milk acid is syrupy, odorless, colorless or
slightly yellow-colored, viscous, hygroscopic, non-volatile [2] water-soluble liquid, which is
very important in the vagina’s self-defense cycle. It is prepared by the fermentation of
carbohydrates, such as glucose, sucrose and lactose, with microorganisms whose growth is in
turn also facilitated by LA. Lactobacilli are a kind of good bacteria which produces LA that
keeps the vagina safe from germ invasion. LA creates an acidic environment to guard the
vagina from an overgrowth of harmful bacteria which leads to different infections. The
greater the number of Lactobacilli, the more stable the natural acidic environment is for the
vagina.

Because of the favorable effects of LA, its incorporation into a solid dosage form can be
very beneficial. As it has been detailed before, different acidic liquids may be applied as well,
but a large amount of such liquid can cause the washing-out of the Lactobacillus flora, their
effects are not long-lasting, and their application is inconvenient. A small amount of liquid
can be formulated into tablets. In this case, the liquid is incorporated into the granulating fluid

and the application of components which can bind this material is also necessary [82].
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Hydroxypropyl methylcellulose (HPMC) (Pharmacoat 606 Type 2910, Shin-Etsu
Chemical Co., Ltd., Tokyo, Japan) was used as a matrix forming agent. Ph. Eur. describes
HPMC as a partly O-methylated and O-(2 hydroxypropylated) cellulose. This component is
frequently utilized to form intravaginal bioadhesive systems [83]. It is a white or light gray
pellet or fibril powder with odorless and tasteless properties. It expands to clear or slightly
muddy colloid solution in cold water.

Microcrystalline cellulose (MCC) (Vivapur 301, Rettenmaier&Sohne GmbH,
Rosenberg, Germany) was applied as a filler/binder. MCC is purified, partially depolymerised
cellulose that occurs as a white-colored, odorless, tasteless, crystalline powder composed of
porous particles. Its porosity promotes easy wetting and rapid drying of wet granulation and
exhibits good volumetric flow characteristic with low lubricant demand. The fibres of this
filler/binder agent were used to bind the liquid (they act as a carrier) [84].

a-Lactose monohydrate (Hungaropharma Plc, Budapest, Hungary) was used as a filler. It
is white to off-white crystalline particle or powder, it is odorless and slightly sweet-tasting.
The most common form of lactose used in pharmaceutical formulation is crystalline a-lactose
monohydrate [85]. Solid vaginal products often contain lactose as filler, since this is a natural

substrate for the vaginal microflora, which converts lactose into LA [84].
4.3. Partl.

The aim of this part was to determine the main factors which can influence the
preparation of hydrophilic matrices and to choose the best parameters for the production of
granules. As the API was liquid, granulation was the chosen method of production, and from

the different granulating methods, high-shear granulation was applied.

4.3.1. Preparation of the carrier system

Preformulation is a stage of development during which the physicochemical properties of
drug substances are characterized [86]. The objective of preformulation studies is to develop a
portfolio of information about the drug substance to serve as a set of parameters against which
detailed formulation design can be carried out. Preformulation investigations are designed to
identify those physicochemical properties of drug substances and excipients that may
influence the formulation design, method of manufacture, and pharmacokinetic-

biopharmaceutical properties of the resulting product [79].
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4.3.1.1. Applied compositions
The ratio of the filler components was 1:1 in all samples. Compositions of the powder

mixtures were as follows (Table 1).

Table 1. Compositions of powder mixtures

Sample HMPC Lactose MCC
Mix0 0% 50% 50%
MixI0 10% 45% 45%
Mix20 20% 40% 40%
Mix30 30% 35% 35%
Mix40 40% 30% 30%
Mix50 50% 25% 25%
Mix100 (HPMC) 100% 0% 0%

4.3.1.2. Methods and results
4.3.1.2.1. Evaluation of water uptake

Enslin number is a simple semi-quantitative measure of water uptake of powders. It is
equal to the amount of fluid absorbed by 1 g of the powder (mL/g). An Enslin apparatus with
a glass filter and a pipette with 0.01 mL accuracy were used for these experiments. A
monolayer of particles took up the maximum quantity of water possible through a filter paper
under these conditions [87]. 0.5 g of each powder was tested; 5 parallel experiments were
performed.

The speed of water uptake can be evaluated via characteristic water uptake time (tg324). It
is the time which is necessary for the uptake of 63.2% of the maximum quantity of water [88].
The fitting revealed that these curves can be described by the Weibull-model. A non-linear

fitting approach with the following equation was applied:

M = amount of water taken up after time ‘t’
Mj = maximum amount of water taken up

_T)8
M=M l—exp—(t T) T = delay time

0 a
B = shape parameter
a = time parameter
First, the water uptake of the starting materials was measured. It can be seen in Table 2
that the highest quantity was detected for MCC and the lowest for HPMC. In case of HPMC,
this low value can be explained by the gel forming properties of the matrix forming polymer,

so a thin gel layer formed and it inhibited or slowed down further wetting. The values for the
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mixtures were intermediate between these results, and the characteristics of the wetting curves

were very similar (Figure 2), but it can be seen that the changes were not linear.

Table 2. Enslin numbers of samples

Sample Enslin number
(mL/g)
Lactose 0.3791+0.1276
MCC 2.2361+0.0283
Mix0O 1.1692+0.0428
Mix10 0.8822+0.0680
Mix20 0.4711+0.0184
Mix30 0.2553+0.0090
Mix40 0.1996+0.0141
Mix50 0.1945+0.0098
Mix100(HPMC) 0.1876+0.0229
1,2 - OO O—O—O—O—O—O—O—0—0—0—0
| ) Oo—0— —o—Mix0
%‘) | .........Illllll _D_M1X1O
£ 08 4| =+ ——Mix20
.é 0,6 |7 ——Mix30
20,4‘ AAAAAAAAAAAAAAA‘AA“AAAA —¥%—Mix40
= 0 - x  —0—Mix50
= Y SN _.-.—.i9;0i0=0=0=0—"‘=“—“—“‘°"n' T .
= .‘ 43’0‘0303050555 ——Mix100
0 50 100 150 200 250
Time (s)

Figure 2. Wetting curves of the samples

It can be seen in Figure 3 that the higher the concentration of HPMC, the lower the
Enslin number of the samples is. The curves become linear at approximately 40% HPMC
content and it means that the binder does not induce a significant change in the wetting

properties of the powders.
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Figure 3. Erosion time and HPMC concentration

The characteristic water uptake time (tg324) was the shortest for Mix0 (Table 3). The
values of the shape parameters (B) are <1 in every case, and thus the curves are saturation
curves with a fast initial increase. The values of the scale parameter (a) increased with higher
amounts of matrix former.

It can be concluded that not only the quantity of water, but also the speed of this process
was the lowest for HPMC. This is demonstrated by the gel forming property of this material

and the barrier function of this gel layer.

Table 3. Characteristic water uptake time of samples

Sample te3.29% (S) B a R’ value
Mix0 7.26 0.8500 7.15 0.9992
Mix10 9.07 0.8333 9.59 0.9991
Mix20 8.47 0.8100 11.84 0.9903
Mix30 24.08 0.7980 15.74 0.9979
Mix40 24.00 0.7884 17.63 0.9872
Mix50 48.25 0.7812 19.73 0.9892
Mix100(HPMC) 99.01 0.7885 25.26 0.9753

4.3.1.2.2. Erosion study of matrices

In case of granules, disintegration study has a great importance because the API can
liberate, absorb and affect the body after erosion of granules. Matrix compacts were produced
from powder mixtures with a Korsch EKO (Emil Korsch Maschinenfabrik, Berlin, Germany)
instrumented eccentric tablet machine. Flat punches 10 mm in diameter, and upper

compression force 51 kN were used, additional excipients (lubricant and glidant) were not
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applied. The speed of compression was 36 tbl/min, and the circumstances were: 262 °C and
55+5% RH.

The erosion of these tablets — the term dissolution is not correct for these systems because
of the insoluble MCC — was evaluated with the disintegration tester (Erweka ZT 71, Erweka
GmbH, Heusenstamm, Germany) and method specified in the Pharmacopoeia. Distilled water
was used as disintegrating liquid. Six parallel experiments were performed.

It can be seen from Table 4 that the change in erosion time was very relevant while the
concentration of the matrix former was increasing. The values for the samples containing at

least 40% of HPMC did not differ significantly from that for pure HPMC.

Table 4. Erosion times of compacts

Sample Erosion time (min)
Mix0 0.11£0.01
Mix10 1.33+0.18
Mix20 25.60+6.97
Mix30 65.71£6.94
Mix40 89.06+7.00
Mix50 92.92+8.43
Mix100(HPMC) 89.49+7.55

4.3.1.3. Discussion

A connection was detected between erosion times of the samples and Enslin numbers
(Figure 4). An exponential decrease can be seen in the erosion time while the quantity of
water taken up was increasing. The behavior of the polymer alone was very different from
that of the matrix. The samples with 40% and 50% of HPMC exhibited very similar properties
to those of pure HPMC.
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Figure 4. Comparison of Enslin numbers and erosion times of samples

The object of this study was the evaluation of the composition of products in which the
effects of the matrix former were relevant, but its properties differed significantly from those
of HPMC. This was chosen on the basis of the results of preformulation studies, which
revealed that HPMC without other components (Mix100) is not appropriate for high-shear
granulation. Adherence to the wall of the container and the impeller was detected because of
the gel forming property and the adhesive behavior of the developed layer. The samples
containing 30% of HPMC (Mix30) were the most optimal; therefore they were used in the

subsequent part of our study.
4.3.2. Determination of the optimum quantity of granulating fluid

The chosen powder mixture was granulated with different quantities of water in a high-
shear granulator (ProCepT 4M8 granulator, ProCepT nv, Zelzate, Belgium). Generally, the
critical process data are mixer torque, product temperature, mixer- and chopper speed, liquid
dosing speed- and volume. In this present study, most of them were analyzed. Granulating
liquid was distilled water and the parameters during the experiments were the same, except

for the quantity of water:

Speed of impeller: .........ccccceevueennnee. 750 rpm
Speed of chopper:...... ccccecvveenenns 2500 rpm
Dosing speed of liquid: .................. 10 mL/min
Kneading time: ........cccocueeevveennieenniennne I min
Weight of powder mixture: ................... 150 g
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The quantities of liquid to 100 g powder mixture were 20 g (S1), 25 g (S2), 27.5 g (S3),
30 g (S4), 35 g (S5) or 40 g (S6). Granules were dried on trays at 40 °C for 24 h.

4.3.2.1. Size and size distributions

Sizes and size distributions of the samples were evaluated with an analytical sieve series
(Retsch GmbH, Haan, Germany). Mean particle size (D50) was determined with the sieving
system software (Retsch EasySieve 2.0). D50 value of the granules continuously increased
with increasing amount of water (Table 5). In case of samples prepared with 35 g water to
100 g powder, the amount of powder fraction was small and particle size was not too high

either, so in the following experiments this amount of water was applied.

Table 5. Parameters of granules prepared with different quantities of water

Sample Water/100 g D50 (pm) Ratio of particles
powder (g) <500 pm (%)

S 20 461 54.3
S2 25 607 44.9
S3 27.5 660 41

S4 30 789 343
S5 35 974 16.5
S6 40 1834 0.5

4.3.3. Optimization of the granulating process

In this part of the study, the quantities of the powder mixture and the liquid remained the
same but the technical parameters were changed (Table 6). A 2* full factorial design was
utilized to choose the relevant factors. Factorial design is a method that is often used to
accelerate the solution of tasks. It can also be utilized to evaluate interactions which can arise
during direct compression. This method has been applied in several branches of science and
industry (such as food industry [89], environmental management [90], chemistry [91] and
pharmaceutical technology [92]). The levels of the factors can be found in Table 6. The

experiments were performed in randomized sequence.

Table 6. Levels of factors

Factor Low-level (-) High-level (+)
Speed of chopper (X;)(rpm) 1500 3500
Speed of impeller (X,)(rpm) 500 1000
Dosing speed (X3)(mL/min) 5 15
Kneading time (X4)(min) 1 4

18



The following approach, containing the interactions of factors, was used to determine the

response surface and relative effect of factors (b):

y :bo + b1X1 + b2X2 + b3X3 + b4X4 + b12X1X2 + b13X1X3 + b23X2X3 + b14X1X4 + b24X2X4 +
b34X3X4 +b123X1 XX 340234 X0 X3 X34 4+b 124X X0 Xy b 134X 1 X3Xy

Statistica for Windows 7.1 AGA software (StatSoft, Inc., Tulsa, USA) was used for the
calculations. During the mathematical evaluations, the confidence interval was 95%, i.e. the
differences were significant if p<0.05.

The main objective of this study was to evaluate the effect of the operational parameters
on the particle size. It can be seen in Table 7 that the D50 values of different charges varied

between 917 and 1478 pum.

Table 7. Parameters of granules with different operational parameters

X; X; X3 X4 D50
(rpm) (rpm) (mL/min) min) (nm)
3500 500 15 4 1222
1500 500 5 1 1306
1500 1000 15 1 918
3500 1000 5 4 1232
1500 500 15 1 1268
1500 1000 15 4 976
3500 1000 5 1 1306
3500 1000 15 1 917
1500 500 15 4 1306
3500 1000 15 4 962
3500 500 5 1 1284
3500 500 5 4 1247
1500 1000 5 1 1216
1500 500 5 4 1333
3500 500 15 1 1264
1500 1000 5 4 1478

After the determination of the response surface, fitting was very good (R*=0.9829) for
D50 value, but there was no significant factor (Table 8). The largest effect was observed for
X3 (dosing speed). Since the sign of this factor is negative, increase of dosing speed caused a

decrease in particle size.
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Table 8. Values of coefficients

Coefficient Value for D50

by 1202.19
b; -22.94
b, -76.56
b3 -98.06
by 17.31
bi» 1.56
biz 10.06
b4 -30.81
bs;3 -84.31
b2y 19.06
b34 -4.94
bi23 7.56
bi24 -12.81
b4 19.19
b234 -5.69
*significant

4.3.3.1. Temperature elevation during granulation

The high-speed moving of the parts of a small-scale high-shear granulator — impeller and
chopper — can cause a relevant increase in the temperature of the powder/granules. This
parameter can therefore be an indirect factor during the optimization. Its importance is
emphasized by the temperature-sensitive nature of the solubility of the components. Both the
rate of dissolution and the quantity of materials dissolved can depend on temperature. Hence
the composition of the solution formed during granulation and after drying in the binder film
can be different. Since the exact, direct measurement of the components in the fluid formed
around the solid particles and inside the wet granules seems to be impossible, it is reasonable
to study the properties of free films formed from different ratios of the soluble components
[93].

Since at the applied ProCepT apparatus there was an opportunity to continuously follow
the values of the control parameters during granulation, temperature change was easily
detected (Table 9). The temperature increase during the granulation process also exhibited a
great variance (4.8—18.6 °C). The variation in this parameter is significant as temperature
elevation increases the solubility of lactose, but reduces that of HPMC. For example, the
solubility of lactose is 1 part in 4.63 parts of water at 20 °C and 1 part in 2.04 parts of water at
50 °C [94]. The concentration of the saturated solution is therefore 17.8% at 20 °C and 32.9%
at 50 °C.
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Table 9. Temperature elevation

X; rpm) X, (rpm) X3 (mL/min) X4 (min) AH (°C)
3500 500 15 4 7,3
1500 500 5 1 7,7
1500 1000 15 1 7,5
3500 1000 5 4 18,6
1500 500 15 1 4,8
1500 1000 15 4 9,7
3500 1000 5 1 13,8
3500 1000 15 1 8,0
1500 500 15 4 5,6
3500 1000 15 4 10,1
3500 500 5 1 6,1
3500 500 5 4 8,2
1500 1000 5 1 13,0
1500 500 5 4 7,0
3500 500 15 1 4.8
1500 1000 5 4 15,5

The fitting of the response surface for the temperature elevation resulted in a model with

R*=0.982 and two significant factors (p<0.05). Increase of the impeller speed significantly

enhanced temperature elevation, and it was also increased by reduction of the dosing speed. It

was clear from the evaluation of all the factors that an increased process time caused increases

in particle size and temperature of the sample (Table 10).

Table 10: Effect of factors on temperature elevation

Coefficient Value for AH
bo 9,20
b; 0,83
b, 5,53*
bs -3,95%
by 1,98
b1z 0,50
bz -0,18
b1 0,90
b3 -2,33
b4 0,80
b3y4 -0,08

bi2s -0,70
biz4 -0,23
bi34 -0,50

* significant
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Film bridges developing during drying from HPMC act as binder between the granules, it
is a common mechanism in pharmaceutical wet granulations [4]. However, dissolution of
lactose should also be taken into account during granulation. As it is emphasized above, it
may be presumed that the different temperature values may modify the ratio of materials
dissolved, thus the composition and properties of developing film bridges is also to be
different.

Components dissolved may be in amorphous or crystalline form after drying. Study of the
composition and crystalline state of these individual small bridges in the granules is difficult,
but an understanding of their formation is critical for optimization of the granulation process.
The significance of such evaluations is highlighted by the well-known phenomenon that an
amorphous form can change during storage and can indicate stability problems [95]. On the

basis of that, these phenomena were investigated in details.

4.3.3.1.1. Evaluation of the films

Different samples were prepared for the thermoanalytical tests on the free film. Aqueous
solutions containing various ratios of HPMC and lactose were produced (Table 11). They
were poured into teflon dishes, and the solutions were then dried under the same conditions at
4042 °C for 24 h. The dried films were detached from the surface before the experiments and

stored in a hermetically closed container.

Table 11. Composition of films

Sample HPMC Lactose HPMC(C/lactose Water
content (%) content (%) ratio content (%)
Filml 5 0 - 95
Film2 5 1 5 94
Film3 5 2 2,5 93
Film4 5 3 1,67 93
Film5 5 4 1,25 91

a) Differential scanning calorimerty (DSC) analysis

Important effects, such as interactions and properties in pharmaceutical technology can
be investigated by DSC methods [96, 97]. DSCs are used extensively in the pharmaceutical
industry to determine the melting points [98], purity, and glass transition temperatures [99] of
materials. This method can be used to differentiate crystalline and amorphous materials and to

determine the amorphous/crystalline fraction of a sample [100].
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DSC examinations were carried out with a Mettler-Toledo DSC 821e (Mettler-Toledo
GmbH, Switzerland) instrument with a dynamic method in the interval 25-300 °C, at a
heating rate of 10 °C/min. Argon was used as purge gas. Three parallel experiments were
performed.

The starting components were studied first. A characteristic thermogram was observed
for lactose monohydrate (Figure 5). There was an endothermic peak at about 150 °C; this
reflected the loss of crystalline water [101]. The other peak related to the melting of lactose.
Above this temperature, the lactose decomposed. The DSC curve of the HPMC in this range
was free from characteristic peaks. A wide endothermic peak at100 °C can be explained by
the loss of mechanically bounded water. A slight shifting of baseline was detected at higher

temperature. It was the T, of polymer.
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Figure 5. DSC plot of HPMC (upper curve) and lactose monohydrate (lower curve).

DSC experiments indicated similar behavior for all films. The curves of Film1 and Film5
are presented in Figure 6. The sharp characteristic peaks of lactose disappeared, but no
obvious endothermic phenomenon was detected at around 210 °C for FilmS5. Thus, the

crystalline state of the lactose had evidently been lost.
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Figure 6. DSC plots of F1 (upper curve) and F5 (lower curve).
b) Thermomechanical analysis (TMA)

The technique of TMA is one of the major tools that is used in the assignment of glass
transition temperatures (7). By definition, TMA is a technique in which the deformation of
the sample under non-oscillatory stress is monitored against time or temperature while the
temperature of the sample, in a specified atmosphere, is programmed [102-104]. The stress
may be applied in compression, tension, flexure or torsion.

For a more accurate evaluation of the behavior of the T, of polymer films, TMA was
performed with a Mettler Toledo TMA 40 (Mettler-Toledo GmbH, Switzerland) apparatus.
The heating method was dynamic in the interval 20-200 °C, and the heating rate was
10 °C/min. T, was studied with STAR software. The measurements were made in triplicate.

The TMA curve of HPMC exhibited a typical step relating to the glass transition of
amorphous material (Figure 7). At temperatures below Ty, the plot was linear. Deviation from
linearity occurred as T, was approached (onset temperature). As the temperature was
increased further, the profile again became linear, indicating complete conversion to the

rubbery phase. This process can be regarded as a shifting of the baseline.
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Figure 7. TMA plot of Filml

A change in composition altered the TMA curve of the film (Figures 8 and 9). It can be
seen that a second 7, appeared for Film4 and Film5. The temperatures of onset of T are listed
in Table 12. A decrease in the T, of HPMC was detected for Film2 and Film3. Their values
increased when the second step appeared for Film4, and decreased for Film5. These results
can be interpreted in terms of changes in the structure of the film. For Film2 and Film3, the
macromolecules and the lactose can interact, and the properties of the film then change. For
Film4 and Film5, besides such interactions, a new amorphous phase with a 7, appeared. It is
known from the literature that the 7, of amorphous lactose is 100-120 °C, depending on the
methods and conditions [105-107]. Hence, the second step probably relates to a separate
amorphous lactose phase. It is well-known that the proportion of ordered and amorphous
regions determines the mechanical properties of a macromolecular film [108]. The different
phases can be detected in the film, as they induce inhomogeneity in it. It is also known that
amorphous materials are less stable than crystalline ones and the stabilization of amorphous

materials is very difficult [109].
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Figure 8. TMA plots of Film2 (upper curve) and Film3 (lower curve).
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Figure 9. TMA plots of Film4 (upper curve) and Film5 (lower curve).

Table 12. Temperatures of onset of glass transition (n=3)

Sample T,1 (°C) T2 (°C)
Filml 152.9+1.0 -
Film2 150.4+1.2 -
Film3 147.1+0.6 -
Film4 150.9+0.8 108.3+0.2
Film5 143.3+0.9 108.6+0.5




4.3.3.1.2. X-ray diffraction (XRD) testing

As the quality assurance requirements for one industry are not necessarily those of
another, a characterization technique which can be tailored to the needs of a particular
industry is desirable. One technique which has proven to be useful in a variety of single
crystal inspection applications is X-ray diffraction topography [110, 111]. XRD is widely
used to determine the degree of crystallinity of pharmaceuticals [112, 113].

A Bruker D8 Advance powder diffractometer (Bruker-AXS; Karlsruhe, Germany) was
used for these tests. The non-pulverized samples were measured in transmission mode
between Mylar foils (3.6 um), the following conditions being applied at room temperature.
Radiation: CuKal(A=1.54060 10\) and CuKo2(A=1.54439 A). The attachments were a Gobel
mirror, a Soller slit, and a 9-position sample changer used in transmission mode. The voltage
was 40 kV, the current was 30mA, and measurements involved a @/@ scan of 4-35.00° 2 @,
with a step size of 0.04° 2 6.

The crystalline state of lactose and the amorphous properties of HPMC can be seen from

the curves of the starting components (Figures 10 and 11).
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Figure 10. XRD record for lactose monohydrate
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Figure 11. XRD record for HPMC.

The XRD curves of the films are typical for amorphous materials (Figures 12 and 13). 1t

can be concluded that peaks typical for crystalline lactose were not detected even in samples

with higher lactose content.

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T |
. 10 m 3o

2-Theta - Scale

BlIHP MC-Lactose im 1 - Flk: BeD10. 0 - Type :2ThTh kooked -t 4000 * - End; 35.000 * -SEp: 0040 - Step tme: 1.# -Temp.: 25 °C (Room) - Te SErEd; T & -2-Theta: +000 - Thet
Ope @t :Smoot 0030 | mport

Figure 12. XRD record for Filml
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Figure 13. XRD record for Film5
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The individual amorphous phase of lactose changed in crystallinity during long storage
(stored in a hermetically closed container at room temperature for 12 months). It was
explained by X-ray diffraction study (Figure 14). Samples with two T,s (Film 4 and Film 5)
exhibited characteristic peaks after the storage. In contrary, the samples without 7, (Films 1, 2
and 3) at around 110 °C did not show alteration. It can be concluded that the separate
amorphous phase was partially recrystallized during the long-term storage, which can induce

stability problems of product.
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Figure 14. XRD records of stored Filml (upper curve) and Film5 (lower curve).
4.3.4. Conclusion

Not only the particle size of the granules, but also the temperature of the powder mixture
changed considerably during granulation at different operational parameters. The temperature
increase was an indirect factor which can influence the dissolution of the powder mixture
during granulation. At higher temperatures, a higher proportion of lactose and less HPMC are
dissolved. The significant factors causing temperature increase were the impeller speed and
the dosing speed. Alteration of the batch size can induce a relevant change in the temperature
increase.

The crystalline behavior of lactose disappeared in films containing lactose and HPMC, as
confirmed by DSC and XRD measurements. TMA indicated that an increase of the proportion
of lactose in the film decreased the T, of the film. This can be ascribed to the interaction of

the components. At a lactose:HPMC ratio of 3:5, a second glass transition appeared. It points
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to the formation of a separate amorphous phase of lactose. Its crystallinity was changed
during the storage.

In addition, it may be stated that evaluation of the temperature increase during
granulation is necessary, since the small-scale granulation procedure can induce a dramatic
change in this parameter. This should be kept in mind before prediction of the parameters
applied for the granulation scale-up. Direct study of the composition of every individual
binder bridge formed from soluble materials in the granules is impossible, but their indirect
evaluation can be useful. These data provide additional information towards an understanding
of granule formation in a small-scale high-shear granulator.

Finally, it can be concluded that testing of the wetting properties is necessary for the
determination of the best composition and the conditions for the preparation of a matrix
system. The effect of operational factors can be predicted from the results of such

preformulation studies.

30



4.4. PartlIl.

4.4.1. Preparation of matrix granules containing lactic acid

The aim of this part was to study the applicability of the prepared solid matrix system for
the formulation of long-acting tablets containing LA. Different aqueous solutions of LA were
used as granulating liquids. The effect of LA concentration on the pH-decreasing effect of the

tablets was also evaluated.
4.4.1.1. Composition of powder mixtures

The previous part of the study indicated that the optimum concentration of HPMC
was 30%. The quantity of MCC and a-lactose monohydrate was 35-35%.

4.4.1.2. Methods
4.4.1.2.1. Preparation and study of granules

Granules were prepared in the above mentioned ProCepT granulator. In accordance with
our previous results, the quantity of liquid was 35¢g to 100 g of powder mixture. The

composition of granulating fluid was changed (Table 13). The operational parameters were as

follows:
Impeller speed: ........cccoovveeriiennnnen. 500 rpm
Chopper speed: ........coovveevieeennnenn. 3500 rpm
Liquid dosing speed: .................... 15 mL/min
Kneading time: .........cccceeevveeenieennnnn. 4 min
Mass of powder mixture:..................... 150 g

Granules were dried on trays at 40 °C for 24 h.

Table 13. Composition of granulating fluid

Sample Concentration of LA (%) pH

SO 0 4.97
S1 3 2.17
S2 6 1.99
S3 9 1.88
S4 12 1.81
S5 15 1.72

Sizes and size distributions of the granules were assessed after drying. The analytical

sieve series and the sieving system software mentioned above (see 4.3.2.1) were used.
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Friability was applied to determine the mechanical properties of the granules. The
percentage weight loss after tumbling is called friability [2]. A special friability test was used
for this measurement which was developed in the Department of Pharmaceutical Technology
[114]. 3.0 g of granules (>1.2 mm) was placed into a 60 mL bottle, together with 3 stainless
steel balls 10 mm in diameter. The bottle was then placed into a rotating shaker mixer
(Turbula, Willy A. Bachofen Masinenfabrik, Basel, Schwitzerland) and it was running with
50 rpm for 5 min. The abraded samples were sieved on a 400 um sieve. The measurements
were made in triplicate.

Size and size distribution of the prepared matrix granules were very similar for all
samples (Table 14). The presence of LA in the granulating fluid did not alter the particle size
distribution of the products. The mechanical properties of the products were not changed
relevantly either, the friability was <5% in every case and no clear tendency could be

observed.

Table 14. Parameters of granules

Sample D50 (mm)  Friability (%)

SO 1.222 3.30£0.15
S1 1.245 2.9940.16
S2 1.178 2.73+0.09
S3 0.995 2.94+0.07
S4 1.256 4.06+0.03
S5 1.289 3.40+0.12

4.4.1.2.2. Preparation of matrix tablets

Tablets were prepared with a hydraulic press (Specac Ltd., Graseby, UK). Round and flat
punches 13 mm in diameter were used. 1 g of granules was pressurized at 5 x10° Pa and the

comprimates were stored in a desiccator before the dissolution test.

4.4.1.2.3. In vitro evaluation of released lactic acid

The in vitro dissolution test was also a special one because the quantity of vaginal fluid is
so low that the prescribed test for conventional oral tablets in the Ph. Eur. would not have
given accurate information. In our modified test a tablet was placed into a 25 mL glass beaker
and immersed into a water bath which ensured 371 °C. 4.00 mL of phosphate buffer
(Ph. Eur.) was used as dissolution medium, which is equivalent with the pH of vaginal fluid
(pH = 4.56+0.01). The test liquid was removed after every hour and replaced with 4.00 mL
fresh buffer. The testing period was 8 h. The pH of the liquid was measured with a pH tester
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(WinLab pH-Meter, Windaus-Labortechnik GmbH & Co. KG, Clausthal-Zellerfeld,
Germany). The dissolution of the acidic component was followed via the change in H' in the
dissolution medium. Three parallel tests were performed.

Each of the samples exhibited very similar behavior in the dissolution medium. Swelling
of the tablets and erosion of the samples could be detected in the liquid (Figure 15). It can be
seen from the pictures that the shape constantly changed during the test. The main alteration
could be seen after 4 h. Before this point, a mainly cylindrical shape was detected, but after
this time the edges of the comprimates had disappeared because of the constant erosion. After

hemisphere formation, no further change in shape was detected.

Figure 15. Change in tablets during dissolution test
(A — starting tablet, B — after 4 h, C — after 8 h)

At the end of the dissolution, dry granules could be observed in the inner structure of the

sample (Figure 16).

Figure 16. Inner structure of the tablet after 8 h
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It can be seen from the results of the dissolution tests that the sample without LA (S0) did
not change the pH of test liquid (Table 15). However, lower pH values were clearly detected
for the samples containing larger amounts of LA. The pH-decreasing effect of the tablets

diminished during every hour.

Table 15. pH of the dissolution medium

Time (h) SO S1 S2 S3 S4 SS

Co NN QN AW~

4.59+0.07
4.58+0.04
4.56+0.02
4.56+0.01
4.56+0.01
4.56+0.01
4.56+0.02
4.57+0.01

3.5240.01
3.60+0.06
3.62+0.04
3.69+0.04
3.84+0.02
4.01+0.02
4.03+0.05
4.13+0.06

3.31+0.03
3.47+0.04
3.52+0.03
3.53+0.03
3.62+0.01
3.67+0.06
3.77£0.05
3.87+0.02

3.33+0.01
3.41+0.02
3.49+0.03
3.53+0.01
3.55+£0.02
3.62+0.04
3.65+0.06
3.70£0.01

3.24+0.02
3.37+0.03
3.41+0.01
3.42+0.04
3.48+0.02
3.59+0.03
3.61+0.03
3.63+0.02

3.2240.04
3.32+0.02
3.36+0.02
3.394+0.01
3.43+0.01
3.55+0.04
3.56+0.04
3.58+0.01

Concentration of H* (in mol/dm®) was calculated from the pH. The increasing acidity of
the test liquid for samples containing larger amounts of API led to more spectacular
differences than did the change in pH.

Quantity of H" in 4.00 mL liquid can be calculated from the previous results (Table 16).
The basis value of the phosphate buffer (pH = 4.56) was 1.102 107 mol. The H* excess of

samples is listed summarized in Table 16.

Table 16. Quantity of H' excess in 4.00 mL of dissolution medium (mol)

Time (h) S1 S2 S3 S4 S5
0 0 0 0 0 0
1 1.098 10°  1.84910° 1.775 10° 2.17410° 2318 10°
2 9.022 107  1.25610° 1.434 10° 1.596 10°  1.804 10°
3 8421107  1.107 10° 1.184 10° 143410°  1.62310°
4 7.160 107 1.070 10° 1.084 10° 142210°  1.53210°
5 4724107 8494107 1.030 10° 1.21410°%  1.38710°
6 2778107 7.385107 8494107  9.180107  1.02610°
7 2631107  5.640 107 7.785 107 8.643107  9.915107
8 1.864 107  4.253 10" 6.819 107 8275107  9.500 107

The cumulative amount of H" was calculated and hence the dissolution curve could be
plotted (Figure 17). It can be seen that there was a break in the curves at about 4 h for each of
the samples. This can be explained by the change in the shape of tablet (see below). Linear

(zero-order) approach was used to describe the kinetics of both sections (0-4 h and 5-8 h).
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Figure 17. Cumulative curve of dissolved H"-ion

Fitting of both linear sections was very good (Table 17). It can be seen that the slope of
the second section is lower than for the first. The ratio of these slopes was the lowest for S1
(28%). 1t was higher for S2 (44%) and S3 (57%), but subsequently did not rise further (53%
for S4 and 55% for S5).

Table 17. Slopes of linear sections of dissolution curves

Sample Section 1 Section 2
Slope R Slope R’
S1 0.866 0.9969 0.245 0.9962
S2 1.293 0.9928 0.575 0.9926
S3 1.357 0.9947 0.771 0.9988
S4 1.628 0.9967 0.869 0.9997
S5 1.798 0.9963 0.989 0.9998

4.4.2. Discussion

It can be established that all of the formulated matrix systems have a pH-decreasing
effect throughout 8 h. It does not mean an immediate release of API and thus a sudden
decrease in the vaginal pH, which may cause uncomfortable effect.

It is well known that the dissolution of an API from a hydrophilic matrix is controlled by
erosion and diffusion. In this case, the liberation of API is also controlled by the detachment
from the carrier MCC. Visual checking of the dissolution process revealed that erosion of the
tablet could be detected.

Erosion was not a disintegration process into granules, but a detachment of small

particles, so that the liberation of LA from the carrier could occur and the dissolved acidic
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component appeared in the medium. This process was quicker than diffusion of the liberated
LA through the swollen polymer gel layer. Accordingly, the rate-limiting process of
dissolution in the starting period (0-4 h) was mainly erosion of the system and the quicker
liberation of API from the carrier. In the second stage (5-8 h), after sphere formation (see
below), erosion of this surface was slower (further change in shape did not take place) and the
rapidly released portion of LA dissolved in the first stage. Concentration of dissolved H" was
therefore lower in this period. This was indicated by the lower pH-decreasing effect in this
period. Thus, the importance of the slower phenomena (diffusion and the slower detachment
of LA) was higher in this case.

The relative importance of erosion and the weaker interaction between API and the
carrier for S1 were demonstrated by the 4-fold faster dissolution in the first stage of the
dissolution curve. Since there was no appreciable difference in the erosion behavior of the
different tablets, the relevance of the first section for this sample could be that LA was mainly
enriched on the surface of the carrier and the detachment was easier. The structure of the
MCC particle is loose (as it can be seen in Figure 18) and the liquid can therefore penetrate
into the interior, which can be closed during compression. Liberation of this API is more
difficult. When the concentration of LA reached a given level (about 9%), saturation of the
surface was detected. The readily removable sites were filled with LA, while the other parts of
the liquid formed a new rate-limiting phenomenon. This explains the slower liberation in

samples prepared with higher amount of API.

x488 9916 10kV 100um

Figure 18. Microcrystalline cellulose (SEM)

Several methods can be used to describe the importance of diffusion and erosion during

dissolution tests. In this case, not only these processes must be considered, but also the
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liberation of API from the carrier. The other problem with the evaluation of the effects of
these factors was the constant deterioration of the shape. For instance, the Hopfenberg
dissolution kinetic model emphasizes the importance of dosage form’s shape, but in this case
this property cannot be exactly determined during the constant change (from cylindrical to

spherical).
4.5. Summary

On the basis of this study the following can be concluded:

e There is a correlation between the wetting properties of powder mixtures and the
erosion of inert comprimates.

e Factors which increase wetting time are relevant for temperature elevation during the
formulation of this system. The effect of operational factors can be predicted from the
results of such preformulation studies.

e The composition applied was appropriate for the incorporation of LA. It can be
processed into the granulating fluid (up to concentration of 15%). The presence of LA
in the granulating fluid altered significantly neither the particle size distribution, nor
the mechanical properties of the granules. The shape of the tablets constantly changed
during the dissolution, the main alteration could be seen after 4 h. Erosion and change
in shape were very similar for each of the samples.

e The pH-decreasing effect of the tablets was influenced by the concentration of LA
applied in the granulating fluid. Erosion is the main parameter responsible for the
liberation of LA from this system in the first part of dissolution. This phenomenon
increased the possibility of detachment of LA from the insoluble carrier. When the
concentration of LA reached a given level, the more readily liberating sites were
saturated. In the second stage of dissolution the relevance of erosion was lower and the
slower process became more important.

Finally, it can be stated that a controlled release intravaginal matrix tablet can be

formulated from the matrix former HPMC and the carrier MCC to ensure a long-acting
preparation containing LA. In addition, there was no sign of matrix destruction caused by the

LA as a strong acid.
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5. SEcTIONII

5.1. Aims

In this part of the work, compatibility of the materials was investigated from a
technological point of view through the effect of them on the properties of the dosage form.
The aim was the evaluation of the phenomena influencing the functioning and properties of
the matrix system and the release of the API in case of a nonionic polymer reacting with an

inorganic salt.
5.2. Materials

Zinc acetate dihydrate (Zn(Ac);) (Merck KGaA, Darmstadt, Germany) was used as
model APL It is a white crystalline powder of leaflets, freely soluble in water [2]. It has a
wide range of medical and dietary applications such as a dietary supplement, as an adstringent
[115] or in lozenges used to treat the common cold [116]. Zinc salts, e.g. the sulfate,
gluconate or acetate, can also be used to treat zinc deficiencies. As an oral daily supplement,
this metal ion is used for the treatment of Wilson’s disease [117, 118]. The actual salt used in
the treatment does not make a difference with respect to efficacy but may affect tolerability,
acetate may cause the least gastrointestinal distress [117].

The primary site of absorption of exogenous zinc in the human is in the proximal small
bowel [119, 120]. Zinc has shown clinical efficacy at doses of 50 mg three times daily in the
reduction of copper absorption and remove of stored copper [121] and the stimulation of
metallothionein synthesis [122-124]. The elimination half-life of zinc in healthy subjects is in
the range 0.9-1.2 hours [125], which necessitates several applications a day. Patients’
compliance and tolerance could be increased with long-acting sustained and controlled release
preparations as the daily intake could be decreased and they make a constant blood level of

the APIs possible.

Forms of hydroxypropyl methylcellulose (HPMC) (Metolose 90 SH 100 SR, 4000 SR,
100.000 SR, Shin-Etsu Chemical Co., Ltd., Tokyo, Japan) with different viscosities were used
as matrix forming agents. The notations for the different (low, medium and high) viscosities
of the Metolose used in this work were as follows: 100 SR — LV, 4000 SR — MV and 100.000
SR — HV. High viscosity grades may be used to retard the release of the water soluble drugs
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from the matrix [126]. This component is frequently utilized to form floating matrix systems
[127, 128].

Sodium bicarbonate (NaHCO;, Solvay S.A., Brussels, Belgium) was applied as
gas-forming agent. It is generally used in pharmaceutical formulations as a source of carbon
dioxide in effervescent tablets and granules. Recently, NaHCO; has been used as a
gas-forming agent in alkaline raft systems [129, 130], and in floating, controlled release oral
dosage forms [131, 132]. It is a white, crystalline powder with a saline, slightly alkaline taste.
NaHCOs; reacts with acids, acidic salts, and many alkaloid salts, with the evolution of carbon
dioxide [133].

Lactose monohydrate (Ph. Eur., Hungaropharma Plc, Budapest, Hungary) was used as a
substituent of the API at a certain part of the study. It is white to off-white crystalline particle

or powder. It is freely but slowly soluble in water [2].
5.3. Preparation of powder mixtures

As a preliminary step, the Zn(Ac), and NaHCOj; were size-reduced in a mortar (Retsch
RM 100, Retsch GmbH, Haan, Germany) for 10 min. Particle sizes were determined with the
analytical sieve mentioned above (see Section I. 4.3.2.1) and particles with diameters of
100-200 um were used in the study. The drug and the excipients were mixed in the above
mentioned rotating shaker mixer (see Section 1. 4.4.1.2.1) at 50 rpm for 10 min. The amount
of API was calculated on the basis of the zinc requirement [117], which is equivalent to

500 mg of Zn(Ac); a day. Compositions were given for tablets with 1.0 g in mass (Table 18).

Table 18. Compositions

Materials Amount of components (mg)
Zn(Ac); 500 500 500 500
NaHCO; 100 150 200 250
HPMC 400 350 300 250

5.4. Preparation of matrix tablets

Tablets were prepared with the above mentioned hydraulic press (see Section I
4.4.1.2.2); round and flat punches 13 mm in diameter were used. 1 g of powder mixture was
compressed at 3x10® Pa. Additional excipients (lubricant and glidant) were not applied. In the
second part of the work, powder mixtures containing lactose monohydrate as the substituent

of Zn(Ac), were prepared; the ratio of the components was not changed.
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5.5. Methods of investigation and results

5.5.1. Evaluation of water uptake

For an understanding of the effects of the individual components on the water uptake of
the system, the components and the binary and ternary powder mixtures were tested. To
achieve controlled release through the use of a water soluble polymer such as HPMC, the
polymer must quickly hydrate on the outer tablet skin to form a gelatinous layer. A rapid
formation of a gelatinous layer is critical to prevent wetting of the interior and disintegration
of the tablet core. Once the original protective gel layer is formed, it controls the penetration
of additional water into the tablet [8].

The method detailed in Section I (see 4.3.1.2.1) was applied. 0.1 g of the different forms
of HPMC, 0.25 g of each powder mixture and 0.5 g each of Zn(Ac), and NaHCO; were
tested; 5 parallel experiments were performed in every case. The investigation was carried out
for 15 min.

First, the Enslin numbers of Zn(Ac); and the excipients were determined (Figure 19). The
water uptakes of the different forms of HPMC were prolonged: for the LV and MV samples,
there was no significant difference between the values (LV: 2.838+0.055 mL/g and MV:
2.819+0.185 mL/g), whereas the quantity of water was higher for the HV sample
(3.629+0.161 mL/g). Their wetting was not finished by the end of the test. This was caused by
the restriction of the gel layer of the swelling polymer. The process was very short in the case
of NaHCOs;, the water uptake occurred in the first 10 s, after which the value was constant
(0.553+0.023 mL/g). The API took up the maximum quantity of water in the first 6 min, after
which the value was constant (0.493+0.031 mL/g).
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Figure 19. Enslin numbers of active agent and excipients

Next, the water uptakes of the different binary and ternary powder mixtures were
determined. The theoretical Enslin numbers were calculated from the Enslin numbers of each
component in the ratio of their presence in the powder mixtures. Relative deviations from the
calculated values were also determined.

First, the water uptakes of the ternary powder mixtures were determined (Table 19). The
quantity of water taken up increased with increasing amount of NaHCO3 in all cases. This
change was unexpected as the HPMC content decreased with increasing amount of NaHCOs.
It would appear obvious that NaHCO; formed bubbles, which weakened the gel layer formed
and the powder mixtures, so that they could hydrate more quickly. Hydration on the surface
was definitely quick, it could be detected visually, but penetration of water through this gel

layer was delayed.

Table 19. Enslin numbers of ternary powder mixtures (mL/g) (means+SD)

Zn(Ac),-NaHCO3-

HPMC (%) LV MV HV
50:10:40 1.383+0.061 1.237+0.039 1.571+0.023
50:15:35 1.462+0.101 1.474+0.119 1.756+0.078
50:20:30 1.927+0.059 1.781+0.085 1.996+0.185
50:25:25 2.361+0.089 1.929+0.104 2.379+0.023

Deviations from the calculated Enslin numbers were determined. Powder mixtures with
10% NaHCO3 could not take up the calculated amount of water, and thus this ratio of
NaHCO3 was not sufficient to modify the structures of the powders (Table 20). In contrast, all

of the other powders took up much more water than expected (almost double the calculated
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value). This indicates that some interaction happened when the powder mixture came into

contact with water.

Table 20. Deviations from calculated Enslin numbers of ternary powder mixtures (%)

Zn(Ac),-NaHCO3-

HPMC (%) LV MV HV
50:10:40 96.22 86.54 89.60
50:15:35 110.55 111.98 109.75
50:20:30 159.44 147.37 138.04
50:25:25 215.76 176.26 184.17

For the evaluation of this situation, the binary mixtures were tested. When there was no
NaHCOs; in the powder mixtures (Table 21), a lower quantity of water was taken up,
confirming that NaHCOs is required to change the structures of the powder mixtures and the
gel layer of the polymer, enhancing the water uptake. Zn(Ac), itself slowed down the water

uptake and reduced the amount of water taken up.

Table 21. Enslin numbers of binary powder mixtures without sodium bicarbonate (mL/g)

(means+SD)

Zn(Ac);-NaHCO3- LV MV HV
HPMC (%)
50:0:40 1.090+0.045 1.104+0.048 1.182+0.047
50:0:35 1.077+0.071 1.103+0.084 1.196+0.040
50:0:30 0.985+0.024 1.102+0.083 1.264+0.026
50:0:25 0.957+0.001 1.102+0.062 1.316+0.118

For the binary powder mixtures containing only the additives, lower amounts of water
were taken up as compared with the calculated values, clearly demonstrating that the API was
also indispensable for the unpredicted wetting (Table 22). This phenomenon points to an
interaction between NaHCO; and Zn(Ac),, which enhances the water-uptake property of the

powders.

Table 22. Deviations from calculated Enslin numbers of binary powder mixtures without

sodium bicarbonate (%)

Zn(Ac),-NaHCO3-

HPMC (%) LV MV HV
50:0:40 71.01 72.31 62.66
50:0:35 73.87 76.02 66.70
50:0:30 71.75 80.71 75.71
50:0:25 75.07 86.84 85.56
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The properties of powder mixtures without HPMC were also studied. The Enslin numbers
of the 50:10, 50:15, 50:20 and 50:25 mixtures of Zn(Ac),:NaHCO; were as follows:
0.666+0.023 (132.32% deviation), 0.859+0.020 (169.45% deviation), 1.079+£0.073 (211.43%
deviation) and 1.099+0.021 (214.18% deviation), respectively. These two components
together — Zn(Ac), and NaHCO; — were able to take up more water than expected,
confirming the occurrence of an interaction. At 20 and 25% NaHCOj; contents, the amounts of
water taken up were more than double. It may be assumed that factors other than the loosing
effect of the bubbles formed contribute to the properties of the systems as in case of these
powder mixtures there was no matrix-former in the compositions, thus there was not gellified
layer which could be loosened by NaHCOs3, This interaction was also observed for the ternary
powder mixtures, where higher amounts of water were taken up.

NaHCOs; influenced not only the extent of the water uptake of the powder mixtures, but
also the kinetics of this process (Figure 20). In the first 3 min, a step could be seen in all of
the curves; this was most marked for the powder mixtures with LV. It may refer either to the
quick hydration of the polymer or the phenomenon caused by the interaction, after the step,

the speed of water uptake was relevantly slower.
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Figure 20. Enslin numbers of ternary powder mixtures with LV
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5.5.2. Study of matrix disintegration

Upon complete polymer hydration at the outer surface, chain disentanglement begins to
occur, i.e. erosion of the matrix. The rate of erosion is related to molecular weight over a wide
range by an inverse power law. In addition, erosion rate is affected by the composition and
ionic strength of electrolytes in the liquid medium and by the composition and level of drugs
and other additives within the matrix [8].

The disintegration of tablets was evaluated with the disintegration tester mentioned above
in 4.3.1.2.2. Tablets were stored in a desiccator for 24 h before the test. The test liquid was
gastric fluid (pH=1.2, Ph. Eur.) and the temperature was 37 °C. Twelve parallel experiments
were performed. Each test was carried out for a maximum of 8 h, as floating systems with a
residence time in the stomach longer than 8 h are not reasonable [134].

These tests were performed in consecutive steps. First, tablets prepared from the ternary
powder mixtures were evaluated (Table 23). The tablets prepared from HPMC with different
viscosities differed appreciably in behavior. For LV, the time needed for disintegration of the
tablets with the highest HPMC content was approximately 10 min, which was slightly more
than for the other compositions. Thus, there was no prolonging effect in these tablets: only a
few minutes was necessary for the complete disintegration of the systems.

At higher viscosities, unexpected behavior of the tablets was experienced. At
10% NaHCOj; content, a higher initial value was observed for both MV and HV HPMC, and
thus the effect of the effervescent component in these mixtures was not significant. At higher
NaHCOs; content, there was a continuous increase in the duration of disintegration. For these
tablets, the disintegration time did not decrease with increasing amount of NaHCOs; as
expected, but continuously increased, so that there was a prolonged effect. The presumed
interaction appeared to be proven, as the composition and consequently the properties of the
powder mixtures changed on contact with water. The interaction affected not only the water-

uptake properties of the powder mixtures, but also the duration of disintegration.

Table 23. Disintegration times of tablets prepared from ternary powder mixtures (min)

(means+SD)

Zn(Ac),-NaHCOs;-

HPMC (%) LV MV HV
50:10:40 10.5+0.8 31.5£13.9 >480.0
50:15:35 10.4+1.2 15.2+4.3 153.3+£37.0
50:20:30 10.2+£2.0 21.6+6.0 231.2+74.1
50:25:25 7.3£1.0 80.2+10.2 336.8+58.6
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To confirm this, other tests were performed. The duration of disintegration of the
polymers, the binary powder mixtures containing Zn(Ac), and the different forms of HPMC,
and the binary powder mixtures containing NaHCOs3 and the different forms of HPMC were
also measured, and any of them disintegrated during 8 h. Hence, it can be stated that the
presence of NaHCOs; and the API is necessary for the detected disintegration time.

In the following step, the API, which is a necessary component of the interaction, was
substituted with lactose monohydrate. The solubility of this component is similar to that of
Zn(Ac), in water and there is no known interaction between this material and the other
components. The disintegration time of the tablets was then measured again (Table 24). A
decrease in the erosion time of the tablets was detected with increasing content of NaHCO:s.
This tendency was detected for every HPMC sample. In accordance with the expectations, the
binding effect of the smaller amount of polymer was insufficient to counteract the
disintegration effect of the gas-forming component. These tests emphasized the importance of

the interaction between the active and effervescent agent on the erosion of the dosage form.

Table 24. Disintegration times of tablets prepared from powder mixtures containing lactose

monohydrate (min) (means+SD)

Lactose-NaHCO3z-

HPMC (%) LV MV HV
50:10:40 46.1£9.1 >480.0 >480.0
50:15:35 23.8+1.6 109.9+13.5 >480.0
50:20:30 19.0£1.1 62.8+10.4 70.2+16.6
50:25:25 14.3+0.8 13.7£1.2 20.4+1.9

A number of recent studies have shown this for even the simplest case, the interaction of
HPMC and water. The effects of interactions can be accentuated by the conditions that exist
within a hydrophilic matrix tablet, from the fully hydrated outer surface through various states
of partial hydration to the dry inner core. In these partially hydrated regions, the
“concentration” of the drug, other excipients, water, and species from the medium may be
relatively high, creating a condition favorable to interaction with HPMC. The hydration and
gelation of HPMC under these conditions are only now beginning to be understood. One
approach is to consider these interactions as resulting from specific binding of smaller
molecules to HPMC, from so-called ‘“generic effects” resulting from disruption of solvent
(water) structure and solvent dilution, or from a combination of the two [8].

Interactions between drugs and HPMC that negatively impact polymer hydration are

relatively rare. The combination of Zn(Ac), and NaHCOs is supposed to act enhancing
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hydration and swelling of HPMC, thereby accelerating gel layer formation. This blocks

solvent to percolate to the interior of the tablet, leading to delayed disintegration.

5.5.3. Buoyancy

The buoyancy of the tablets was studied at 37+0.5 °C, in 150 mL of gastric fluid at
pH 1.2 (Ph. Eur.). The floating lag times — the duration of the period between the placing of
the tablet in the medium and the tablet floating — and durations of tablet floating were
determined by visual observation. Tablets were stored in a desiccator for 24 h before the test.
Three repetitions were done.

The gastric floating system involved NaHCOs as a gas-forming agent dispersed in the
hydrogel matrix. On reacting with hydrochloric acid, the bicarbonate ion is converted to
carbon dioxide in the form of bubbles on the surface of the tablets, which caused the tablets to
float in the fluid for more than 4 h in vitro. On the basis of the disintegration studies, it can be
stated that only HV samples might be appropriate for the formulation of a floating drug
delivery system. Thus, only these tablets were investigated further in this study; floating lag
times and buoyancy (Figure 2I) were determined visually. The samples with
10 or 15% NaHCOs3 content floated for only 17 min and 64 min, respectively, which is not
appropriate for the formulation of a floating system, whereas the samples with
20 or 25% gas-forming agent floated for a minimum of 4 h. Bubbles entrapped in the gellified

matrix layer can also be detected visually (Figure 22).

Figure 21. Flotation of matrix tablets (0-4 min)
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Figure 22. Bubbles entrapped in the gellified matrix after 4 h

5.5.4. Dissolution study

The rates of in vitro release of Zn(Ac), from the matrix tablets were determined in
900 mL gastric acid (pH=1.2, Ph. Eur.) by the paddle method (Ph. Eur.). Recent methodology
as described in Ph. Eur. states: “For the paddle apparatus, place the preparation at the
bottom of the vessel before starting rotation of the blade; dosage forms that would otherwise
float are kept horizontal at the bottom of the vessel using a suitable device, such as a wire or
glass helix”. On the basis of that, dissolution tests were carried out under sink conditions.
Tablets were kept at the bottom of the device with a few turns of a wire. Tablets were stored
in a desiccator for 24 h before the test. The paddle rotation speed was kept at 50 rpm, and the
temperature at 37+0.5 °C.

Zn contents were measured by X-ray fluoresence analysis (Philips MiniPal PW 4025,
Philips Analytical, Almelo, Netherlands). This is a nondestructive physical method used for
chemical elemental analysis of materials in the solid or liquid state. The specimen is irradiated
by photons or charged particles of sufficient energy to cause its elements to emit (fluoresce)
their characteristic X-ray line spectra. The detection system allows the determination of the
energies of the emitted lines and their intensities. Elements in the specimen are identified by
their spectral line energies or wavelengths for qualitative analysis, and the intensities are
related to their concentrations for quantitative analysis. The counting times required for
analysis range from a few seconds to several minutes per element, depending upon specimen

characteristics and required accuracy; but they may be much longer for trace analysis and thin
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films. The results are in good agreement with wet chemical and other methods of analysis
[135].

During the measurements, the conditions applied were 12 kV and 100 HA, with a kapton
filter and an air purge. The samples were measured during 60 s, repeated in triplicate for each
sample. The concentrations of Zn (ppm) were calculated by means of linear calibration
(R?=0.9945) from the intensities of the Ky, lines of the detected radiation. The dissolved drug
concentration was calculated on the basis of the zinc content of Zn(Ac),.

From the results of the preformulation studies of the initial twelve compositions, the
HV mixtures with higher NaHCO; content (20 and 25%) proved be appropriate for an
extended release preparation. The dissolution characteristics of the sample with
20% gas-forming agent and 30% HPMC were studied (Figure 23). It was obvious, that the
bulk of the API dissolved in the initial period of time after coming into contact with the

gastric acid, while the dissolution of the remaining part was slow and continuous.
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Figure 23. Dissolution of Zn(Ac), from tablets containing 20% NaHCO; and 30% HPMC

The initial fast dissolution of the API may be explained by the fact that the hydration,
swelling and erosion — or we can say disintegration — of the floating tablet was very intensive
in the first minutes of its reaction with gastric acid. Formulation of air bubbles loosened the
structure of the developing matrix, the evolving gas permeated through the gel layer leaving
gas bubbles or pores which could have increased the rate of release of the API from the

matrix.
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After 10-15 min, the outer layer of the tablet reached its optimal hydration state, most of
the gas bubbles were entrapped in the gel layer, which could have slowed down the

dissolution. Thus in this part, diffusion became the rate-limiting step.

It is important to emphasize that conditions of the dissolution study were relevantly
different from the conditions present in the stomach. In the in vitro dissolution studies, the
dosage form was not able to float — it was the requirement of the Pharmacopoeia, however in

the stomach the dosage form would probably float on the surface of the gastric fluid.

5.6. Conclusions

On the basis of this study the following can be concluded:

® On the basis of the preformulation studies, it can be stated that polymers with low
viscosity grades did not prove to be appropriate for the formulation of a controlled
release preparation in this system.

e Alteration of the ratio of the excipients resulted in an unpredicted significant influence
on the properties of the dosage form. The interaction between Zn(Ac), and NaHCO;
caused a relevant modification in the water uptake of the powder mixture and in the
disintegration of the tablets. Independent tests revealed an interaction between these
two components when they came into contact with water, so that prediction of the
properties of the dosage form from the parameters of the starting components was
impossible.

e The combination of Zn(Ac), and NaHCOs at certain ratios acts to enhance hydration
and swelling of HPMC, thereby accelerating gel layer formation. This blocks solvent
to percolate to the interior of the tablet, leading to delayed disintegration. Therefore,
this phenomenon was applied to develop a prolonged effect.

Finally, it can be stated that appropriate systems with prolonged disintegration times,
appropriate buoyancy and controlled release can be formulated from Zn(Ac), by using
NaHCOs; as gas-forming agent and Metolose 90 SH 100000 SR as a matrix and gel-forming
component. The phenomena experienced during the investigations occurred only in the
ternary systems, so prediction of them from the properties of the binary systems was
impossible. Therefore, in case of such systems, compatibility studies are recommended to be

carried out in complex systems.
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6. FINAL CONCLUSION, NOVELTY, PRACTICAL USEFULNESS

To achieve an optimal drug release, solid hydrophilic matrices applied via two different
administration routes were studied in details. One of the systems was intended to be applied
vaginally, while the other was a special type of oral administration, it was a floating system.
The main aims of the study were the formulation and detailed investigation of eroding
hydrophilic matrix systems applying HPMC as matrix forming agent. Additionally,
investigation of the effect of the aggressive APIs from the technological point of view was the
goal of the study as well; therefore, their effect on the drug release from the matrix systems
has been studied in details.

Novelty and practical usefulness of the systems formulated:

® As an alternative for vaginal washing solutions controlling the vaginal pH, a solid
vaginal hydrophilic drug delivery system containing a fluid API, a mucoadhesive and
bioerodible matrix former and a filler familiar with the vaginal flora was successfully
formulated, and it has showed controlled release during 8 h.

e Formulation of a gastroretentive drug delivery system as an alternative for patients
suffering from Wilson’s disease has been prepared. The results may be useful in the
development of a sustained release dosage form containing Zn(Ac), with a prolonged
GRT for the treatment of Wilson’s disease.

e The combination of Zn(A.p» and NaHCOs; at certain ratios acts to enhance hydration
and swelling of HPMC, thereby accelerating gel layer formation. This blocks solvent
to percolate to the interior of the tablet, leading to delayed disintegration. Therefore,
this phenomenon was applied to develop a prolonged effect.

In case of both systems, some kind of unexpected phenomena occurred. Through the
substantial investigations of the nature of these phenomena, a better understanding of the
processes may be achieved. These are good examples of significant changes occurring during
the formulation of new sensitive delivery systems. It can be stated that different types of
HPMC can be utilized for the formulation of hydrophilic matrix systems with different
administration routes but very well structured preformulation studies must be performed.
These tests should not be only chemical evaluations, but others considering technological

aspects as well.
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ABSTRACT

The aim of our work was to determine the main factors which can influence the preparation
of matrices and to choose the best parameters for the production of inert matrix granules
with a high-shear granulator. Matrices were formulated, which contained hydroxypropyl
methylcellulose (HPMC) as a matrix-forming agent, together with lactose monohydrate and
microcrystalline cellulose as filler. There was a good correlation between the erosion time of
the matrix comprimates and the water uptake of the different powder mixtures. The powder
mixtures containing at least 40% of HPMC exhibited very similar properties to those of pure
HPMC. Granules were prepared from the powder mixture with 30% of HPMC. The optimum
amount of granulating fluid (water) was determined according to the quantity of the
particles with optimum size. A 2* full factorial design was used to determine the operational
parameters of the granulation for this composition. A significantly lower amount of waste
was attained with along spheronization time and slow dosing. The gel-forming properties of
the HPMC, and hence the slower wettablity mean that the most important factors are those
that affect the wettability of the powder mixture, and thus the factors which increase the
time of wetting are relevant during the formulation of this matrix system. There was a
relationship between the wetting of the powder mixture and forming of granules prepared
with high-shear granulator.

© 2007 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

hormone replacement (Hussain and Ahsan, 2005; Woolfson

1. Introduction

et al., 2003; Hillary et al., 2001). Intravaginal therapeutic
systems must contain various materials to ensure the

The main aim of dosage form design is to achieve a predictable
therapeutic effect to a drug included in a formulation which is
capable of large-scale manufacture with reproductible pro-
duct quality. An understanding of how various process
variable affect the technology is necessary for the design of
a production that can reliably provide the product in high
yields and quality.

Many drugs are formulated into several dosage forms of
varying strengths, each having selected pharmaceutical
characteristics suitable for a specific application (oral, rectal,
nasal and intravaginal, etc.). Intravaginal preparations can
nowadays be used to treat several topical problems; because of
the good absorption and the lack of a first pass effect, this
route can be applied to cure systemic diseases, mainly by

* Corresponding author. Tel.: +36 62545576; fax: +36 62545571.

E-mail address: klara.hodi@pharm.u-szeged.hu (K. Pintye-Hédi).

appropriate release of the active ingredients. These additives
are different polymers, mainly with bioadhesive effects, a
feature that is very useful for local and also systemic
treatment (Baloglu et al., 2003; Valenta, 2005). The widely
used macromolecular bioadhesive components are cellulose
derivatives, chitosan, acrylic components and mixtures of
these (Kast et al., 2002; Karasulu et al., 2004; Russo et al., 2004).
Most of these materials can be used to produce a soluble
hydrophilic matrix system (Vueba et al., 2004). In this case the
liberation of the poorly water-soluble active pharmaceutical
ingredients (API) is mainly determined by the erosion (the
dissolution of the matrix former) (Siepmann and Peppas,
2001). Water-soluble APIs can be liberated by erosion of the
matrix and also by diffusion through the formed gel. The
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matrices can contain other materials (e.g. fillers, pore formers,
etc.), but the biocompatibility (irritation-free) is very relevant
for the vaginal forms, since the intact mucous membrane and
the bacterial flora protect the vagina against the infections
(das Neves and Bahia, 2006).

Solid vaginal products often contain lactose as a filler. This is
a natural substrate for the vaginal microflora (lactobacillus),
which converts lactose into lactic acid (Aulton, 2002; Ritschel
and Bauer-Brandl, 2002). It is well known that problems can
arise duringthe preparation (e.g. stickingand capping) of tablets
containing a large amount of lactose monohydrate (Mullarney
and Hancock, 2006; Takeuchietal., 2004). Itis therefore practical
to use different types of binder and additional fillers for these
tablets (mainly cellulose and its derivatives).

Solid intravaginal preparations can contain very small
amounts of active ingredients (e.g. pg quantities of hormones)
anditis well known that the processibility of these materialsis
very difficult (Woolfson et al., 1999; Nygaard et al., 2004). One
possible way to solve this problem is the preparation of a
solution from these materials with application of this solution
as a binder fluid (Parikh, 1995). This technique is commonly
used during the formulation of solid dosage forms. In this case,
granules with the same dimensions and structures must be
produced because of the desired homogeneous concentration
and distribution of the active ingredients. The effects of very
small amounts of active ingredients are less relevant as
concerns in the properties of dosage forms (e.g. wetting
properties, dissolution, etc.). The determining factors are the
composition of the carriers (type and quantity of additives)
and the operational parameters during the preparation.
Optimization of these parameters without API is more
important for these systems than for others containing large
amounts of active.

In the present study, different types of inert matrices were
formulated which can be used to prepare intravaginal
matrices with a low amount of active ingredient. The active
ingredient can be incorporated into the granulatingliquid. The
applied systems contained lactose monohydrate and micro-
crystalline cellulose in a constant ratio (1:1) as filler/binder and
hydroxypropyl methylcellulose (HPMC) in different concen-
trations as a matrix-forming agent. The water uptake
(quantity and speed) and degree of erosion of the hydrophilic
matrices were evaluated and compared. It is well known that
the dissolution of an active agent from a hydrophilic matrix is
controlled by erosion and diffusion. A high variability in
hydration and erosion behaviour is expected depending on the
polymer type and grade as well as on the compaction pressure
and the matrix porosity. Knowledge of these parameters is
therefore very important. After determination of the appro-
priate composition of the powder mixture, granules were
prepared with a high-shear granulator. Different quantities of

water were used as granulating liquid. The amount of liquid
was chosen according to the size of the particles and the
quantity of waste (<0.5 and >2.0 mm). After optimization of
the quantity of liquid, the optimum parameters applied during
the granulation were determined. A 2* full factorial design was
used in this step. The optimization parameters were the size of
the particles and the yield of the preparation.

The aim of our work was to determine the main factors
which can influence the preparation of hydrophilic matrices
and to choose the best parameters for the production of
granules with a high-shear granulator. Despite the importance
of determining the critical control points of formulation of
these solid forms, the exact mathematical evaluation has been
relatively neglected to date. These parameters are not known
in the literature, and in general the settings are empirical. This
information is very useful for the application of process
analytical technology (PAT). Since gaining a deep under-
standing of the manufacturing process is at the heart of PAT
(Davies and Ellis, 2005).

2. Materials and methods
2.1. Materials

HPMC (Pharmacoat 606, Type 2910, Shin-Etsu Chemical CO.,
Ltd., Tokyo, Japan) was used as matrix former. This is a
component frequently utilized to form intravaginal bioadhe-
sive systems (Chien and Lee, 2002; Rowe et al., 2003).
Microcrystalline cellulose (Vivapur 301, Rettenmaier&Soéhne
GmbH, Rosenberg, Germany) was applied as a filler/binder,
and a-lactose monohydrate (Ph. Eur., Hungaropharma Plc.,
Budapest) as a filler. The ratio of these components was 1:1 in
all samples. The compositions of the powder mixtures were as
follows (Table 1).

2.2. Evaluation of water uptake

The Enslin number is a simple semi-quantitative measure of
the water uptake of a powder and is equal to the amount of
fluid absorbed by 1 g of the powder (ml/g). An Enslin apparatus
with a glass filter and a pipette with 0.01 ml accuracy were
used for these experiments. A monolayer of particles took up
the maximum quantity of water possible through a filter paper
under these conditions. 0.5 g of each powder was tested; five
parallel experiments were performed.

The speed of the water uptake can be evaluated via
characteristic water uptake time (tes 2%). It is the time which is
necessary for the uptake of 63.2% of the maximum quantity of
water. The fitting revealed that these curves can be described
by the Weibull model (Weibull, 1951). The fitting software were

Table 1 - Compositions of powder mixtures

Notation HMPC (%) Lactose monohydrate (%) Microcrystalline cellulose (%)
Mix0 0 50 50
Mix10 10 45 45
Mix20 20 40 40
Mix30 30 35 35
Mix40 40 30 30
Mix50 50 25 25
Mix100 (HPMC) 100 0 0
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Table 2 - Weights of comprimates (n = 10)

Table 3 - Levels of factors

Sign Weight (mg) Factor Low-level (-)  High-level (+)
Mix0 359.7 + 16.1 Speed of the chopper (X1) 1500 rpm 3500 rpm
Mix10 367.6 +4.3 Speed of the impeller (X2) 500 rpm 1000 rpm
Mix20 358.0 + 8.2 Dosing speed (X3) 5 ml/min 15 ml/min
Mix30 357.1+3.7 Spheronization time (X4) 1 min 4 min
Mix40 359.2+74

Mix50 358.1+4.9

Mix100 (HPMC) 329.1+25

developed in our institute. A non-linear fitting approach with
the following equation was applied:

M—Mo{l—exp{—q}} (1)

where M is the amount of water taken up after time t; My the
maximum amount of water taken up; T the delay time; g the
shape parameter; and a is the time parameter.

2.3. Erosion study of the matrices

Matrix compacts prepared from powder mixtures with the
same dimensions were produced with a Korsch EKO (Emil
Korsch Maschinenfabrik, Germany) instrumented eccentric
tablet machine for this. Flat punches 10 mm in diameter were
used. Additional excipients (lubricants and glidants) were not
applied.

The constant parameters of the tablets were as follows—
thickness: 4.00 + 0.05 mm, diameter: 10.00 + 0.05 mm, upper
pressure force: 5 + 1 kN (63.7 MPa), the speed of compression:
36 tablets/min, circumstances: 26+2°C and 554 5% RH.
Naturally, the tablets differed in weight (Table 2).

The erosion of these tablets (the term dissolution is not
correct for these systems because of the insoluble micro-
crystalline cellulose) was evaluated with a disintegration
tester (Erweka ZT 71, Erweka GmbH, Heusenstamm, Ger-
many). The liquid was water and the temperature was 37 °C.
This test was performed to optimize the composition. Six
parallel experiments were performed.

2.4.  Preparation of matrix granules

The granules were prepared in a high-shear granulator
(ProCepT 4M8 granulator, ProCepT nv, Zelzate, Belgium).
The critical process data are mixer torque, product tempera-
ture, mixer and chopper speed, liquid dosing speed and
volume. The granulating liquid was water. The parameters
during the determination of the optimum quantity of water
were the same, except for the quantity of water.

Speed of the impeller: 750 rpm.

Speed of the chopper: 2500 rpm.
Dosing speed of the liquid: 10 ml/min.
Spheronization time: 1 min.

Weight of the powder mixture: 150 g.

The quantities of the liquid to 100 g of powder mixture were
20 g (S1), 25 g (S2), 27.5 g (S3), 30 g (S4), 35 g (S5) or 40 g (S6). The
granules were dried on trays at 40 °C for 24 h.

In the second part of our work, during optimization of the
granulation process, the quantities of the powder mixture and
the liquid remained the same and the technical parameters
were changed. The factorial design is a method that is often
used to accelerate the solution of tasks. This method has been

applied in several branches of science and industry (food (de
Assis et al., 2004), environmental management (Todorovic
et al.,, 2003), chemistry (Forte et al., 2003), pharmaceutical
technology (Sertsou et al., 2002; Khanvilkar et al., 2002; Gohel
et al,, 2003; Dévay et al., 1982)). A 2* factorial design was
applied to choose the relevant factors. The levels of the factors
are to be found in Table 3. The experiments were performed in
randomized sequence. This method can be utilized for
evaluate interactions which can arise during direct compres-
sion. The following approach, containing the interactions of
the factors, was used to determine the response surface and
relative effect of factors (b)

y =bo +b1X1 + baXs + b3X3 + baXs + b12X1X5 4+ b13X1X3
+ b23XoX3 + b14X1X4 4 b2aXo Xy + b34X3X4 + b123X1X0X3
+ b234XoX3X4 + b124X1 X2 X4 + b134X1X3X4 (2)

Statistica for Windows 7.1 AGA sofware (StatSoft, Inc.
Tulsa, USA) was used for the calculations. During the
mathematical evaluations, the confidence interval was 95%,
i.e. the differences were significant if p < 0.05.

2.5. Characterization of granule size distribution

The sizes and the size distributions of the samples were
evaluated. An analytical sieve (Retsch GmbH, Haan, Germany)
was used. D50 was determined with sieving system software
(Retsch EasySieve 2.0). Our previous experience had indicated
that the granules must measure between 500 and 2000 wm for
the preparation of tablets. Hence, the waste consisted of the
particles <500 pm or >2000 p.m.

3. Results and discussion
3.1. Evaluation of water uptake

The extents water uptake of the starting materials were
measured before the evaluation of the powder mixtures. The
highest quantity was detected for microcrystalline cellulose
and the lowest for HPMC (Table 4). Gel-forming properties of
the polymer were observed. A thin gel layer formed at the

Table 4 - Enslin numbers of samples

Sample Enslin number (ml/g)
Lactose 0.3791 + 0.1276
Microcrystalline cellulose 2.2361 + 0.0283
Mix0 1.1692 + 0.0428
Mix10 0.8822 + 0.0680
Mix20 0.4711 4+ 0.0184
Mix30 0.2553 4 0.0090
Mix40 0.1996 + 0.0141
Mix50 0.1945 4 0.0098

Mix100 (HPMC) 0.1876 4 0.0229
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Fig. 1 - Wetting curves of the samples.

lower part of the powder. The values for the mixtures were
intermediate between these results, but it can be seen that the
changes in these parameters as the concentrations of the
components were altered were not linear. At the lower
concentrations of HPMC, a significant decrease was detected
on 10% increase of this material. But a 10% increase of this
component did not induce a relevant alteration for the
samples containing a larger amount of HPMC.

The characteristics of the wetting curve were very similar
for the powder mixtures, a slight difference being detected for
HPMC (Fig. 1). In this case, the slope of the first part of the curve
was lower than for the powder mixtures. The characteristic
water uptake time (fitting was very good for every samples) of
the Mix0 was the shortest (Table 5). The values of the shape
parameters () are <1, and thus the curves are saturation
curves with a fast initial increase. The values of the scale
parameter (a) indicates the speed of increasing of the curve.
This parameter increased with higher amounts of matrix
former. It can be concluded that not only the quantity of water,
but also the speed of this process, was the lowest for HPMC.
This is demonstrated by the gel-forming of the material and
the barrier function of this gel layer.

3.2.  Erosion study of the matrices

The change in the erosion times of the matrices with increase
of the concentration of the matrix former was very relevant
(Table 6). This can be seen at the lower concentrations of
HPMC. The values for the samples containing at least 40% of
matrix-forming macromolecules did not differ significantly
from that for pure HPMC.

A connection was detected between the erosion times of
the samples and the Enslin numbers (Fig. 2). An exponential
decrease in the erosion time can be seen on increase of the
quantity of water taken up. The behavior of polymer alone is

Table 6 - Erosion times of compacts

Sample Erosion time (min)
Mix0 0.11 £ 0.01
Mix10 1.33+£0.18
Mix20 25.60 + 6.97
Mix30 65.71+6.94
Mix40 89.06 + 7.00
Mix50 92.92 +8.43
Mix100 (HPMC) 89.49 £7.55

100 -
90 4
80 4
704
60
50 4
40 -
30
20 -
10 4

0 . ‘ ‘ -
0 0,2 0,4 0,6 0,8 1 1,2 1.4
Enslin number (ml/g)

y = 376,49¢ 5599
R?=0,9894

Erosion time (min)

Fig. 2 - Comparison of Enslin number and erosion times of
the samples.

very different from that of the matrix. The samples with 40%
and 50% of HPMC exhibited very similar properties to those of
pure HPMC. This is indicative of the even covering of the other
particles by the HPMC.

The object of this work was the evaluation of the
composition of products where the effects of the matrix
former were relevant, but its properties differed significantly
from those of HPMC. This was chosen on the basis of the
results of the preformulation studies, which revealed that
HPMC without other components (Mix100) is not appropriate
for high-shear granulation. Adherence to the wall of the
container and impeller was detected because of the gel-
forming properties and the adhesive behaviour of this layer.
The samples containing 30% of HPMC (Mix30) were therefore
used in the subsequent part of our work.

3.3.  Determination of the optimum quantity of
granulating fluid

The chosen powder mixture was granulated with different
quantities of water. The mean particle size of the granules
(D50 value) increased, while, because of the small, the waste
particles decreased. However, because of the large particles,

Table 5 - Characteristic time of water uptake of the samples

Sample Characteristic water uptake time(s) B a R? value
Mix0 7.26 0.8500 7.15 0.9992
Mix10 9.07 0.8333 9.59 0.9991
Mix20 8.47 0.8100 11.84 0.9903
Mix30 24.08 0.7980 15.74 0.9979
Mix40 24.00 0.7884 17.63 0.9872
Mix50 48.25 0.7812 19.73 0.9892
Mix100(HPMC) 99.01 0.7885 25.26 0.9753
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Table 7 - Parameters of granules prepared with different quantities of water

Notation Water per 100 g of powder (g) D50 (nm) Waste (%) Total waste (%)
<500 pm >2000 pm
S1 20 461 54.3 1.8 56.1
S2 25 607 449 2.2 47.1
S3 27.5 660 41 2.7 43.7
S4 30 789 34.3 24 36.7
S5 35 974 16.5 5.2 21.7
S6 40 1834 0.5 40 40.5

Table 8 - Parameters of granules with different operational parameters

X1 (rpm) X2 (rpm) X3 (ml/min) X4 (min) D50 (nm) Total waste (%)
3500 500 15 4 1222 15.4
1500 500 5 1 1306 19.2
1500 1000 15 1 918 25.2
3500 1000 5 4 1232 19.7
1500 500 15 1 1268 22.8
1500 1000 15 4 976 19.2
3500 1000 5 1 1306 18.3
3500 1000 15 1 917 235
1500 500 15 4 1306 19.4
3500 1000 15 4 962 18.5
3500 500 5 1 1284 22.5
3500 500 5 4 1247 17.7
1500 1000 5 1 1216 19.4
1500 500 5 4 1333 19.5
3500 500 15 1 1264 24.2
1500 1000 5 4 1478 20.3

the waste increased with higher amounts of liquid (Table 7).
The total waste was lowest for the samples prepared with 35 g
of water for 100 g of powder.

3.4.  Optimization of the granulation process

A 2* full factorial design was utilized to optimize the
circumstances applied during granulation. The minimization
of the waste was used as a determining parameter. The D50
values of the different charges varied between 917 and
1478 pm, and the total waste varied between 15.4 and 25.2%
(Table 8). After determination of the response surface, the

Table 9 - Values of coefficients

Coefficient Value for D50 Value for total waste
b0 1202.19 20.30
b1 —22.94 -0.33
b2 —76.56 0.21
b3 —98.06 0.73%
b4 17.31 —1.592
b12 1.56 -0.19
b13 10.06 —0.30
b14 —30.81 —0.56
b23 —84.31 0.36
b23 19.06 0.50
b34 —4.94 —1.317
b123 7.56 0.21
b124 —-12.81 0.75%
b134 19.19 0.01
b234 —5.69 —0.35

2 Significant.

fitting was very good (R? = 0.9829) for the D50 value, but there
was no significant factor (Table 9, Fig. 3). The largest effect was
observed for X3 (dosing speed). Since the sign of this factor is
negative, increase of the speed of dosing caused a decrease in
the particle size.

The fitting of the response surface for the total waste was
also very good (R?=0.9996) and there were four significant
factors (Table 9, Fig. 4). Increase of the spheronization time
significantly decreased the waste, and reduction of the dosing
speed also minimized this parameter. There were two
significant two-factor interactions. The significant factors
were those which increased the process time.

1600

1400

1200

D50 (um)

1000

"1000
800
600 o)
R84
U 16 400 4

Fig. 3 - Response surface of 2* full factorial design for D50
(roles of factors X2 and X3 if factor X1 and X4 ares at the
zero level).
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Waste (%)

Fig. 4 - Response surface of 2* full factorial design for total
waste (roles of factors X3 and X4 if factor X1 and X2 ares at
the zero level).

4, Conclusion

It can be concluded from the results that the water uptake
(quantity and speed) was lowest for pure HPMC. Decrease of
the concentration of the matrix former increased the water
uptakes and decreased the erosion times of the matrix
comprimates. There was a very good exponential correlation
between the erosion times of the matrix comprimates and
Enslin number of the powder mixtures. This relationship was
an inverse one and tends to level off. The powder mixtures
containing at least 40% of the matrix former HPMC exhibited
very similar properties to those of HPMC.

When the matrix granules were prepared from the powder
mixture with 30% of HPMC with different quantities of water
in a high-shear granulator, the lowest amount of waste was
detected for the samples produced with 35.0 g of water for
100g of powder. A 2* full factorial design was used to
determine the optimum parameters of the granulation. A
significantly lower amount of waste could be achieved with a
long spheronization time and slow dosing. The speeds of the
impeller and the chopper were not significant for these
samples. This result was very interesting and unexpected, but
it was supported by the wettability of the powder mixture. The
poor water uptake and the gel-forming properties of HPMC are
of the highest importance for the factors affecting the
wettability of the powder mixture. For perfect wetting of the
powder, a long time is necessary because of the slow
penetration of the water across the formed gel layer of HPMC.
Factors which increase the wetting time are therefore the
relevant during the formulation of this system. The mechan-
ical effects of the impeller and the chopper facilitate this
process, but are less important in this case.

It can be concluded, that the testing of wetting properties
are necessary for determination the best composition and
conditions for the preparation of a matrix system containing
HPMC as a gel-forming macromolecular component. The
effect of the operational factors can be predicted from results
of such preformulation studies. This work pointed out the
importance of this step of optimization. Determination of the
critical control points in the production of these systems is
promoted by these tests.
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The aim of this work was to evaluate the binder bridges which can form in hydrophilic matrix granules
prepared with a small-scale high-shear granulator. Matrices contained hydroxypropyl methylcellulose
(HPMC) as a matrix-forming agent, together with lactose monohydrate and microcrystalline cellulose as
filler. Water was used as granulating liquid. A 24 full factorial design was used to evaluate the effects
of the operational parameters (impeller speed, chopper speed, dosing speed and wet massing time) on
the granulation process. The temperature of the sample increased relevantly during the preparation in
the small-scale apparatus. The same setup induced different temperature increases for different amounts
of powder. This alteration enhances the solubility of lactose and decreases that of HPMC, and thus the
quantities of the dissolved components can vary. Accordingly, changes in composition of the binder bridge
can occur. Since exact determination of the dissolution of these materials during granulation is difficult,
the consequences of the changes in solubility were examined. Differential scanning calorimetry (DSC),
thermomechanical analysis (TMA) and X-ray diffraction (XRD) measurements were made to evaluate the
films prepared from liquids with different ratios of soluble materials. The DSC and XRD measurements
confirmed that the lactose lost its crystalline state in the film. The TMA tests revealed that increase of the
quantity of lactose in the film decreased the glass transition temperature of the film; this may be attributed
to the interaction of the additives. At a lactose content of 37.5%, a second glass transition appeared. This
phenomenon may be indicative of a separate amorphous lactose phase.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Various solid matrix systems are currently popular because of
their controlling effects on the dissolution of the active ingredi-
ents [1,2]. These matrices (mainly tablets) may be hydrophobic
or hydrophilic. Hydrophilic systems can influence the rate of lib-
eration of active pharmaceutical ingredient (API) by erosion and
diffusion [3-5], but they can also exhibit relevant bioadhesive prop-
erties which can affect the site of action [6,7]. The matrix-formers
that are mainly used for erodable systems are polymers with good
solubility, high water uptake and properties appropriate for the
formation a mucilaginous (adhesive) layer. The additional pharma-
ceutical excipients must be hydrophilic so as to avoid inappropriate
wetting of the matrix-former and to promote the action of the
matrix-former polymer.

* Corresponding author. Tel.: +36 62545576; fax: +36 62545571.
E-mail address: klara.hodi@pharm.u-szeged.hu (K. Pintye-Hodi).

0731-7085/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2008.06.023

Tablets can be prepared through the direct compression of a
powder mixture containing a matrix-former or through the com-
pression of granules (generally the matrix granules) [8]. Various
methods can be used to prepare granules containing the previously
mentioned components [9-12]. The most widely applied method
is wet granulation, where the granulating fluid is an aqueous sys-
tem. The granulating fluid can contain different binder materials
(mainly macromolecular agents) or it can be a solvent of the solid
component, in which case the soluble and later the solidified com-
ponent too form bridges between the particles and ensure the
appropriate mechanical behaviour for the agglomerates [13]. The
soluble component can be any member of the powder mixture, e.g.
the active agent, filler, matrix-former, etc., or a mixture of them.
A number of publications have demonstrated that excipients that
are strongly soluble in the liquid binder play a major role in the
formation and strength of solid bridges inside a granule [14-16].
Those studies additionally dealt with the evaluation of the binder
bridges, focusing on the mechanical and morphological proper-
ties of the granules, but not on the exact composition of binder
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bridges. Other papers discuss the evaluation of the solubilities of
the materials, the crystallization/recrystallization processes and
examination of the product formed with respect to amorphism and
polymorphism [17-19]. Study of the composition and crystalline
state of these individual small bridges in the granules is difficult,
but an understanding of their formation is critical for optimization
of the granulation process. The significance of such evaluations is
highlighted by the well-known phenomenon that an amorphous
form can change during storage and can indicate stability problems
[20].

It was mentioned above that the hydrophilic matrix-former
component can be water-soluble. Conventionally, various polysac-
charides/polymers are used in the tablet formulations to retard
drug release. A solution of such materials (e.g. different cellu-
lose derivatives) is often used as a coating material. Alternatively,
these can be used as a binder during conventional wet granulation
binders [21,22]. It is known that a solution of these polysaccha-
rides/polymers as binders probably on drying enables the granules
to be coated by them [23] and the course of drying, they form
hard film bridges [24-27]. In general, these materials are applied
in high concentrations in the powder mixture during the formula-
tion of matrix systems. A proportion of these materials dissolves in
the granulation liquid and so a film or binder bridges are formed
during drying, but prediction of the exact quantities is difficult.
Another problem inherent in the prediction is the fact that the
powder mixtures contain materials with different water uptakes
and solubilities. The dissolved amounts of the components can be
influenced by the quantity of the liquid and also by the operational
parameters, e.g. the effectiveness of mixing or the processing time.
The effects of the operational parameters on the granules or pel-
lets formed have been studied [28-30], but the composition of the
binder bridges (film) has not been evaluated.

The high-speed moving of the parts of a small-scale high-shear
granulator (impeller and chopper) can cause a relevant increase in
the temperature of the powder/granules. This parameter can there-
fore be an indirect factor during the optimization. Its importance is
emphasized by the temperature-sensitive nature of the solubility
of the components. In the composition under evaluation, not only
the rate of dissolution, but also the quantity of materials dissolved
can depend on the temperature. Hence the solution formed during
granulation and after drying in the binder film can exhibit different
compositions. Since exact, direct measurement of the components
in the fluid formed around the solid particles and in wet gran-
ules appears impossible, it is reasonable to prepare and study the
properties of free films formed from different ratios of the soluble
components.

Pressures to save API are driving formulation developers toward
smaller-scale laboratory processes (miniaturization), while pres-
sure to save time puts a premium on increasingly accurate
laboratory-scale tools. An appreciable number of manuscripts have
dealt with miniaturization of the different technological methods
and its problems [31-34]. In certain cases, it is very difficult to
extrapolate the results to larger systems.

In the present work the effect of operational parameters and
batch size on the temperature increase during small-scale granu-
lation were studied. Since the solubilities of the components may

Table 1

Values of factors

Factor Low-level (—) High-level (+)
Chopper speed, X; (rpm) 1500 3500
Impeller speed, X5 (rpm) 500 1000

Dosing speed, X5 (ml/min) 5 15

Wet massing time, X4 (min) 1 4

change as a result of this, the main aim was the evaluation of binder
bridges with different ratios of soluble materials. Such data can be
informative as concerns granulation scale-up.

2. Experimental
2.1. Materials

HPMC (Pharmacoat 606, Shin-Etsu Chemical Co., Ltd., Tokyo,
Japan)was used as matrix-former. Our preformulation studies indi-
cated that the optimum concentration was 30%. Microcrystalline
cellulose (Vivapur 301, Rettenmaier&Sohne GmbH, Rosenberg, Ger-
many) was applied as a filler/binder, and «-lactose monohydrate
(Ph. Eur., Hungaropharma Plc., Budapest) as a filler, each of these
components was in a quantity of 35%.

2.2. Preparation of matrix granules

In the first part of the granulation, 150 g of granules was pre-
pared in a high-shear granulator (ProCepT 4M8 granulator, ProCepT
nv, Zelzate, Belgium). This apparatus is equipped with an Infrared
product temperature sensor assembly. It ensures a constant control
between 20°C and 100 °C. In accordance with our previous results
[35], the quantity of liquid (water) was 35-100 g of powder mixture.

During the optimization of the granulation process, the quan-
tities of the powder mixture and the liquid were kept the same,
and the technical parameters were varied. A 24 factorial design
was applied to study the effects of the operational factors (Table 1).
The experiments were performed in a randomized sequence. The
granules were dried on trays at 40 °C for 24 h.

Statistica for Windows 7.1 AGA software (StatSoft Inc., Tulsa,
USA) was used for the calculations. The following linear approach,
containing the interactions of the factors, was used to determine
the response surface. This program can also evaluate three-factor
interactions, but in this study they were not investigated. They are
very difficult to interpret.

¥y = bg+b1X1 +baXo +b3X3 + baX4 +b12X1 X5 + b13X1X3 + b3 Xo X3
+b1aX1X4 + b24X2X4 4 b34X3Xy

The confidence interval in the mathematical evaluations was
95% (p<0.05).

In the second part of our work, the effect of the batch size
was evaluated. The same apparatus was used. The composition
of the powder mixture was the same and the quantity of water
was again 35-100 g of powder mixture. The operational parameters
were—chopper speed: 3500 rpm; impeller speed: 1000 rpm; dos-
ing speed: 5ml/min; and wet massing time: 4 min. The amounts
of powder taken were 50 g, 100 g, 150 g and 200 g. The dosing time
had to be adjusted.

2.3. Study of granules

The sizes and the size distributions of the samples were
assessed. An analytical sieve (Retsch GmbH, Haan, Germany) was
used. The D10, D50 and D90 values of the samples were determined
with sieving system software (Retsch EasySieve 2.0).

2.4. Evaluation of the films

Different samples were prepared for the thermoanalytical tests
on the free film. Aqueous solutions containing various ratios of
HPMC and lactose were produced (Table 2). They were poured into
teflon dishes, and the solutions were then dried under the same
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Table 2

Compositions of samples

Sample Sign of dried film HPMC content (%) Lactose content (%) HPMC/lactose ratio Water (%)
S1 F1 5 0 - 95

S2 F2 5 1 5 94

S3 F3 5 2 2.5 93

S4 F4 5 3 1.67 92

S5 F5 5 4 1.25 91

conditions at 40 & 2 °C for 24 h. The dried films were detached from
the surface before the experiments and stored in a hermetically
closed container.

The thermoanalytical examinations were carried out in part
with a Mettler-Toledo DSC 821e (Mettler-Toledo GmbH, Switzer-
land) instrument with a dynamic method in the interval 25-300°C,
at a heating rate of 10 °C/min. Argon was used as purge gas.

For a more accurate evaluation of the behaviour of the poly-
mer film (glass transition), thermomechanical analysis TMA was
performed with a Metler Toledo TMA 40 apparatus. The heating
method was dynamic in the interval 20-200°C, and the heat-
ing rate was 10°C/min. The glass transition temperature (Tg) was
studied with STAR software. The measurements were made in trip-
licate.

2.5. X-ray diffraction (XRD) testing

A Bruker D8 Advance powder diffractometer (Bruker-AXS; Karl-
sruhe, Germany) was used for these tests. The non-pulverized
samples were measured in transmission mode between Mylar foils
(3.6 ,m), the following conditions being applied at room tempera-

ture.
Radiation: CuKa1(A=1.54060A) and CuKa2(i=1.54439A)

The attachments were a Gobel mirror, a Soller slit, and a 9-
position sample changer used in transmission mode. The voltage

The change of the operational factors caused an appreciable
deviation in the median particle size. The D50 values of the different
batches varied between 917 wm and 1478 pwm.

The temperature increase during the granulation process also
exhibited a great variance (4.8-18.6 °C). The variation in this param-
eter is significant in changing the solubility of a component, e.g. the
solubility of lactose is 1 partin 4.63 parts of water at20°Cand 1 part
in 2.04 parts of water at 50°C. The concentration of the saturated
solution is therefore 17.8% at 20°C and 32.9% at 50°C [36].

The model for the D50 value gave R? =0.959 and three significant
factors (p <0.05) (Table 4). The largest effect was observed for the
dosing speed (X3).Since the sign of this factor was negative, increase
of the dosing speed caused a decrease in the particle size.

The fitting of the response surface for the temperature increase
resulted in a model with R2=0.982 and four significant factors
(p<0.05). Increase of the impeller speed significantly enhanced the
temperature increase which was alo increased by a reduction of the
dosing speed. It was clear from the evaluation of all of the factors
that an increased process time caused increases in the particle size
and the temperature of the sample.

To investigate the effect of the amount of powder, independent
tests were performed. It was seen that an increasing amount of

Table 4
Values of coefficients

was 40kV, the current was 30 mA, and measurements involved a ~ Coefficient D50 Temperature increase
O] scan of 4-35.00° 26, with a step size of 0.04° 26. bo 1202.19° 9.232
b, —22.94 0.38
b, —76.56° 279
3. Results and discussion bs —98.06* -2.012
by 17.31 1.022
. . biz 1.56 0.22
3.1. Granulation experiments bys 10.06 _006
big —-30.81 0.42
The sieving results on the granules revealed that the characteris- bz3 —84.312 -1.19°
tic of particle size distribution of granules was very similar (Table 3). ba4 19.06 043
Apart from the fact that operational parameters were variant the bsa —494 —007
differences between D10 and D90 were nearly 1500 pm. ? Significant.
Table 3
Granulation parameters (in order of trials)
X (rpm) X5 (rpm) X3 (ml/min) X4 (min) D10 (pm) D50 (pm) D90 (pm) D90 — D10 (pm) Temperature increase (°C)
3500 500 15 4 389 1222 1879 1490 7.3
1500 500 5 1 367 1306 1932 1565 7.7
1500 1000 15 1 236 918 1879 1643 7.5
3500 1000 5 4 540 1232 2199 1659 18.6
1500 500 15 1 284 1268 1922 1638 48
1500 1000 15 4 359 976 1906 1547 9.7
3500 1000 5 1 532 1306 2039 1507 13.8
3500 1000 15 1 246 917 1864 1618 8.0
1500 500 15 4 347 1306 1922 1575 5.6
3500 1000 15 4 346 962 1887 1541 10.1
3500 500 5 1 315 1284 1943 1628 6.1
3500 500 5 4 464 1247 1930 1466 8.2
1500 1000 5 1 498 1216 1988 1490 13.0
1500 500 5 4 467 1333 1981 1514 7.0
3500 500 15 1 257 1264 1915 1658 438
1500 1000 5 4 623 1478 2396 1773 15.5
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Fig. 1. DSC plot of HPMC (upper curve) and lactose monohydrate (lower curve).

powder mixure induced an increase in the dosing time (Table 5).
The temperature increase was more relevant for the process with a
long dosing time (higher amount of mass).

3.2. Evaluation of the films

Variation in the temperature of the sample can change the quan-
tity and the proportions of the dissolved components, phenomena
which can alter the properties of the film or binder bridge. Hence
films with different compositions were prepared and evaluated.).
The XRD curves of the films are typical for amorphous materials
(Fig. 5

The starting components were studied first. A characteristic
thermogram was observed for lactose monohydrate (Fig. 1). There

~“exo

was an endotherm peak at about 150°C; this reflected the loss
of crystalline water [37]. The other peak related to the melting
of lactose. Above this temperature, the lactose decomposed. The
differential scanning calorimetry (DSC) curve of the HPMC in this
range was free from characteristic peaks. A wide endothermic peak

Table 5
Temperature increase of different samples

Amount of powder (g) Dosing time (s) Temperature increase (°C)

50 210 8.6
100 350 13
150 630 18.6
200 840 24.7

20
mw

160

180 200 220 240 260 280 °C |

METTLER TOLEDO STA RS System

Fig. 2. DSC plots of F1 (upper curve) and F5 (lower curve).
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Fig. 6. TMA plot of F1.

under 100 °C can be explained by the loss of mechanically bounded
water. A slight shifting of baseline was detected at higher temper-
ature. It was the T of polymer.

The DSC experiments indicated similar behaviour for all films.
The curves of F1 and F5 are presented in Fig. 2. The sharp charac-
teristic peaks of lactose disappeared, but no obvious endothermic
phenomenon was detected at around 210 °C for F5. Thus, the crys-
talline state of the lactose had evidently been lost.

XRD is a method with which to evaluate the crystallinity of the
components. The crystalline state of lactose and the amorphous
properties of HPMC can be seen from the curves of the starting
components (Figs. 3 and 4).

Amorphous materials can be evaluated well with TMA. The TMA
curve of HPMC exhibited a typical step relating to the glass tran-

sition of amorphous material (Fig. 6). At temperatures below Tg,
the plot was linear. Deviation from linearity occurred as Ty was
approached (onset temperature). As the temperature was increased
further, the profile again became linear, indicating complete con-
version to the rubbery phase. This process can be regarded as a
shifting of the baseline. A change in composition altered the TMA
curve of the film (Figs. 7 and 8). It can be seen that a second Tg
appeared for F4 and F5.

The temperatures of onset of Ty are listed in Table 6. A decrease
in the Tg of HPMC was detected for F2 and F3. Their values increased
when the second step appeared for F4, and decreased for F5. These
results can be interpreted in terms of changes in the structure of the
film. For F2 and F3, the macromolecules and the lactose can interact,
and the properties of the film then change. For F4 and F5, besides
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Fig. 7. TMA plots of F2 (upper curve) and F3 (lower curve).
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Fig. 8. TMA plots of F4 (upper curve) and F5 (lower curve).

such interactions, a new amorphous phase with a T appeared. It Table 6 -
is known from the literature that the Ty of amorphous lactose is ~ Temperatures of onset of glass transition (n=3)
100-120°C, depending on the methods and conditions [38-40]. Film Tyl (°C) T2 (°C)
Hence, the seconq step probably relates to a separgte amorphous 1 152.9 + 1.0 B
lactose phase. It is well-known that the proportion of ordered 2 1504 + 1.2 _
and amorphous regions determines the mechanical properties of F3 147.1 + 0.6 -
a macromolecular film [41]. The different phases can be detected F4 1509 + 0.8 1083 + 0.2
in the film, as they induce inhomogeneity in it. It is also known that = 1433 £09 1086 + 0.5
amorphous materials are less stable than crystalline ones and the
stabilization of amorphous materials is very difficult [42].
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Fig. 9. XRD records of stored F1 (upper curve) and F5 (lower curve).
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The individual amorphous phase of lactose changed in crys-
tallinity during long storage (stored in a hermetically closed
container at room temperature for 12 months). It was explained
by X-ray diffraction study (Fig. 9). Samples with two Tgs exhibited
characteristic peaks after the storage. In contrary the samples with-
out Tg at around 110°C did not show alteration. It can be concluded
that the separate amorphous phase was partially recrystallized dur-
ing the long-term storage, which can induce stability problems of
product.

4. Conclusions

Not only the particle size of the granules, but also the tem-
perature of the powder mixture changed considerably during
granulation at different operational parameters. The temperature
increase was an indirect factor which can influence the dissolution
of the powder mixture during granulation. At higher temperatures,
a higher proportion of lactose and less HPMC are dissolved. The sig-
nificant factors causing a temperature increase were the impeller
speed and the dosing speed. Alteration of the batch size can induce
a relevant change in the temperature increase.

The crystalline behaviour of lactose disappeared in films
containing lactose and HPMC, as confirmed by DSC and XRD mea-
surements. TMA indicated that an increase of the proportion of
lactose in the film decreased the Tg of the film. This can be ascribed
to the interaction of the components. At a lactose:HPMC ratio of
3:5, a second glass transition appeared. This points to the forma-
tion of a separate amorphous phase of lactose. Its crystallinity was
changed during the storage.

Finally, it may be stated that evaluation of the temperature
increase during granulation is necessary, since the small-scale gran-
ulation procedure can induce a dramatic change in this parameter.
This should be borne in mind before prediction of the parameters
applied for the granulation scale-up. Direct study of the com-
position of every individual binder bridge formed from soluble
materials in the granules is impossible, but their indirect evaluation
can be useful. These data provide additional information towards
an understanding of granule formation in a small-scale high-shear
granulator.
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Hiivelyben alkalmazott gyogyszerformak

Baki Gabriella és dr. Bajdik Janos

Bevezetés

A hiivelyben alkalmazott (intravaginalis) gyogyszer-
formak elsésorban specifikus négyogyaszati betegsé-
gek (foleg fertdzések) helyi kezelését teszik lehetove,
illetve fogamzasgatlasra hasznalatosak [1]. Az utobbi
idében azonban egyre részletesebben tanulmanyoztak
a hiively abszorpcios kapacitasat, mely kovetkeztében
felmertilt egy 0j szisztémas hatas kifejtésére alkalmas
beviteli kapunak a lehetésége, ahonnan a gasztroin-
tesztinalis metabolizacid (first pass effect) kikeriilésé-
vel kozvetleniil a vérpalyaba jut a hatéanyag (a hidro-
fil hatdanyagok f6leg paracellularisan, a lipofil anya-
gok elsésorban transzcellularisan). Ez kiilonosen hasz-
nos lehet azon hatéanyagok (pl. fehérjék, peptidhor-
monok) esetében, amelyek per os hasznalatot kovetéen
konnyen metabolizdlodnak [2-4]. Természetesen
mindezek magukkal vonjak 0j tipusu gyogyszerformak
megjelenését s a jelenlegi gydgyszerhordozok fejlesz-
tését is. A fenti lehetéségek alapjai a VIII. Magyar
Gyogyszerkonyvben (Ph. Hg. VIIL.) talalhatoé gyogy-
szerformakban is felfedezhetok [5], de egyes a piacon
megjelent (és megjelenés elott allo) készitmények
ennek a csoportositasi rendszernek a hatarait feszege-
tik [6]. Jelen kozleményben az egyes gyogyszerformak
(els6sorban gyogyszerkonyvi csoportok) legfontosabb
ismérveit, kovetelményeit és technoldgiai aspektusait
kivanjuk bemutatni, részben a kozforgalomban szerep-
16 készitmények besorolasan keresztiil.

A vaginalis gyogyszerkészitmények eldallitasanal
figyelembe kell venni, hogy a készitmény hatdsara a fi-
zioldgias allapot a legkevésbé valtozzon meg, az alkal-
mazas konnyl legyen, a termék a megfeleld ideig ma-
radjon a hatas szempontjabdl relevans helyen, a hat6-
anyag a kivanalmaknak megfeleléen szabaduljon fel,
illetve az egyszerre alkalmazott gyogyszerekkel kom-
patibilis legyen [2]. Ahhoz, hogy ezeknek meg tudjunk
felelni, az alabbi anatomiai és élettani alapokat figye-
lembe kell venni.

Anatomiai és élettani alapok

A hiively a kiilsé szeméremtest és a méhnyak kozotti
6-10 cm hosszq, elolrdl hatra dsszelapitott, 2-3 cm szé-
les, erésen red6zott, izmos falll, rugalmas, nagyon ta-
gulékony csatorna [7, 8]. Fala harom rétegbdl épiil fel:
(1) a hamrétegbdl, mely tobbrétegli, el nem szarusodo
lapham, (2) az izomrétegbdl, melyet simaizom és

elasztikus rostok alkotnak és (3) a tunica adventitiabdl,
mely laza rostos kotészdoveti rétegbdl épiil fel.

A hiivelyfalban mirigyek nincsenek, azonban a
nyalkahartyajat egy kevés valadék mindig nedvesen
tartja. Ez a hiivelyi valadék részben a nyakcsatorna-
bol, részben levalt hamsejtekbdl szarmazik, valamint
exszudacids eredetli [7]. Egészséges felndtt ndkben a
hiivelyi valadék pH-ja 4,0 és 5,0 kozott valtozik, ez
fligg a menstrudcios ciklustdl. A nemi érettség ideje
alatt a hamsejtek glikogénben gazdagok. A ham fel-
szini rétege levalik, citolizis folyaman szabaddé valik
a glikogén, amit a hiivelyben megtalalhaté Lac-
tobacillus-flora (in. Doberlein-bacillus) tejsavva ala-
kit. Egyrészt igy, masrészt szénhidratokbol keletkezd
tejsav hatdsara jon létre a savanyu kémhatas, amely
jelentds védelmet nyujt a fertdzések ellen. A savassag
klinikailag jelentds szerepet jatszik a patogén baktéri-
umok szaporodasanak megeldzésében, és dsszefiiggés
mutathatd ki a hiivelyi véaladék pH-ja, valamint a
Chlamydia okozta fert6zések gatlasa kozott [9]. A gli-
kogéntartalom hormonalis hatdsokra valtozhat, pl. ter-
hesség alatt novekszik (igy ez idd alatt alacsonyabb a
pH, kb. 3,8-4,4), menopauza utan csokken. A nyak-
csatornabol szarmazé nyak kémhatésa 6,5 és 9 kozot-
ti, ennek Osszetétele és fizikai jellemzdi valtoznak
a menstrudcios ciklussal. Egészséges ndkben naponta
1-3 g nyak termelddik, azonban az ovulacio ideje alatt
nagyobb mennyiség is termelddhet naponta és ekkor
a kevésbé viszkozus valadék eldsegiti a himivarsejtek
bejutasat a méhbe.

A hiivelyi gyodgyszerbevitel szempontjabol fontos
szerepe van az ott taldlhatdo enzimeknek (foszfatdz,
észterazok, glukoroniddz stb.) és mikroorganizmusok-
nak is. A Lactobacillus kiilonb6z6 tipusai mellett
egy¢b mikroorganizmusok is talalhatok normal fiziolo-
gias koriilmények kozott a vagina nyalkahartyajan,
példaul Streptococcus, Corynebacterium, Escherichia,
Mycobacterium [10]. Ezek a normal savas kozegben
nem jelentenek zavard tényezot, de az intravaginalis
gyogyszer stabilitdsara befolyassal lehetnek. Ameny-
nyiben ezt az egyensulyt kiilonféle behatasok (pl. in-
fekcio, fizikai behatas, hiivelyi 6blit6k hasznalata, hor-
monhdztartds valtozasa) megzavarjdk, a mikrobiolo-
giai flora is megvaltozhat. A pH-érték novekedése a
nemkivéanatos mikroflora szaporoddsdhoz vezethet, de
el6fordulhat az is, hogy az emlitett okok kovetkeztében
eloszor a nemkivanatos mikroflora nd, ami azutan
csokkenti a savassagot.
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Korélettani alapok

A bevezetésben emlitésre keriilt, hogy a vaginalis be-
viteli mod jelenleg els6sorban a helyi korképek keze-
1ésére szolgal. Ezek megjelenési formai dontd hatassal
lehetnek a valasztandd gyogyszerformara. A hiively
mikroorganizmusok altal okozott gyulladasa gyakori
négyogyaszati korkép. Lehet bakterialis, gombads ere-
detii vagy trichomonas okozta fert6zés. A vulvitist
rendszerint Candida fertézés okozza, ami helyileg
Candida elleni hatéanyagot tartalmazo krémmel loka-
lisan jol kezelhetd. Rendszerint azonban hiivelyi in-
fekcio is jelen van, amit természetesen szintén kezelni
kell. Ez torténhet szintén lokalisan kup, kendcsok,
krémek alkalmazasaval, de sziikség lehet szisztémas
antimikotikus kezelés folytatasara is. A hiively nor-
malis (savas) pH-janak helyreallitasat idonként tejsa-
vat tartalmaz6 készitményekkel kisérlik meg. A hiive-
lyi irrigalassal kapcsolatban, az utobbi években egyre
tobb szakmai kifogas mertilt fel. Az oblités egyrészt
elosegitheti a fert6zések felfelé vald terjeszkedését
(akar a hasiiregbe is), masrészt a normal hiivelyi flora
kimosasaval maga is hozzajarul a koros allapot fenn-
tartasahoz [11].

A vaginitis a hiively gyulladdsos megbetegedését je-
lenti. Ez a betegség gyakori ndgydgyaszati probléma, a
néket barmely életkorban érintheti. Baktériumok, vi-
rusok, gombak, kémiai anyagok (krémekben, dezodo-
rokban!) vagy a ruhazat irritalé hatdsa is okozhat vagi-
nitist. Sok esetben ez a korkép szexualis uton terjedo
betegségek kovetkezménye. A hiively normal baktéri-
umflordjat szamos tényezd befolydsolja, az ezekben
fellépo zavarok gyakran torkollnak vaginitisbe.

A vaginalis fluor irritacioval és valadékképzddéssel
jaro fertdzés. A normal flora megvaltozasa (pl. pro-
geszteron tllstly, antibiotikum alkalmazasa, terhes-
ség, rosszul kezelt cukorbetegség) ahhoz vezet, hogy a
hiively pH-ja megemelkedik, ez pedig a Candida albi-
cans elszaporodasat eredményezi. Jellegzetes tiinetei a
vaskos, fehér szinii, nyalkés-vizes folyas, amely rend-
szerint szagtalan, illetve a vulva kipirosodasa és duz-
zanata.

A bakterialis vaginosis/colpitis esetében a normal
hiivelyflora egyenstlya valamely baktérium talszapo-
rodasa iranyaba billen el, a gyulladast ez okozza. Leg-
gyakoribb korokozo6i: Gardnella vaginalis, Mobilun-
cus, Bacteroides, Mycoplasma.

A trichomoniasis szexualis uton terjed6 fert6zo
betegség. Okozdja a Trichomonas vaginalis, melyet
kozosiilés soran a szexualis partnerek adnak at egy-
masnak, a fertézés gyakran tiinetmentes. Jellegzetes
klinikai tlinete a boséges valadék tiriilése a gyulladt
hiivelybdl. Ehhez tarsul a kiilsé nemi szerv teriiletén
€gd érzés és viszketés, valamint fajdalmas vizelet-
urités.

A chlamydia vaginitis a leggyakrabban eléforduld
szexualis uton terjedo betegség, amely sajnos sokszor
olyannyira tiinetmentesen zajlik, hogy diagnosztizalat-
lan marad. A fel nem ismert és ezért kezeletlen
chlamydia fert6zés kés6i szovodményeként kismeden-
cei gyulladasos betegség alakulhat ki, amely medddsé-
get, kronikus alhasi fajdalmakat és méhen kiviili ter-
hességet eredményezhet. A leggyakoribb tlinetek a ko-
vetkezok lehetnek: nagyobb mennyiségii hiivelyvala-
dékozas, enyhe vérzés, foleg kozosiilés utan, vizelés
alatti ég6 érzés, genny megjelenése a vizeletben, a vul-
va €s a hugycsonyilas kipirosodasa €s duzzanata.

Virusok gyakran okoznak vaginitist, a fertéz6dés
altaldban szexualis kdzoslilés utjan torténik. Leggyak-
rabban a Herpes simplex virus okoz vaginitist (herpes
simplex genitalis), ennek legfébb tiinete a vulva f4j-
dalmas kirepedezése és felholyagosodasa. Masik jel-
lemz6 virus a Humdn papillomavirus (HPV), amely
szintén szexualis uton terjed. FObb tiinete a vulva, a
végbél és a hiivelybemenet kornyékén megjelend sze-
molcsok. Ezek azonban nem minden esetben alakul-
nak ki, ilyenkor a virus jelenléte hiivelykenet vizsga-
lattal igazolhato.

A természetes Oregedési folyamat (menopauza) ko-
vetkeztében jelentOs valtozasok figyelhet6k meg a ndi
szervezetben. A hiively mérete, elaszticitasa, erezettsé-
ge csokken, a nyalkahartya elvékonyodik. A glikogén
mennyisége rendkiviil lecsokken vagy teljesen hiany-
zik is, ennek kovetkeztében megvaltozik a hiivelyi
mikroflora és a kémhatas is. A hiivelyi szekrécio le-
csokken és a valadék higabb lesz, a pH viszont megnd
4,0-5,0-r6l 7,0-7,4-re. A bakterialis és gombas fert6zé-
sek elleni rezisztencia a savas baktériumok szdmanak
csokkenése miatt lecsokken [12].

A hiivelyben alkalmazott készitmények szolgalhat-
nak a daganatos betegségek helyi kezelésére is. A hii-
velyrak vilagszerte a legritkabban el6forduld genitalis
tumor. Véres folyas, kontaktvérzés, székeléskor kelet-
kez6 hiivelyi vérzés az elsd jelek. Gyakran a méhnyak-
rak attéteként alakul ki (szintén jelentds valadékképzo-
dés kisérheti).

A hiivelyi készitményeket hasznalhatjuk még az
also urogenitalis traktus dsztrogénhiannyal 6sszefliggd
atrofidjanak kezelésére, melyre legalkalmasabb gyogy-
szerforma a hiivelykrém.

Lathato, hogy a helyi problémdk vezetd tiinete a
megndvekedett mennyiségii hiivelyi folyadék, mely az
egyes gyogyszerformak alkalmazhatosagat is befolya-
solhatja (krémek kimosodasa, tablettak eltérd szétesé-
se stb.). Szintén sokszor figyelheté meg az g6 érzeés,
fajdalom, mely bizonyos gyogyszerformak (pl. tablet-
tak) alkalmazasat megneheziti vagy kényelmetlenné
teszi. Kovetkezésképpen a beteg egyiittmitkodésének
megnyeréséhez ezek a szempontok a formulalas soran
mindenképpen kovetenddek.
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Hivatalos gyogyszerformak

Az alabbi 0sszeallitasban a jelenleg hivatalos VIII.
Magyar Gyogyszerkonyv csoportositasi elveit kivan-
juk bemutatni. A magisztralis gyogyszerkészités
soran alkalmazand¢ jelenleg hivatalos Szabvanyos
Vénymintak (FoNo VIIL.) is tartalmaznak kiilonb6z6
vagindlis készitményeket, de mivel ez a gylijtemény
még a Ph. Hg. VII. alapjain nyugszik, sziikkségesnek
véltik roviden ezen formak megemlitését is, de a
részleteket a Ph. Hg. VIII. szerinti csoportositasnal
tiintetjlik fel.

Ph. Hg. VII.

Az egyértelmiien hiivelyben valo alkalmazhatosag
csak a végbélkupokkal egy csoportban targyalt hiively-
kapok, hiivelygolydk és hiivelyhengerek esetén érhetd
tetten. A tobbi gyogyszerforma-csoportnal (pl. olda-
tok, kendcsok, emulziok) a hiivelyi alkalmazéasra vo-
natkoz specialitdsok nem keriiltek feltiintetésre, csak
a tabletta vizsgalatok kozott szerepel rovid utalds a va-
ginalis készitmények dezintegracios és kioldodasi
vizsgélatdhoz hasznaland6 vizsgald folyadék Osszeté-
telére.

A hiivelyktpok, -golyok és -hengerek a testiiregek-
ben alkalmazott, a test hdmérsékletén megolvado vagy
a testnedvekben feloldodo gyogyszerkészitmények.
Ezek a hatéanyagot emulzids, szuszpenzids vagy ol-
dott forméban tartalmazzak.

A hiivelykupok alakja hengeres, a végbélkupokhoz
hasonl6, vagy pedig lapitott, mandula alaku, tomegiik
2,0 — 3,0 g. A hiivelygolyok tomege 1,0 — 4,1 g, a hii-
velyhengereké pedig 6 — 10 g.

FoNo VII.

A FoNo VII. szintén csak a hiivelygolyo6t és a hiively-
hengert (globulus, ovulum) emliti, amelyet a testiireg-
ben testhdmérsékleten megolvado, vagy a testnedvek-
ben feloldodo gyogyszerkészitményként definial és
szintén a végbélkupokkal egy csoportban targyalja. A
gyljteményben 5 hiivelyben alkalmazand6 készitmény
hivatalos.

Ph. Hg. VIII.

A hiivelyi beviteli kapun alkalmazott készitményeket a
Ph. Hg VIII. a Hiivelyben alkalmazott (vaginalis)
gvogyszerkészitmények — Vaginalia csoportba sorolja.
A hiivelyben alkalmazott (vaginadlis) gyogyszerkészit-
mények rendszerint helyi hatas elérésére szanmt, fo-
lyékony, félszilard vagy szilard készitmények.
Megfelel6 vivéanyagban/készitményalapban egy
vagy tobb hatoanyagot tartalmaznak. A hiivelyben

alkalmazott gyogyszerkészitményeket a Gyogy-
szerkdnyv szerint az alabbi gyogyszerformakba so-
rolhatjuk:

— hiivelykupok,

— hiivelytablettak,

— hiivelykapszuldk,

— hiivelyoldatok, -emulzidk €s -szuszpenziok,

— tablettak hiivelyoldatokhoz, ill. szuszpenziokhoz,

— félszilard vaginalis gyogyszerkészitmények,

— hiivelyhabok,

— gyogyszeres hiivelytamponok.

A gybgyszerkonyv alapjan a vaginalis gyogyszerké-
szitmények gyartdsa, csomagolasa, taroldsa és forgal-
mazasa folyamén biztositani kell a helyi hasznalatra
szant készitményekre eléirt mikrobiologiai tisztasagot.
Eszerint a készitmény grammonként 10? aerob mikro-
organizmust (gomba és baktérium), 10! enterobaktéri-
umot és bizonyos Gram negativ baktériumokat tartal-
mazhat, ill. nem lehet jelen Pseudomonas aeruginosa
¢és Staphylococcus aureus.

Ezen készitmények vizsgalatanal altalanosan az
adagolési egységek, a hatdanyag-tartalom és a tomeg
egységességét, tovabba a kioldodas-vizsgalatokat kell
eldirds szerint elvégezni. Egyes gyodgyszerformaknal
egyéb specialis vizsgalatok is sziikségesek.

A Ph. Hg. VIIIL.-ban hivatalos gyogyszerformadk
Hiivelykupok

A hiivelykupok szilard, egyadagos gyogyszerkészitme-
nyek. Formajuk sokféle, rendszerint tojas alakiak, meé-
retiik és allomanyuk révén alkalmasak a hiivelybe jut-
tatasra. A kupok megfeleld alapban (kupmasszaban)
oldott vagy diszpergalt hatoanyago(ka)t tartalmaznak.
A kupmassza vizben oldhato, ill. diszpergalhato vagy
testhomérsékleten megolvad. A készitmények sziikség
esetén segedanyagokat — pl. toltéanyagokat, adszor-
benseket, feliiletaktiv anyagokat, mikrobiologiai tarto-
sitoszereket, valamint az illetékes hatosdag dltal enge-
délyezett szinezéket — tartalmazhatnak.

A hiivelykupokat daltalaban éntéssel dllitjak elo. A
kupok eloallitasa soran esetenként biztositani kell,
hogy a hatéanyag(ok) részecskemérete megfeleld és
ellendrzott legyen. A hatoanyago(ka)t sziikség esetén
eldzetesen poritjak, és megfeleld szitan atszitaljak.

Az dntéssel késziilo kupok esetében a hatoanyagot is
tartalmazo kupmasszat melegitéssel megfelelden felol-
vasztva, alkalmas formaba ontik. A kupok lehiilés koz-
ben szilardulnak meg. Az eldallitashoz kiilonbozd vivo-
anyagokat alkalmaznak, igy pl. szilard zsirt, makrogo-
lokat, kakaovajat és kiilonbozd gélszerii keverékeket
(amelyek pl. zselatinbol, vizbol és glicerinbdl allnak).

A nyujtott helyi hatdsu hiivelykupok esetében a megfele-
16 hatoanyagleadast alkalmas vizsgalattal igazolni kell.
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Ezen gyogyszerformaknal a szétesési vizsgalatokat
is el kell végezni. Ezek soran a hiivelykapok allapo-
tat (indokolt esetek kivételével) 60 perc elteltével
vizsgaljuk.

Ahogy az a gyogyszerkonyvi eldirasban szerepel,
a hiivelykupokat mind magisztralis, mind ipari mé-
retben elsGsorban Ontéssel allithatjuk eld. A formalas-
hoz szamos segédanyag alkalmazasa indokolt, de
a kupalapok minden esetben felhasznalasra keriilnek.
A FoNo VIIL.-ben hivatalos és a magisztralis gyogy-
szerkészités soran alkalmazhatd készitményalapok
a szilard zsir (Adeps solidus 50), a tenzideket tartal-
mazd szilard zsir (Adeps solidus compositus) és mak-
rogol elegy (Massa macrogoli), valamint hasznalhato
még a FoNo VI.-ban hivatalos kakadvaj (Butyrum
cacao). Az ipari gyogyszerkészitményekben is a leg-
népszeriibb alapok a szilard zsir kiilonb6z6 tipusai (te-
litetlen és foleg telitett zsirsavak mono-, di- és trigli-
ceridjeinek kiilonb6z6 aranyu keverékei). A hidrofil,
higroszkopos tulajdonsagii makrogolok (a makrogol
1000-6000 kiilonbozé aranyokban) is jelentds szere-
pet jatszanak. Ezek a készitmények a testnedvekben
feloldodnak, tehat megfeleld mennyiségii hiivelynedv
sziikséges a hatas kialakulasdhoz. Ennek hidnyaban a
nyalkahartya irritalé hatasa kellemetlen lehet. A zsela-
tinbdl, vizbdl és glicerinbdl allo hidrofil rendszereknél
ez a nem kivant hatas kevésbé 1éphet fel és a lagyabb
konzisztenciaval egyiittesen kényelmesebb alkalma-
zast tesznek lehetdve.

Az alébbi segédanyagok szintén alkalmazhatok a
formulalas soran:

— Toltdanyagok: laktéz, mannit, szorbit.

— Viszkozitast noveld anyagok: hidrofil kolloid szilici-
um-dioxid, gliceril-monosztearat, polimerek (pl. hid-
roxi-propilcellul6z).

— Konzisztencia lagyitok: semleges ola;.

— Dezintegraloszerek: natrium-hidrogénkarbonat és sa-
vak (adipinsav, borkdsav) egylittesen.

— Diszpergaldszerek pl. poliszorbatok, szorbitan-trio-
leat.

— Olvadasi, ill. dermedési hdmérsékletet noveld anya-
gok: fehérviasz, cetil-sztearil-alkohol, cetaceum,
cetil-alkohol.

— Folyadékmegkoté anyagok: hidrofil kolloid szilici-
um-dioxid.

A FoNo VII. eldirasa alapjan a kupok szinezése nem
megengedett, ezzel szemben a gyogyszerkonyv eldira-
sai alapjan ezeknek a segédanyagoknak az alkalmaza-
sa lehetséges. A magisztralis gyogyszerkészités soran a
massza beragaddsanak megakaddlyozdsara sziikség
esetén az ontéformakat folyékony paraffinnal beken-
jik, vagy bepermetezziik. Az ipari gyartas soran az
ontés leginkabb a gyogyszerkonyv alapjan alkalmaz-
hatd, megfeleld formara kialakitott csomagoloanya-
gokba direkt modon torténik, vagyis az ,,ontéforma-

bol” csak a felhasznalo fogja a terméket eltavolitani, de
természetesen ennek is konnyen meg kell torténnie.

Gyari készitmények:

— Pimafucin hiivelykup,

— Klion hiivelykup,

— Canifug hiivelykup,

— Canifug Komb hiivelykup,
— Gyno-Pevaryl hiivelykup,
— Pevaryl G hiivelykup,

— Mikogal hiivelykup,

— Betadine hiivelykup,

— Patentex oval hiivelykup,
— Pharmatex hiivelykup,

— Ortho-gynest D hiivelykup,
— Ovestin hiivelykup.

Hiivelytablettdk

A hiivelytablettak szilard, egyadagos gyogyszerkészit-
mények. Rendszerint megfelelnek a Ph. Hg. VIII. Tab-
lettak c. cikkelyben a bevonat nélkiili vagy a filmbevo-
natu tablettakra megadott definicioknak. A nyujtott
helyi hatdsu hiivelytablettak esetében a megfelelé ha-
toanyagleadast alkalmas vizsgalattal igazolni kell.

A hiivelytablettak szétesés-vizsgalatat a hiivelyku-
pokra kifejlesztett modszer segitségével végezziik és a
tablettak allapotat (indokolt esetek kivételével) 30 perc
elteltével vizsgaljuk. A Gybgyszerkonyv a tablettdik
(tablettae) esetén a hatdanyag-kioldddas vizsgalatat is
eldirja, de a cikkely bevezetésében szerepel, hogy a
kovetelményeket nem kell feltétleniil alkalmazni a va-
ginalis készitményekre.

A tablettak eldallitasa soran a technoldgia megva-
lasztasakor figyelembe kell venni, hogy ezek a termé-
kek még kis hatdanyagtartalom mellett is nagy térfo-
gataak (pl. Klion D hiivelytabletta 200 mg hatéanyag-
tartalom mellett 24 mm hossza és 14 mm magas). Ez a
tulajdonsag az alkalmazast konnyiti meg, melyhez az
is hozzajarul, hogy a készitmények rendszerint lapitot-
tak, mandula vagy oblong alakuak, esetleg az egyik ol-
dalukon lekerekitettek.

A nagy tomeg biztositasdhoz sziikséges segéd-
anyagok koziil kiemelkedik a laktdéz alkalmazasa,
mivel ez a hiivelyi Lactobacillusok természetes szub-
sztratja, vagyis hozzéjarul az egészséges mikroflora ki-
alakitasahoz és ennek kovetkeztében a természetes hii-
velyi védelemhez [13]. Szintén ennek a fenntartasahoz
jarul hozza a kalcium-laktat alkalmazasa tolt6anyag-
ként. Egyes készitményekben a tejsav (hidrofil kolloid
szilicium dioxiddal egyiitt) tolti be ezt a szerepet.

A segédanyagok megvalasztasakor figyelembe kell
venni, hogy a készitmények szétesését biztosito folya-
dék mennyisége lényegesen kevesebb, mint a per os
tablettaknal. Ezért ebben az esetben a nagyhatékony-
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sagl dezintegransokra (féleg modositott keményitok,
kroszpovidon) van sziikség. Ilyen hatas érhetd el a
szén-dioxid termelésen keresztiil is, melyet savak
(féleg adipinsav és borkdsav) és natrium-hidrogénkar-
bonat egyiittes alkalmazasaval segithetjiik el6. Ezek a
rendszerek igen népszeriieck, de meg kell emliteni,
hogy a nedvességre érzékenyek, vagyis a nedves gra-
nulalas nem megfeleld modszer a koztitermékek for-
mulalasahoz. A nagytomegl tablettak eldallitasa di-
rekt préseléssel egy igen nagy kihivas a formulacio
soran. Az chhez sziikséges hatékony szaraz koto-
anyagok (pl. kopolividon) és esetleg hidrofil cstisztato-
anyagok (pl. makrogolok) is megtalalhatok szamos
Oszszetételben.

A definici6 alapjan a készitmények lehetnek bevon-
tak is. A bevonas a hatéanyag védelmén kiviil az al-
kalmazast is segitheti. Ilyen filmbevonat kialakitasat
elsdsorban a vizben jol oldodo celluloz-éterek (pl. hid-
roxi-propil-metilcellul6z) alkalmazasaval érhetjiik el.

Gyari készitmények:

— Candibene hiivelytabletta,

— Canesten hiivelytabletta,

— Canesten Kombi hiivelytabletta,
— Clotrimazol AL hiivelytabletta,
— Klion-D hiivelytabletta,

— Gynoflor hiivelytabletta,

— Pharmatex hiivelytabletta,

— Vagifem hiivelytabletta.

Hiivelykapszulak

A hiivelykapszulak szilard, egyadagos gyogyszerkészit-
mények. Altaldban a ligy kapszuldkhoz hasonléak,
csak formajuk és méretiik kiilonbozo. A hiivelykapszu-
lak formdja sokféle lehet, altalaban tojdas alakuak.
Felsziniik sima és egyenletes. A nyujtott helyi hatdsu
hiivelykapszulak esetében a megfelelé hatéanyagle-
adast alkalmas vizsgalattal igazolni kell.

A hiivelytablettak szétesését a hiivelykupokra kifej-
lesztett modszer segitségével végezziik és a kapszulak
allapotat (indokolt esetek kivételével) 30 perc eltel-
tével vizsgaljuk.

Ezen gyogyszerformak nagy eldnye a tablettdkhoz
viszonyitva, hogy a hatéanyagok nemcsak szilard for-
maban dolgozhatok fel, hanem nagyobb mennyiségben
folyékony vagy félszilard formaban is. A formulalas
soran a kényelmes alkalmazhatdsagot szintén szem
elott kell tartani, ezért elsdsorban a lagy zselatinkap-
szulak johetnek szamitdsba. A kapszulafalat alkoto
komponensek aranyanak megvaltoztatasaval azonos
anyagokbdl lagy, illetve kemény zselatinkapszula egy-
arant kialakithat6. A lagy kapszulaban nagyobb a viz
¢s a folyadékmegkotd segédanyagok (szorbit, glicerin)
aranya [14].

Gyari készitmény:
— Utrogestan hiivelykapszula.

Hiivelyoldatok, -emulziok és -szuszpenziok

A hiivelyoldatok, -emulziok és -szuszpenziok helyi
hatas elérésére, oblitésre, esetleg a hiivelybe juttatva
diagnosztikai céllal alkalmazott, folyékony gyogyszer-
készitmények. Tartalmazhatnak segédanyagokat is, pl.
a viszkozitas bedllitasa, a pH bedallitasa, ill. stabiliza-
lasa, a hatoanyag(ok) oldhatosdaganak novelése, vala-
mint a készitmény stabilizalasa céljabol. A segéd-
anyagok nem befolydsolhatjak kedvezétleniil a kivant
gyogyvhatast, és az alkalmazott toménységben nem
valthatnak ki tulzott helyi irritaciot.

A hiivelyemulziok szétvalhatnak ugyan, de rdazoga-
tasra kénnyen ujra kell képzédniiik. A hiivelyszuszpen-
zidkban eldfordulhat iiledék, ennek azonban razogatas
hatasara kénnyen diszpergadlodnia kell, és az ujrakép-
z0dott szuszpenzionak elég stabilnak kell maradnia
ahhoz, hogy az egynemii készitmény beviheto legyen.

A hiivelyoldatokat, -emulziokat és -szuszpenzidkat
egyadagos tartalyokban forgalmazzak. A tartalyok ki-
képzése tobbnyire alkalmas a készitmény hiivelybe jut-
tatasara, vagy ha mégsem, akkor a készitményhez meg-
feleld szereléket mellékelnek.

A hiivelyszuszpenziok eldallitasa soran biztositani
kell, hogy a részecskeméret az alkalmazasi modnak
megfeleld és ellendrzott legyen.

Ahogy a bevezetoben emlitésre kertiilt, ezen készit-
mények hatékonysagarol megoszlanak a vélemények.
A kis mennyiségili folyadékban formulalt hatdanyagok-
kal kikiiszobdlhetd a hiivelyi védoflora eltavolitasa,
bar itt mindig szem el6tt kell tartani, hogy nagyobb
koncentracioban alkalmazva egyes hatdanyagok (és
segédanyagok) igen jelentds nyalkahartya-irritaciot
okozhatnak. A hatékonysag ndvelhetd és ezzel parhu-
zamosan a kimosodas veszélye csokkenthetd a viszko-
zitdsnoveld segédanyagok (pl. cellulozéterek, algina-
tok) alkalmazéasaval.

Gyari készitmény:
— Vagothyl oldat.

Tablettak hiivelyoldatokhoz és -szuszpenziokhoz

A hiivelyoldatok és -szuszpenziok készitésére szant
tablettdak kozvetleniil a felhaszndlds eldtt vizben ol-
dando, ill. diszpergdlando, egyadagos gyogyszerké-
szitmények. Tartalmazhatnak olyan segédanyagokat
is, amelyek elosegitik az oldodast vagy diszpergalo-
dast, illetve megakadadlyozzak a témor iiledék képzo-
desét. Oldas, ill. diszpergalas utan meg kell felelniiik
a hiivelyoldatokra, ill. -szuszpenzidkra vonatkozo ko-
vetelményeknek.
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A tablettaknak és kapszulaknak 15-25 °C-on a tab-
lettak és kapszuldk szétesés-vizsgalati eldirasa szerint
3 percen beliil szét kell esniiik.

Az el6allitas soran a gyors oldodast vagy diszperga-
lodast kell szem eldtt tartani. Ezt legkonnyebben a
pezsgdtablettdknal alkalmazott savas komponens (adi-
pinsav, borkdsav) €s natrium-hidrogénkarbonat egyfit-
tes alkalmazasaval érhetjiik el.

tartdsan az alkalmazas helyén maradjon és még sza-
balyozott hatéanyag-felszabadulast is képes biztosita-
ni. [lyen komponensek egyes celluloz-éterek (hidroxi-
propil-metilcellul6z), akrilsav-szarmazékok (pl. karbo-
mer) és egyéb természetes eredetii komponensek (pl.
alginatok). Ezek a segédanyagok a szilard gyogyszer-
formaknal és a specialis modern gyogyszerformaknal
is alkalmazasra keriilnek [18, 19].

Gyari készitmény:
— Colpo-cleaner J6d pezsgotabletta
hiively6blitd oldat készitéséhez.

Félszilard vaginalis gyogyszerkészitmények

A félszilard vagindlis gydgyszerkészitmények kend-
csok, krémek vagy gélek lehetnek. A készitmények
tébbnyire egyadagos tartalyokban, a haszndlatukhoz
alkalmas eszkézzel keriilnek forgalomba. A félszilard
vaginalis készitményeknek meg kell felelniiik a Ph. Hg.
VIII. Borfeliiletre szant (dermdalis), félszilard gyogy-
szerkészitmények c. cikkelyben eldirt kovetelmények-
nek.

A készitmény kifejlesztése soran igazolni kell, hogy
az egyadagos tartalyban kiszerelt készitmény a tartaly-
bol a névleges tartalmanak megfeleldé mennyiségben
kivehetd.

A készitményeknél alapvetd szempont a konnyd al-
kalmazhatosag. Ezért kedveltek a lagy konzisztenciaju,
hatéanyagot oldott allapotban tartalmaz6 o/v krémek.
A segédanyagok koziil érdemes megemliteni a széles
korben alkalmazott propilénglikolt, mivel ez a nyalka-
hartya-izgatd hatdst nem mutat6 komponens részben
a hatéanyag oldékonysagat képes nodvelni, részben a
nedvességmegkotd hatasan keresztiil a kendcsok be-
szaradasat akadalyozza meg. A krémek lipofil kompo-
nenseként foleg asvanyi eredetli komponensek keriil-
nek felhaszndldsra, vazképzoként pedig a kiillonbozo
zsiralkoholok (cetil-alkohol) és zsirsav-észterek (cetil-
palmitat). Emulgensként elsdsorban a szorbitdn szar-
mazékok (poliszorbatok) hasznalatosak, bar ezek
koziil is egyre népszeriibbek a kevésbé irritativ poli-
oxetilénlanc-mentes komponensek (szorbitan-sztea-
rat). Mikrobioldgiai tartositoszerek alkalmazasa az o/v
tipusu rendszereknél mindenképpen indokolt és dont6-
en a benzil-alkohol kertil felhasznalasra. Bizonyos ké-
szitményekben segédanyagként megtalalhato a tejsav
is, mely a hiivelyi pH bedllitdsa miatt akdr hatéanyag-
ként is értelmezhetd.

A félszilard intravagindlis készitmények kozott is
egyre népszeribbek a bioldgiai membranokhoz és az
ezt boritd nydkréteghez vald kapcsolatot biztositd Un.
bioadheziv, illetve mukoadheziv anyagokat tartalmazé
gyogyszerkészitmények [15-17]. A komponens(ek)
ezen tulajdonsaga lehet6vé teszi, hogy a készitmény

Gyari készitmények:

— Dalacin hiivelykrém,

— Canesten Kombi krém,

— Canifug Komb krém,

— Gynazol 2% hiivelykrém,

— Batrafen hiivelykrém,

— Pharmatex hiivelykrém, egyadagos hiivelykrém,
— Linoladiol N hiivelykrém,

— Estrokad hiivelykrém,

— Ovestin krém.

Hiivelyhabok

A hiivelyhaboknak meg kell felelniiik a Ph. Hg. VIII.
Gyogyszeres habok (Musci medicati) c. cikkelyben elo-
irt kévetelményeknek. A gyogyszeres hab nagytérfoga-
tu gaz folyadékban valo diszpergdlasaval képzodik.
A készitmény dltalaban egy vagy tébb hatoanyagot,
habképzddést elsegito feliiletaktiv anyagot és egyéb
segédanyago(ka)t tartalmaz. A gyogyszeres hab dltala-
ban a kezelés pillanataban képzodik, mégpedig tillnyo-
mdsos tartalyba toltott, folyékony készitménybdl. A tar-
taly a hab kifuvatasdara alkalmas, szelepes, nyomo-
gombos feltéttel van ellatva.

A Gyogyszerkdnyv alapjan vizsgalni kell a hab re-
lativ slirliségét, a tagulasi id6t és sziikség esetén (nyilt
sebek kezelésére szant készitményeknél) a sterilitast.

A folyadékokkal szembeni elénye, hogy nagyobb
feliileten egyenletesebben oszlathato el és a retencios
1d6 is hosszabb. Termodinamikailag nem stabilak, id6-
vel a szerkezet letdrik, a buborékok cltavoznak. Jel-
lemzden feliiletaktiv anyagokat (poliszorbatok) tartal-
mazd folyadékokbol alakitjuk ki talnyomasos géz
(n-butan, i-butan) segitségével. A habokat el0szeretet-
tel alkalmazzdk az allatgyogyaszati vaginalis készit-
ményeknél is.

Gyogyszeres hiivelytamponok

A gyogyszeres hiivelytamponok szilard, egyadagos
gyogyszerkészitmények, amelyeket meghatdarozott ido-
tartamra kell a hiivelybe helyezni. A készitményeknek
meg kell felelniiik a Ph. Hg. VIII. Gydgyszeres tam-
ponok (Tamponae medicatae) c. cikkelyben eldirt ko-
vetelményeknek. A gyogyszeres tamponok meghata-
rozott idotartamra valamely testiiregbe helyezendo,
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szilard, egyadagos gyogyszerkészitmények. A hordozo-
anyagot — pl. cellulozt, kollagént vagy szilikont — egy
vagy tobb hatoanyaggal impregnaljak.

Az impregalashoz hasznalt folyékony vagy félszi-
lard készitmény segédanyagait talaljuk meg a rend-
szerben. Vagyis lehetnek a termékben viszkozitasno-
veld, a pH bedllitdishoz hasznalt savas komponensek
vagy diszpergaloszerek.

Gyari készitmény:
— Pharmatex hiivelytampon.

Modern gyégyszerformak

Az alabbi gybdgyszerformak a gyogyszerkdnyvi cso-
portositasi elvek alapjan nem sorolhatok be. Ezek a
gyogyszerformak részben megjelentek a kozforgalom-
ban, részben pedig fejlesztési stadiumban vannak,
tehat a kozeljovében a gyakorlatban is varhato az al-
kalmazasuk.

Napjainkban egyre inkabb el6térbe keriilnek a tartds
hatasu készitmények, amelyek tobb eldnnyel is rendel-
keznek a hagyomanyos gyogyszerkészitményekkel
szemben: ezek a készitmények a szervezetben hosszi
ideig raktart képezhetnek, melybdl folyamatosan sza-
badul(nak) fel hatéanyag(ok), és igy allando és egyen-
letes vérszintet biztositnak, azaz, ezekben a rendsze-
rekben a hatéanyag-koncentraciéo kevésbé ingadozik
a minimalis és maximalis értékek kozott. Emellett jobb
a hatéanyag biohasznosithatosaga, amely lehetévé te-
szi, hogy kisebb mennyiségii hatéanyagot alkalmaz-
zunk. Ez a technoldgiai megoldds gyakran lehetové
teszi a gydgyszerformanak a hatas helyén szabalyozott
ideig val¢ tartozkodasat is és ezzel parhuzamosan a ha-
toanyag helyi felszivodasat. Nem utolsésorban, a nyj-
tott hatdanyagleadas kovetkeztében az eldallitott ké-
szitményt ritkabban elegendd alkalmazni [20, 21].
Ezeknél a formaknal még nagyobb a jelentdsége a ké-
nyelmes alkalmazhatosagnak, tovabba jogos igény,
hogy ne zavarjak a szexualis életet, valamint eltavolit-
hatdak legyen a hatas megsziintetése céljabol.

A hiivelygyiiriik elére meghatarozott, szabalyozott
sebességgel szabaditjak fel a hatdanyagot a szisztémas
keringésbe. A hiivelygytiriik altalaban rugalmas bio-
kompatibilis szilikon elasztomerekbdl vagy etilén-vi-
nilacetatbol késziilnek, egy hatdanyag nélkiili belsd
gylribdl és egy hatoanyagtartalmi bevonatbol allnak
(1. abra). Ezeket a gybdgyszerkészitményeket a méh-
nyakig helyezik fel, elsésorban fogamzasgatlas célja-
bol. A rendszer 21 napig marad a hiivelyben, majd 7
napra eltavolitjak, melyet megvondsos vérzés kovet.
Az Ujabb generacios készitmények (Un. szendvics-
tipus) hatéanyagtartalmt szilikon polimer matrix bel-
sOt és ezen egy hatdanyag nélkiili szilikon polimer
membrant tartalmaznak. Ez a technolégia csokkenti az

elsd ciklusban a talzottan gyors hatdanyag-felszabadu-
last, de elszakadas esetén a hatas modosulasaval kell
szamolni [2].

Gyari készitmény:
— Nuvaring hiivelygytra.

1. abra: Nuvaring hiivelygyirii

Az orélis fogamzasgatlok biztonsagos alkalmazasa-
nak feltétele a napi rendszeres hormonbevitel biztosi-
tasa, mely a hasznal6 maximalis egyiittmitkddésének
eredményeként biztosithato. Ezért jelent nagy eldnyt
az olyan terapids rendszerek megjelenése, melyek a fo-
lyamatos hatéanyag-bejuttatast a napi kivant mérték-
nek megfelelden tobb éven at biztositani képesek. Az
intrauterin rendszer ,,T” alaka felépitése bizonyult a
legeldnyosebbnek (2. dbra). Az alapanyaga lehet EVA
(etilén-vinil-acetat) kopolimer vagy kiillonb6zo szilo-
xan elasztomer. Az lireges szarban elhelyezhetd a hor-
monraktar, mely szilikonolajban diszpergilva vagy
egy polidimetilsziloxanos keverékben tartalmazza az

altalaban mikronizalt far-
makont. A szervezet hor-
monterhelése elenyész6 a
konvencionalis, oralis al-
kalmazashoz képest (pl. a
Mirena intrauterin rendszer
52 mg levonorgestelt tartal-
maz, 5 évre tervezett alkal-
mazasi iddtartamra 14
pg/map felszabadulasi se-
bességgel, mig a hagyoma-
nyos tablettakkal napi 50-
100 pg keril bevitelre).
Hiivelyben alkalmazhato
szivacsokat is formulaltak.
Ezek eloallitasa ¢s alkalma-
zasuk elve nagyon hasonlit
a hiivelytamponokéra. Al-
talaban lagy poliuretan szi-
vacsok, melyek egy hato-
anyag-tartalmt géllel vagy

2. abra: Mirena
intrauterin rendszer
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folyadékkal (oldat vagy diszperzid) vannak impregnal-
va. Ezt elsdsorban fogamzasgatlas céljabol hozzak for-
galomba (de a rendszer egyéb hatdanyagok inkorpora-
lasara is alkalmas). Tobb elonyos tulajdonsaggal ren-
delkezik, mivel fizikai gatként is funkcional, illetve az
inkorporalt hatéanyag spermicid és esetleg virusold
aktivitassal is birhat [22]. Az impregnalo készitmény-
ben segédanyagként gélképzd (metilcelluloz), diszper-
gald (poli-dimetilsziloxan), tartosito (benzoesav, szor-
binsav és szarmazékai), valamint antioxiddns (natri-
um-diszulfit) komponensek keriilhetnek alkalmazasra.
Allatgyégyaszati készitmények kozott is népszerii
megoldas.

Kiilonb6z6 multipartikularis hordozokat (pl. politej-
sav-poliglikolsav mikropartikulumok) vagy mukoad-
heziv rendszereket tartalmazo készitmények alkalma-
sak akar vaginalis vakcindk formulalasara is. Elso-
sorban az urogenitalis rendszer infekcidi (pl. Candida
albicans) ellen kifejlesztett rendszerek talalhatok meg
az irodalomban [23].

Egyéb készitmények

A hiivelyben alkalmazott készitményeknél mindenkép-
pen célszerli megemliteni a nem gyogyszer kategoria-
ba sorolhatd, gyogyszertarakban, drogériakban, hiper-
marketekben és az interneten is szabadon forgalmaz-
hat6 készitményeket. A tudatos alkalmazas esetén ezek
a készitmények hozzajarulhatnak a megfeleld intim hi-
giénéhez, de a fent emlitett szempontok figyelmen
kiviil hagyasa a tiinetek stlyosbodasat (vagy tjak ki-
valtasat) okozhatja. A gyakran egy termékcsaladba tar-
tozd torlokenddk, un. krémes lemosok, szappanok, le-
mosohab, hintdpor elsdésorban nem is a hiively, hanem
a nemi szervek kiilsé kezelésére, tisztantartasara szol-
galnak, bar alkalmazésuk soran a hiively nyalkahartyan
kifejtett hatasuk bizonyos esetekben elkeriilhetetlen.
A termékek formulalasa soran hasonld segédanya-
gok kertilnek felhasznalasra, mint az adott gyogyszer-
forma (pl. oldat, hiivelykup) esetén, bar néhany kii-
16nbséget érdemes kiemelni. Altalaban a savas kompo-
nensek (altalaban tejsav) mellett nagyszami segéd-
anyag (tobb mint a gyogyszereknél) talalhat6é benniik.
A lemosokban eldszeretettel alkalmazzak a natrium-la-
uril-szulfatot, mely nyalkahartya-irritalé hatdsa miatt
keriilendé komponens (a vagindlis gydgyszerformak-
ban elvétve alkalmazzik). Az illatanyagok és az al-
lergizald tartdsitoszerek (benzoesav és szarmazékai) is

nagyobb gyakorisaggal keriilnek alkalmazasra, mint a
forgalomba hozatali engedéllyel rendelkez6 gyogysze-
reknél.

A hiivelyi sikositoknal elsdsorban a karbomer-gélek
jonnek szamitasba, de a celluloz étereket (hidroxi-etil-
celluldz) is hasznaljak. Ezek az esztétikus hidrogélek a
beszaradast megeldzendd folyadékmegkoté kompo-
nenseket (glicerin, propilénglikol), tartositoszereket,
valamint a karbomer esetén a gélszerkezet kialakitasa-
hoz sziikséges lugositdé komponenst (pl. natrium-hidro-
xid, trietanolamin) mindenképpen tartalmaznak.

A fenti termékek ajanlasa el6tt célszerli az sszeté-
teleket és az alkalmazasi javallatokat részletesen meg-
ismerni, mivel taldlkozhatunk olyan megoldasokkal,
melyek tudomanyos alapjai nem eléggé megalapozot-
tak. Példaul 1étezik olyan intim-zuhany (zuhanyrdzsa
helyére csatlakoztathato), mely elsésorban ndvényi ha-
tdéanyagokat tartalmazo ,kapszulan” (nem a gyogy-
szerkonyvi kritériumoknak megfelelé vaginalis kap-
szulat kell érteni alatta) keresztiil juttat nagymennyisé-
gl folyadékot (akar 4-5 liter) a hiivelybe. A bevezetd-
ben bemutatott problémdk kovetkeztében az ilyen ter-
meékek hatékonysaga a gyakori, kontroll nélkiili alkal-
mazas mellett bizony megkérddjelezhetd. Léteznek
olyan intim torl6kendék is, melyek a gyartd leirdsa
alapjan enyhén lugos kémhatasuak. Ennek a tulajdon-
sagnak a fiziologiailag hasznos voltara szintén nem ta-
laltunk bizonyitékot.

Osszefoglalds

Célunk az volt, hogy egy olyan Osszeallitast készit-
stink, mely segit eligazodni a hiivelyben alkalmazhato
gyogyszerformak kozott. Ehhez a leglijabb gyogyszer-
konyvi besorolast alkalmaztuk. Torekedtiink az ezen
készitmények formulalési lehetdségeinek és alkalmaz-
hat6 segédanyagainak rendszerezésére, mely reménye-
ink szerint nemcsak a magisztralis gyogyszerkészités
soran a formulalaskor lehet segitség, hanem a gyari ké-
szitmények expedidlasakor a megfelelé informacio-
nyujtasban is.
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Az 1-23. sz. irodalom az MGYT honlapjarol (www.mgyt.hu)
letolthetd €s kérésre a szerkesztOség az érdeklddoknek meg-
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Formulation of a solid intravaginal matrix system
to prolong the pH-decreasing effect of lactic acid
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The aim of our work was to study the applicability of solid matrix systems for the formulation of long-acting intravaginal tablets containing
lactic acid. These systems were compressed from matrix granules containing hydroxypropylmethyl cellulose (HPMC), lactose monohydrate and
microcrystalline cellulose (MCC, the binder and carrier of lactic acid) as additives. The active pharmaceutical ingredient (API) was incorpo-
rated into the granulating fluid and the effect of its concentration (evaluated up to 15%) on the pH-decreasing effect of the tablets was assessed.
The particle size and mechanical properties of the granules did not change relevantly. The dissolution of the active component (change in H*
concentration) was tested with a modified dissolution test for 8 h. The pH-decreasing effect of tablets was influenced by the lactic acid content. It
was the highest for samples containing the largest amount of lactic acid. The cumulative concentration of dissolved H* was plotted, which curve
exhibited a break at about 4 h. Up to this time, the shape of the tablets constantly changed (a hemisphere was formed) at every sample, after this
time no change in shape could be detected. It can be concluded that in the first stage of dissolution erosion was the main factor influencing the
liberation of the API. This is necessary for the detachment of lactic acid from the insoluble MCC. A relatively quick liberation was detected in the
initial period (0-4 h) for the samples containing a small amount of lactic acid, which can be explained by the simpler liberation of API. Below
9% lactic acid, the readier liberating sites of the carrier were saturated. In the later stage of dissolution (5-8 h), the slower processes were more
relevant. Additionally, it can be stated that the composition applied was appropriate for the formulation of a long-acting matrix system containing
lactic acid.

Key words: High-shear granulator — HPMC — Intravaginal matrix system — Lactic acid — pH-decreasing effect.

Despite the paucity of glands, the vaginal epithelium is usually kept Different solid matrix systems, mainly tablets are popular nowa-
moist by a surface film. This film, known as vaginal fluid, consists of days because of their controlling effects on the dissolution of APIs
cervical mucus, exfoliated cells from the vagina itself and also small [3]. These tablets can be prepared through the direct compression of
amounts of the secretion from the Bartholin’s glands in the vaginal a powder mixture containing a matrix former or through the compres-
wall. Transudation from the blood vessels through the intracellular sion of granules (generally the matrix granules) [4]. Vaginal dosage
channels to the lumen can also contribute to the chemical composition. forms have been developed and used clinically for many years in local
The quantity of this liquid is about 3-4 g, but varies during the normal therapy and systemic delivery of systemically effective drugs. Intrav-
menstrual cycle. The vaginal secretion, which serves as a protective aginal preparations can be applied to treat various topical problems,
barrier against infections, contains a variety of antimicrobial sub- because of the good absorption and the lack of a first pass effect, this
stances, carbohydrates, acids and proteins. Typically, the vaginal pH route can be utilized to cure systemic diseases, mainly by hormone
in mature, healthy women has a pH in the range 4.0-5.0. The pH in replacement [5-7].
the vaginal lumen is controlled primarily by lactic acid formed from Novel intravaginal delivery systems include those that employ
cellular glycogen, or by carbohydrates produced by the action of the bioadhesive materials. Bioadhesive properties of compounds, such
normal vaginal microflora. The acidity plays a clinically important as hydrogels may provide a controlled delivery system with a pro-
role in preventing the proliferation of pathogenic bacteria. longed residence and intimate contact in the vagina. Many hydrophilic

The natural aging process results in significant changes in the polymers and hydrogels have been used in vaginal products. These
vagina, including a decrease in vaginal size, loss of elasticity, loss of include chitosan, acrylic components and cellulose derivatives (such
vascularity and a thinning of the mucosa. Vaginal secretions become as hydroxylpropylmethyl cellulose, hydroxylpropyl cellulose) and
scant and watery, and the pH increases from 4.0-5.0 to 7.0-7.4. Re- mixtures of these [8-10]. Most of these materials can be used to
sistance to bacterial and fungal infections is reduced due to the lower produce a hydrophilic matrix system [11]. Furthermore, intravaginal
population of acidophilic organisms. As there is a correlation between therapeutic systems must contain such materials that ensure the ap-
the pH of the vaginal secretions and the inhibition of Chlamydial propriate release of the active ingredients [12, 13]. The matrices can
infections, maintenance of the optimum pH of the vaginal fluid is contain other materials, but the biocompatibility (e.g. irritation-free) is
therefore inevitable [1]. very important for the vaginal forms, as the intact mucous membrane

Different acidic liquids are applied as irrigation fluids, but a large and the bacterial flora protect the vagina against infections [14].
amount of such a liquid can cause the washing-out of the Lactobacillus Since lactic acid has favorable effects, its incorporation into a
flora and the effects of these materials are not long-lasting, therefore, solid dosage form can be very beneficial, and it is well-known that
the application of such a liquid is uncomfortable. Solid preparations a small amount of liquid can be formulated into tablets. In this case,
containing various Lactobacillus species and other lactic acid-producing the liquid is incorporated into the granulating fluid and the application
organisms have been used in the treatment of vaginal disorders, but of components which can bind this material is also necessary [15]. In
evidence to support this use is limited [2]. Because of this situation, the this study, the applied systems contained HPMC as matrix-forming
formulation of a solid dosage form containing a long-acting acidifying agent, together with lactose monohydrate and MCC. The fibers of
component — if possible lactic acid — is reasonable. the filler/binder MCC were used to bind the liquid and it therefore
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acted as a carrier [16]. Different aqueous solutions of lactic acid were
used as granulating liquids, and the processes were performed in a
high-shear granulator. The mechanical properties of granules were
determined via the friability test which was performed in a shaking
bottle containing steel balls [17]. The hydrophilic matrix granules
were compressed into tablets 13 mm in diameter. The pH-decreasing
effect of this matrix system was controlled for 8 hours. The amount
of physiological dissolution medium is so low that the prescribed test
for tablets in the Eur. Ph. would not have given accurate information;
therefore a special dissolution test was performed. 4 mL of phosphate
buffer (pH 4.5) was used in in vitro tests as dissolution medium which
is equivalent with the pH of vaginal fluid (pH 4.56 + 0.01). The test
liquid was removed after every hour.

The aim of the work was to study the applicability of solid matrix
systems for the formulation of long-acting tablets containing lactic
acid. The effect of the lactic acid concentration on the pH-decreasing
effect of the tablets was also evaluated.

. MATERIALS AND METHODS
1. Materials

HPMC (Pharmacoat 606, Shin-Etsu Chemical Co., Ltd., Tokyo,
Japan) was used as matrix former. This component is frequently utilized
to formintravaginal bioadhesive systems [18, 19]. Our preformulation
studies indicated that the optimum concentration of this component was
30%. Microcrystalline cellulose (Vivapur 301, Rettenmaier&Sohne
GmbH, Rosenberg, Germany) was applied as filler/binder, and lactose
monohydrate (Eur. Ph., 5" edition) as filler. Solid vaginal products
often contain lactose as filler, since this is a natural substrate for the
vaginal microflora (Lactobacillus), which converts lactose into lactic
acid [20]. The quantity of each of these components was 35%. The
API was lactic acid (Eur. Ph.) as a pH-decreasing component.

2. Preparation of matrix granules

Granules were prepared in a high-shear granulator (ProCepT
4M8 granulator, ProCepT nv, Zelzate, Belgium). In accordance with
our previous results, the quantity of liquid was 35 to 100 g of powder
mixture. The composition of the granulating fluid varied (Table I). The
operational parameters were as follows: impeller speed: 1,500 rpm;
chopper speed: 3,500 rpm; liquid dosing speed: 15 mL/min; spheroni-
zation time: 4 min; mass of powder mixture: 150 g; granules were
dried on trays at 40°C for 24 h.

Table I - Composition of granulating fluid.

Sam- Conc. Content of tablets (mg) pH
ple Of,LTC;C Lactic | HPMC Lactose MCC
acid (%) | 5cig monohydrate

SO 0 0 300 350 350 | 4.97
S 3 10.4 | 296.9 346.4 346.4 | 217
S2 6 20.6 | 293.8 342.8 342.8 | 1.99
S3 9 30.5 | 290.8 339.3 339.3 | 1.88
S4 12 40.3 | 287.9 335.9 335.9 | 1.81
S5 15 49.9 | 285.0 332.5 3325 | 1.72

3. Study of granules

Sizes and size distributions of the granules were assessed after
drying. An analytical sieve (Retsch GmbH, Haan, Germany) was used
for these experiments. The D, values of the samples were determined
with sieving system software (Retsch EasySieve 2.0).

Friability was applied to determine the mechanical properties of
granules. Three grams of pellets (>1.2 mm) was placed into a 60-mL
bottle, together with 3 stainless steel balls 10 mm in diameter. The
bottle was then placed in a rotating shaker mixer (Turbula, Willy A.
Bachofen Masinenfabrik, Basel, Switzerland) that operated at 50 rpm
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for 5 min. The abraded samples were sieved on a 400-um sieve. The
measurements were made in triplicate.

4. Preparation of matrix tablets

The tablets were prepared with a hydraulic press (Specac Inc,
Graseby, UK). Round and flat punches 13 mm in diameter were used.
1 g of granules (1.2-2.0 mm in diameter) was pressurized at 5 tons.
The comprimates were stored in a desiccator before the tests.

5. Study of tablets

The diameter and height of the tablets were measured with a screw
micrometer with an accuracy of 0.001 mm (Mitutoyo, Japan). Ten
tablets were tested.

The friability tests were performed in Erweka friabilator (Erweka
GmbH, Heusenstamm, Germany). The weight loss was determined
after 100 rotations.

6. In vitro evaluation of released lactic acid

This was a special test because of the above mentioned reason, in
which a tablet was placed into a 25-mL glass beaker and immersed
into a water bath which ensured 37 + 1°C. Four millilitres of phos-
phate buffer (Eur. Ph.) was applied as dissolution medium (pH 4.56 +
0.01), which is a commonly used dissolution liquid in such systems
[21-23]. The test liquid was removed after every hour and replaced
with 4.00 mL fresh buffer. The testing period was 8 h. The pH of the
liquid was measured with a pH tester (WinLab pH-Meter, Windaus-
Labortechnik GmbH & Co.KG, Clausthal-Zellerfeld, Germany). The
dissolution of the acidic component was monitored via the change in
H*in the dissolution medium. Three parallel tests were performed. For
bioadhesive vaginal solid dosage forms, one part of the preparation is
attached to the mucous membrane and this part cannot erode during
application. We tried to model the conditions present in the vaginal
lumen. This is more of a functionality test but is the most similar to
actual conditions.

Il. RESULTS AND DISCUSSION
1. Properties of granules

Size and size distribution of the prepared matrix granules were very
similar for all the samples (Table II). The proportion of the applied
fraction (1.2-2.0 mm in diameter) was nearly 45-50%. The presence
of lactic acid in the granulating fluid did not alter the particle size
distribution of the products. The mechanical properties of the products
did not change relevantly either. Friability was < 5% in every case.

Table Il - Parameters of granules.

Sample D,, (mm) Proportion of Friability (%)
optimum fraction (%)
SO 1.222 46.6 3.30+0.15
S1 1.245 50.2 2.99+0.16
S2 1.178 46.2 2.73+0.09
S3 0.995 44.9 2.94+0.07
S4 1.256 48.2 4.06+0.03
S5 1.289 46.5 3.40+1.21

2.Tablet properties

All the investigated parameters were very similar for each sam-
ple (Table 1II). Weight, height and diameter were the same for every
composition. Friability was < 0.1% in every case and it can therefore
be stated that abrasion is negligible.

3. Dissolution test

Each of the samples exhibited very similar behavior in the dissolu-
tion medium. Swelling of the tablets and erosion of the samples could
be detected in the liquid (Figure 1). It can be seen from the pictures
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Table Ill - Parameters of tablets.

Sample Weight (g) Height Diameter Friability

(mm) (mm) (%)
S0 1.0048+0.0084 | 5.626+0.039 | 12.986+0.005 0.01
St 1.0044+0.0058 | 5.669+0.036 | 12.994:0.009 0.01
S2 1.0024+0.0081 | 5.667+0.038 | 12.994+0.011 0.01
S3 1.0117+0.0139 | 5.730+0.073 | 12.992+0.002 0.03
S4 0.9961+0.0126 | 5.660+0.061 | 12.993+0.003 0.06
S5 1.0003+0.0064 | 5.689+0.028 | 12.999+0.004 0.02

that the shape constantly changed during the test. The main alteration
could be seen after 4 h. Before this point, a mainly cylindrical shape
could be detected, but after this time the edges of the comprimates
had disappeared because of the constant erosion. It is well known that
the edges of tablets are mechanically weak points. After hemisphere
formation, no further change in shape was detected. At the end of the
dissolution, dry granules could be observed in the inner structure of
the sample (Figure 2).

It can be seen from the results of the dissolution tests that the
sample without API (S0) did not change the pH of test liquid (7a-
ble IV). However, lower values were clearly detected for the samples
containing larger amounts of lactic acid. The pH-decreasing effect of
tablets diminished during every hour.

The concentration of H* (in mol/dm?) was calculated from the pH
(Table V). The increasing acidity of test liquid for samples containing
larger amounts of API led to more spectacular differences than the
change in pH.

The quantity of H* in 4.00 mL liquid can be calculated from the
previous results (Table VI). The basis value of the phosphate buffer
(pH4.56) was 1.102 10" mol. The H* excess of samples is summarized
in Table VI.

The cumulative amount of H* was calculated and hence the disso-
lution curve could be plotted (Figure 3). The changes in characteristic
of curve cannot be explained with the geometrical and mechanical
properties of the tablets. As these parameters were constant in every
sample, the results of the dissolution test are properly comparable.

It is well known that the dissolution of an API from a hydrophilic
matrix system is controlled by both erosion and diffusion; and several
mathematical methods can be used to describe their significance [24-

Table IV - pH of the dissolution medium.
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Figure 1 - Change in tablets during the dissolution test (A: starting
tablet, B: after 4 h, C: after 8 h).

Figure 2 - Inner structure of the tablet after 8 h.

27]. In this case, not only these processes must be considered, but
also the liberation of API from the carrier. The other problem with the
evaluation of the effects of these factors was the constant deterioration
of the shape. For instance, the Hopfenberg dissolution kinetic model
emphasizes the significance of the shape of the dosage form [28], but
in this case, this property cannot be exactly determined during the
constant change (from cylindrical to spherical). Because of change
in the shape of the tablet, there was a break on the curves at about 4 h
for each of the samples. A simple linear (zero-order) approach was
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Time (h) S0 S1 s2 s3 sS4 S5
1 4.59+0.07 3.52+0.01 3.31+0.03 3.33+0.01 3.24+0.02 3.22+0.04
2 4.58+0.04 3.60+0.06 3.47+0.04 3.41+0.02 3.37+0.03 3.32+0.02
3 4.56+0.02 3.62+0.04 3.52+0.03 3.49+0.03 3.41+0.01 3.36+0.02
4 4.56+0.01 3.69+0.04 3.53+0.03 3.53+0.01 3.42+0.04 3.39+0.01
5 4.56+0.01 3.84+0.02 3.62+0.01 3.55+0.02 3.48+0.02 3.43+0.01
6 4.56+0.01 4.01+£0.02 3.67+0.06 3.62+0.04 3.59+0.03 3.55+0.04
7 4.56+0.02 4.03+0.05 3.77+0.05 3.65+0.06 3.61+0.03 3.56+0.04
8 4.57+0.01 4.13+0.06 3.87+0.02 3.70+0.01 3.63+0.02 3.58+0.01
Table V - The concentration of H* (mol/dm?). '(rab:)e VI - Quantity of H* excess in 4.00 mL of dissolution medium
moil).
Time S1 S2 S3 S4 S5 Time S1 52 53 sa S5
1 3.020 10* | 4.898 10% | 4.71310% | 5.711 10* | 6.072 10*
2 2531 10% | 3.41410* | 3.861 10* | 4.266 10* | 4.786 10* 0 0 0 0 0 0
3 2.38110% | 3.04310% | 3.236 10* | 3.861 10* | 4.332 10* 1 1.09810° | 1.84910° | 1.77510° | 2.17410° | 2.31810°
. 2065 10¢ | 2.95110¢ | 2.085 10¢ | 3,831 10 | 4105 10+ 2 9.022 107 | 1.256 10 | 1.434 10° | 1.506 10° | 1.804 10°
5 1456 10¢ | 2399 10+ | 2851 10¢ | 3311 10¢ | 3744 10° 3 8.421107 | 1.10710° | 1.18410° | 1.43410° | 1.623 10°
6 0.698 105 | 2.12210% | 2.399 10 | 2.570 10 | 2.840 10* 4 7.160107 | 1.07010° | 1.084 10° | 1.42210° | 1.53210°
; 033310° | 1685 10¢ | 2222 10¢ | 2.436 10+ | 2754 10+ 5 4724107 | 8.494 107 | 1.030 10% | 1.214 10% | 1.387 10°
g 413105 | 1589 10¢ | 1980 10¢ | 2844 10¢ | 2.650 10 6 2778107 | 7.385 107 | 8.494 107 | 9.180 107 | 1.026 10°
7 2631107 | 5.640 107 | 7.785 107 | 8.643 107 | 9.915 107
8 1.864 107 | 4.253107 | 6.819 107 | 8.275107 | 9.500 107
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Figure 3 - Cumulative curve of dissolved H*-ion.

therefore used to describe the kinetics of both sections (0-4 h and
5-8 h).

Fitting of both linear sections was very good (Table VII). Anincrease
in the absolute value of the slope of the linear section was detected
for samples prepared with concentrated lactic acid solutions. There
was a good correlation between pH of the granulating fluid and both
slopes. It can be seen that the slope of the second section is lower than
for the first. The ratio of these slopes was the lowest for S1 (28%). It
was higher for S2 (44%) and S3 (57%), but subsequently did not rise
further (53% for S4 and 55% for S5).

Visual checking of the dissolution process revealed that erosion of
the tablet could be detected. Erosion was not a disintegration process
into granules, but a detachment of small particles, so that the liberation
of lactic acid from the carrier could occur and the dissolved acidic
component appeared in the medium. This process was quicker than
the diffusion of the liberated API through the swollen polymer gel
layer. Accordingly, the rate-limiting process of the dissolution in the
starting period (0-4 h) was mainly erosion and the quicker liberation of
active agent from the carrier. In the second stage (5-8 h), after sphere
formation (see below), erosion of this surface was slower — further
change in shape did not take place — and the rapidly released portion
of lactic acid dissolved in the first stage. The concentration of dis-
solved H* was therefore lower in this period. This was indicated by
the lower pH-decreasing effect in this period. Thus, the significance of
the slower phenomena, namely diffusion and the slower detachment
of lactic acid was higher in this case.

The relative significance of erosion and the weaker interaction
between the API and the carrier for S1 were demonstrated by the
4-fold faster dissolution in the first stage of the dissolution curve.
Since there was no appreciable difference in the erosion behavior of
the different tablets, the relevance of the first section for this sample
could be explained as lactic acid was mainly enriched on the surface
of the carrier and the detachment was easier. The structure of the MCC
particle is loose — as seen in Figure 4 — and the liquid can therefore
penetrate the interior, which can be closed during compression. Libera-
tion of this active agent is more difficult. When the concentration of
lactic acid reached a given level (about 9%), saturation of the surface
was detected. The readily removable sites were filled with lactic acid,
while the other (included) parts of the liquid formed a new rate-limiting
phenomenon. This explains the slower liberation in samples prepared
with higher amount of API.

On the basis of this study, it can be stated that the composition
applied was appropriate for the incorporation of a liquid active agent.
It can be processed into the granulating fluid up to the concentration of
15%,since the presence of APl altered significantly neither the particle
size distribution, nor the mechanical properties of the granules. The
shape of tablets constantly changed during the first 4 h of the dissolu-
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Table VII - Slopes of linear sections of dissolution curves.

Section 1 Section 2
Slope R? Slope R?
S1 0.866 0.9969 0.245 0.9962
S2 1.293 0.9928 0.575 0.9926
S3 1.357 0.9947 0.771 0.9988
S4 1.628 0.9967 0.869 0.9997
S5 1.798 0.9963 0.989 0.9998

Figure 4 - Microcrystalline cellulose (SEM).

tion. After this, a hemisphere was formed and no further change was
detected. Erosion and change in shape were very similar for each of
the samples, independently of the concentration of lactic acid.

The pH of the dissolution medium was not decreased for the
sample without active acidic component. The pH-decreasing effect of
the tablet was influenced by the concentration of lactic acid applied
in the granulating fluid. It was the highest for samples containing the
largest amount of API. The cumulative concentration of dissolved H*
was determined and plotted. These changes in shape of dissolution
curve cannot be caused by the geometrical and mechanical properties
of tablets, as these parameters were constant in every sample.

It can be concluded from these results that erosion is the main
parameter responsible for the liberation of lactic acid from this sys-
tem. This phenomenon increased the possibility of detachment of API
from the insoluble carrier (MCC). This process was also an important
step because a relatively rapid liberation could be detected in the
initial period for the samples containing small amounts of lactic acid,
which can be explained by the easier detachment of this component.
When the concentration of lactic acid reached 9%, these more read-
ily liberating sites were saturated. In the second stage of dissolution
(5-8 h), the relevance of erosion was lower and the slower processes,
such as diffusion of API through the HPMC gel barrier became more
significant.

Finally,itcan be stated that acontrolled-release intravaginal matrix
tablet can be formulated from the matrix-former HPMC and the carrier
MCC to ensure a long-acting preparation containing lactic acid.
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The aim of this study was to develop and study floating controlled drug delivery systems consisting of a
model drug (zinc acetate dihydrate), different forms of a matrix-forming polymer (Metolose 90 SH) and
sodium bicarbonate as an effervescent component. The proportions of Metolose and bicarbonate were
varied, and the effects of the different ratios on the properties of the resulting powders and tablets were
determined. The water uptakes of different powder mixtures were initially evaluated. These tests indi-
cated the interaction of the active and effervescent agent, this phenomenon leading to an unpredicted
increase in the amount of liquid taken up. This interaction was evaluated as concerns the degradation
of the hydrophilic matrix system. The disintegration of tablets with different compositions revealed that
this interaction increases the time required for the disintegration of these systems. The study demon-
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Disintegration strated that the interaction of the components induced significant changes in the parameters of this
Floating new sensitive delivery system. In the last steps, the buoyancy and dissolution properties of tablets that
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appeared appropriate for the formulation of a controlled drug delivery system were investigated.
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1. Introduction

Zinc acetate has a wide range of medical and dietary appli-
cations, e.g. as a dietary supplement, as an adstringent [1] or in
lozenges used to treat the common cold [2]. Zinc salts, e.g. the sul-
fate, gluconate or acetate, can also be used to treat zinc deficiencies.
As an oral daily supplement, this metal ion is used for the treatment
of Wilson disease, an inherited, copper accumulation disorder that
affects about 30 individuals per million people [3]. It is due to a
dysfunction of a copper-transporting ATPase [4,5], leading to an
accumulation of copper, mainly in the liver, but also in the brain,
cornea and kidney, and causing progressive hepatic and nervous
system damage. In the treatment of this disease, different active
agents and their combinations can be applied, depending on the
severity of the symptoms [6]. Zinc was first used by Schouwink
in The Netherlands in the early 1960s [7,8]. Zinc interferes with
the uptake of copper from the gastrointestinal tract, and removes
stored copper [9]. Zinc may also act by inducing elevated levels
of metallothionein [10-12]. Dosing is in the order of milligrams of
zinc: the necessary amount is 150 mg of zinc per day. Thus, zinc sul-
fate, for instance, should be administered in a dose of 220 mg/day
three times daily [13]. The actual salt used does not make a dif-
ference with respect to efficacy, but may affect tolerability [14].

* Corresponding author. Tel.: +36 62 545 576; fax: +36 62 545 571.
E-mail address: klara.hodi@pharm.u-szeged.hu (K. Pintye-Hédi).
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Acetate may cause the least gastrointestinal distress, and gluconate
may be more tolerable than sulfate. In the case of active agents with
a short elimination half-life in the plasma, administration two or
three times a day is necessary, but the compliance and tolerabil-
ity of patients can be increased by developing a sustained-release
system.

The primary site of absorption of exogenous zinc in the human
is thought to be in the proximal small bowel [15,16]. In order to
develop a desired sustained-release dosage form for zinc acetate,
it is necessary to optimize both the residence time of the sys-
tem in the gastrointestinal (GI) tract and the rate of release of
the drug. Various approaches are used to increase the GI residence
time, including mucoadhesive systems [17,18], swellable systems
[19] and flotation systems [20,21]. Floating drug delivery systems
(FDDSs) remain buoyant in the stomach for a prolonged period of
time because of their lower bulk density as compared with that of
the aqueous medium. These systems can involve the use of car-
bonates and bicarbonates, for example [22-24]; when these come
into contact with acidic aqueous media, carbon dioxide is generated
and entrapped within the gelling hydrocolloid, causing the system
to float. An FDDS is desirable for drugs with an absorption window
in the stomach or in the upper small intestine [25]. These systems
help in releasing the active agent continuously before it reaches
the absorption window, thereby ensuring optimum bioavailability
[26].

In our work, hydrophilic floating matrix tablets were prepared
by direct compression. Compressed hydrophilic matrix tablets are
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commonly used as oral drug delivery systems because of their good
compactibility. Drug release from these systems is controlled by
the formation of a viscous layer around the tablet, which acts as a
barrier by opposing the penetration of water into the tablet. The
overall drug release is influenced not only by the drug solubility,
but also by the physical and mechanical properties of the gel bar-
rier. Besides the mechanism of drug release, the extents of matrix
swelling and erosion, and the diffusion of the drug determine the
kinetics [27].

For FDDSs, rapid hydration is a basic requirement. It is well
known from the literature that Metolose matrices hydrate rapidly
only at the surface [28], retaining the bubbles developing from
sodium bicarbonate and extending flotation during 8 h. The addi-
tion of sodium bicarbonate expands the volume of the matrices due
to the gas bubbles formed after reaction with the acidic dissolution
medium [29] and with the active agent, increasing their hydration
volume.

In this study, a new FDDS based on the gas formation technique
was developed. The tablets were prepared by direct compression,
containing different ratios of an effervescent component (sodium
bicarbonate) and different types of hydroxypropyl methylcellulose
as matrix former. Zinc acetate dihydrate (Zn-ac), which is predomi-
nantly absorbed in the upper part of the GI tract, was used as active
compound. It is known that interaction may occur between bicar-
bonates and Zn-ac [30]; accordingly, the objective of this work was
to prepare a controlled drug delivery system and to investigate
the effects of the ingredients and their possible interaction on the
properties of powder mixtures (water uptake) and tablets (disinte-
gration, floating and dissolution). In this part of our work, only the
technological aspects were studied. The chemical relevance and the
background will be discussed later. Our aim was an evaluation of
the effects of the components on the functioning and erosion of this
hydrophilic floating system.

2. Materials and methods
2.1. Materials

Zn-acetate (Zn-ac) (Merck KGaA, Darmstadt, Germany) was
chosen as active agent. Forms of hydroxypropyl methylcellulose
(Metolose 90 SH 100 SR, 4000 SR, 100,000 SR, Shin-Etsu Chemi-
cal Co., Ltd., Tokyo, Japan) with different viscosities were used as
matrix-former. This component is frequently utilized to form float-
ing matrix systems [24,31]. The notations for the different (low,
medium and high) viscosities of the Metolose used in this work
were as the follows: 100 SR - LV, 4000 SR - MV and 100,000 SR -
HV. Sodium bicarbonate (NaHCOs, Solvay S.A., Brussels, Belgium)
was applied as gas-forming agent. Lactose monohydrate (Ph. Eur.,
Hungaropharma Plc, Budapest, Hungary) was used to substitute
Zn-ac in the second part of the work.

2.2. Preparation of powder mixtures

As a preliminary step, the Zn-ac and NaHCO3; were size-reduced
in a mortar (Retsch RM 100, Retsch GmbH, Haan) for 10 min. Parti-
cle sizes were determined with an analytical sieve (Retsch GmbH,
Haan) and particles with diameters of 100-200 pm were used in
the study. The drug and the excipients were mixed in a rotating
shaker mixer (Turbula, Willy A. Bachofen Maschinenfabrik, Basel)
at 50 rpm for 10 min. The amount of active agent was calculated on
the basis of the zinc requirement, which is equivalent to 500 mg of
Zn-ac a day. The mass of the tablets prepared was 1 g. Powder mix-
tures in every case contained 50% Zn-ac, while the ratio of NaHCO;
and Metolose was varied as follows: 10:40%, 15:35%, 20:30% and
25:25% (w[w).

2.3. Evaluation of water uptake

The Enslin number, a simple semiquantitative measure of the
water uptake of a powder, is the amount of fluid absorbed by 1¢g
of the powder (in ml/g). An Enslin apparatus with a glass filter and
a pipette with 0.01 ml accuracy were used for these experiments
[32]. 0.1 g of the different forms of Metolose, 0.25 g of each powder
mixture and 0.5 g each of Zn-ac and NaHCO3; were tested; 5 parallel
experiments were performed in every case.

2.4. Preparation of matrix tablets

Tablets were prepared with a hydraulic press (Specac Inc.,
Graseby, England); round and flat punches 13 mm in diameter were
used. 1g of powder mixture was compressed at 3 x 108 Pa with
a dwell time of 10s. Additional excipients (lubricant and glidant)
were not applied. In the second part of the work, powder mixtures
containing lactose monohydrate instead of Zn-ac were prepared;
the ratio of the components was not changed.

2.5. Study of matrix disintegration

The disintegration of tablets was evaluated with a disintegra-
tion tester (Erweka ZT 71, Erweka GmbH, Heusenstamm, Germany),
tablets were stored in a desiccator for 24 h before the test. The
test liquid was gastric fluid (pH 1.2, Ph. Eur.) and the temperature
was 37 °C. Twelve parallel experiments were performed. Each test
was carried out for a maximum of 8 h, as floating systems with a
residence time in the stomach longer than 8 h are not reasonable
[33].

2.6. Buoyancy

The buoyancy of the tablets was studied at 37 +0.5°C, in 150 ml
of gastric fluid at pH 1.2 (Ph. Eur.). The floating lag times (the dura-
tion of the period between the placing of the tablet in the medium
and the tablet floating) and durations of tablet floating were deter-
mined by visual observation. Tablets were stored in a desiccator for
24 h before the test.

2.7. Dissolution study

The rates of in vitro release of Zn-ac from the matrix tablets were
determined in 900 ml gastric acid (pH 1.2, Ph. Eur.) by the pad-
dle method (Ph. Eur.). Tablets were stored in a desiccator for 24h
before the test. The paddle rotation speed was kept at 50 rpm, and
the temperature at 37 4 0.5 °C. Dissolution tests were carried out
under sink conditions. The motor activity of the stomach in the fed
state is induced 5-10 min after the ingestion of a meal; the larger
the amount of food ingested, the longer the period of fed activity,
with usual time spans of 2-6 h, or more typically, 3-4 h. The phasic
contractions are similar to those seen during phase 2 of the interdi-
gestive myoelectric motor complex (IMMC) in the fasting state [34].
Thus, the dissolution study was carried out for 4 h. Three millilitre
samples were withdrawn at 0.5, 1, 1.5, 2, 3 and 4 h, and the Zn con-
tents were measured by X-ray fluoresence analysis (Philips MiniPal
PW 4025, Philips Analytical, Almelo, The Netherlands). During the
measurements, the conditions applied were 12 kV and 100 w.A, with
a kapton filter and an air purge. The samples were measured during
60 s, repeated in triplicate for each sample.

The concentrations of zinc (ppm) were calculated by means of
linear calibration (r2 =0.9945) from the intensities of the Ky, lines
of the detected radiation. The dissolved drug concentration was
calculated on the basis of the zinc content of Zn-ac.
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Fig. 1. Enslin numbers of active agent and excipients.

3. Results and discussion
3.1. Water uptake of different powder mixtures

For an understanding of the effects of the individual components
on the water uptake of the system, the components and the binary
and ternary powder mixtures were tested before the evaluation of
the tablets. A requirement for floatable systems is that they should
take up sufficient water to be able to enclose the developing air
bubbles during the initial period of wetting. Thus, water uptake
measurements were carried out for 15 min.

First, the Enslin numbers of Zn-ac and the excipients were
determined (Fig. 1). The water uptakes of the different forms
of Metolose were prolonged: for the LV and MV samples, the
values were almost the same (LV: 2.838 £0.055ml/g and MV:
2.819+0.185ml/g), whereas the quantity of water was higher for
the HV sample (3.629 + 0.161 ml/g). Their wetting was not finished
by the end of the test. This was caused by the restriction of the gel
layer of the swelling polymer. The process was very short in the case
of NaHCO3; the water uptake occurred in the first 10 s, after which
the value was constant (0.553 4 0.023 ml/g). The active agent took
up the maximum quantity of water in the first 6 min, after which
the value was constant (0.493 +0.031 ml/g) (Fig. 1).

Next, the water uptakes of the different binary and ternary pow-
der mixtures were determined. The theoretical Enslin numbers

Table 1

were calculated from the Enslin numbers of each component in
the ratio of their presence in the powder mixtures. Deviations from
the calculated values were also determined. If a powder mixture
took up the calculated maximum amount of water, there was no
deviation, which meant a value of 100%.

First, the water uptakes of the ternary powder mixtures were
determined (Table 1). The quantity of water taken up increased
with increasing amount of NaHCOs in all cases. This change was
unexpected as the Metolose content decreased with increasing
amount of NaHCOs. It would appear obvious that NaHCO3 formed
bubbles, which weakened the gel layer formed and the powder
mixtures, so that they could hydrate more quickly.

Deviations from the calculated Enslin numbers were deter-
mined. Powder mixtures with 10% NaHCO3 could not take up the
calculated amount of water, and thus this ratio of NaHCO3 was
not sufficient to modify the structures of the powders (Table 1).
In contrast, all of the other powders took up much more water
than expected (almost double the calculated value). This indicates
that something happened when the powder mixture came into
contact with water. NaHCO3 can react with acidic salts [35] such
as Zn-ac, and carbonate salts are presumed to develop during the
measurements.

For the evaluation of this situation, the binary mixtures were
tested. When there was no NaHCOs in the powder mixtures
(Table 2), a lower quantity of water was taken up, confirming that
NaHCOs is required to change the structures of the powder mix-
tures and the gel layer of the polymer, enhancing the water uptake.
Zn-acitself slowed down the water uptake and reduced the amount
of water taken up.

For the binary powder mixtures containing only the additives,
lower amounts of water were taken up as compared with the cal-
culated values, clearly demonstrating that the active agent was
also indispensable for the unpredicted wetting (Table 3). This phe-
nomenon points to an interaction between NaHCO3 and Zn-ac,
which enhances the water-uptake property of the powders.

The properties of powder mixtures without Metolose were also
studied. The Enslin numbers of the 50:10, 50:15, 50:20 and 50:25
mixtures of Zn-ac:NaHCO3 were as follows: 0.666 - 0.023 (132.32%
deviation), 0.8594+0.020 (169.45% deviation), 1.079+0.073
(211.43% deviation) and 1.099 + 0.021 (214.18% deviation), respec-
tively. These two components together (Zn-ac and NaHCOj3)
were able to take up more water than expected, confirming the
occurrence of an interaction. At 20% and 25% NaHCOs3 contents,

Enslin numbers (ml/g) (means & SD) and deviation from calculated Enslin numbers (%) of ternary powder mixtures.

Zn-ac:NaHCO3:Metolose
(%) (w/wfw)

LV

MV

HV

Enslin number
(ml/g)

Deviation (%)

Enslin number
(ml/g)

Deviation (%)

Enslin number
(ml/g)

Deviation (%)

50:10:40 1.383 £ 0.061 96.22 1.237 £ 0.039 86.54 1.571 £ 0.023 89.60

50:15:35 1.462 + 0.101 110.55 1.474 £ 0.119 111.98 1.756 + 0.078 109.75

50:20:30 1,927 + 0.059 159.44 1.781 + 0.085 147.37 1.996 + 0.185 138.04

50:25:25 2.361 + 0.089 215.76 1.929 £ 0.104 176.26 2.379 + 0.023 184.17
Table 2

Enslin numbers (ml/g) (means + SD) and deviation from calculated Enslin numbers (%) of binary powder mixtures without sodium bicarbonate.

Zn-ac:NaHCO3:Metolose
(%) (w/wlw)

LV

MV

HV

Enslin number

Deviation (%)

Enslin number

Deviation (%)

Enslin number

Deviation (%)

(ml/g) (ml/g) (ml/g)
50:0:40 1.090 + 0.045 71.01 1.104 + 0.048 72.31 1.182 + 0.047 62.66
50:0:35 1.077 + 0.071 73.87 1.103 + 0.084 76.02 1.196 + 0.040 66.70
50:0:30 0.985 + 0.024 71.75 1.102 + 0.083 80.71 1.264 + 0.026 75.71
50:0:25 0.957 + 0.001 75.07 1.102 + 0.062 86.84 1.316 +£ 0.118 85.56
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Table 3

Enslin numbers (ml/g) (means + SD) and deviation from calculated Enslin numbers (%) of binary powder mixtures without zinc acetate dihydrate.

Zn-ac:NaHCO3:Metolose LV MV

(%) (wlw]w)

HV

Enslin number (ml/g) Deviation (%)

Enslin number (ml/g)

o

Deviation (%) Enslin number (ml/g) Deviation (%)

0:10:40 0.930 + 0.084 39.08 1.091 + 0.024 45.84 1.342 + 0.025 56.37
015:35 0.930 + 0.100 43.21 0.985 + 0.121 45.76 1.332 + 0.024 61.89
0:20:30 1.145 + 0.022 59.49 1.090 + 0.043 56.67 1.281 + 0.106 66.56
0:25:25 1.184 + 0.062 69.83 1.105 + 0.062 65.15 1.372 + 0.206 80.91
3 At higher NaHCO3 content, there was a continuous increase in
the duration of disintegration. For these tablets, the disintegration
-~ time did not decrease with increasing amount of NaHCO3 as was
,ﬁ,‘-n expected on the basis of contact angle measurements, but continu-
g 2 ously increased, so that there was a prolonged effect. The presumed
] interaction appeared to be proven, as the composition and conse-
= quently the properties of the powder mixtures changed on contact
§ ——50:10:40 with water. The more significant the interaction was, the greater the
g 1 = 50:15:35 extended behaviour of the system. It affected not only the water-
= e uptake properties of the powder mixtures, but also the duration of
= ——50:20:30 disintegration.
= ——50:25:25 To confirm this, other tests were performed. The duration of
0 disintegration of the polymers and the binary powder mixtures
0 150 300 450 600 750 900 containing Zn-ac and the different forms of Metolose were also
Time(s) measured, was and were more than 8 h in every case. Hence, it can

Fig. 2. Enslin numbers of ternary powder mixtures with LV. Zn-

ac:NaHCOs;:Metolose ratios (w/w/w).

the amounts of water taken up were more than double. This
interaction was also observed for the ternary powder mixtures,
where higher amounts of water were taken up. The nature of
this significant interaction which influenced the water-uptake
properties of the powders appreciably must be studied in detail in
the future.

NaHCOs influenced not only the extent of the water uptake of
the powder mixtures, but also the kinetics of this process (Fig. 2).
In the first 3 min, a step could be seen in all of the curves; this was
most marked for the powder mixtures with LV.

3.2. Study of tablet disintegration

These tests were performed in consecutive steps. First, tablets
prepared from the ternary powder mixtures were evaluated
(Table 4). The tablets prepared from Metolose with different vis-
cosities differed appreciably in behaviour. For LV, the time needed
for disintegration of the tablets with the highest Metolose con-
tent was approximately 10 min, which was slightly more than for
the other compositions. Thus, there was no prolonging effect in
these tablets: only a few minutes was necessary for the complete
disintegration of the systems.

At higher viscosities, unexpected behaviour of the tablets was
experienced. At 10% NaHCO3 content, a higher initial value was
observed for both MV and HV Metolose, and thus the effect of
the effervescent component in these mixtures was not significant.

Table 4
Disintegration times (min) of tablets prepared from ternary powder mixtures
(means £ SD).

be stated that the presence of NaHCOj is necessary for the detected
disintegration time.

In the following step, the active agent, which is a necessary
component of the interaction, was substituted with lactose mono-
hydrate. The solubility of this component is similar to that of Zn-ac
in water and there is no known interaction between lactose and
the other components. The disintegration time of the tablets was
then measured again (Table 5). A decrease in the erosion time of
the tablets was detected with increasing content of NaHCOs3. This
tendency was detected for every Metolose sample. In accordance
with expectations, the binding effect of the smaller amount of poly-
mer was insufficient to counteract the disintegration effect of the
gas-forming component. These tests emphasized the importance
of the interaction between the active and effervescent agent on the
erosion of the dosage form.

3.3. Buoyancy of matrix tablets

The gastric floating system involved sodium bicarbonate as a
gas-forming agent dispersed in the hydrogel matrix. On reacting
with hydrochloric acid, the bicarbonate ion is converted to carbon
dioxide in the form bubbles on the surface of the tablets, which
caused the tablets to float in the fluid for more than 4 h in vitro. On
the basis of the disintegration studies, it can be stated that only HV
samples might be appropriate for the formulation of a floating drug
delivery system. Thus, only these tablets were investigated further
in this study; floating lag times and buoyancy (Fig. 3) were deter-
mined visually. The floating lag time for the samples containing 10%
or 15% NaHCO3 was shorter than 1 min, while for the samples with
20% or 25% gas-forming agent it was 4.1 +0.7 min and 3.5 4+ 0.3 min,

Table 5
Disintegration times (min) of tablets prepared from powder mixtures containing
lactose monohydrate (means + SD).

Zn-ac:NaHCOs5:Metolose LV MV HV Lactose:NaHCOs5:Metolose LV MV HV

(%) (w/wlw) (%) (w/wiw)

50:10:40 10.5 + 0.8 31.5+ 139 >480.0 50:10:40 46.1 £ 9.1 >480.0 >480.0
50:15:35 104 + 1.2 152 +43 153.3+37.0 50:15:35 238+ 1.6 109.9+13.5 >480.0
50:20:30 10.2 £ 2.0 21.6 £ 6.0 231.2+74.1 50:20:30 19.0 + 1.1 62.8+10.4 70.2+16.6
50:25:25 73+ 1.0 80.2 &+ 10.2 336.8+58.6 50:25:25 143 £ 0.8 13.7+£1.2 204+19
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Fig. 3. Buoyancy of tablets (0-12 min).

respectively. The samples with 10% or 15% NaHCOj3 content floated
for only 17 min and 64 min, respectively, which is not appropriate
for the formulation of a floating system, whereas the samples with
20 or 25% gas-forming agent floated for a minimum of 4 h.

3.4. In vitro dissolution study

From the results of the preformulation studies of the initial
twelve compositions, the HV mixtures with higher NaHCO3 con-
tents (20% and 25%) proved be appropriate for an extended release
preparation. The dissolution characteristics of the sample with 20%
gas-forming agent and 30% Metolose were studied (Fig. 4). It was
obvious, that the bulk of the active agent dissolved in the initial
period of time after coming into contact with the gastric acid, while
the dissolution of the remaining part was slow and continuous. The
initial fast dissolution may be explained by the fact that the buoy-
ancy of the floating tablet in the stomach started 4 min after its
reaction with the gastric acid; during this time, the evolving gas

Percentage released (%)
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Fig. 4. Dissolution study.
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permeated through the matrix leaving gas bubbles or pores which
could have increased the rate of release of the active ingredient
from the matrix. After that time, the gas bubbles were entrapped
in the gel layer, which could have slowed down the dissolution.

4. Conclusions

Appropriate systems with prolonged disintegration times,
appropriate buoyancy and controlled release can be formulated
from Zn-ac by using NaHCO3 as gas-forming agent and Metolose
90 SH 100,000 SR as a matrix and gel-forming component. In this
case, the low viscosity grades of the polymer were not appropriate.
Alteration of the ratio of the excipients resulted in an unpredicted
significantinfluence on the properties of the dosage form. The inter-
action between Zn-ac and NaHCOs3 caused a relevant modification
in the water uptake of the powder mixture and in the disintegration
of the tablets. Independent tests revealed an interaction between
these two components when they came into contact with water, so
that prediction of the properties of the dosage form from the param-
eters of the starting components was impossible. This phenomenon
was applied to develop a prolonged effect. Through investigation of
the nature of this interaction, a better understanding of the process
may be achieved. These technological aspects must therefore be
studied with different chemical and biopharmaceutical tests. This
is a good example of significant changes induced by interaction in
the parameters of a new sensitive delivery system.

The floating study clarified what compositions may be suitable
for the formulation of a controlled delivery system. The dissolution
study demonstrated that the HV mixture with a higher NaHCO3
content appeared appropriate for an extended release preparation,
and this composition will therefore be investigated from a chemi-
cal aspect in the future. As the liberation of zinc in absorbable form
can be achieved, it will be favourable if the interaction is control-
lable. These results may therefore be useful in the development
from Zn-ac of a sustained release dosage form with a prolonged
gastric residence time for the treatment of Wilson disease.
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