ORIGINAL ARTICLES

Department of Pharmaceutical Technology', Faculty of Pharmacy, University of Gazi and Refik Saydam Hygiene Center?,
Ankara, Turkey

Preparation and evaluation of bromocryptine mesylate-polydimethylsiloxane
matrices

F. AcArRTORK' and N. ALTuG?

The aims of the present study were to characterize the compatibility of silicone polymers with bromocryptine mesylate
and excipients and to investigate the in vitro release characteristics of the drug from polydimethylsiloxane matrices.
Silicon elastomers, MDX-4-4210 and A-2186, were chosen as polymer materials. Compatibility studies of polymers with
drug and various liquid and solid excipients such as propylene glycol, polyethylene glycol, glycerol, sorbitan monolaurat,
polysorbate 20, polysorbate 80, polyvmylpyrrohdone citric acid, lactose, sodium chloride and low-molecular-weight gela-
tin were carried out. After the macroscopic examination of the excipient-polymer formulations, sorbitan monolaurat,
propylene glycol, lactose, sodium chloride, citric acid and low molecular weight gelatin were chosen for investigation of
the effect of these materials on drug release. Cylinder-shaped drug polymer matrices were prepared for the drug release
studies. The best release profile was obtained with the formulation containing MDX-4-4210, 10% of propylene glycol and

a kneading mixture of drug: low-molecular-weight gelatine in a ratio of 1:3.

1. Introduction

Medical grade polydimethylsiloxane polymers have been
used in the development of controlled-release drug deliv-
ery systems for the administration of pharmaceuticals and
veterinary drugs [1, 2]. They are lipophilic and nonporous
polymers that can be used as rate controlling membranes
or matrix materials in therapeutic systems. For example,
polydimethysiloxanes have been utilized in the preparation
of transdermal patches [3, 4], vaginal [5-7] or implanted
[8] controlled drug delivery systems. Bromocryptine
mesylate (BRC) was selected as a model drug. It is a
semi-synthetic ergot alkaloid, which is a dopamine agonist
has been used in the treatment of hyperprolactinaemic dis-
orders, acromegaly and Parkinson’s disease [9]. It is exten-
sively subject to firstpass effect. The oral administration of
BRC causes some side effects, most commonly nausea,
vomiting, headache and dizziness, in about 50-70% of
patients and at least 10% of them may discontinue therapy
[10, 11]. Recently, it has been reported that BRC is well
absorbed from the vagina and vaginally administered bro-
mocryptine effectively reduced serum prolactin levels in
normal ovulatory women and patients with hyperprolacti-
nemia [12, 13]. Therefore, BRC may be a promising can-
didate drug for an intravaginal drug delivery system.

In this study, two different types of polydimethysiloxane,
Silastic MDX-4-4210(S1) and silicone elastomer A-
2186(S2), were used to prepare the polydimethysiloxane
matrices. Silicone matrices due to their hydrophobic nat-
ure ensure a slow long-term release of the active ingredi-
ents. However, for vaginal or transdermal applications of
the polydimethylsiloxane polymers, a substantial fraction
of the drug dose should be released within a few days
after the administration of the system. Various liquid or
solid additives have been used to increase drug release
from polydimethylsiloxane matrices [14—16].

The objectives of the present study were to characterize
the compatibility of silicone polymers with BRC and ex-
cipients and to investigate the in vitro release characteris-
tics of BRC from polydimethylsiloxane matrices to evalu-
ate the availability of BRC from such preparations in the
form of an intravaginal device.
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2. Investigations, results and discussion

The octanol/pH = 5 buffer partition coefficient of BRC at
37°C was 7.58 (£4.39) (mean + confidence interval).
The polymer/pH = 5 buffer partition coefficient values of
BRC (k) was determined as 29.5 (+15.6) and 14.1
(£6.9) for polymers S1 and S2, respectively. The solubi-
lity (Cs) of BRC was 0.742 (£0.390) pug/ml and 0.354
(£0.173) pg/ml in polymer S1 and polymer S2, respec-
tively.

2.1. Compatibility studies of polymers with drug and ex-
cipients

Polydimethysiloxanes are hydrophobic in nature. There-
fore, liquid or solid additives have been used to improve
the release rate of the drug from a silicone matrix, [14,
15].

Various excipients were added to silicone matrices and the
mixtures of polymers with drug and excipients were sub-
jected to macroscopic examination. Results were obtained
by the evaluation of curing and the morphological appear-
ance of the materials were used to assess the results. The
macroscopic characterization of the polymer-drug excipi-
ent mixtures is shown in Table 1. Fully cured samples
were accepted whereas partly cured or sticky samples
failed the test.

The initial compatibility studies of drug and additives
showed that silicone elastomer that was blended with solid
materials such as lactose, sodium chloride, citric acid and
LMWG had the desired physical and handling properties.
However, most of the preparations containing liquid addi-
tives were physically unacceptable. It has been reported
that polyethylene glycols and glycerol can be used in sili-
cone matrices to enhance drug release [15, 16], but in our
case these additives gave undesirable properties to the sili-
cone matrices. Matrices containing only a small propor-
tion of propylene glycol (1-10%) can be acceptable.
When we compared some parameters such as handling
time, homogeneity, and miscibility of the drug/excipients
and polymer, removing air and placing into moulds for
the two polymers, it was seen that the handling of Silastic
MDX-4-4210(S1) was easier than Silicone elastomer A-
2186(S2). Therefore, only polymer S1 was used to pre-
pare formulations for in vitro drug release studies.
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Table 1: Macroscopic characterization of silicone elastomer containing drug or excipients

Polymer Material %o Characterization

S1-S2 — — fully-cured

S1-S2 Bromocryptine 1 fully-cured

S1-S2 Arlacel 20 — fully-cured, slightly sticky
S1-S2 Propylene glycol 1,5, 10 fully-cured

S1-S2 Propylene glycol 15, 50 fully-cured, sticky
S1-S2 PEG 200,400,600 5 fully-cured, sticky
S1-S2 PEG 200,400,600 10, 15 partly-cured, sticky
S1-S2 Glycerol 5,10 partly-cured, sticky
S1-S2 Polysorbate 20 10 fully-cured, sticky
S1-S2 Polysorbate 80 10 fully-cured, sticky
S1-S2 Polyvinylpyrrolidone 10 partly-cured, sticky
S1-S2 Citric acid 10 fully-cured

S1-S2 Lactose 10 fully-cured

S1-S2 Sodium chloride 10 fully-cured

S1-S2 LMWG 10 fully-cured

2.2. Invitro release studies

The in vitro release profile of BRC from cylinder-shaped
silicone matrices with and without liquid additives such as
Arlacel 20 and propylene glycol is shown in Fig. 1. It has
been reported that the addition of 30% propylene glycol
as a co-solvent increased the release of coumarin from
silicon matrices [3]. In our case, the release of BRC from
cylinder-shaped matrices was very low (Fig. 1). Addition
of propylene glycol or Arlacel 20 slightly increased the
release rate. About 7% and 16% of drug was released
over 10 days with the addition of propylene glycol and
Arlacel 20, respectively. Although Arlacel 20, increased
the release rate much more compared with propylene gly-
col, the physical properties of formulations containing pro-
pylene glycol were more desirable. Therefore, propylene
glycol was used for further formulations due to its ease of
preparation. The release of BRC was still low even with
the addition of propylene glycol or Arlacel 20 to the for-
mulations and therefore, different materials should be
tested to increase the release rate of BRC. For this pur-
pose various solid materials were used.

Water-soluble solid materials such as sodium chloride, lac-
tose and citric acid can lead to the formulation of pores
and crack in the polymer matrix to enhance the release of
drugs [14, 17]. Sodium chloride also effects the mechani-
cal and osmotic properties of the matrix. Citric acid has
been used to enhance the vaginal absorption of insulin
[18]. It has been reported that the release rate of bovine

serum albumin-sodium chloride granules was related to
the granule size [15], so, citric acid was kneaded first to
increase the particle size. The release profiles of BRC
from matrices containing solid materials are shown in
Fig. 2. The release of drug from silicone matrices containing
lactose, sodium chloride and citric acid was low even after
10—11 days. Another material was necessary to increase
the release rate. Low-molecular-weight gelatin (LMWG)
has been used to enhance the solubility and dissolution
rate of poorly water-soluble drugs [19, 20]. In our experi-
ments, we examined the effect of LMWG on the release
rate of BRC from silicone matrices. Fig. 3 shows the re-
lease of BRC from silicone matrices containing kneaded
BRC-LMWG mixtures in weight ratios of 1:2, 1:3 and
1:4. Incorporation of BRC into LMWG significantly en-
hanced the release rate of the drug vs. that with drug
alone. The amount of drug released increased with in-
creasing LMWG content. On the other hand, there was no
significant difference between the release rate of formula-
tions with weight ratios of 1:3 and 1:4. LMWG may
improve the hydrophilicity of the drug by surrounding the
drug particles as a film layer. On the other hand the parti-
cle size of the kneaded mixtures was larger than that of
the drug alone, which can be useful for increasing the
porosity of the silicone matrices.

The kinetic analysis of release data, as evaluated by a
computer program (DISSOL) [21] is shown in Table 2. On
evaluating the results according to the values of the deter-
mination coefficient (1*) and the sum of the weighted

Drug Release (%)

Time(Day)

Drug Release (%)
©

Time (Day)

Fig. 1: Cumulative release of BRC from cylinder-shaped formulations con-
taining liquid excipients. ¢: BRC alone, m: Arlacel 20, A: propy-
lene glycol. Each point represents the mean =+ confidence interval

(n=3)
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Fig. 2: Cumulative release of BRC from cylinder-shaped formulations con-
taining solid excipients. #: BRC alone, W: Lactose, A: NaCl, x:
citric acid. Each point represents the mean + confidence interval
(n=3)
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Table 2: Kinetic assessment of release data®

Code Kinetic parameters

Zero order First order Q— Wt

kS 2 SWSD KS 2 SWSD k¢ r2 SWSD
CS1 8.79 x 107* 0.651 0.00134 7.48 x 107 0.652 0.00134 1.26 x 1077 0.598 0.933 x 1074
CS2 3.33 x 1072 0.861 0.0239 6.24 x 107* 0.872 0.0226 3.45 x 107° 0.940 0.00127
CS3 1.36 x 107 0.525 0.0119 2.36 x 107 0.532 0.0120 8.62 x 1077 0.656 0.00168
CS4 2.41 x 107 0.786 0.00265 424 x 10™* 0.786 0.00252 9.01 x 1077 0.839 0.00282
CS5 3.41 x 107 0.829 0.0258 6.37 x 10™* 0.845 0.0247 3.62 x 107° 0.922 0.00174
CS6 1.21 x 107% 0.962 0.00565 2.12 x 107+ 0.961 0.00551 5.78 x 1077 0.938 0.149 x 1073
CS7 0.0113 0.954 0.0595 2.87 x 1073 0.944 0.0240 2.63 x 107 0.957 0.0270
CS8 0.0231 0.983 0.0564 0.0731 0.575 1.48 x 107 1.06 x 10™* 0.988 0.241
CS9 0.0232 0.948 0.0639 0.0117 0.987 0.430 9.14 x 107> 0.984 0.189

¢ Summary of output obtained from the program DISSOL; bk is the zero order release rate constant(mg/h); k; is the first order release rate constant(h™'); k is the rate constant
obtained from the slope of the linear regression of cumulative amount released per unit area versus square of time (mg - cm~2 h~"2); 1% is the coefficient of determination, SWSD is

the sum of weighted squared deviations

squared deviations (SWSD), the kinetics of the most of
the formulations fitted Q v/t kinetics i.e., matrix kinetics.
The solubility of BRC in the silicone polymer was
0.742 mg/ml. The solubility of BRC was less than the to-
tal amount of BRC in the matrix. Therefore, a heteroge-
neous matrix was formed. There are spaces and channels
in heterogeneous matrices as called porosity and tortuos-
ity. The drug diffuses via these capillary channels. Eq. (1)
can be used for the calculation of the porosity and tortuos-
ity of the matrix formulations [22].

D 1/2
M=Q= s-?(Z-CO—e-CS)-CS-t (1)
Where Q = amount of drug released after time t per unit
exposed area, D = diffusivity of the drug in the permeat-
ing fluid, T = tortuosity factor of the capillary system (=
3), Co: total amount of drug present in the matrix per unit
volume (mg/ml), C: solubility of the drug in the permeat-
ing fluid (mg/ml).

When Cg is neglected in sink conditions, Eq. (2) is ob-
tained.
1/2

e-g(z-co.cs).t @)

Q=

The slope of this equation includes the parameters €, T, Co
and C,. A parameter A can be calculated from the slope
of Q v/t kinetics and the other parameters such as Cy and
C,. This parameter includes all porosity; tortuosity and
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Fig. 3: Cumulative release of BRC from cylinder-shaped formulations con-
taining LMWG. &: BRC alone, m: 1:2 (drug-LMWG), A: 1:3,
x: 1:4. Each point represents the mean =+ confidence interval
(n = 3)
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Table 3: The values of parameter A calculated according to
the Q v/t kinetics

Code Parameter A

CS1 2.54 x 1077
CS2 6.96 x 107°
CS3 1.74 x 10~°
CS4 1.82x 107°
CS5 7.32%x 1076
CS6 1.17 x 1076
CS7 532 % 1073
CS8 2.14x 1074

Table 4: Codes and contents of the cylinder-shaped formula-

tions
Code Additive % Ratio (drug:additive)
CS1 — — —
CS2 Arlacel 20 10 —
CS3 Propylene glycol 10 -
CS4 Lactose 10 —
CS5 Sodium chloride 10 —
CS6 Propylene glycol 10 1:2
Citric acid
CS7 Propylene glycol 10 1:2
LMWG
CS8 Propylene glycol 10 1:3
LMWG
CS9 Propylene glycol 10 1:4
LMWG

diffusion coefficient and it can be used to represent the
porosity and tortuosity of the matrix. Table 3 shows the
calculated A parameters of the formulations. The lowest A
values was obtained for formulation CS1. The addition of
the various excipients increased the value of A i.e., the
porosity and tortuosity of the matrix.

In conclusion, the best release profile of BRC was ob-
tained with the formulation containing silicone polymer
MDX-4-4210, 10% of propylene glycol and a kneading
mixture of drug: low-molecular-weight gelatine in a ratio
of 1:3. This formulation can be used to prepare an intra-
vaginal device containing BRC for further studies.

3. Experimental

3.1. Materials

Bromocryptine mesylate (BRC) was donated by Novartis Co.Turkey. Silas-
tic MDX4-4210(S1) and Silicone elastomer A-2186 (S2) were kindly pro-
vided by Dow Corning, U.S.A. and Factor II. Inc., U.S.A., respectively.
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Low-molecular-weight gelatine (MW =2 5000) was donated by Nitta Gela-
tine Co., Ltd, Osaka, Japan. Spray-dried lactose was purchased from DMV
Inc., The Netherlands. The other materials were of analytical grade. Plastic
tubes made of polvinylchloride with an external diameter of 6 mm, an
internal diameter of 4.7 mm. and a length of 35 mm were used to mould
of the cylinder-shaped formulations.

3.2. Determination of octanol/buffer partition coefficient of BRC

First the stability of BRC was studied. For this purpose, a BRC solution of
known concentration of in pH = 5 buffer (citric acid/phosphate) was
stored at 37 °C and 50 °C for 10 days. At appropriate intervals, samples
were withdrawn and a spectrum was recorded. The assay of BRC was
carried out spectrophotometrically at 310 nm. The results were compared
with the initial data. No significant change of the spectrum and absorbance
values of BRC was seen for either both storage condition.

To determine the octanol/buffer partition coefficient of BRC, a saturated
solution of BRC in pH = 5 buffer (citric acid/phosphate) was shaken with
octanol in a water bath at 37 °C for up to six days. The concentrations of
BRC were determined spectrophotometrically at 310 nm. All experiments
were done in triplicate.

3.3. Determination of polymer/buffer partition coefficient of BRC and
solubility of BRC in polymers

The solubility of a drug in a polymer is one of the important factors affect-
ing the release rate of the drug from matrix type dosage forms. The solubi-
lity of BRC in two different silicone polymers was determined. For this
purpose, the cured polymers (one part of the curing agent with 10 parts of
the base elastomer) were devided into cubes. The diameters and the weight
of the cubic pieces were measured. These polymer pieces were placed into
BRC solution in pH = 5 buffer at 37 °C in a water-bath with shaking. At
appropriate intervals, the BRC concentration in the buffer solution was
determined spectrophotometrically at 310 nm. After the equilibration of the
system, the partition coefficient (k) and the solubility of BRC in polymer
(C,) were calculated using Eqgs. (3) and (4) [23].

Vi(C —Cy)
k=& = %) 3
v, G 3)
Ci=k-C, (4)

Where k = polymer/buffer partition coefficient, V| = volume of the BRC
solution (ml) V, = volume of the polymer (ml), C;= the first concentration
of the BRC solution (ug/ml), C; = the last concentration of the BRC solu-
tion (ug/ml), Cs = solubility of BRC in polymer (ug/ml), C, = solubility
of BRC in pH = 5.0 buffer (ug/ml).
Experiments were done in triplicate.

3.4. Compatibility studies of polymers with drug and excipients.

One part of the curing agent with 10 parts by weight of the base elastomer
was used. Drug or excipients (1, 5, 10, 20, 50%) were blended with sili-
cone elastomer before the addition of the curing agent and kept at room
temperature. Propylene glycol, polyethylene glycol (PEG) 200, 400, 600,
1000, glycerol, sorbitan monolaurat (Arlacel 20), polysorbate 20, polysor-
bate 80, polyvinypyrrolidone (PVP), citric acid, spray-dried lactose, so-
dium chloride and low-molecular-weight gelatine (LMWG) were used as
excipients. The miscibility of additives and silicone polymers and the mor-
phological appearance and curability of the polymers were evaluated, and
compared with the control which was prepared without additives.

3.5. Preparation of the formulations

Cylinder-shaped drug-polymer matrices were prepared to characterize drug
release. Formulations were prepared by blending 10 parts of elastomer
base with one part of curing agent. Drug/excipients or kneaded mixtures
were mixed with polymer to homogeneity. The mixtures were moulded in
the plastic tubes. After deaerating under vacuum at 1.65 x 107> pa for
15 min, they were allowed to cure at room temperature. The cured formu-
lations, 4.7 mm in diameter and 35 mm in length, were obtained by remov-
ing the plastic tube. The excipients with the exception of citric acid and
LMWG, were simply mixed with the drug before it was added to the elas-
tomer base, but LMWG was kneaded with the drug in various ratios of
1:2, 1:3 and 1:4 (drug: LMWG). The drug-LMWG kneaded mixtures
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were prepared with the method published elsewhere [24]. Briefly, the re-
quired amounts of drug and polymer were weighed and placed in a mortar,
and then the mixtures were kneaded with 1.5 times their amount of water
for 1 h. The kneaded mixtures were dried under vacuum at room tempera-
ture for 48 h and then screened through a 25-mesh sieve. Drug was also
kneaded with the citric acid in a ratio of 1:2. Each formulation contained
6 mg of drug.

After macroscopic examination of the excipient-polymer formulations,
some excipients such as propylene glycol, spray-dried lactose, sodium
chloride, citric acid and LMWG were chosen for pore formation..

The contents of the formulations are shown in Table 4.

3.6. In vitro release studies

Release experiments were performed under sink conditions in an Erlen-
meyer flask containing 100 ml of phosphate-citrate buffer pH = 5 at
37 °C. The flasks were shaken at 37 °C in a water bath. The samples were
withdrawn at appropriate time intervals and assayed spectrophotometrically
at 310 nm. The buffer solution was replaced with fresh solution each day.
The experiments lasted for 6-12 days.
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