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Abstract

Background and purpose of the study: The purpose of this research was to study the influence of Carbopol® 71 G
and Noveon® AA-1 as mucoadhesive polymers for the buccal delivery of Miconazole Nitrate (MN). The formulations
were developed with varying concentrations of Carbopol® 71G or Noveon® AA-1 as well as composed by the

combination of both polymers in 1:1 ratio, using microcrystalline cellulose (MCC) or lactose as fillers.

Methods: Twelve different types of tablets were prepared using blends of either Carbopol® 71G or Noveon® AA-1
and a mixture of both polymers at 1:1 ratio with either MCC or lactose as fillers. Accurate quantity of MN and co-
excipients were weighed. They were passed through 30 mesh sieve and thoroughly mixed using mortar and pestle.

The blend was lubricated and compressed into tablet on a hydraulic press with 8 mm diameter flat-faced tooling.

Results: All the formulations exhibited satisfactory pharmaceutical properties. Cumulative percentage of the drug
released in 10 hrs from the ten formulations were about 90% for F1,F3 and F5 formulation .The microcrystalline
cellulose and lactose included in the formulations slightly modifies the swelling capacity. The mucoadhesive strength
increase as the concentration of polymer increases. However there is no correlation between swelling and

mucoadhesion strength of compacts.
Conclusion: The optimal balance between a combination of Carbopol® 71G and Noveon® AA-1 polymers showed
satisfactory mucoadhesive characteristics and drug controlled release over 10 h, which in turn reduces dosing

frequency and improved patient compliance in oral candidiasis patients.

Keywords: Noveon® AA-1, Carbopol® 71G, Miconazole nitrate, buccal mucoadhesion, fillers.
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Introduction

Conventional solid oral dosage forms, such as tablets
and capsules, have been limited in use because of
short resident time and insufficient therapeutic effect
like rapid salivary concentration after application and
rapid clearance. As a consequence, bioadhesive
polymers have been used in the development of
controlled drug delivery systems to improve buccal,
nasal and oral administration of drugs. In general,
bioadhesion (or mucoadhesion) is the ability of a
polymeric material to bind to a biological membrane
for a certain period of time [1]. Particularly, anionic
polymers are the most widely employed
mucoadhesive excipients due to their high adhesive
properties and low toxicity, such as, Carbopol® and
Noveon® derivatives [2, 3]. Particularly, Carbopol®
71 G, a water-swellable high molecular weight
polyacrylic acid crosslinked with allyl ethers of
pentaerythriol, has been incorporated into controlled-
release tablets and mucoadhesive microspheres [4,
5]. On the other hand, buccal tablets prepared using
Noveon® AA1 has shown high bioadhesive force and
prolonged residence in human buccal mucosa [6]. In
addition, this polymer has been used for delivering
bioactive substances for local application to gingival
and periodontal area [7]. Although a considerable
attention has been focused on the evaluation of
mucoadhesive polymers, the influence of common
tablet excipients on the performance of mucoadhesive
formulations was not deeply investigated, suggesting
that much work remains to be done in this area.
Miconazole nitrate (MN) is a broad-spectrum
antifungal compound extensively used in the
treatment of buccal, dermal and vaginal candidiasis, a
fungal infection caused primarily by Candliga albicans.
Attempts have been made to prepare MN
mucoadhesive devices including chewing gum,

mucoadhesive lozenges, and bioadhesive tablets [8, 9

and 10]. Recently, 50 mg MN ftablets have been
shown to be effective for cancer patients with oral
candidiasis [11].
In this context, it was decided to develop novel
mucoadhesive extended-release formulations
containing 50 mg MN by using Carbopol® 71G and
Noveon® AA-1 at different ratios and compacted with
different amounts of microcrystalline cellulose (MCC)
or lactose. It was evaluated if and how polymer
concentrations affect the mucoadhesive properties
and drug release of the prepared compacts. The
influence of the fillers, as well as, the swelling
capacity and bioadhesion strength of the polymeric
systems were also analyzed. To the best of our
knowledge it is the first attempt made to prepare 50
mg MN mucoadhesive compacts using a combination

of Carbopol® 71G and Noveon® AA-1.

Experimental

Carbopol® 71G and Noveon® AA-1 (Arihant Trading
Co, Mumbai, India), MN (Bhavani-Pharmaceuticals,
Hyderabad, India), MCC, lactose, and talc (Zydus
Cadila, India) were used.

Preparation of buccal tablets

Twelve different types of compacts were prepared
using blends of either Carbopol® 71G or Noveon®
AA-1 and a mixture of both polymers at 1:1, 0.5:1
and 1:0.5 ratios with either MCC or lactose as fillers.
Accurate quantity of MN and co-excipients were
weighed. They were passed through 30 mesh sieve
and thoroughly mixed using mortar and pestle. The
blend was lubricated and compressed into tablet on a
hydraulic press with 8 mm diameter flat-faced tooling.
The tablets were compressed at compression forces
of 2 ton and dwell time of 20 s. The detailed
composition of all the formulations is shown in Table
1.
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Table 1. Composition of 50 mg Miconazole Nitrate compacts.

Formulation code éCarbupol@ 71 G/Noveon® AA-1MCC Lactose Talc MN
(mg) (mag) (mg) (mg) (mg) (mg)
F1 | 40 55 --- 5 50
F2 | &0 35 - 5 50
F3 | 40 55 5 50
F4 | ' 80 35 5 50
F5 I 20 j. 20 [ 55 | 5 | 50
F6 | 10 [ 20 65 [ 5 [ 50
F7 | 40 55 5 50
Fg ] 60 35 5 50
Fo N 0 i 40 i 55 5 50
F10 | &0 35 5 50
F11 | 20 20 55 5 50
F12 | 20 10 65 5 50

Evaluation of buccal Tablets
All the faormulations were evaluated for uniformity of
weight, and drug content as per Pharmacopoeial
method. The average weight was obtained for at least
20 units. The MN quantification was analyzed at 272
nm by UV spectrophotometer (UV-1700 Shimadzu,
Japan). The thickness was measured using Mitotoyo
screw gauge (Mitotoyo, Japan). Hardness was
determined for at least 10 tablets using Erweka
hardness tester (Erweka, India) and friability was
evaluated for a sample of 20 tablets using Electrolab
EF-2 friabilator (Electrolab, India).

parameters of the formulations are shown in Table 2

Technological

Swelling studies
Swelling index for buccal compacts was determined
2004[12]. At

predetermined time intervals (from 2 to 8 hours),

according to Desai and Kumar
hydrated samples were removed and weighted after
blotting the surface water with a parchment paper
(Himedia, India). The swelling ratio was calculated by
(W2 — W1)/W1 equation where W1 and W2 are dry
and wet weights of the tablets, respectively. The
experiment was done in triplicates.

Microenvironment pH
The pH of the
buccoadhesive compacts was determined to evaluate

microenvironment prepared

the possible irritation effects on the mucosa. As acidic

or alkaline pH is found to cause irritation to the buccal

mucosa, an attempt was made to keep the surface pH
close to neutral pH. The compacts were left to swell
in 5 mL of distilled water (pH 6.8) in 25 mL beakers
and the pH was measured by placing the electrode in
contact with the microenvironment of the swollen
compacts [13]. The average pH of 3 determinations

was reported.

In vitro drug release

The drug release from buccal compacts was studied
using the orbital shaking incubator (Remi CIS 24,
Mumbai, India) using 30 mL of phosphate buffer pH
6.8 as dissolution medium, for 10 h. The temperature
was maintained at 37°C + 0.5°C. At predetermined
interval, 3 mL of dissolution medium was withdrawn
and replenished by 3 mL of fresh medium to maintain
the sink condition. The amount of MN released was
analyzed at 272 nm by UV spectrophotometer (UV-
1700 Shimadzu, Japan) [14].

In vitro bioadhesion

Bioadhesive strength of the compacts was measured
using modified physical balance as recently discussed
[15]. In witro bioadhesion studies were carried out
using sheep buccal mucosa and maodified two-armed
balance. The phosphate buffer pH 6.8 was used as
the moistening fluid. A glass stopper was suspended
by a fixed length of thread on one side of the balance
and was counter balanced with the weights on the

other side. Fresh sheep buccal mucosa was collected
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from the slaughter house. It was scrapped off from
the connective tissues and a thin layer of buccal
mucosa was separated which was stored in Tris buffer
until used for the bioadhesion study. A circular piece
of sheep buccal mucosa was cut and fixed to the
tissue holder and was immersed in phosphate buffer
pH 6.8 and the temperature was maintained at 37 °C
+ 1°C. Then the tablet was fixed to a glass stopper
with the help of cyanoacrylate adhesive and it was
placed on the buccal mucosa by using a preload of 50
gm and kept it aside for 3 min to facilitate adhesion
bonding. After preloading time, the preload was
removed and the weights were added on the other
side of the balance until tablet detaches from the
sheep buccal mucosa. The weight required to detach

tablet from buccal mucosa was noted.

Infrared Absorption spectroscopy (IR)

To investigate any possible interactions between the
drug and the utilized buccoadhesive material, the IR
spectra of pure MN and its physical mixture (1:1) with
Noveon® AA-1 and Carbopol® 71G were carried out
using FTIR-8400S (Shimadzu, Japan). The samples
were prepared as KBr disks compressed under a
pressure af 6 tons.

Kinetic analysis

Korsmeyer et al (1983) derived a simple relationship
which described drug release from a polymeric
system Equation to find out the mechanism of drug
release, first 60% drug release data was fitted in
Korsmeyer—-Peppas model. The n value is used to
characterize different release mechanisms as given in
table 1 for matrix tablets [16].

Table 1: Diffusion exponent and solute release
mechanism

Diffusion Overall solute diffusion

Exponent(n) ‘mechanism

0.45 [Fickian diffusion

0.45<n>0.80 Anomalous{non-Fickian)
diffusion

0.89 Case-II transport

n > 0.89 Super case-II transport

Stability studies

The optimized formulation (F5 and F11) was
subjected to stability testing as per ICH guidelines at
30°C + 2°C, 65 % + 5 % RH and 40°C + 2°C, 75 %
+ 5% RH for three months. Compacts were evaluated
periodically for drug content and /i vifro drug release
studies by means of UV spectroscopy (UV-1700

Shimadzu, Japan).

Results and discussion

Pharmaceutical properties of the tablets

Tablets containing various ratios of Carbopol® and
Noveon® loaded with 50 mg of MN, were prepared
and their pharmaceutical properties (weight variation,
drug content, friability and hardness) were examined.
All the formulations showed satisfactory values (Table
2) within the limits of conventional oral tablets stated
in the Indian Pharmacopoeia [17].

The IR spectra of pure MN and its physical mixture
with Noveon® AA-1 and Carbopol® 71G did not
show any significant differences (data non shown).
Evaluation of the surface pH of the compacts
prepared with Carbopol® 71G showed a pH value in
the range of 6.55-6.65, probably due fo high
concentration of carboxylic acid in the Carbopol® 71
G. Similarly, Noveon® AA-1 containing formulations
showed microenvironment pH of about 6.6, due fo
the polyacrylic acid. These results reveal that all the
compacts provide a pH value in the range of salivary
pH (5.5 to 7.0) [18].
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Table 2. Technological characterization of the compacts.

Formulation Weigﬁt '-If)rug content Hardness | Microenvironment
code variation (%) (%) (kg/cm32) pH
F1 0.72£0.12 99.91£0.05 | 5.11+0.01 6.55+0.12
F2 0.82=0.11 99.9120.01 | 5.1320.06 6.65=0.12
F3 0.7420.17 99.8420.05 | 5.23+0.01 | 6.66+0.13
F4 0.7620.09 00.8+0.152 5.16+0.06 | 6.66+0.14
F5 0.8120.16 90.80£0.10 5.23+0.05 | 6.84+0.14
F& 0.8220.15 99.90+0.13 5.21+0.04 6.72+0.12
F7 [ 0.8120.14 90.82+0.18 | 5.12=0.01 6.53+0.11
F8 | 0.79+0.12 99.90+0.08 5.14+0.04 6.62+0.13
Fo [T0.77z0.11 99.9120.09 5.18+0.03 6.64+0.12
F10 | 0.80=0.14 99.9220.13 5.15+0.03 | 6.65+0.13
F11 0.8220.13 99.8720.11 5.20+0.04 | 6.82+0.15
F12 0.8220.11 99.8920.12 | 5.21=0.06 6.52+0.21
Swelling Studies 04
Formulations F1 and F7 (27% of either Carbopol or 0.35
Noveon) presented higher swelling index than F2 and o A e
v
& : 50,25
F8 (40% of polymers), in the opposite way to the E —
literature data [19]. Interestingly, formulations F5 and g 0t —f
o oo 15
F11 (containing 13.5% of each polymer) exhibited 2 —-F10
01
higher swelling index than those prepared with a me=Fl1
0,05 ——i12

single polymer. Water influx weakens the network
integrity of the polymer, the structural resistance of
the swollen matrices is thus greatly influenced and
release of MN through gel layer is more pronounced,

as discussed later on.
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Fig 1. Swelling studies for formulation F1-Fe.
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Time in hrs

Fig 2. Swelling studies for formulation F7-F12.

In vitro release of MN

The mechanism of drug release from swellable

matrices is ruled by several physicochemical
characteristics. Among them, polymer water uptake,
gel layer formation and polymeric chain relaxation are
currently regarded as primarily involved in the

modulation of drug release.

Drug release patterns can be greatly either increased
or decreased by increasing the amount of the
polymers [20, 21]. Herein, drug release profiles of the
polymeric compacts containing Carbopol® andfor
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Noveon® and formulated with MCC (Fig. 3) and
lactose (Fig. 4) are described. In all formulations
(Table 1), the MN release was gradually increased up
to 10 h, without any detected burst release.
When Carbopol® was used at 27%, (F1) MN was
released within 10 h. On the other hand, when the
content of this polymer was increased to 40%, a
lower amount of MN (60%) was released at 10 h. it
should be considered that at higher concentration of
the polymer the gel layer is thicker and stronger and,
as a consequence, the time for the drug to diffuse fo
the surface is also greater. On the other hand and
contrary to other work [20], when Noveon® was
used at low amount (F3) the drug release rate was
more than 80%. By increasing its amount to 40%
(F4), the release rate of MN decreased to 60%.
The 0.5:1 ratio of Carbopol 71G and Noveon AA-1(F6)
released around 88% of drug; this may be due to the
fewer amounts of polymers. Gel layer from this ratio
of polymer perhaps forms less thick and weaker layer
around the compact. Whereas the 1:0.5 of Carbopol
71 G and Noveon AA-1 ratio(F12) released around
89% of drug. Both the ratio forms less thick gel layer
as a consequence, more drug is diffuse to the
surface.

However, the most interesting result was observed by
mixing both polymers at 1:1 ratio, using 13.5% of
each one. About 85% of the drug was released within
10 h from mucoadhesive F5 and Fil compacts.
Clearly, drug release rate from the polymeric
compacts could be controllable by the ratio and
combination of polymers. Despite of the low amount
of the polymeric mixture, its ability to absorb water
promotes the dissalution, and hence the drug release.
It should be mention that up to 13.5% of Carbopol®
may be used without causing any sign of mucosal
irritation, consequently, F5 and F10 formulations
could be the more suitable formulations for the buccal

cavity in comparison with F1 and Fo [22].
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Fig 3. Percentage drug release for formulation F1-F6

Y ——F7

"

% —-=f3

@

g ———i

I

4 —=F10
—_f1l
——Fl]

12

Fig 4. Percentage drug release for formulation F7-
Fi2.

Influence of MCC and lactose

Usually, the addition of fillers is necessary to replace
the portion of polymer as well as to abtain solid
dosage forms with desirable technological properties.
However, these additives can have significant effect
on the water uptake of the formulations and
dissolution properties of drugs. In this context, it was
reported that water absorption behavior of polymers
might be influenced by the presence of different co-
excipients [21]. It is well known that MCC is one of
the most commonly used direct compression excipient

as a binder/filler. In addition to its use as a
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binder/diluent, microcrystalline cellulose also has
some lubricant and disintegrant properties that make
it useful in tableting. On the other hand, lactose is the
most useful filler used for tablet and capsule
formulation. Since it is water soluble, upon contact
with the release medium, lactose diffuses out of the
device, thereby increasing the porosity of the
resulting polymer network., As a consequence, the
pores allow the solvent front penetration to increase
drug dissolution rate, although the initial burst effect
may be also increased [23]. It is observed that drug
release rate of the compacts were slightly modified by
replacing swellable MCC by the non-swellable lactose
(Fig. 3). Thus, the dissolution process would be
mainly affected by the water absorption, positively
correlated with the gel forming of the mucoadhesive
polymers, working as a diffusion barrier. Moreover, it
should be mention that the incorporation of the highly
water-soluble lactose is not always an effective tool to

increase drug dissolution rates [24].

Mucoadhesion study

Fig. 5 shows bioadhesive strength for all formulations
(F1- Fi2). It is known that polymer concentration has
a significantly influence the strength of mucoadhesion
[25]. In this work, as expected, increasing the
concentration of either Carbopol® 71G or Noveon®
AA-1 from 27% to 40% (w/w) resulted in increasing
mucoadhesion values [26]. In agreement with
previous data, it was found that formulations
containing Carbopol exhibited weak adhesion strength
in comparison with the Noveon® AA-1 formulations
[27]. It could be due to the non-ionized carboxylic
acid groups of Noveon® AA-1 would improve the
binding to the mucosal surfaces via hydrogen bonding
interactions [28]. In addition, it has been discussed
that adhesiveness increases with the degree of
hydration up to certain limit. Then, adhesive
properties decrease due fo disentanglement at the
polymer/tissue interface produced by higher water
uptake [29]. In contrast to a previous report [30], no

correlation between swelling and mucoadhesion

strength of the Carbopol®-Noveon® compacts was
observed, as shown in Table 3. Despite of the water
uptake behavior of these formulations, an increased
of either Carbopol ratio or Noveon ratio resulted in an
increased adhesion of the compacts. However,
Carbopol® 71G-Noveon® AA-1 mixtures containing
13.5% of each polymer (1:1 ratio) showed a higher
work of adhesion wvalues, probably due to the
synergistic combination of its particular
physicochemical properties. At the same time,
another important factor affecting the mucoadhesive
strength of dosage forms is the presence of different
co-excipients. There are numerous reports in the
literature reporting the influence of excipients on the
strength of adhesion of such systems [31, 32]. In this
it were reported that the addition of highly water
soluble excipient, such as lactose, reduces the water
content when the material dissolves, and
subsequently decreases mucoadhesion.
Then, mucoadhesion characteristics were found to be
affected by the nature and proportions of the
polymers used, as well as the type and amount of the
fillers. The highest strength was observed in the
compacts containing MCC (F1-F6) followed by those

made with lactose (F7-F12).
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Fig 5. Mucoadhesive strength for formulations F1-F12.
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Table 3. Comparison between mucoadhesive

properties and swelling index of formulations.

Formulation code :‘t'::sg'tj;‘?;ir‘:l:) f’:ﬁ“i"g index
F1 28 = 0.67 .38 + 0.01
F2 30 = 0.45 0.31 + 0.01
F3 35 = 0.90 0.35 + 0.03
F4 37 = 0.89 0.28 + 0.01
Fs 39 = 0.78 0.38 £ 0.03
Fé [3720.81 0.3220.014
F7 95 £ 0.65 0.34 + 0.07
F8 20 = 0.87 0.30 = 0.01
Fo 30 = 0.69 0.31 = 0.01
F10 34 £ 0.54 0.24 + 0.01
F11 37 = 0.34 0.34 + 0.02
F12 34:0.24 D.27:0.014

Kinetic analysis

To examine further the release mechanism of MN
from buccal compacts, the results was analyzed
according to the Peppas model fitting. Most of the
prepared compacts exhibited n values greater than
0.9 indicating non-Fickian transports. Therefore, the
values of diffusion release exponent n (slope) and
coefficients of correlation r following linear regression
of dissolution data indicated near zero order release.
It may be indicative of drug release by both diffusion
and chain relaxation mechanism. Therefore the drug
release from the prepared compacts is controlled by
swelling of the polymer followed by drug diffusion
through the swollen polymer.

Stability study

Selected mucoadhesive formulations (F5 and Fi1)
were subjected to stability study maintained at 30°C
+ 2°C, 65 % + 5 % RH and 40°C + 2°C, 75 % + 5%
RH for 90 days. The resulting drug content assay and
drug release profiles from these formulations showed

no significant differences over the period of the study.

Conclusion
All polymeric tablets showed a mucoadhesive capacity
and a sustained MN release. The strength of the

compacts was dependent on the concentration of
either Carbopol® 71G or Noveon® AA-1 bioadhesive
polymers. Particularly, an optimal balance between a
combination of those polymers showed satisfactory
mucoadhesive characteristics and drug controlled
release over 10 h, which in turn reduces dosing
frequency and improved patient compliance in oral
candidiasis patients. The different characteristics of
MCC and lactose did not modify the water uptake and
drug dissolution rates from Carbopol-Noveon
compacts. In contrast, these fillers affected the
mucoadhesive properties of the compacts. The
stability studies carried out during 90 days for
selected preparations did not show any changes in
the physical property, drug content and percent drug
release.
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