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ABSTRACT

Voriconazole is a triazole antifungal with a half-life of 1.7 hours and 96% oral
bioavailability. The oral route is the most popular of drug delivery routes. However,
there are a few limitations to the traditional dosage form, for instance, fluctuations in
plasma drug level. Sustained drug delivery system overcomes these limitations; it helps
to maintain stable plasma drug concentrations by decreasing drug r elease and extending
the duration of the effect. The main purpose of this study was to formulate voriconazole
sustained release dosage form to enhance efficacy, decrease dose frequency, decrease its
side effects, and improve patient compliance. The study explored various formulations
for producing the sustained-release (S.R) dosage form, as well as assessed the drug's
release kinetics and its stability.

Methodology: Fourier-transform Infrared Spectroscopy was used to investigate drug-
polymer compatibility. The micromeritics of voriconazole powder and its blends were
evaluated. Different sustained release tablets were formulated utilizing a wet
granulation process and acrylic polymers (Eudragit) i.e., Eudragit RL100 and RS100
alone and as mixtures with different ratios, in different concentrations. In-vitro drug
release of formulae was performed for 24 hours. The formula with desired control of
drug release and complied with dissolution specifications for SR dosage forms was
further evaluated for its stability by storage for 3 months at 30° C and 40° C and 75%
relative humidity.

Results: no interaction was observed between voriconazole and polymers using FTIR.
The powder blends micromeritics were found to be in accordance with the specification.
Tablets showed release from 37.29 to 76 % up to 24 hr using USP type | technique. It
was found that as polymer concentration increased, the drug release from tablet
decreased. The selected formulation F13 which containing 5% of Eudragit
RL100:RS100 at a ratio of (10:1) was found to be stable.

Conclusion: The obtained data concluded that the F13 formula gave more prominent
S.R effect than using Eudragit RL100 or RS 100 alone.

Keywords: Voriconazole, Sustained Release Matrix Tablets, Micromeritics, Eudragit
RS100, Eudragit RL100


mailto:Shereen.abdelgawad@aucegypt.edu

20 Az. J. Pharm Sci. Vol. 67, March, 2023.

1. Introduction:

Sustained-release drug delivery systems offer several advantages over traditional
forms, and along with a drug manufacturing strategy, they can help address many
problems associated with conventional drug delivery. For instance, sustained-release
formulations promote patient compliance by requiring less frequent dosing and
maintaining steady-state plasma concentration, which can lead to better adherence to the
prescribed treatment regimen (Adepu et al, 2021). This has the potential to improve
treatment outcomes and reduce the likelihood of therapy failure or disease progression.
In addition, sustained-release formulations can provide controlled release of the
medicine, which can reduce the incidence of adverse events, especially for medications
with a narrow therapeutic index or known for serious side effects (Belamkar et al,
2022).

Furthermore, sustained-release formulations improve drug efficacy by delivering
the drug in a consistent and controlled manner, which can maintain therapeutic drug
levels for an extended period of time (Kompella et al, 2021). They also enhance drug
stability by protecting the drug from degradation, increasing the product's shelf-life, and
ensuring consistent drug delivery. Moreover, sustained-release formulations can be
tailored to a specific rate or region in the body, or provide a specific drug release
profile, which can further improve therapeutic efficacy and reduce the likelihood of
drug resistance or toxicity. Overall, sustained-release drug delivery systems have the
potential to improve the safety, efficacy, and patient adherence of chronic illness
medication regimens (Cao et al, 2019). Therefore, in this study, voriconazole is
intended to be formulated in sustained-release form.

Voriconazole is an antifungal drug belonging to the triazole class and has a
broad-spectrum activity against fungi (Cao et al, 2019). It is freely soluble in acetone
and methylene chloride and very slightly soluble in water (USP37 NF32, 2014). It has a
half-life of 1.7 hours and an oral bioavailability of 96%. Voriconazole works by
inhibiting the fungal ergosterol biosynthesis, specifically by inhibiting cytochrome P-
450-mediated alpha lanosterol demethylation (Oren, 2005; Rosam et al, 2020).

Different polymers are widely used to formulate S.R dosage forms (Ainurofiq &
Choiri, 2015; Khan et al, 2022). However, careful selection of a suitable polymer or a
combination of polymers is required to achieve the desired performance of these dosage
forms (Merkle, 2015). In this study, Eudragit is used to extend the release of
Voriconazole. Eudragit is an acrylic polymer and one of the most commonly used types
of sustained-release polymer for incorporating the active substance into an inert matrix,
particularly suitable for making matrix tablets due to their range of properties and ease
of use (Nikam et al, 2023). Eudragit RS100 and RL100 are two different types of
Eudragit polymers that are composed of poly(ethylacrylate, methylmethacrylate, and
a quaternary ammonium group-R). The percentage of quaternary ammonium groups in
Eudragit RS 100 ranges from 4-8%, while in Eudragit RL 100, it is between 8.8% and
12%. Eudragit RS is not soluble in physiological pH levels, but it can swell and become
permeable to water, which makes it useful for controlled oral medication delivery. On
the other hand, Eudragit RL is also not soluble in physiological pH levels, but it has
limited swelling capacity, which makes it suitable for drug dispersion. Eudragit RL
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100 is commonly used to coat medicines meant for the gastrointestinal tract (Pignatello,
2001; Singh & Pai, 2016).

In this study, Voriconazole SR matrix tablets were developed to sustain its
action, leading to better patient compliance and reducing the incidence of adverse side
effects. The aim was to achieve an optimum release profile with once-daily dosing of
Voriconazole sustained-release tablets over a 24-hour period (Nikam et al, 2023).

2. Materials and Methods.
2.1. Materials

\oriconazole was supplied by Chromo Laboratories Pvt Limited, India. Eudragit
RS100, Eudragit RL100 and Colloidal Silicon dioxide (Aerosil 200) were provided
from Degussa Ltd, Germany. Magnesium stearate was provided by Acto-Corp, New
York, USA. Lactose monohydrate was provided by Meggle GmbH, Germany. Povidone
K30 was provided from ISP, UK. Purified talc was supplied by Pumex Limited, UK.
The remaining reagents and chemicals were of analytical grade. The commercial tablet
was provided by Mash company.

2.2. Construction of calibration curve of Voriconazole using UV
spectrophotometer

UV scanning of \Voriconazole was carried out using UV Spectrophotometer
(Schimadzu, Japan) (Rangasamy et al, 2013). An amount of 100 mg of Voriconazole
was dissolved in 50 ml of Acetonitrile as an organic solvent to enhance the solubility
(USP37 NF32, 2015); making stock solution of 2 mg/ml. (Stock solution 1).

2.2.1. Calibration curve in 0.1 N HCI

A measure of 10 ml of stock solution | was collected and diluted to 200 ml with
0.1 N HCI (100 pg/ml) (Stock solution 11). 5, 10, 15, 20, 25, 30, and 35 ml were taken
from Stock solution Il in different 100 ml volumetric flasks and made up the volume by
0.1 N HCI,; giving concentrations of 5, 10, 15, 20, 25, 30 and 35 pg/ml of Voriconazole
respectively. The absorbance of each sample was measured using a UV
spectrophotometer at wavelength (A max) = 255 nm, in accordance with Voriconazole
monograph (USP37 NF32, 2014).

2.2.2. Calibration curve in Phosphate buffer pH 6.8

A measure of 10 ml of stock solution | was taken and diluted to 200 ml with
phosphate buffer pH 6.8 (100 pg/ml) (Stock solution 111). 5, 10, 15, 20, 25, 30, and 35
ml were taken from Stock solution 111 in different 100 ml volumetric flasks and made up
the volume by phosphate buffer pH 6.8; giving concentrations of 5, 10, 15, 20, 25, 30
and 35 pg/ml of Voriconazole respectively. The absorbance of each sample was
measured using UV spectrophotometer at wavelength (A max) = 255 nm, in accordance
with Voriconazole monograph (USP37 NF32, 2014).
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2.3.  Drug-excipient compatibility study

Physical mixtures of Voriconazole with various excipients namely; Eudragit
RS100, Eudragit RL100, Aerosil 200, Lactose monohydrate, Povidone K30, Purified
talc and Magnesium stearate in 1:1 w/w ratio were prepared by mixing together using
mortar and pestle. Compatibility of Voriconazole with polymers and additives was
checked by Fourier-transform Infrared Spectroscopy (FTIR) (Schimadzu, Japan)
Samples with a powder of dry potassium bromide (around 200-400 mg) (as window
material) in a ratio of 1:100. By using a hydrostatic press, the mixture was compressed
into transparent discs under a pressure of 10 tons .The discs were places in the sample
holder to scan from 4000 to 400 cm ** (Range et al, 2009).

2.4.  Characterization of Voriconazole powder and its blends:

The micromeritics study (including angle of repose, bulk density, tapped
density, Carr's index and Hausner's ratio) were carried out for VVoriconazole powder
alone and its blend.

2.4.1. Angle of repose

The fixed funnel and free-standing cone method was adopted (Sharma et al,
2013). The tangent of the angle of repose and the mean diameter of the powder cone's
base were measured, representing the coefficient of friction. Three determinations were
carried out. The angle of repose expressed in degrees, using the following equation

tang = h/r (1)

Where O is angle of repose, h is pile’s height, and r is powder cone’s radius
2.4.2. Bulk density and tapped density

The bulk density and tapped density were measured using a Tapped Volumeter
(Erweka Type: SVM202, lift height 3 mm, Germany) according to Kukadiya et al,

(2014). Three determinations were carried out. They expressed in g/ml and according to
the following equations:

Weight of the powder
P bulk = = 2
Initial volume
Weight of the powder
Ptap = 3

Final volume

2.4.3. Carr's compressibility index

Carr's compressibility index is used for evaluating the powder flowability. This
can be achieved through comparing the bulk density and the powders tapped density in
addition to the rate at which it is packed down (Kukadiya et al, 2014). According to the
coming formula, it's represented as a percentage % :
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. (Tapped density - bulk density » 100)
Carr's index (%) = - 4
Tapped Density

2.4.4. Hausner's ratio

The powder flowability is evaluated by Hausner's ratio. The following equation
is used to calculate Hausner's ratio (Kukadiya et al, 2014).
Tapped density (5)

.Hausner's ratio = -
Bulk density

2.5.  Preparation of Voriconazole SR matrix tablets

Different tablet formulations containing 400 mg Voriconazole were prepared
(Table 1). Eudragits were used at three concentrations (5, 10 and 15%) of total tablet
weight. The formulations were prepared using the wet granulation technique
(Tejashwini et al, 2015). The drug, matrix polymer (Eudragit RS100 & Eudragit
RL100), diluent (lactose monohydrate), and binder (Povidone K30) were mixed
together in a plastic bag till a homogenous mixture was attained. Then the mixture was
granulated with purified water and sieved on a sieve of 2000 um size. The bulk granules
were dried for 15 minutes at 40°C in an oven (Heraeus UT5060E, Germany). The dried
granules were milled using a sieve of 850 microns size. The glidants (Purified Talc and
Colloidal silicon dioxide "Aerosil 200") and the lubricant (Magnesium stearate), were
sieved on a sieve 180 um size, and added to the dried blend & mixed for 2 minutes. The
blend formulations were first tested for micrometric study as previously mentioned, then
were compressed using Tablet Compression Machine, a single punch tablet machine
(Korsch XP1, Germany) on an oblong punch with a diameter (20 mm) into 1200 mg
tablets. The force of compression was kept constant during the whole experiment.

Table 1: Composition of Voriconazole SR matrix tablets

Amount (mg/tablet)

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 |Fl11 |F12 |F13 |[F14 |F15
Voriconazole 400 |[400 |400 |[400 |400 |400 |400 |400 |[400 |400 |400 |400 |400 |[400 |400
Povidone K30 100 |100 |[100 |100 |100 |100 (100 |100 |100 |100 |100 |100 |100 (100 | 100
Purified Talc 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

_ Colloidal 6 |6 |6 |6 |6 |6 |6 |6 |6 |6 |6 |6 |6 |6 |6
Silicon dioxide

Magnesium stearate 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14

Eud. RL100 60 120 [180 | - | - | |- | | | | e - | - | -

Eud. RS100 e | |- |60 120 |180 | - | - | e | | | | | - | -
Eud.RL100 :

Eud.RS100 (1:1) 60 120 1180 || )
Eud.RL100 :
Eud.RS100 (5:1) 60 |120 | 180 | - | - ] -
Eud. RL100 :
Eud.RS100 (10:1) 60 120 1180
Lactose
600 | 540 [480 | 600 |[540 |480 |[600 |600 |540 |[480 |600 |540 |480 |600 |540
monohydrate
Total tablet weight 1200 |1200 (1200 |1200 |1200 {1200 |1200 (1200 {1200 |1200 {1200 |1200 (1200 {1200 |1200
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2.6. Characterization of VVoriconazole matrix tablets
2.6.1. Uniformity of weight

Twenty tablets were weighed individually from each formula. Then, the mean
tablet weight was calculated. The results were presented as mean values. According to
European pharmacopeia no more than two of the individual weights may deviate from
the average weight by more than 5% (percent deviation), and none deviate by more than
twice that percentage (EP, 2019).

2.6.2. Uniformity of content

Ten tablets were powdered. A Quantity of the powder equivalent to 100 mg of
voriconazole was weighed, then transferred to a 250 ml volumetric flask. A 150 ml of
Phosphate buffer pH 6.8 was added, shacked well, then sonicated for 25-30 min. The
volume was made up to 250 ml with Phosphate buffer pH 6.8. After that the dispersion
was filtered, suitably diluted, and measured spectrophotometrically at 255 nm
(Tejashwini et al, 2015).

2.6.3. Tablet friability

Ten tablets were weighed from each formulation and subjected to abrasion and
shock by placing them in the friabilizer drum (Erweka type TAR200, Germany). For
four minutes, the tablets were spun at 25 rpm. The tables were then taken apart,
detached, de-dusted, and re-weighed precisely. The % decrease in weight was
determined and used as a measure of friability (Kaoud et al, 2021).

% Friability = Initial Weight — Final Weight x 100 (6)

Initial Weight
2.6.4. Tablet hardness

Tablets should have specific hardness or strength that could withstand handling,
packing, and shipping. The force required to crush the tablet by the compression applied
radially is called tablet hardness. Ten tablets were tested from each formula for their
hardness using a Tablet hardness tester (Erweka TBH 220TD, Germany) (Nasrin et al,
2011). The mean hardness in Kg/Cm?for each formula was calculated.

2.6.5. Invitro dissolution study

The USP basket technique was used to determine the dissolution profiles of
Voriconazole in each tablet formulation in a dissolution tester (Erweka DT-700
Dissolution Tester, Germany) (Rangasamy et al, 2013). The experiments were carried
out for two hours at 37 + 0.5°C in 900 ml of 0.1 N HCI (pH = 1.2) at 100 rpm speed.
After that, the studies continued in 900 ml of phosphate buffer pH = 6.8 for twenty-two
hours after successfully shifting the pH from 1.2 to 6.8 (Rangasamy et al, 2013). Five
ml samples were obtained after 1, 2, 3, 4, 5, 6, 7, 8, 10, 11 12 and 24 hours. The
withdrawn samples were replaced with fresh media at each time interval. The samples
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were then filtered to be analyzed for Voriconazole content UV assay method; where the
detection wavelength (Amax) Was 255 nm (Rangasamy et al, 2013). In addition,
commercial tablets have been subjected to the same conditions of the study for the
purpose of comparison. Formula which gave the desired control of drug release which is
the release between 40-60% at 12 hours and not less than 75% at 24 hours have been
chosen in order, to study its stability

2.6.6. Drug release kinetics:

The drug release data of in-vitro dissolution was analyzed with various kinetic
equations in order to determine the drug release mechanism from this formulation. The
data were treated according to: Zero order and first order kinetic equations, and also
according to the Diffusion model. The equation’s suitability is judged based on the best
fit to the equation. This can be achieved by using statistical indicators such (r) value
(Singh et al., 2011).

2.6.7. Accelerated stability study:

Adequate samples from the formula with desired control of drug release and
complied with dissolution specifications for sustained-release dosage forms were stored
at temperatures of 30°C and 40°C in thermostatically controlled hot air ovens accurate
to £ 2°C, and relative humidity 75% (Tejashwini et al, 2015). Adequate samples of this
formula, at each elevated temperature, were collected at the beginning of the experiment
and at time intervals at 0.5, 1, 1.5, 2, 2.5, and 3 months and evaluated for VVoriconazole
content via a validated stability-indicating Reversed Phase-HPLC analytical method
(Waters alliance PD, USA). Voriconazole HPLC method was conducted with UV
detector (255nm). The mobile phase consisting a mixture of acetonitrile and 0.05M
disodium hydrogen phosphate buffer, pH5.5 (1:1, v/v) with a flow rate of 1.0 ml per
min., ambient temperature, 20ul injection volume using RP column C18 (Badr Eldin et
al, 2010).

3. Results and discussion:
3.1.  Calibration curve of Voriconazole using UV-spectrophotometer

In all media, 0.1 N HCI pH 1.2 and Phosphate buffer pH 6.8, linear regression
analysis was carried out and results showed that Voriconazole obeys Beer-Lambert’s
Law. Correlation coefficient values (r) were found to be 0.99485 and 0.9999
respectively which indicate good linearity.

3.2. Drug-excipient compatibility study

Compatibility of voriconazole with the used polymers was confirmed by FTIR
spectroscopy. The FT-IR spectrum of voriconazole was shown in figure (1A). Main
characteristic peak showed OH stretching at 3167.76 cm™'. From other main spectra, C-
N stretching at 1054.28 cm—1, C=C stretching which appears at 1450.73 cm™, and C-F
stretching at 1589.23 cm™'. The FTIR spectrum obtained for each of the mixtures
confirmed the presence of the basic peaks of voriconazole with only a minor shift or
decrease in peak intensity due to relative dilution of the mixture as shown in figures
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(1B-1D). This may indicate the absence of incompatibility between voriconazole and

the used polymers.
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Voriconazole/Eudragit RS100; (1C): FTIR spectrum of Voriconazole/Eudragit
RL100 & (1D): (I) FTIR spectrum of Voriconazole/Eudragit RS100, Eudragit
RL100 &Excipients.
3.3.  Micromeritics study of the Voriconazole powder and its SR matrix tablets

formulae:

The micromeritics (including angle of repose, bulk density, tapped density,
Carr's index and Hausner ratio) were dedicated for Voriconazole powder and bulk
powder of all tablets formulae as demonstrated in Table (2). For voriconazole powder, it
was found that the angle of repose was 34.56°. The bulk density was 0.32 gm/ml and the
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tapped density was 0.47 gm/ml. Hausner’s ratio was found to be 1.48, while Carr's
index was 32.2%. These data indicate very poor flowability and compressibility
properties as shown in table (3); which was the main cause of adopting wet granulation
technique in all tablet formulae to improve the flowability and compressibility
properties of the Voriconazole (Shah et al, 2021, Agarwal et al, 2021)

For powder blends, the angle of repose measurements ranged from 25 to 29°
which indicates very good flowability. Both the bulk and tap density of the bulk powder
of the tablet formulae decrease with the increase of the percentage of the sustained
release matrix polymer. However, the difference in bulk and tapped densities was
relatively low when comparing with the different formulae of Eudragit RL100, Eudragit
RS 100, and their mixtures in different ratio. Flowability and compressibility properties
of the bulk formulae are relatively enhanced when compared with Voriconazole
powder. The micromeritics results showed that the value of Carr's index and Hausner's
ratio increased with increasing matrix-former polymer concentration, which was also
correlated with the suitable value of angle of repose results. The results of Hausner's
ratio for the tested blends revealed that all formulations had values of around 1.2,
indicating little interparticle friction.

Table 2: Micromeritics of Voriconazole powder of tablets formulae

Angle of Bulk Tapped Carr’ | Hausner'
Formula repose density density S S

(q) (gm/ml) (gm/ml) index Ratio

Vor Powder 34.56 0.32 0.47 32.2 1.48
F1 26 0.492 0.562 12.47 1.143

Eudragit RL100 F2 27.75 0.471 0.561 15.98 1.19
F3 28.75 0.451 0.549 17.83 1.217
F4 26.1 0.496 0.566 12.34 1.141
Eudragit RS100 F5 27.42 0.478 0.568 15.73 1.187
F6 28.32 0.459 0.549 16.37 1.196
Eudragit RL100: F7 26.51 0.495 0.565 12.42 1.142
F8 28.06 0.477 0.564 15.31 1.181

Eudragit RS100 (1:1) F9 28.96 0.458 0.559 18.05 1.22
Eudragit RL100: F10 27.03 0.494 0.564 12.44 1.142
F11 28.28 0.476 0.563 15.33 1.181
Eudragit RS100 (5:1) | F12 29.78 0.457 0.549 16.74 1.201
Eudragit RL100: F13 26.1 0.491 0.561 12.47 1.143
F14 27.86 0.471 0.561 16.04 1.191

Eudragit RS100 (10:1) | F15 28.86 0.451 0.541 16.63 1.2
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Table 3: Relationship of Angle of Repose, Carr’s Index & Hausner’s Ratio with
Flow Properties

Flow Properties Angle of repose Carr’s Index Hausner’s Ratio
Excellent 25-30 <10 1-1.11
Good 31-35 11-15 1.12-1.18
Fair 36-40 16-20 1.19-1.25
Passable 41-45 21-25 1.26-1.34
Poor 46-55 26-31 1.35-1.45
Very poor 56-65 32-37 1.46—1.59
Very very poor > 66 > 38 >1.6

3.4. Characterization of VVoriconazole SR matrix tablets:

The physiochemical characteristics of all of the produced tablets were confirmed
to be in accordance with the specifications. The average percentage of Voriconazole in
compressed tablets is within accepted limits (90-110%) for all formulations. The
proportion of friability in all equations was less than 1%. Furthermore, hardness was
greater than 13 Kg / cm?, indicating high mechanical resistance. Also, the average tablet
weight for the produced tablets was found to be uniform according to European
Pharmacopeia 10.5 (2019) as shown in Table (4).

Table 4: Characterization of VVoriconazole matrix tablets

Total Weight Hardness Friability Drug Content

Formulae
(mg) *SD (Kg/ICm?) +SD | (%) Loss+ SD (%) + SD

F1 1200 +0.72 13.8+0.2 0.19 + 0.02 98.94% + 1.94
F2 1200 +0.71 14.67 +0.8 0.15+0.01 98.76% + 1.68
F3 1200 + 0.65 15.94+0.7 0 98.80% + 1.75
F4 1200 + 0.25 17.29 + 0.55 0.13 +0.015 100.1% + 1.98
F5 1200+ 0.5 19.12 +0.12 0.1 +0.009 97.80% + 1.27
F6 1200 + 0.42 20.76 + 0.22 0 100.1% + 1.98
F7 1200 + 0.45 16.34 + 0.95 0.14 + 0.008 101.65% + 1.43
F8 1200 + 0.35 17.34 + 0.66 0.1+0.016 96.37% + 2.64
F9 1200+ 0.5 17.78 +0.36 0 97.80% + 1.27
F10 1200 + 0.52 15.41 + 0.45 0.15 + 0.007 100.1% + 1.98
F11 1200 + 0.95 16.75+ 0.6 0.12 +0.008 100.99% + 3.17
F12 1200 + 0.35 17.01 +0.52 0 98.49% + 2.35
F13 1200 + 0.51 14.12 +0.75 0.17 +0.02 102.74% + 1.40
F14 1200+ 0.7 15.41+0.8 0.13+0.01 100.81% + 1.76
F15 1200 + 0.63 16.7 + 0.64 0 99.54% + 1.46
3.5. In vitro dissolution results of VVoriconazole matrix tablets

The drug release depends not only on the nature of matrix but also upon the
polymer content. As the percentage of polymer increased, the drug release decreased
(Shah et al, 2021). The release of VVoriconazole from matrix tablets containing Eudragit
(RS100, RL100 and their mixtures at different ratios) with concentrations 5, 10 and
15% was studied. The results showed that Eudragit RS100 hindered the drug release at
different polymer concentrations with a maximum of 60% drug release over a 24 hours
period at 5% polymer concentration. As for Eudragit RL100, it hampered the release of
Voriconazole over 24 hours period at different concentrations with a maximum of 73%
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release at 5% concentrations. The release profile of the formulae with the two mixed
polymers has different sustained release effect using different percentage of Eudragit
RS100 to RL100 as shown in figure (2) and tables (5 & 6). Formula (F13) containing of
5% Eudragit mixture of RL100: RS100 at ratio of (10:1) achieved the SR required
criteria release 52% after 12 hours and 75.67% over 24 hours. On the other hand, the
commercial tablet has fast release characters, as drug completely released after 15
minutes. The effect on release was found to be higher for Eudragit RS100 than RL100.
However, the release profiles of the formulations containing both mixed polymers
differed in their sustained-release effects, indicating a possible inter-polymer complex
effect. Inter-polymer complex (IPC) is an intermolecular interaction between polymers
that can change the physicochemical and physico-mechanical characteristics of the
polymers (Jeganathan & Prakya,2015; Robertis et al, 2015; Terashima et al, 2015;
Kubova et al, 2017). IPC can achieve this interaction through hydrogen bonding, ionic,
or Van der Waals interactions. Positive or negative interactions may also occur
(Khutoryanskaya et al, 2014). Several IPCs have been reported e.g between
Copovidone and Carbopol (Zhang et al, 2017), between Polyox and Carbopol (Zhang
et al, 2016), between polyethylene oxide and polyacrylic acid (Zhang et al, 2016), and
inter polyelectrolyte complexes utilizing different polymers, for example; Eudragit L,
Eudragit E, Hydroxypropylmethylcellulose, chitosan, and polyacrylic acid (Jeganathan
& Prakya, 2015; Moustafine et al, 2012).

Figure (2): Dissolution Release Profiles of VVoriconazole Sustained Release Tablets
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Formulae

Table (5): Dissolution Results of Eud. RS 100 and RL 100 Voriconazole Matrix Tablets

Dissolution Time % of release of Vor £SD
Eudragit RL 100 Eudragit RS 100
F1 F2 F3 F4 F5 F6
0.1 NHCI 1lhr 11.55 10.33 9.52 10.21 10.9 8.9
pH=1.2 +0.07 +0.21 +0.20 | £0.13 | +0.21 | +0.03

2hrs. | 20.145 17.85 16.07 18.48 17.38 14.15
+0.40 +0.19 +0.32 | £0.66 | +0.30 | +0.22
Phosphate buffer pH = | 4 hrs. | 24.32 23.46 22.12 244 22,54 | 17.49
6.8 +0.57 +0.29 +048 | £0.61 | +0.20 | +0.30

6 hrs. | 30.35 27.69 28.2 28.33 25.62 19.91
+0.49 +0.24 +0.37 | +046 | +0.42 | +0.21
8hrs. | 3721 32.87 31.18 | 32.64 | 28.83 | 22.37
+0.38 +0.31 +£0.65 | +0.72 | +0.23 | +0.27
10 43.15 38.54 37.01 | 36.52 | 31.88 | 24.83
hrs. +0.40 +064 | £031 | #0.50 | +0.35 | +0.25
12 47.3 40.12 39.05 | 38.89 33.2 25.88
hrs. +0.28 +0.84 +0.66 | +0.57 | £0.63 | £0.55
24 hr | 73.07 67.16 66.66 | 59.92 | 48.17 | 37.29
+0.31 +0.58 +045 | £0.88 | +0.71 | +0.33

Table (6): Dissolution Results of Eud. RS 100/ RL 100 Mixture Voriconazole Matrix
Tablets

% of release of Vor £SD

Eudr. RL 100 : Eudr. |Eudr. RL 100: Eudr. | Eudr. RL 100 : Eudr.
RS 100 (1:1) RS 100 (5:1) RS 100 (10:1)
F7 F8 F9 F10 | F11 | F12 | F13 | F14 | F15
0.1 NHCI 1hr 8.65 |10.63| 11.15 | 954 | 873 | 7.86 | 10.7 | 9.94 | 8.65
pH=1.2 +0.21 [£0.04| #0.07 |+£0.14|+0.31|+0.61|+0.18 | +0.20 | £0.28
2 hrs 1481 | 1256 | 18.66 |14.84 |13.77 | 11.95| 18.26 | 15.33 | 12.23
" | £0.09 | #0.11| +0.51 |+0.35|+0.22 | +0.30 [+ 0.12| #0.25 | +0.15
Phosphate buffer pH 4hrs 16.82 | 15.23 | 19.81 |16.84| 15.2 |13.13 | 25.73 | 18.85 | 13.45
=6.8 " |£0.25|+£0.19| +£0.10 |+£0.60|+0.43 |£0.52|+0.09| £0.20 | +0.34
6 hrs 19.92 [18.01 | 22.33 |19.48 | 17.38 | 14.73 | 33.29 | 22.77 | 14.36
" | £0.31 | #0.39 | £0.20 |+0.21 |+0.16| +0.62 |+ 0.49 | +0.55 | + 0.26
23.36 | 20.11 | 24.71 |22.58 | 20.09 | 16.98 | 41.28 | 25.97 | 16.15
+0.51 |+0.54 | £0.49 [£0.09|+0.71|+0.63|+0.55|+0.22 | £+0.51
25.46 | 23.17 | 27.13 |25.37|22.62 | 19.53 | 47.56 | 33.02 | 18.16
+0.34 |+0.25| +£0.28 |+£0.44|+0.20|+0.60|+0.19|+0.51| +0.16
276 |24.48 | 29.67 |26.52 |23.96 |21.43 |52.13|36.46 | 22.78
+0.54 |+0.29 | £0.42 [+£0.72|+0.51|+0.46| +0.36 |+ 0.58| +0.91
40.18 | 42.54 | 36.53 |38.27 | 34.37 | 30.46 | 75.67 | 65.76 | 50.34
+0.62 [+£0.59| +0.39 [+0.41|+0.33 |+0.63| +0.55 |+ 0.74| + 0.69

Dissolution Time

8 hrs.

10 hrs.

12 hrs.

24 hr

3.6.  Drug release kinetics

Formulations F-1 to F-15 were estimated to examine the kinetics mechanism of
drug release. The release data followed zero order kinetics for formulae F2, F3, F8, F14,
and F15 while formulae F1, F4, F5, F6, F7, F9, F10, F11, F12, and F13 followed
Higuchi’s model. For the selected formula F13 it follows the diffusion model, as the
graphs exhibit the maximum linearity with r = 0.998638 as shown in table (7). Higuchi
model, commonly used to predict drug release from hydrophilic matrices, was used in
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this study to analyze the drug release profile (Wadher et al, 2011; Paolino et al, 2019;
Agarwal & Murthy, 2015). The selected model of the present study is based on its
widespread use and the characteristics of the sustained-release dosage form being tested

Table 7: Release kinetics of Voriconazole SR matrix tablet (F13).

Parameter Zero First Diffusion
a 15.44358 1.967338 -7.05493
b 2.806603 - 0.02427 16.94841
r 0.972825 - 0.99958 0.998638
k 2.806603 - 0.05589 16.94841
t12 (hr) 17.81513 -12.3996 8.70326

Where (a) intercept, (b) slope, (r) correlation coefficient, (k) rate constant and (t2) half-
life.

3.7. Accelerated stability study

Formula 13 shows the desired control drug release complied with the dissolution
specifications for sustained-release dosage forms. F13 has undergone an accelerated
stability study for 3 months.Chromatograms of VVoriconazole and its impurities indicate
that the excipients used in the formulation do not interfere with Voriconazole peak.
Also, all degradant peaks are well resolved from Voriconazole peak. Figure (3) shows
HPLC chromatograms of voriconazole. It was found that F13 had no significant
difference in drug content after three months at the two elevated temperatures indicating
its stability. The percent VVoriconazole remained after storage of sustained release tablets
at 30°C and 75% RH and at 40°C and 75% RH for three months are shown in table (5).
The percent of Voriconazole decreased after storage at 30°C and 75% RH is higher than
that stored at 40°C and 75% RH. This finding needs further studies. The degradation of
Voriconazole was found to follow zero- order Kinetics reaction based on the mean
values of correlation coefficients (r= 0.988). The shelf life at 20°C was found to be
270.58 days based on Arrhenius equation, while Ko was (0.0369) days™. Thus, formula
F13 after accelerated stability testing was produced to be stable.

voriconazole - 5.378 =

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Miny "

Figure 3: HPLC chromatogram of VVoriconazole
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Table 5: Accelerated stability testing of VVoriconazole tablets stored at 30°C and 40
°C at 75% RH for three months

Time (months) %Drug remained
at 30 °C at40 °C
0 100 98.86
0.5 99.6 99.28
1 99.2 99.4
15 99.18 99.35
2 98.91 98.13
2.5 98.2 97.95
3 97.31 97.29

4. Conclusion:

The present study successfully formulated sustained-release tablets of
voriconazole using a wet granulation technique with the use of Eudragit RS100,
Eudragit RL100, and their combination. Compatibility between voriconazole and the
suggested excipients was confirmed by FTIR spectroscopy. The micromeritics of the
powder blends were in compliance with the specifications as well. The in-vitro
dissolution study was carried out for two hours at 37 + 0.5°C in 900 ml of 0.1 N HCI
(pH = 1.2) at 100 rpm speed and then continued in 900 ml of phosphate buffer pH = 6.8
for twenty-two hours. F13, containing Eudragit RL100:RS100 at a ratio of (10:1),
Povidone K30 as the tablet binder, Magnesium stearate as the lubricant, Purified talc
and Colloidal silicon dioxide as the glidant, achieved the desired sustained release.
Formula (F13) released 52% after 12 hours and 75.67% over 24 hours. The kinetic
studies of F13 followed the Higuchi diffusion model. Stability studies showed that the
drug content was not significantly affected by storage at 30°C and 40°C and RH 751£5%
for 90 days. More studies and techniques are required to check the formation of IPC in
the formulae with mixtures of Eudragit RL100 and Eudragit RS100.

REFERENCES

Adepu S, Ramakrishna S. (2021) Controlled Drug Delivery Systems: Current Status
and Future Directions. Molecules.;26(19):5905.

Agarwal S, Murthy RS. (2015) Effect of Different Polymer Concentration on Drug
Release Rate and Physicochemical Properties of Mucoadhesive
Gastroretentive Tablets. Indian J Pharm Sci.;77(6):705-714.

Agarwal P, Goyal A, Vaishnav R. (2021) Comparative Quality Assessment of Three
Different Marketed Brands of Indian Polyherbal Formulation -Triphala
Churna..

Ainurofig A, and Choiri S. (2015)Drug release model and kinetics of natural
polymers-based sustained release tablet. Lat Am J Pharm.; 34:1328-37.



Az. J. Pharm Sci. Vol. 67, March, 2023. 33

Badr Eldin A., Shalaby A., Maamly M.Y. (2010) Development and validation of a
HPLC method for the determination of voriconazole and its degradation
products in pharmaceutical formulation. Acta Pharmaceutica Sciencia.; 52,
229-238.

Belamkar A, Harris A, Zukerman R, et al. (2022) Sustained release glaucoma
therapies: Novel modalities for overcoming key treatment barriers associated
with topical medications. Ann Med.;54(1):343-358.

Cao Y, Samy KE, Bernards DA, Desai TA. (2019) Recent advances in intraocular
sustained-release drug delivery devices. Drug Discov Today.;24(8):1694-
1700.

European Pharmacopeia (2019) . Uniformity of mass of single dose of preparations.

Singh G., Pai R. (2016) Atazanavir-loaded Eudragit RL 100 nanoparticles to improve
oral bioavailability: optimization andin vitro/in vivo appraisal, Drug
Delivery.; 23:2, 532-5309.

Jeganathan B, Prakya V. (2015) Interpolyelectrolyte complexes of Eudragit® EPO
with hypromellose acetate succinate and Eudragit® EPO with hypromellose
phthalate as potential carriers for oral controlled drug delivery. AAPS
PharmSciTech.; 16:878-88.

Kaoud, R. M., khalaf, .A H., Alkrad, J. A. (2021) Development of Sustained Release
Alogliptin  Tablets Using a Multiparticulates System Made of
Bentonite. International journal of applied pharmaceutics.; 13(3), 68-73.

Khan NA, Khan A, Ullah R, Ullah M, Alotaibi A, Ullah R, et al. (2022) Preparation
and Characterization of Hydrophilic Polymer Based Sustained-Release
Matrix Tablets of a High Dose Hydrophobic Drug. Polymers.; 14(10):1985

Khutoryanskaya OV, Morrison PW, Seilkhanov SK, Mussin MN,
Ozhmukhametova EK, Rakhypbekov TK, et al. (2014) Hydrogen-bonded
complexes and blends of poly(acrylic acid) and methylcellulose:
nanoparticles and mucoadhesive films for ocular delivery of riboflavin.
Macromol Biosci.; 14:225-34.

Kompella UB, Hartman RR, Patil MA. (2021) Extraocular, periocular, and
intraocular routes for sustained drug delivery for glaucoma.Prog Retin Eye
Res.;82:100901. doi:10.1016/j.preteyeres.2020.100901

Kubova K, Pecek D, Hasserova K, Dolezel P, Pavelkova M, Vyslouzil J, et al.
(2017) The influence of thermal treatment and type of insoluble
poly(meth)acrylates on dissolution behavior of very soluble drug from
hypromellose matrix tablets evaluated by multivariate data analysis. Pharm
Dev Technol.; 22:206-17.



34 Az. J. Pharm Sci. Vol. 67, March, 2023.

Kukadiya C.G., Desai K., Swamy S.M. (2014) Formulation, Evaluation and
Optimization of Press Coated Pulsatile Tablet of Zaltoprofen for The
Treatment of Rheumatoid Arithritis. Pharmasm.; 5 (2): 153-179.

Merkle HP. (2015) Drug delivery’s quest for polymers: where are the frontiers? Eur J
Pharm Biopharm,; 97:293-303.

Moustafine RI, Bodrov AV, Kemenova VA, Rombaut P, and Van den Mooter G.
(2012) Drug release modification by interpolymer interaction between
countercharged types of Eudragit® RL 30D and FS 30D in double-layer
films. Int J Pharm.; 439:17-21.

Nasrin N., Asaduzzaman M., Mowla R., Rizwan F., Alam A. (2011) A comparative
study of physical paramters of selected ketorolac tromethamine tablets
available in the pharma market of Bangladesh. J APP Pharm Sci.; 01 (08)101-
103.

Nikam A., Sahoo P. R., Musale S., Pagar R. R., Paiva-Santos A. C., Giram, P. S.
(2023) A systematic overview of Eudragit® based copolymer for Smart
Healthcare. Pharmaceutics.; 15(2): 587.

Oren |. (2005) Breakthrough zygomycosis during empirical voriconazole therapy in
febrile patients with neutropenia. Clin Infect Dis.; 40: 770-1.

Paolino D, Tudose A, Celia C, Di Marzio L, Cilurzo F, Mircioiu C. (2019)
Mathematical Models as Tools to Predict the Release Kinetic of Fluorescein
from Lyotropic Colloidal Liquid Crystals. Materials (Basel).;12(5):693.
Published 2019 Feb 26. doi:10.3390/ma12050693.

Rangasamy M., Palnati, V., Lakshmi B. (2013) "Formulation development and
Evaluation of Voriconazole sustained release tablet." International Current
Pharmaceutical Journal.; 2(10): 165-169.

Range A.B., Gattani S.G., Kadam V.D. Tekade A.R. (2009) Formulation and
Evaluation of Press Coated Tablets for Pulsatile Drug Delivery Using
Hydrophilic and Hydrophobic Polymers. Chem. Pharm. Bull.; 57(11): 1213-
1217

Rosam K, Monk BC., Lackner M. (2020) Sterol 14a-Demethylase Ligand-Binding
Pocket-Mediated Acquired and Intrinsic Azole Resistance in Fungal
Pathogens. J Fungi (Basel).;7(1):1. doi:10.3390/jof7010001

Pignatello R., Amico D., Chiechio S., Spadaro C., Puglisi G., Giunchedi P. (2001)
Preparation and Analgesic Activity of Eudragit RS100® Microparticles
Containing Diflunisal, Drug Delivery.; 8:1, 35-45.



Az. J. Pharm Sci. Vol. 67, March, 2023. 35

Shah MKA, Azad AK, Nawaz A, et al. (2021) Formulation Development,
Characterization and Antifungal Evaluation of Chitosan NPs for Topical
Delivery of Voriconazole In Vitro and Ex Vivo. Polymers (Basel).;14(1):135.

Sharma P., Chawla A., Pawar P. (2013) Design, Development, and Optimization of
Polymeric Based-Colonic Drug Delivery System of Naproxen. TSWJ. 2013;:
1-12.

Singh B., Kumar R., Ahuja N., Katare, O. P. (2011) Understanding the mechanism of
drug release from solid dispersions of poorly soluble drugs to modify drug
release. International journal of pharmaceutics.; 418(1), 115-129.

Tejashwini J.M., Ashok Kumar,P., Kulkarni S.V. (2015) Formulation and
Evaluation of Sustained Release Matrix Tablets of Voriconazole Using
Synthetic Polymers. 1JPRS.; 4(2) 24-35

Terashima T, Sugita T, Sawamoto M. (2015) Single-chain crosslinked star polymers
via intramolecular crosslinking of self-folding amphiphilic copolymers in
water. Polym J.; 47:667—77.

USP37 NF 32 edition. (2014) : the United States Pharmacopeia, the national formulary,
Voriconazole monograph.

Wadher KJ, Kakde RB, Umekar MJ. (2011) Formulation and evaluation of a
sustained-release tablets of metformin hydrochloride using hydrophilic
synthetic and hydrophobic natural polymers. Indian J Pharm Sci.;73(2):208-
215.

Zhang F, Meng F, Wang ZY, NA W. (2017) Interpolymer complexation between
copovidone and carbopol and its effect on drug release from matrix tablets.
Drug Dev Ind Pharm.; 43:190-203.

Zhang F, Lubach J, Na W, Momin S. (2016) Interpolymer complexation between
Polyox and Carbopol, and its effect on drug release from matrix tablets. J
Pharm Sci.; 105:2386-96.

Zhang F, Meng F, Lubach J, Koleng J, Watson N. (2016) Properties and mechanisms
of drug release from matrix tablets containing poly(ethylene oxide) and
poly(acrylic acid) as release retardants. Eur J Pharm Biopharm,; 105:97-105.



36 Az. J. Pharm Sci. Vol. 67, March, 2023.

J ki g% g8l lnd J grial) ALy gha fmaa 4l g ypedan
ol padlue dena g ad ¢ lee gl s el ¢ '35 00 deallae e
e ) daala (i) Al 28 dlanal) 4l 5 Y anal) ad
ean cy geaall ol sl D |
Shereen.abdelgawad @aucegypt.edu : (i ) Calall 5 g SN & )

Aol VY sl Chal b iy Jadiys oJgObl il A8 e il phadll slas g J53lsSy )l e
Jrasi Gob b lesd SV 5 adll 35k e Jsall daasill ol Gaob e %37 Aoy (s on il
;\jﬂ\ ngl.u‘_gn_mﬁ cd\.’\d\@é& ‘Zm.dsﬁ\ UJ.\.\.AJ\ Jia &_’M\MJM «lly S c;\jﬂ\
e G JilE e selay Cua ¢OISEAN sda e Jsriall AL gl duall eumux,_u JPOVEN g
M\Jﬁ\b&ww)ﬂu@\uﬁj Mw\aad\.b\}c\jﬂ\d)é\gmda)k&&d\ ;\jﬂ\&j.u.u
DEY) Qi e paldl ) S5 Jalis 5 Aol 3 el ¢ J sedall Ay sl J5 30580 ) sl e (g da B dlac) s
O aIY) 8 g st g o] griall Baas AdliAa gua juaad ol el gall Jglity (g yall o) I Caad g cdpuilal)
ilatll Aol a5 03 ey Jaall G al g Al 2 o5 oal AY) LS A 5o &5 sl AAY) Jaae JDA
Aﬂmua\ﬁ\icbmequs t_al.u)al\bawi\ﬂ\@;\jﬂ\dﬁ\ywdmﬂ;\fﬂ\ %‘}[b@.\ﬂ\
Lad g «ual y)ag) (e cpalidae (e g ?‘M\ A dua g_da)S\ carll e dolee e\A;_u.uL: Js2dall Baiee
:—\ji\QM!M\JAHLAS_MNu\)#ﬁJMLMM@JASjL&JMRS]_OO_gRLlOOu:z;\JJﬁJ
& G sal) 3l 4 glhaall aSaill ¥are ciia ) Al CLS a5 Aele YE s uidl
ALl bl jall liall < yedal 28y 04V 0 i dyghay s s dapa 0 5 Ve B e Cila ) die Lgiy HAS
a3 Aadl aidal) Jadall ddaud gy Aediuall iy dall saaeie 3 sall s Js 35S )8 G Jeld 2ga g pae
Leale Cojlaitall Aglapall Ciliual gal 188 Clilial) aes 550 52l 0 e lagus pallad il CilS g o) jaall
g5l USP Jlea aladiuly Aol Y& ODA 04V 5 %YV YA (o 7 ol i Jlall (33Ul Gl A1 < jelil
O 08 WS Gl Y1 (e liall (33Ul Jane Gadiiy <l jall saaxie o sall 3 53 534 ) e 43l i .5V
Gualpal e VN RL100 Cumdoad e ) v Aty el 5 %0 e (o3 (Al F13 3 sl 4,8 i)
lele Jsamnll &5 il bl (ld il g | el ¥ 5aa) dlaeall Gl 4 )y 8 4 5 La culac | (1100 RS
e L sinal gnall (e S Juabl J grdal) Siae lEadl (33Ua) & A pie Lad e F13 dapeall o) ) s
Laa2 i RS100 5l RL100 )y

(RL100 Cunl o) clayaaall Gailnd ¢ Jgniall 53 an (al 58 s 3 oSy ) 58 + dmpalibal) ciloald
RS 100 <ual ol


mailto:Shereen.abdelgawad@aucegypt.edu

