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The objective of this present study was to develop and evaluate transdermal films of alfuzosin hydrochloride for
controlled release at a predetermined rate over a prolonged period of time and assessment of film forming ability
Cordia dichotoma fruit mucilage using alfuzosin as drug of choice. The films of alfuzosin were prepared by
solvent evaporation technique. The formulations, from F1 to F3 contain Cordia dichotoma fruit mucilage
(CDFM; 8%, 12% and 16%) and the formulations, from F4 to F6 contain CDFM along with sodium alginate
(125 mg, 150 mg and 175 mg). Glycerin and propylene glycol were used as plasticizer; span-80 used as
permeation enhancer; methyl paraben and propyl paraben were used as preservatives (in case of plant mucilage
as polymer) in all the formulations. Fourier transform infra red spectral analysis studies showed that there is no
drug polymer incompatibility. The films of alfuzosin were prepared by using different polymers such as C.
dichotoma and also in combination with sodium alginate that had shown good results for all the evaluated
parameters within the range. In vitro drug release studies had shown that the maximum release of drug was
observed for F3 formulation was 91.87 + 1.34 at 24 hrs and F6 formulation was 99.62 + 0.14 at 24 hrs. The
concentration of CDFM is increased from 8% to 16% that leads to enhancement of dissolution rate. In-vitro drug
release studies of optimized formulations, F3 formulation followed first order and F6 formulation followed zero
order kinetics. The obtained results were concluded that CDFM have good film forming ability alone and
combination with sodium alginate.

INTRODUCTION

The transdermal drug delivery systems (TDDS) are
topically administered medicaments in the form of films that
deliver the active ingredient for systemic effects after across
through the skin barriers at a predetermined, controlled rate to
avoid first pass effect and improve the patient compliance
(Chandrashekar et al., 2008). A transdermal patch, which may be
either an active or a passive design, is a device which provides an
alternative route for administering drugs the patients who cannot
tolerate oral dosage forms such as vomiting patients, provides
suitability of self medication to deliver the drug for extended
period of time for improvement of bioavailability and it provides
non-invasiveness. The drug enters into the blood stream directly
across the skin barriers through diffusion process. Since there is
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high concentration on the patch and low concentration in the
blood, the drug will keep diffusing into the blood for a extended
period of time to maintain the uniform plasma levels and enhance
the therapeutic efficacy by reducing fluctuations (Chien Yie et al.,
1987; Kumboji et al., 2013; Chetan et al., 2015). Cordia
dichotoma, plant belonging to family Boraginaceae is medium
sized tree and fruits are globose, yellowish-brown, pink or black
and pulpy. The plant grows not only in India and but also in other
warmer regions. The plant fruits are used as cooling, astringent,
anti-ulcer (Kuppast et al., 2008), emollient, expectorant,
anthelmintic, purgative and diuretic. The medicinal or
pharmacological properties of C. dichotoma such as analgesic,
anti-inflammatory (Rapisarda et al., 1992) and hepatoprotective
have been reported. The mucilage is initially white in color but
changes to brownish black on exposure to atmosphere and
sparingly soluble in water but swells in contact with water, giving
a highly viscous solution. It is a polyuronide consisting of
arabinose, galactose, and glucoronic acid in the proportion of
10:7:2 moles; rhamnose is present in traces (Wassel et al., 1987;
Rapisarda et al., 1992; Rajesh et al., 2000; Patil et al., 2010;
Pattnaik et al., 2009; Prasad et al., 2013).

© 2016 Lohithasu Duppala et al. This is an open access article distributed under the terms of the Creative Commons Attribution License -NonCommercial-
ShareAlikeUnported License (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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The various pharmaceutical applications of Cordia
dichotoma, C. myxa mucilage such as tablet binder (Vidyasagar et
al., 2010), emulsifier, mucoadhesive property, gastro retentive
delivery (Sonia et al., 2015), matrix forming agent (Ahad et
al.,2009; Lohithasu et al., 2015), patches (Harshal et al., 2014),
herbal excipient (Harshal et al., 2015), pharmaceutical adjuvant
(Somya et al., 2015), nanoparticles and micro particulate drug
delivery systems (Priyanka et al., 2014). Alfuzosin hydrochloride,
a quinazoline derivative, is a selective and competitive alpha(1)-
adrenergic blocker in lower urinary tract that relaxes the smooth
muscles in the prostate and bladder neck, making it improvement
of urination and reduction in symptoms in benign prostate
hyperplasia (BPH-enlarged prostate) due to inhibition of these
adrenoreceptors. The absolute bioavailability of alfuzosin is about
49% under fed conditions. T . is 8 h and the C . and AUC are
about 13.6 ng/ml and 194 ngh/ml, respectively. Transdermal route
is more convenient, easy and an alternative choice of route of
administration for such drugs. The physicochemical parameters
such as molecular mass, log P value, melting point and solubility
of alfuzosin are 389.49 g/mol, 1.51 at a pH of 7.4, 230 °C and >
10% respectively. These encouraging parameters make it an
ultimate suitable drug candidate for transdermal delivery systems
(TDDS) (Kumboji et al., 2013; Pattanaik et al., 2009; Radha et al.,
2013; Santoshnaidu et al., 2014; Satyanarayan et al., 2011; Rajpur
et al.,2015).

MATERIALS AND METHODS

Alfuzosin hydrochloride was obtained as a gift sample
from Cipla Ltd. (Mumbai, India). Sodium alginate and span-80
were procured from Loba Chemie Pvt Ltd. (Mumbai, India).
Glycerin from SD fine Chemicals, used as plasticizer, propylene
glycol, methyl paraben, propyl paraben were purchased from
BDH, England.

Drug- polymer interaction studies

Fourier Transform Infra-Red (FT-IR) spectral analysis

FTIR spectral analysis was found to be reliable technique
for predicting the possible interactions between alfuzosin and other
ingredients. FTIR spectra of pure alfuzosin hydrochloride and
mixture of drug and polymers were mixed with IR grade KBr in
the ratio of 100:1 and corresponding pellets were prepared by

Table 1: Composition of various formulation batches of alfuzosin transdermal films.
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applying pressure in a hydraulic press. The pellets were scanned
over a wave number range of 4000-400 cm™in Fourier transform
infrared spectrophotometer (Bruker, model 10048657 Alpha-T,
AT-001 opus software).

Extraction of C. dichotoma fruit mucilage

The collected plant and fruits had been identified and
authenticated by Dr. N.S.N. Swamy, Department of Botany,
Palakonda, Srikakulam district, Andhra Pradesh and, India with
the reference voucher specimen number of Cordia/No.DOB/
Pharm.Tech/0077/2015-16. The fruits of Cordia dichotoma were
collected from surrounding area of Srikakulam, Andhra Pradesh,
India. Fresh Cordia dichotoma fruits were collected and the seeds
were removed prior to extraction process. The fruits were sliced,
crushed, homogenized with 5-10 times its weight of distilled water
and the clear, viscous solution decanted. The fruit mucilage was
precipitated with 3- 4 volumes of ethanol and washed with more
ethanol followed by acetone. The fruit mucilage so obtained was
dried under vacuum. The precipitate was washed 2-3 times with
95% ethanol. After complete washing, filtered through muslin
cloth, dried, powdered, passed through a sieve no.80 and stored in
a desiccator for further use (Lohithasu et al., 2015). The mucilage
was white colour, characteristic odour and amorphous in nature.

Preparation of transdermal films

The transdermal films of alfuzosin hydrochloride were prepared
by solvent evaporation technique.

The mould of 5 cm length and 5 cm width with a total
area of 25 cm? as made-up was used for the preparation of
transdermal films. The mould bottom was wrapped with
aluminium foil. The various concentrations of mucilage (8%, 12%
and 16%) were taken in a beaker. Then add propylene glycol,
glycerin, span-80, propyl paraben, methyl paraben and alfuzosin
hydrochloride (5 mg) was added with constant stirring using
magnetic stirrer for 2 h at 800 rpm. The obtained uniform solution
was casted on the aluminium foil and dried at 40 °C in the hot air
oven for 24 h. For prevention of fast evaporation of solvent, to
place an inverted funnel over the mould. After 24 h the dried films
were taken out from hot air oven and stored in a desiccator for
further evaluation studies. Compositions of different formulations
are shown in Table 1.

Ingredients

Formulation codes

F1 F2
Alfuzosin hydrochloride (mg) 5 5
*CDFM (%) 8 12
Sodium alginate (mg) - -
Glycerin (ml) 1 1
Propylene glycol (ml) 0.2 0.2
Span- 80 (ml) 0.09 0.09
Methyl paraben (mg) 25 25
Propyl paraben (mg) 15 15
Water up to 20 20

F3 F4 F5 F6
5 5 5 5
16 8 12 16
- 125 150 175
1 1 1 1
0.2 0.2 0.2 02

0.09 0.09 0.09 0.09
25 25 25 25
15 15 15 15
20 20 20 20

*CDFM = Cordia dichotoma fruit mucilage
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Evaluation of transdermal patch
Thickness of the film

The thickness of the formulated film was measured at
least 3 different points using a digital caliper and average thickness
of three readings for each formulation was calculated.

Weight uniformity

The films of different batches were dried at 60 °C for 4
hrs before testing. Three films from each batch were accurately
individually in a digital balance and the average weight was
calculated.

Folding endurance

This was determined manually by repeatedly folding the
strip film at the same place until it broke. The number of times the
film could be folded at the same place without breaking/cracking
gave the value of folding endurance.

Percentage moisture absorption

The films were weighed accurately and placed in the
desiccators containing 100 ml of saturated solution of potassium
chloride or ammonium chloride, which maintains 80-90% relative
humidity. After 3 days, the films were taken out and weighed. The
percentage moisture absorption was calculated using the following
formula:

Final weight — Initial weight

0 i ion =
% Moisture absorption nitial weight X 100

Percentage moisture loss

The films were weighed accurately and kept in a
desiccators containing anhydrous calcium chloride at 40 °C for 24
hours. After 3 days, the films were taken out and re-weighed until
there was no further change in the weight of individual film.
The percentage moisture content was calculated using the
formula:

Final weight — Initial weight

% Moisture loss = — - X 100
Initial weight

Moisture content

The prepared films were weighed individually and kept
in desiccator containing activated silica at room temperature for 24
hrs. The films were weighed again, until constant weight is
achieved. The % moisture content was calculated as a difference

between initial and final weight with respect to final weight.

) Initial weight — Final weight
% Moisture content (MC) = Initial weight x 100

Water vapour transmission rate

Glass vials of 5 ml capacity were washed thoroughly and
dried to a constant weight in an oven. About 3 g of fused calcium
chloride was taken in the vials and the polymer films of 2.25 cm?
were fixed over the brim with the help of an adhesive tape. Then
the vials were weighed and stored in a humidity chamber of 80-
90% RH condition for a period of 24 h. The vials were removed

and weighed at 24 hrs time intervals to note down the weight
again.

Water vapour transmission rate

Final weight — Initial weight
= X 100

Time X Area

Tensile strength

Mechanical properties of the prepared films were evaluated by
using a microprocessor based advanced force gauze (Ultra Test,
Mecmesin, UK) equipped with a 25 kg load cell. The prepared
film strip with dimensions of 60 x 10 mm and free from air
bubbles or physical imperfections were held between two clamps
positioned at a distance of 3 cm. During measurement of film strip,
the top clamp at a rate of 2 mm/s pulled the strips to a distance till
the film broke. The force and elongation were measured (n = 3)
when the film broke. The mechanical properties were calculated
according to the following formulae.

Tensile strength
Force at break (kg)

" Initial cross sectional area of the sample (mm?2 )

Elongation at break ( % mm~2)
Increase in length (mm) X 100

- Original length (mm) X Cross sectional area

Force at corresponding strain (kg)

Elastic modulus = .
Cross sectional area (mm?)
1
X
Corresponding strain
. Tenstile strength
Strain=———7—7——

Elastic modulus

The measurement of tensile strain gives an indication of the
strength and elasticity of the patch, reflected by the characteristic
parameters, tensile strength (TS), elastic modulus (EM) and
elongation at break (E/B). A soft and weak polymer is
characterized by a low TS, EM and E/B; a hard and brittle polymer
is characterized by a moderate TS, high EM and low E/B; a soft
and tough polymer is characterized by a moderate TS, low EM and
high E/B; where as a hard and tough polymer is characterized by a
high TS, EM and E/B. Another the characteristic parameter strain
has been used as an indicator of the overall mechanical quality of
the patch.

A high strain value indicates that the patch is strong and
elastic. Hence, it is concluded that a suitable transdermal patch
should have a relatively high TS, E/B and strain but low EM
(Kumboji et al., 2013).

Drug content uniformity of films

The drug content in each batch of formulated transdermal
films was determined by cut into pieces and dissolving each film
in 100 ml solution (50 ml of methanol and 50 ml of water) and
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then filtering with Whatman filter paper (0.45 um). The drug
content was analyzed by suitable dilution as per the reported
method by using UV-spectrophotometer at 242 nm.

Scanning electron microscopy

Film morphology of optimized formulations F3 and F6
were characterized before permeation and after permeation study
after 24 hrs by using scanning electron microscopy.

Drug release kinetic study

The drug in vitro release studies from alfuzosin HCI
transdermal films were performed using Franz diffusion cell
(modified Keshary—Chien diffusion cell) with cellophane
membrane. The cell consists of two compartments, the donor and
the receptor compartment.

The donor compartment was in contact with ambient
conditions of the atmosphere. The receptor compartment was in
contact with a solution in the receptor compartment (phosphate
buffer pH 7.4) and the contents were stirred with magnetic bead
driven by magnetic stirrer. One film of 1 cm”was placed in the
donor compartment of the diffusion cell. The receptor fluid (5 ml)
was withdrawn at predetermined time intervals and replaced
immediately with same volume of phosphate buffer pH 7.4 to
maintain sink conditions.

The samples were analyzed for drug content at 242 nm
using UV-visible spectrophotometer (Shimadzu, Japan) after
suitable dilution with phosphate buffer pH 7.4 against phosphate
buffer of pH 7.4 as reference. To examine the drug release Kinetics
and mechanism, the drug release data of optimized batch F3 and
F6 were fitted to various Kinetic models.

Stability studies

Stability studies were carried out on optimized
formulations F3 and F6 as per ICH guidelines for two months and
various parameters were studied during stability study. The short
term stability studies were carried out on prepared films at
different temperature and humidity according to ICH guidelines:
(25 £ 2°C/60%RH) and (45 + 2°C/75%RH) a period of 60 days.
The films were wrapped in aluminum foil and stored in desiccator
for stability study. The films were characterized for drug content
and other parameters at regular intervals.

RESULTS AND DISCUSSION

Pre-formulation studies on alfuzosin hydrochloride

The solubility of alfuzosin hydrochloride was determined
in water. The solubility studies indicate that the drug is freely
soluble in water.

Drug-Excipients Compatibility Studies
Fourier transform infrared (FTIR) analysis

FTIR spectra of drug, physical mixture of drug with
different polymers, were recorded and examined. FTIR spectra of
alfuzosin hydrochloride showed all the principal peaks with
reference to their functional groups. The observed FTIR spectrum
of drug was matched with reference spectra. The results showed
there was no appearance or disappearance of peaks in the
excipients—drug mixture this confirmed the absence of any
chemical interaction between the drug and the polymers. The FTIR
spectra of pure drug, physical mixture of drug with CDFM,
physical mixture of drug, CDFM with sodium alginate and
physical mixture of drug with sodium alginate are shown in Fig. 1,
Fig. 2, Fig.3 and Fig.4. respectively.
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Fig. 1: FTIR spectrum of alfuzosin hydrochloride
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Fig. 2: FTIR spectrum of physical mixture of alfuzosin hydrochloride and CDFM.
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Fig. 3: FTIR spectrum of physical mixture of alfuzosin hydrochloride, CDFM and sodium alginate.
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Table 2: Evaluation parameters and its results of alfuzosin HCI films.
. Thickness TS Elongation N Weight % MC o MA DC MVT

Formulation (mm)* (Nmm?* (%) FE (mg)  (eww) MO (o (%)  (gem*h™)10*

F1 0.85+0.03 0.242+0.14  10.00+0.11  101+1.1 400+0.015 3.65+0.03 3.92+1.04 6.00+2.12 97.4+0.34 0.92+0.52

F2 0.88 +0.04 0.256+0.27 14.56+0.21 112+1.4 403+0.011 3.78+0.04 4.23+0.52 6.25+0.18 97.7+0.56 1.28 £0.22

F3 0.90 +0.03 0.261+0.05 18.43+0.37 116+1.2 406+0.015 3.79+0.07 4.78+0.24 8.24+0.75 99.7+0.34 1.81+0.30

F4 0.94 +0.02 0.275+0.18  23.23+0.37  125+1.7 408+0.012 3.89+0.01 6.10£0.53 9.11+1.27 98.6+0.39 2.65+£0.51

F5 0.96 +0.05 0.276+0.12 24.23+0.39  129+1.8 409+0.015 3.79+0.03 6.13+0.63 9.13+1.37 98.4+0.49 2.69+0.81

F6 1.04+0.02 0.279+0.18  25.62+0.21  137+#1.1 412+0.030 3.23#0.13 6.27#1.50 9.27#1.21 99.5+0.59 3.17£0.47

“n=3; standard deviation for three determinations; TS= Tensile strength; FE= Folding endurance; MC= Moisture content; DC= Drug content; ML= Moisture loss;

MA= Moisture absorption; MV T= Moisture vapour transmission.

Evaluation of alfuzosin hydrochloride transdermal films

All the formulated transdermal films (from F1 to F6)
were most elegant, flexible, smooth. The thicknesses of formulated
transdermal films were ranged from 0.85+0.03 to 1.04+0.02 mm
among the various batches; the uniformity in thickness indicates
that the polymeric solution of the drug is well dispersed in the
films. The weights ranged between 400 +0.015 mg to 412+0.030
mg, the probable reason for slight weight variation may due to
viscosity variation of polymeric solution used in the polymeric
films.

The % moisture loss was found to be between 3.92+1.04
t0 6.27 +1.50,% moisture absorption was found to be 6.00+ 2.12 to
9.27+1.21 and % moisture content was found to be between.
3.65+0.03 to 3.23+0.13. The result shown that as the concentration
of CDFM was increased there was increase in the moisture
absorption and loss. The moisture content and moisture uptake of
the prepared transdermal film was low, which could help the
formulations remain stable and from being a completely dried,
reduce brittleness during storage; it could protect the formulations
from microbial contamination and reduce bulkiness of films.

The tensile strength of film indicates the strength of film,
elasticity of the film and the risk of film cracking. But, no sign of
cracking in prepared transdermal films and it was observed that all
the batches of transdermal films were strong and flexible. Tensile
strength of formulated films was ranges from 0.242+0.14 to
0.279+0.18 N/mm® The elongation of formulated matrix
transdermal films was ranged from 10.00£0.11 to 25.62+0.21. The
folding endurance represents the ability of film to withstand
rupture. It was observed that as the concentration of CDFM was
increased there is increase in tensile strength. The folding
endurance was measured manually and results indicated that the
films would not break and would maintain their integrity with
general skin folding when used. It was found to be high in films
containing higher amount of the CDFM and it was ranged from
101+1.1 to 137+1.1. The drug content in formulated films was
ranged from 97.4+ 0.34 to 99.5+ 0.59% it indicated that all the
batches exhibited fairly uniform drug content.

In vapour transmission, all the formulations were
permeable to water vapor. The formulation batches F1 and F2
were indicate less vapour transmission as compared to other
transdermal films on day one. The highest vapour permeation 3.17
+ 0.47 was found with patch F6 on day one. While less permeation
0.92 +£0.52 was found on day one with patch F1, containing lower

concentration of CDFM. The enhancement of water vapour
transmission increases as concentration of mucilage increases due
to effect of plasticizers. The results of evaluation parameters of
alfuzosin hydrochloride films are shown in Table 2.

As per stability consideration, accelerated stability
studies (40°C/75%RH, 6 months duration) on mucilage powder
showed that there is no significant difference in the parameters
observed during stability study. The mucilage is initially white in
color but changes to brownish black on exposure to sunlight
exposure and may be prone to oxidation. It is prevented by use of
antioxidants (0.1% ascorbic acid and 0.1% sodium bisulfate) along
with mucilage and less moisture content. The extracted CDFM
were evaluated for microbial load, CDFM showed 25 colony-
forming units per gram (CFU/g) for bacteria and 52 colony-
forming units per gram (CFU/g) for fungi (specified limit as per
I.P. is not more than 100 CFU/g) which shows mucilage were
under microbial limit, it also proved that CDFM does not support
microbial growth and is free from all the pathogen organisms.
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Fig. 5: In vitro drug release from various formulations (F1 to F6)

Table 3: In vitro drug release kinetics of optimized formulations and R? values

Zero order First order Higuchi model Korsmeyer- Peppas
F3 0.995 0.997 0.945 0.874
F6 0.945 0.926 0.911 0.901

The in vitro release profile results indicated that the
release of drug from films increases with increasing concentration
of CDFM. The cumulative percent of drug release in 24 h was
found to be the highest (99. 62 + 0.143) from formulation F6
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carrying CDFM at high concentration (16%) and minimum (69.71
+ 0.168) from formulation F1 carrying low proportion of CDFM
(8%). The drug release was found to increase on increasing the
concentration of CDFM in the polymer matrix. Formulation F6
containing CDFM showed cumulative % drug release of 99.62
+0.143 in 24 h, emerging as a best formulation. The results shown
that as the concentration of CDFM was increased and there was
increase in dissolution rate.

Fig 6: SEM phtograph of (a) F3 film : before permeation study; (b) F6 film:
before permeation study; (c) F3 film: after permeation study after 24 h; (d) F6
film: after permeation study after 24 h

The surface topography of the optimized formulations F3
and F6 were studied by scanning electron microscopy. SEM
photographs of alfuzosin hydrochloride loaded transdermal patch
before permeation and after permeation study, respectively shown
in Fig. 6. The SEM photographs shows comparison between the
permeation studies of optimized films of alfuzosin. After 24 hours,
the films of optimized formulations were collected and subjected
to surface topography.

Table 4: Stability study of optimized formulations ( F3 and F6)

Formulation % Drug content % Drug release
code (After 60 days) (After 60 days, at 24 h)
F3 96.8 94.23
F6 97.9 99.06

To know the mechanism of drug release, the release data
from the optimized batch were fitted to various kinetic models.
The in vitro drug release of alfuzosin hydrochloride from
transdermal films is shown in Fig. 5. The stability studies were
carried out on the optimized formulations F3, F6 at 30 + 2 °C/ 65
5% RH and 40 £ 2 °C/ 75 + 5% RH for 60 days as per ICH
guidelines. There was no considerable difference in the
physicochemical parameters, in vitro drug release profiles were
found to be super impossible with the initial readings at zero day
results. It indicates that the formulated films were withstanding
with all standard requirement for their stability. The results of
stability studies of optimized films were shown in Table.4. The

earlier researchers (Patil et al., 2010), studied that drug release
from neomycin transdermal films were prepared using 10 %
natural polymer (fruit gum) of Cordia dichotoma with different
percentage of plasticizer (glycerin 0.05, 0.10, 0.15, 0.20 and 0.25
% wi/v), same percentage of preservative (methyl paraben 0.2 %
w/v) and drug (neomycin 0.2 % w/v). When compared with earlier
researchers, the transdermal drug delivery system using 16 %
CDFM (F3) shows good film forming potential alone and in
combination with sodium alginate.

CONCLUSION

Six formulations (from F1 to F6) of different
composition were prepared with Cordia dichotoma fruit mucilage
alone (8%, 12% and 16%) or combination with sodium alginate.
When the film forming ability of Cordia dichotoma fruit mucilage
is increased due to enhancement of concentration of mucilage
from 8% to 16% and also combination with sodium alginate. The
prepared transdermal films of alfuzosin HCI using different
polymers such as C. dichotoma and in combination with sodium
alginate had shown good promising results for all the evaluated
parameters. From the composition of Cordia dichotoma fruit
mucilage alone (formulations F1 to F3; 8%, 12% and 16%) and the
composition Cordia dichotoma fruit mucilage (8%, 12% and 16%)
along with sodium alginate (formulations F4 to F6; 125 mg,150
mg and 175 mg) is increased leads enhancement of dissolution
rate. When sodium alginate used in combination with mucilage for
improvement of tensile strength, may be potentiate the film
formation. The prepared formulations (from F1 to F6) were
subjected to different evaluation parameters. Based on drug release
kinetics data, optimization of formulations was done. Evaluation
parameters were correlated then based on the in-vitro drug release
the matrix optimized formulation F3 shows 91.87 +1.34, followed
first order and formulation F6 was 99.62 + 0.14 followed zero
order. It was also concluded that, in future Cordia dichotoma fruit
mucilage can also be used as a film forming material.
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