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INTRODUCTION

Researchers worldwide are trying to explore 
orodispersible films as a new strategy for drug release, 
especially for patients at risk of choking and facing 
impediments to oral administration, as well as pediatric, 
geriatric, and psychiatric patients (Preis, Knop, 
Breitkreutz, 2014; Karki et al., 2016; Musazzi et al., 2020).

Orodispersible films are ultrathin, with 50–150 µm 
thickness and 1–20 cm2 of surface area, which disintegrate 
quickly or dissolve within one minute of contact with saliva, 
resulting in increased bioavailability and fast absorption, 
reducing the exposure of the substances to degradation 

in the gastrointestinal tract, and pre-systemic metabolism 
(Chonkar, Bhagawati, Udupa, 2015; Karki et al., 2016). 
Orodispersible films are normally composed of a water-
soluble polymeric matrix, which once administered 
in the oral cavity, undergoes hydration, adhering, and 
disintegration. Absorption of the active pharmaceutical 
ingredients (APIs) in this dosage form can occur in the 
oral mucosa (gingival, sublingual, buccal, and palatal 
regions) and also in the gastrointestinal tract (Borges et 
al., 2015). Regardless of the route involved in the absorption 
process, orodispersible films are associated with increased 
bioavailability of APIs compared to conventional oral solid 
dosage forms, because the release occurs in the oral cavity 
and the dissolution of the API begins earlier. The surface 
area of the human oral mucosa of an adult individual is 215 
cm2, and most of the tissue is not keratinized, presenting 
high permeability, which, combined with the high rate of 
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blood flow, enables rapid systemic reach, reducing the effect 
of the first hepatic passage (Preis, Knop, Breitkreutz, 2014; 
Siddiqui, Garg, Sharma, 2011). The major limitation of 
orodispersible films is their limited drug loading capacity, 
and thus, the restriction of drugs employed in high doses 
(Dixit, Puthli 2009; Musazzi et al., 2020).

Hydrodispersible polymers are the main components 
of orodispersible films (Chonkar, Bhagawati, Udupa, 
2015; Chauhan, Solanki, Sharma, 2018). According to 
Mahadevaiah et al. (2017), the addition of a plasticizer 
is fundamental to reducing the fragility and increasing 
the flexibility of films. Hydroxypropyl methylcellulose 
(HPMC) is a water-soluble polymer formed by cellulose 
monomer ethers, which are non-ionic, biodegradable, 
pH 3–11, stable, and have good film-forming properties 
(Dixit, Puthli 2009; Morales, McConville 2011; Rani et 
al., 2013; Rowe, Sheskey, Quinn, 2015). 

Quinazolines and their derivatives exhibit a diverse 
range of biological activities. Doxazosin mesylate 
(DOX) is a quinazoline, a selective α1-adrenergic 
receptor blocker, used for the treatment of hypertension 
and benign prostatic hyperplasia. Recent studies have 
shown its neuroprotective effects in neurodegenerative 
diseases, such as Alzheimer’s disease (Coelho et al., 
2019). DOX is a weak base salt (pka1 = 12,67 e pka2 = 
7,24) and its bioavailability (63%) is strongly dependent 
on pH (Cha et al., 2010). Its metabolism in humans mainly 
involves o-demethylation of quinazoline substituents or 
hydroxylation of the benzdioxan moiety. The high half-
life of DOX (~9-11.5 h) favors its administration in daily 
single oral doses (Vincent et al., 1983; Faulkner et al., 
1987; Altiokka, 2001). The therapeutic dose of DOX is 
1–16 mg daily and is available in the form of oral tablets 
for immediate and prolonged release. 

Oral films are intended to deliver drugs via the oral 
mucosa. Therefore, oral mucosa drug saturation should be 
considered, as saliva plays a critical role in the absorption 
of drugs in these dosage forms. Among the parameters 
that may have an impact on the dissolution of drugs, the 
pH (6.97–7.40), viscosity (1.5–1.6 mPa s), and salivary flow 
(0.58–1.51) must be considered (Borges et al., 2015; Gittings 
et al., 2015).

There is an increasing number of published studies 
on the application of statistically based optimization 

processes in the field of pharmaceutical technology. 
Design of experiments (DoE) is a statistical tool capable 
of facilitating the interpretation of experimental data, 
which ultimately allows the identification of optimal 
factor levels for maximum performance (Uhoraningoga 
et al., 2018; Barthi, Mittal, Mishra, 2019). 

Since DOX is a weakly basic salt and its solubility 
and bioavailability are pH-dependent, oradispersible films 
can be a good alternative to oral administration of DOX 
for continuous use and emergency situations.

In this study, HPMC-based orodispersible films 
containing DOX were developed and characterized using 
a DoE approach to evaluate the effects of the formulation 
components on their physical, chemical, and release 
characteristics.

MATERIAL AND METHODS

Material

DOX (99.74% purity) was kindly provided by EMS 
Pharma (Hortolandia, São Paulo, Brazil). HPMC E6 
(Premium LV; Dow Chemical Company, Latin America) 
was kindly provided by Colorcon Inc. (Cotia, Brazil), 
glycerin (Gly), propylene glycol (PP), polyethylene glycol 
(PEG)-400, and citric acid monohydrate were obtained 
from LabSynth (Diadema, Brazil). Tablets containing 
2.43 mg of DOX (Cardura™ 2 mg tablets; Pfizer Inc., 
Brazil) were obtained from the pharmaceutical market. 
Purified water was obtained using a reverse osmosis 
system Gehaka model OS10LXE (São Paulo, Brazil).

Preparation of orodispersible films

Orodispersible films were prepared using a full 
factorial DoE approach employing two factors and 
three levels (32) using the Statistica version 13.1 software 
(TIBCO Statistica Inc., CA, USA), resulting in nine 
formulations. The films were prepared by the solvent 
casting method using HPMC E6 (2, 2.5, and 3%) as a 
film-forming agent, and GLY, PP, or PEG as plasticizers 
(10% mass polymer, w/w) (Table I) (Dixit, Puthli, 2009; 
Musazzi et al., 2020).
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To prepare the formulations 2.4 mg of DOX, 
2.0 mg of doxazosin base was weighed, dispersed in 
sufficient amount of purified water, and subjected to 
stirring on a 10-position magnetic stirrer. Then, the 
plasticizer (GLY, PP, or PEG) and HPMC E6 (2, 2.5, 
or 3%) were added, and the volume was completed 
with purified water (q.s. to 6 mL). After 30 min, 
stirring was stopped, and the dispersions were kept 
at rest for 30 min for deaeration (Karki et al., 2016). 
The dispersions thus obtained were transferred to a 
polyethylene mold containing 12 circular cavities, each 
50 mm in diameter, and dried in an oven with forced 
air circulation and renewal (40.0 ± 0.5 °C) for 24 h. 
The films were removed from the molds, wrapped in 
an aluminum foil, and placed in a desiccator.

Characterization and optimization

Thermal analysis

DOX, HPMC E6, physical-mixture DOX:HPMC 
E6 1:1 (w/w) (PM), and orodispersible films (F1-9) 
were evaluated using differential scanning calorimetry 
(DSC) (~2–4 mg) and thermogravimetric analysis 
(TGA) (~4–8 mg). 

DSC curves were obtained using a DSC Shimadzu 
model DSC-60 at a heating rate of 10 °C min-1 over a 
temperature range of 40–600 °C. Samples of 2–4 mg 
were used in sealed aluminum pans under a dynamic 
nitrogen atmosphere (100 mL min–1). The system was 

previously calibrated with metallic indium (99.99% 
purity, Tmelting = 156.4 °C, ∆Hmelting = 28.7 J g1. 

TGA curves were obtained using a TGA Shimadzu 
model DTG-60 at a heating rate of 20°C min–1 over a 
temperature range of 40–900 °C. Sample (5–7 mg) was used 
in a platinum pan under a dynamic nitrogen atmosphere 
(100 mL min1). System calibration was performed using a 
calcium oxalate monohydrate standard. The curves were 
analysed using the TA-60WS software.

Fourier transformed infrared (FTIR) spectroscopy

Absorption spectra of DOX, HPMC E6, 
orodispersible films with a plasticizer (F1-9), and without 
a plasticizer (WP-F1, WP-F4, and WP-F7) were obtained 
using an infrared spectrophotometer (FTIR Shimadzu 
model IR, Prestige-21) coupled with a total attenuated 
reflection (ATR) accessory, with a resolution of 4 cm–1 
over the full spectral range (4000–400 cm–1).

X-ray powder diffraction (XRPD)

X-ray powder diffraction patterns of DOX, HPMC 
E6, orodispersible films with the plasticizer (F1-9), and 
without plasticizer (WP-F1, WP-F4, and WP-F7) were 
obtained using a diffractometer (Bruker D8 Advance 
X-ray powder diffractometer) employing a radiation 
source Cu Kα operating at 40 kV, 40 mA, scan range 
from 5–60° (2 theta), and scan rate of 2 °C min–1. 
Polycrystalline silicon (Si) was used as the standard.

TABLE I - Composition of orodispersible films according to the design of experiments (DoE)

Components F3 F9 F5 F2 F1 F8 F7 F4 F6

DOX (mg) 2.43 2.43 2.43 2.43 2.43 2.43 2.43 2.43 2.43

Plasticizera PEG PEG PP PP GLY PP GLY GLY PEG

HPMC E6 (%) 2 3 2.5 2 2 3 3 2.5 2.5

Purified water, qsp 6 6 6 6 6 6 6 6 6
a10% mass polymer, w/w
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Physical and mechanical properties

The thickness of the orodispersible films was 
measured in continuous mode using a Defelsko Inspection 
Instruments model PosiTector Standard 200 (ASTM 
D-6132-13) with an accuracy of 0.001 ± 0.0001 µm. 

The mechanical properties of the orodispersible 
films were evaluated using a puncture (ASTM D2582-
16) and pull-off adhesion (ASTM D4541-17) tests, using 
a Brookfield CT3 Texture Analyser with a 50 kg load 
cell. The tests were performed using the Texture ProCT 
software. 

For the puncture test, the samples were fixed in the 
TA-FSF accessory, placed on the TA-BT-kit (fixture base 
table), and subjected to puncture strength using a TA39 
probe (2 mm D, 200 mm L, stainless steel). Load vs. 
displacement data were recorded from the point of contact 
of the probe with the film until the film ruptured. The 
puncture strength, elongation at break, and puncture to 
energy were calculated according to the method described 
by Radebaugh et al. (1988). The nature of the test did not 
allow the calculation of Young’s modulus (Radebaugh et 
al., 1988; Karki et al., 2016).

In the adhesion test, an epithelium segment of the pig 
oral mucosa (Animal Ethics Committee n° 1352120520) 
was fixed on the mucus adhesion text fixture (TA-MA) 
accessory, submitted in a borosilicate glass flask containing 
0.9% physiological solution to reach the lower surface of the 
mucosa, with stirring at 37.5 °C. On the probe TA5 (12.7 
mm D, 35 mm L; Black Delrin), a piece of double-sided 
adhesive tape was applied, and the sample was deposited 
on it. The parameters of hardness, adhesive force, and 
adhesiveness were evaluated (Carvalho et al., 2010).

Optical properties

Color determination of the orodispersible films was 
carried out using a CR-400 colorimeter (Konica-Minolta, 
Co. Ltd., Japan) calibrated with black and white backing, 
using standard D65 illumination and a 10° absorber. The 
tests were performed in triplicates.

The CIELAB reading system was represented by 
coordinate L* C*h, where L*  (lighntness) (0=black,and 
100=white), C* (Chromaticity), and h (tone angle) 

(-a*=0°,green; +b*=90°,yellow; +a*=180°,red; and 
-b*=270°, blue). The opacity of the samples was calculated 
on the same colorimeter by coordinates Yxy using the 
following equation: Y(%)= Yb/Yw x 100, where Y is the 
opacity (%), Yb is the opacity of the sample on the black 
backing, and Yw is the opacity of the white backing 
(Santana et al., 2018).

Scanning electron microscopy (SEM) analysis

The morphology of the orodispersible films was 
evaluated using SEM JEOL model JSM-6610. The 
samples were fixed on a metallic support with the aid of 
a 12 mm thick double-sided carbon tape and subjected 
to metallization under vacuum to make them electrically 
conductive. The visualization was performed with an 
increase of 1.000 × with an excitation voltage of 10–15 kV.

Content uniformity

Orodispersible films were transferred to Falcon 15 
mL conical tubes, 5 mL of purified water was added, 
stirred on a vortex-type agitator for 60 s, and filtered 
through filter paper. Aliquots of 100 µL were diluted 
1:100 (v/v) and quantified using a Thermo Scientific 
spectrophotometer (Evolution 200) at 246 nm. The final 
values are the averages of three measurements.

Dissolution profile

Dissolution profiles were obtained using the 
dissolution equipment Ethik Technology model 299/TTS. 
A total of three units of each dosage forms (orodispersible 
films, or reference product, Cardura™ 2 mg tablets; Pfizer 
Inc., Brazil) containing 2.43 mg of DOX (equivalent to 
2.0 mg doxazosin base) were subjected to the dissolution 
tests using the following conditions:

Orodispersible films: Apparatus 5 (paddle over disc), 
stirring speed 50 rpm, medium volume 500 mL, UV 
spectrophotometry at 246 nm, and phosphate buffer pH 7.4 
at 37 ± 0.5 °C as dissolution medium (Krampe et al., 2016).

Reference product, Cardura™ 2 mg tablets: 
Apparatus 2 (paddle) stirring speed 50 rpm, medium 
volume 500 mL, UV spectrophotometry at 246 nm, and 
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TABLE II - Data obtained for doxazosin mesylate (DOX), hydroxypropyl methylcellulose (HPMC) E6, physical-mixture 1:1 
(w/w) (PM), and orodispersible films (F1-9) from (TGA) and differential scanning calorimetry (DSC) curves

DSC TGA

(°C) (ºC) (J g1) (°C)  % %

DOX 278.23 93.62 292.05/343.37 0.29 31.55/27.09
HPMC E6 - 177.0 - 251.60 2.96 86.88

PM 254.81 132.62 241.96/283.29 0.82 33.23/19.50
F1 162.0 246.27/377.70 3.12 70.62/23.20
F2 168.6 231.65 0.95 96.32
F3 163.8 238.38 0.46 92.84
F4 154.9 250.31 20.63 72.12
F5 163.8 243.58/399.94 11.10 40.12/38.83
F6 165.8 261.09 2.35 90.93
F7 154.0 263.34 20.46 75.93
F8 164.1 241.17 3.76 86.98
F9 164.2 266.11 3.46 87.12

aT melting, bglass transition temperature, centhalpy, and dweigth loss

hydrogen chloride (HCl) 0.01 M at 37 ± 0.5 °C dissolution 
medium (USP, 2015).

The dissolution efficiency (DE) was obtained from 
the average dissolution profile for each formulation 
according to the equation (Simionato et al., 2018) DE% 
=   where yt is percent of drug 
dissolved at any time t, y100denotes 100% dissolution, 
and the integral represents the area under dissolution 
curve between time zero and T.

The model-independent approach employing the 
difference factor( f1) and similarity factor ( f2) was used 
to compare the dissolution profiles. According to this 
approach, f1 values up to 15 (0–15), and f2 values greater 
than 50 (50–100) ensure sameness or equivalence of the 
two curves (Xie, Ji, Cheng, 2015).

pH and water activity (Aw)

Orodispersible films were transferred separately to 
Falcon (15 mL) conical tubes, where 5 mL of purified 
water was added, and evaluated using a pH meter (Hanna 
model pH21) with Ag/AgCl electrode. 

Aw was evaluated using the FA-st Water Activity 
Meter (GBX Instruments, France) previously calibrated 

with  (at room temperature. 
The final values are the averages of three measurements.

Data processing

Statistica version 13.1 software (TIBCO Software 
Inc., CA, USA) was used for the statistical analysis of 
the data. The results of thickness, mechanical properties, 
opacity, and dissolution efficiency were analyzed using 
DoE for the models without interaction, and with two-
level interactions, (linear, linear) or (linear, quadratic). 
The desirability method was used to optimize the 
formulations (Candioti et al., 2014). Principal component 
analysis (PCA) and hierarchical cluster analysis were used 
to explain the optical properties of CIE-LCh.

RESULTS AND DISCUSSION

Thermal analysis

The thermal properties of DOX, HPMC E6, and 
orodispersible films were evaluated using DSC and TGA 
(Table II).
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The DSC curve of DOX showed an endothermic 
event at 278.23°C (∆H = 93.62 J g–1) relative to the melting 
of the drug, followed by exothermic decomposition at this 
temperature. The TG/DTG curves of DOX indicate that 
the crystalline form is thermally stable up to 292.05°C  
and thermal decomposition occurs in two events. The 
first event occurred with fast kinetics between 292.05°C  
and 343.37 °C, with a mass loss of approximately 
31.55%; the second event occurred more slowly and 
gradually between 343.37 and 520.75 °C, and the mass 
loss is approximately 27.09%; a residual content of 
approximately 12.03%. The predominantly exothermic 
events observed in the DSC curves are concordant with 
those of the mass loss observed in the TG/DTG curves.

Grčman, Vrečer and Meden (2002) described several 
polymorfic modifications of DOX, designed as A, D, 
E, F, G, H, and I. The Tm of DOX obtained suggests 
a polymorph A-like considering Tm at 277.9 ± 0.2 °C 
or a polymorph F-like (Tm at 276.5 ± 0.2 °C), which 
presents X-ray powder diffraction patterns that are 
more similar when compared with DOX in the present 
work. A polymorph with lower solubility is the more 
thermodynamically stable form.

XRPD, owing to its absolute specificity, is widely 
recognized as the gold standard for the identification 
and quantification of crystalline forms. Every crystalline 
form has a unique XRPD pattern, which is unaffected 
by other constituents in the formulation. However, most 
APIs are organic compounds, and their crystal structures 
are characterized by large unit cells with low symmetry. 
The utility of conventional XRPD equipment in the 
characterization of such compounds is often limited 
by the appearance of numerous overlapping peaks with 
low intensities, posing challenges with respect to both 
resolution and sensitivity. The sensitivity is also limited 
by the low flux of the X-ray source (usually a sealed 
tub) (Munjal, Suryanarayanan 2021). In parallel, it is 
already known that thermograms can differ depending 
on the application of different parameters, for example, 
heating rates and amount of sample (Dedroog et al., 
2020). Therefore, one should keep the limitations of each 
assay in mind to avoid misinterpretation.

The DSC curve of HPMC E6 remained stable 
up to 291.29 °C with exothermic degradation at this 

temperature. The glass transition temperature (Tg) of 
HPMC E6 was 177.0°C. The TG/DTG curves of HPMC 
E6 showed an endothermic event at a temperature below 
100°C, referring to dehydration (∆m1 = 2.96%) followed 
by single-stage decomposition between 251.60 and 
404.23°C (DTGpeak = 358.99°C, ∆m2 = 86.88%) with 
carbonization and elimination of the carbonaceous 
material from 400 °C (∆m2 = 8.00%).

A decrease in the DOX melting point was observed 
for the physical-mixture 1:1 (w/w) (PM), suggesting the 
occurrence of some interaction between the drug and 
the polymer (Ramaraj, Nayak, Yoon, 2010). In the TG/
DTG curves of the physical mixture, the thermal events 
correspond to the sum of the effects observed in the 
thermograms of the individual components. 

In DSC curves of the orodispersible films, the event 
related to DOX melting was suppressed, supposedly 
due to conversion into its amorphous form (Dinge, 
Nagarsenker 2008; Siddiqui Garg, Sharma, 2011). The 
TG/DTG curves of the orodispersible films showed 
decomposition in a single step; the TG/DTG curves of 
the F1 and F2 films showed two-step decomposition, 
similar to that of the physical mixture, probably due to 
the inhomogeneity of the samples (Table II).

The formation of amorphous solid dispersions (ASDs), 
in which API is dispersed in a polymer matrix, thus 
forming an amorphous one-phase system, is one of the 
main strategies employed in the pharmaceutical industry 
to increase the solubility and stability of drugs (Dedroog et 
al., 2020). Water-soluble polymers can interact with drug 
molecules through ion-ion, ion-dipole, and dipole-dipole 
electrostatic bonds, van der Waals forces, and hydrogen 
bonds, resulting in polymer-(drug)n complexes (Veiga et 
al., 2006). According to Usui et al. (1997), the increased 
stability in dispersed systems can be attributed not only 
to the increased viscosity of the systems, but also to the 
establishment of interactions between the components.

The glass transition temperature (Tg) (corresponds 
to the temperature at which the polymer changes from 
a state of relative molecular stiffness (glass phase) to 
considerable chain mobility (rubber phase), where the 
efficiency of the plasticizer is proportional to the lowering 
of the Tg (Mahadevaiah et al., 2017). The incorporation of 
a plasticizer (Gly, PP, or PEG) reduced the glass transition 
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temperature of HPMC E6 in the orodispersible films 
(Table II) (Dixit et al., 2009). 

FTIR spectroscopy

Figure 1 (a-e), panel A, shows the FTIR spectra 
of DOX, HPMC E6, and orodispersible films without 
plasticizer (WP-F1, WP-F4, and WP-F7). The main 
bands of DOX are assigned to tertiary amide ν(C=O) 
at 1634 cm–1 (1); to δ(N-H) aromatic at 1595 cm–1 (2); 
to ν(C=N) at 1494 cm–1 (3); to ν(C-N) aromatic amine 
at 1265 cm–1 (4); to ν(C-O) of cyclic ether at 1113 cm–1 
and 1043 cm–1 (5)(6) (Pupe et al., 2013; Biswas et al., 
2015; Khalilullah et al., 2016). Figure 1b, panel (A) shows 
the most important vibrational band of the HPMC E6 
observed as broadband with maximum absorption at 
1064 cm–1 (7), and a shoulder at 1115 cm–1 attributed 
to ether type ν(C-O) (Van Der Weerd, Kazarian, 2004; 
Wray, Clarke, Kazarian, 2011; Hazzah et al., 2013). The 
presence of DOX as a function of HPMC E6 content is 
given in (Figure 1 (c-e), Panel A). It is clear from the 
results presented here that the attributed bands depicted 
as (1-4) confirm the presence of the drug dispersed in 
the polymeric matrix and indicates that its structure 
was preserved. 

Figure 1 (c-e), panel (B), presents the effect of 
the inclusion of plasticizers in orodispersible films: 
F1 (glycerin, Gly), F2 (propylene glycol, PP), and F3 
(polyethylene glycol 400, PEG). The main features 
observed were the low intensities of DOX bands (2) 
and (3), and some other bands overlapped on the HPMC 
E6 bands. Moreover, the bands practically remained 
unaffected by the inclusion of PP plasticizer (Figure 
1c) panel B. This behavior can be attributed to the low 
interaction between PP, and polymer matrix. On the 
other hand, changes were detected in the FTIR spectra 
of F1, and F3 (Figure 1 (d-e), panel B). In the presence 
of Gly (Figure 1d, panel B), the ν(C-O) (7) was shifted 
21 cm–1, and appeared at 1043 cm–1, suggesting that 
strong interaction occurred. Besides, a slight shift also 
was observed to PEG plasticizer with a broadening 
of this band, and an appearance of a shoulder with 
a maximum at 1096 cm–1 (Figure 1e, panel B). The 
DOX bands appeared with low intensity being more 
pronounced to PEG plasticizer. The intermediate and 
high concentrations of HPMC indicated that no effective 
influence of plasticizer occurred (Figure 1, Panel C and 
D). Additionally, bands of DOX were more pronounced 
to PEG to F6 (Figure 1e, Panel C), and Gly to F7 (Figure 
1d, Panel D), respectively.
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XRPD

Figure 2 (a-n) show powder X-ray powder 
diffraction patterns of DOX, HPMC E6, and 
orodispersible films (F1-9). The X-ray powder 
diffraction patterns of DOX (Fig. 2a) presented sharp 
peaks (16.8°, 17.1°, 18.2°, and 24.05°, 2θ) indicating 
the crystalline structure of the drug (Grčman, Vrečer, 
Meden, 2002; Pupe et al., 2013). The HPMC E6 cellulose 
derivative presented a characteristic semi-crystalline 
structure (Figure 2b), revealing two main broad peaks 
at approximately 9.14° and 19.5° (2θ) (dashed lines), and 
three very low-intensity sharp peaks (*) at 27.3°, 31.6°, 
and 45.4o, respectively. Figure 2 (c-e) depicts the effect 

of the DOX inclusion as a function of the HPMC content 
from 2% to 3%. It was possible to observe that sharp 
peaks of DOX disappeared indicating that the drug 
when introduced in the HPMC matrix the “amorphous” 
halo profile remains. Moreover, the extremely low-
intensity sharp peaks of the polymer matrix (HPMC 
E6) also disappeared, leading to an enhancement of 
the amorphous state. Furthermore, the broad peaks 
were slightly shifted in two θ values, suggesting that 
changes in the local distance occurred. Taking into 
account the introduction of plasticizers PP, Gly, or PEG 
as a function of HPMC E6 content, amorphous behavior 
was observed without any significant changes for all 
compositions (Figure 2 (f –n)).

FIGURE 1 - Fourier transformed infrared (FTIR) spectra of panel (A): doxazosin mesylate (DOX) (a), hydroxypropyl 
methylcellulose (HPMC) E6 (b), without plasticizer (WP)-F1 (c), WP-F4 (d), and WP-F7 (e); panel (B): DOX (a), HPMC E6 (b), 
F2 (c), F1 (d), and F3 (e); panel (C): DOX (a), HPMC E6 (b), F5 (c), F4 (d), and F6 (e); and panel (D): DOX (a), HPMC E6 (b), F8 
(c)d F7 (d), and F9 (e).
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Amorphous solid dispersions (ASDs) are single-
phase amorphous systems in which drug molecules 
are molecularly dispersed (dissolved) in a polymer 
matrix. Dedroog et al. (2020) studied the techniques 
of (modulated) DSC and XRPD to elucidate the phase 
behavior of ASDs and concluded that both techniques, 
although widely used for this purpose, have limitations. 
According to the authors, the limiting factors of XRPD 
were the lack of sensitivity for small traces of crystallinity, 
the inability to differentiate between distinct amorphous 
phases, and the impossibility of detecting nanocrystals 
in a polymer matrix. In addition, the limiting factors of 
(m)DSC were the heat-induced sample alteration upon 
heating, the interference of residual solvent evaporation 

with other thermal events, and the coincidence of enthalpy 
recovery with melting events. 

Physical and mechanical properties

The thickness values (Table III) obtained agree 
with the ideal values described in the literature (Karki 
et al., 2016). For the thickness parameter, the two-
level interaction model (linear, linear) was the most 
appropriate (R-sqr = 0.98648; Adj:0.96395), and only 
the variable polymer (linear) showed a significant effect 
(p < 0.05), such that the thickness of the orodispersible 
films increased as a function of the amount of HPMC 
E6 present in the formulation (Figure 3).

FIGURE 2 - X-ray powder diffraction patterns of DOX (a), HPMC E6 (b), WP-F1 (c), WP-F4 (d), WP-F7 (e), F1 (f), F2 (g), F3 (h), 
F4 (i), F5 (j), F6 (k), F7 (l), F8 (m), and F9 (n).
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FIGURE 3 - Pareto chart of the main effects of variables (polymers and plasticizers) on the investigated responses
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In the industrial process, the production of films 
based only on polymers is inconvenient because their 
mechanical properties make it difficult to extrude them 
into molds. Plasticizers are molecules with low molecular 
weight and low volatility, which reduce intermolecular 
interactions by coupling between the polymer chains, 
increasing their mobility and reducing the glass transition 
temperature, viscosity, Young’s modulus, and fragility 
of the films (Santana et al., 2018).

Traditionally, stress-strain testing is the most popular 
and widely used mechanical test for pharmaceutical films; 
however, it has limitations (Preis, Knop, Breitkreutz, 
2014). Tension-strain testing is designed for tough 
materials, and therefore has limited sensitivity for 
polymers (Radebaugh et al., 1988); in parallel, and the 
sample size required for clamping between grips in 
tension-strain testing (100 × 25.4 mm) often becomes 
inconvenient owing to the difficulty and high cost of 

developing films of these dimensions (Preis, Knop, 
Breitkreutz, 2014). The puncture test consists of an 
alternative method to evaluate the mechanical properties 
of oral films capable of overcoming these disadvantages 
(Karki et al., 2016).

In the puncture test, the two-level interaction model 
(linear, linear) was the most appropriate for all parameters 
evaluated (Table III, Figure 4). For parameter puncture 
strength (R-sqr = 0.97671; Adj: 0.93788), the variables–
polymer (linear), and plasticizer (linear, quadratic)–had a 
significant influence (p < 0.05), as the puncture strength 
increased with polymer concentration, and the effect of 
plasticizer obeyed the following order: PP>PEG>GLY; for 
the parameter elongation at break (R-sqr = 0.90126; Adj: 
0.73669), the variable plasticizer (quadratic) presented a 
significant influence (p < 0.05), and varied in the following 
order: Gly>PEG>PP; and finally, for the parameter 
puncture to energy (R-sqr = 0.80955; Adj: 0.49213), only 

TABLE III - Average values (n = 3) of the physicochemical and mechanical properties of orodispersible films

Parameters*
Orodispersible films

F1 F2 F3 F4 F5 F6 F7 F8 F9

Thickness, µm 54.53±0.47 54.73±1.67 54.80±3.82 74.27±1.93 72.13±4.09 66.17±1.19 84.33±4.72 84.83±3.09 81.83±1.35

pH5% 5.42±0.04 5.54±0.13 5.54±0.11 5.55±0.01 5.48±0.03 5.59±0.10 5.65±0.08 5.60±0.07 5.61±0.10

Aw 0.80±0.00 0.80±0.01 0.77±0.01 0.78±0.01 0.76±0.01 0.74±0.02 0.78±0.00 0.78±0.01 0.73±0.00

UC, mg 2.36±0.06 2.42±0.02 2.43±0.02 2.48±0.12 2.36±0.03 2.42±0.02 2.39±0.03 2.48±0.13 2.40±0.02

Opacity, % 15±0.00 13±0.01 24±0.05 13±0.01 14±0.01 22±0.01 12±0.02 13±0.01 18±0.01

DE, % 80.86±0.01 86.89±0.02 83.86±0.02 77.94±0.02 85.46±0.10 83.61±0.06 71.41±0.05 84.13±0.11 74.17±0.03

Puncture test

E, % 9.52±0.03 4.11±0.01 8.35±0.02 10.10±0.02 4.38±0.00 8.03±0.01 7.28±0.01 4.98±0.01 6.77±0.01

PS, Mpa 1.60±0.56 2.46±0.38 1.74±0.31 2.06±0.40 3.64±0.18 2.90±0.19 2.33±0.47 3.59±0.43 3.06±0.50

PE, N/mm3 1.01±0.15 1.06±0.09 1.09±0.16 1.57±0.80 1.22±0.12 1.46±0.11 0.89±0.14 1.07±0.15 1.16±0.27

Adhesiveness test

Hardness, N 16.97±3.51 31.50±1.66 23.52±2.16 15.11±2.11 24.03±1.77 19.48±1.41 15.06±2.08 23.37±4.26 18.22±4,56

AF, N 0.15±0.00 0.28±0.19 0.28±0.11 0.33±0.10 0.31±0.08 0.18±0.04 0.28±0.11 0.23±0.12 0.19±0.07

Adhesiveness, mJ 0.52±0.12 0.16±0.08 0.23±0.25 0.48±0.47 0.37±0.13 0.14±0.04 0.31±0.27 0.16±0.10 0.13±0.09
*Mean ± standard deviation; Water activity; UC, Uniformity content; DE, Dissolution efficiency;E, Elongation at break; PS, 
Puncture strength; PE, Puncture to energy; and, AF, Adhesive force.
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the variable polymer (quadratic) presented a significant 
influence (p < 0.05), where greater puncture to energy 
was observed when 2.5% of the polymer was used.

Puncture strength is a measure of toughness and is 
directly proportional to the resistance to break or fracture. 
Toughness is quantified as energy (Radebaugh et al., 
1988). Puncture strength is a measure of the intensity of 
interatomic bond forces, and the addition of plasticizers 
causes a reduction in the puncture strength, regardless of 
the plasticizer type. Plasticizers decrease the molecular 
attraction between adjacent polymer chains, increase the 
mobility between molecules, decrease the glass transition 
temperature, and improve polymer f lexibility and 
elasticity (Mahadevaiah et al., 2017). The physical and 
chemical properties of the plasticizer, such as its chemical 
structure, shape, polarity, chain length, physical state, 
and the number of active functional groups, determine 
its ability to plasticize a polymer network (Tuberoso et 
al., 2014).

The addition of plasticizers to the orodispersible 
films increased the elongation at break (Gly>PEG>PP), 
confirming the greater plasticizer power of Gly observed 
in studies with DSC (Tg  reduction) and FTIR, where 
both the plasticizers (Gly and PEG) affected the polymer 
matrix more intensely than PP and, therefore, contributed 
to higher values of elongation at break. In parallel, the 
low interaction between PP and the polymer matrix was 
responsible for the higher puncture strength values.

Oral mucosal adhesion is a specific term used to 
describe the interaction between the oral mucosa and 
the polymer matrix. Important variables in this process 
are the diffusion coefficient of the polymer in the mucin 
layer and the contact time between the polymer and the 
mucosa (Morales, McConville 2011).

In the adhesion test, the two-level interaction model 
(linear, linear) was the most appropriate for all the 
parameters assessed. For the parameter hardness (R-sqr 
= 0.95952; Adj:0.89206), the variables–polymer (linear) 

and plasticizer (linear, quadratic)–had a significant effect 
(p < 0.05); for the variable polymer, higher hardness was 
observed for the lower concentration (2%), regardless of 
the plasticizer type, and for the variable plasticizer, the 
hardness varied in the following order PP>PEG>Gly; 
for the parameter adhesiveness (R-sqr = 0.83991; 
Adj:0.57308), only the variable plasticizer (linear) 
presented a significant effect (p < 0.05) (Table III, Figure 
4), and varied in the following order: Gly>PP>PEG; and 
finally, the parameter adhesive force (R-sqr = 0.62494; 
Adj:0.0000) was not influenced by the variables.

Optical properties

The Commission International de I’Eclairage, 
International Commission on Illumination (CIE) defines 
the color spaces in CIE XYZ, CIE L*a*b* and CIE L*C*h 
using chromatic coordinates. Currently, color space L*C*h 
is preferred by some industry professionals because it 
correlates best with how the human eye perceives color.

Transparent films are characterized by low opacity 
(Santana et al., 2018). The opacity of the orodispersible 
films was calculated using the CIE XYZ color space and 
evaluated using DoE. The two-level interaction model 
(linear, linear) was the most appropriate (R-sqr = 0.95084; 
Adj:0.8689), and only the plasticizer (linear and quadratic) 
showed a significant effect (p < 0.05). Orodispersible 
films prepared with Gly and PP were similar, with greater 
transparency than those prepared with PEG.

Figure 4 shows the projections of the CIE L*C*h 
coordinates represented in a two-dimensional space, 
formed by the principal components, lightness (L*, 
27,60%), and chroma (C*, 27.60%), which explained 
96.71% of the data. The grouping of the samples, 
orodispersible films (F1-9), and standard polystyrene film 
(SD), into distinct quadrants indicated color differences 
between them. Samples F1, F4, and F5 presented the 
greatest transparency and similarity with SDs.
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FIGURE 5 - Photomicrographs of orodispersible films obtained using scanning electron microscopy (SEM) Jeol with an increase 
of 1,000x.

SEM

The photomicrographs obtained by SEM for 
orodispersible films prepared with Gly or PEG showed 

the presence of fat droplets dispersed in these systems, 
suggesting greater difficulty in dispersing these 
plasticizers, whereas the orodispersible films prepared 
with PP showed a homogeneous surface (Figure 5).

FIGURE 4 – Two-dimensional (2D) principal component analysis (PCA) score plot based on CIE L*C*h color coordinates.
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Dissolution efficiency (DE) is a parameter used 
to compare dissolution profiles and may correlate with 
in vivo data (Simionato et al., 2018). The two-level 
interaction model (linear, linear) was the most appropriate 
(R-sqr=0.89993; Adj:0.73315), and the factors–polymer 
(linear) and plasticizer (quadratic)–showed a significant 
effect (p < 0.05). The dissolution efficiency decreased as 
a function of the amount of polymer, and the plasticizer 
effect followed the following proportions: PP>PEG>Gly 
(Table III, Figure 3).

In recent years, industries have successfully 
applied experimental planning to improve production 
efficiency and reduce processing costs without sacrificing 
the quality of their products (Farooq et al., 2016). 

According to Goethals and Cho (2012), one of the main 
difficulties in solving problems of multiple characteristics 
(multivariate) is to optimize each of their characteristics 
simultaneously, and one of the most widely used methods 
to solve problems of multiple response optimization is the 
desirability function.

From the estimation of the effects obtained for the 
thickness, mechanical properties (elongation at break 
and adhesiveness), and DE of the films, it was possible 
to select the best formulation based on the desirability 
function ( fD) (0≤ fD ≤1), using all factors in their optimal 
values (Figure 7). The maximum value for the desirability 
function ( fD)  was 0.8668, corresponding to the use of 
2.0–2.5% polymer (HPMC E6), and PP as a plasticizer.

FIGURE 6 - Dissolution profiles of orodispersible films (F1-9) and the reference product (Cardura™ 2 mg tablets; Pfizer Inc., 
Brazil).

Dissolution profile

Orodispersible films prepared with 3% polymer, 
Gly (F7), or PEG (F9) as a plasticizer, showed a lower 
dissolution rate of DOX, indicating that the amount of 

polymer and nature of the plasticizer may influence the 
release of drugs in orodispersible films. The dissolution 
profiles of the other orodispersible films were similar and 
lower than those of the reference product, Cardura™ 2 
mg tablets (Pfizer Inc., Brazil) (Figure 6).
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DOX is a weak base salt (pka1 = 12.67 e pka2 = 
7.24), and its bioavailability is strongly dependent on 
pH (Vincent et al., 1983). Cha et al. (2010) suggested 
adding citric acid (1.7%) in oral dosage forms to increase 
the solubility and dissolution of DOX. In parallel, organic 
acids (citric acid, malic acid, ascorbic acid, tartaric 
acid, etc.) are saliva-stimulating agents that favor fast 
disintegration and dissolution of DOX in orodispersible 
films (Chonkar, Bhagawati, Udupa, 2015).

Based on these findings, a formulation consisting 
of 2.5% polymer (HPMC E6), PP (10% of the polymer 
amount), and 1.7% citric acid monohydrate was 
prepared, and named desirability formulation (FD), and 
its dissolution profile compared to the reference product 
(Cardura™ 2 mg tablets, Pfizer Inc., Brazil) using the 

difference factor ( f1) and similarity factor ( f2) (Figure 6) 
(Xie, Ji, Cheng, 2015). The difference factor ( f1 = 6.84) 
and the similarity factor ( f2 = 52.07) indicated that the 
dissolution profiles of the dosage forms were similar.

pH and water activity are related to microbial growth, 
enzymatic activity, and product stability. According to 
Carvalho et al. (2010), pH 4.5 is the critical value for 
microbial growth; lower values inhibit microbial growth, 
while higher values favor the growth of bacteria, yeasts, 
and mold. Water activity (Aw) values range from 0 to 1.0, 
and in general, the Aw higher of a material, the higher 
the risk of microbial growth and degradation (Beuchat, 
1982). All orodispersible films (F1-9) showed pH and 
water activity (Aw) values (Table III) higher than optimal 
conditions to inhibit microbial growth; therefore, the use 

FIGURE 7 - Global desirability function ( fD= 0.8668).
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of preservatives is recommended. However, the addition 
of citric acid reduced the pH (pH  4.17) of the desirability 
formulation (FD), favoring its biological stability.

CONCLUSION

In this study, an orodispersible film of DOX was 
successfully developed. Plasticizers play a critical role 
in the mechanical, optical, and dissolution properties 
of orodispersible films. DSC curves and XRPD 
diffractograms showed DOX amorphization, probably 
due to complexation with the polymer, HPMC E6, and 
the glass transition temperature of the polymer was 
reduced by adding a plasticizer in the order Gly>PP>PEG, 
which showed the best plasticizing power of Gly. These 
data agree with the results obtained in the elongation 
at break and adhesion tests, where Gly showed the best 
performance. 

FTIR results showed that the chemical structure of 
DOX was preserved when introduced into the polymer 
matrix. PP was the plasticizer that produced the least 
alteration in the polymer matrix structure, reflecting the 
higher stiffness and lower elasticity of the films. Gly and 
PEG affected the polymer matrix with greater intensity, 
with greater elongation at break and dissolution rate of 
DOX in the films prepared with these plasticizers. The 
amorphous structure of the matrix was maintained by 
the addition of plasticizers and DOX. 

Greater transparency and less opacity were observed 
for orodispersible films prepared with PP. 

The addition of citric acid as a pH modifier is 
fundamental for the release of DOX. The desirability 
formulation (FD) had its release profile similar to that of 
the reference product, indicating that this release system 
is promising as an alternative pharmaceutical form to the 
oral release of DOX.
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