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Evaluation of the Solubility of the HPMC/PVA Blends in Biological Fluids in vitro
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Polymers are often used to coat tablets for controlled drug release. The purpose of this study is to evaluate 
the solubility of the HPMC and PVA blend compared to isolated polymers in solutions with a pH of biological 
fluids (6 and 1.2) and the dissolution of capsules obtained using theophylline granules produced with the HPMC/
PVA 25/75 blend as a matrix and as coating. HPMC is completely solubilized in the medium that simulates the 
pH of the stomach and intestine, and PVA is the polymer that allows controlling the solubility of the blend in the 
medium, with a differents pH. The dissolution time was monitored by UV absorbance with maximum theophylline 
at 269 nm. The theophylline was released immediately in the granules, and in the capsules 78.4% after 30 minutes 
and 97.4%, after 120 minutes. Thus, PVA can potentially control the drug solubilization, contributing to obtaining 
modified release systems.
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1. Introduction

New alternative technologies are sought to reduce the adverse 
effects of some drugs and maintain the stability of active substances 
associated with different pharmaceutical forms. 

Polymers are widely used in pharmaceutics. The mechanism and 
kinetics of drug release are based on solubility, swelling and polymer 
erosion properties1,2.

Water-soluble drugs are released mainly by diffusion with a 
limited contribution of matrix erosion and anomalous diffusion 
resulting from polymer chain relaxation3.

The drug release profile changing solubilization time and 
maximizing bioavailability can be created using polymer blends with 
different solubilities in the pH of biological fluids.

Different pharmaceutical forms for oral use can be prepared for 
immediate release of the drug through the gastrointestinal tract or by 
controlling the release time.

Hydroxypropylmethylcellulose (HPMC) is widely used as a 
polymer for controlled drug release4,5. It is easily accepted, and has 
a variety of viscosities and types of substitution, and the necessary 
doses are easy to formulate6.

Poly(vinyl alcohol) (PVA) has been studied for use in drug release, 
since at a high content, can control the process release7.

As expected, the high percentage of water – soluble polymer can 
speed up drug release. Solubility, polarity, molar mass and polymer 
degradation parameters, when known and controlled, have contributed 
to progress in drug release efficiency studies to minimize the side 
effects of its consumption in human beings8.

The drug used in this experiment was theophylline, utilized to 
treat bronchial asthma9,10.

The purpose of this study is to evaluate the dissolution properties 
of HPMC, PVA polymers and their blends in the pH of biological 
fluids, in-vitro, as well as monitoring morphological, thermal and 
structural properties of the HPMC/PVA blend. Dissolution was 

evaluated using capsules obtained with theophylline granules 
produced employing the HPMC/PVA 25/75 blend as a matrix and 
as coating. 

2. Materials and Methods

2.1. Materials

Hydroxypropylmethylcellulose (HPMC) is manufactured by All 
Chemistry do Brasil Ltda and Poly(vinyl alcohol) (PVA) by Pharma 
Special. The brand of hydrochloric acid used is Vetec with 37% purity. 
The phosphoric acid used is Merck with 85% purity. USP11 standard 
theophylline and raw theophylline obtained from ASKY were used.

2.2. Methods

2.2.1. Preparation of the HPMC/PVA blend and the films

Blends of HPMC/PVA at the proportions of 75/25, 50/50 and 
25/75 (w/w) were prepared and solubilized in water, in reactors at 
80 °C with magnetic stirring for 20 minutes, so as to obtain a final 
solution of 5% polymer (w/w). Next the solutions were distributed 
in Petri dishes and dried in a Tecnal oven with air circulation, model 
TE-394/2, for 10 hours, until complete evaporation the water. The 
films formed were removed from the dishes using pincers and kept 
in hermetic containers until just before use as matrix and coating of 
the theophylline granules. 

2.2.2. Production of theophylline granules and of capsules 
with HPMC/PVA - 25/75 

Theophylline granules were prepared using the films with a higher 
percentage of PVA (HPMC/PVA 25/75) as matrix and coating agent. 
The films were milled in an IKA-Werke, model A11 basic cryogenic 
mill before being used as a matrix in the blend with theophylline. 
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were fractured in liquid nitrogen, coated with gold and preserved in 
a desiccator. The granules were not fractured in liquid nitrogen, but 
they were coated with gold and preserved in a dessicator.

The polymers used in the study were analyzed by Spectrometry 
in the Fourier Transform Infrared Region (FTIR), in the form of films 
obtained in an aqueous solution at 80 °C, and later evaporated in the 
oven with air circulation at 60 °C. The spectrophotometer used is a 
Thermo Electron Nicolet, model iS10, with an analysis in the region 
of 4000 to 650 cm–1 using Attenuated total reflectance (ATR).

Evaluation of the dissolution of capsules containing theophylline 
granules

The capsules were produced and detection was carried out with 
UV-visible spectrophotometer at a 269 nm wavelength. The samples 
from the dissolutor, in 30 and 120 minutes, were diluted to adjust the 
concentration to the standard curve (4.0-6.0 µg.mL–1 of theophylline). 

3. Results and Discussion

The polymer and blend characteristics were evaluated with 
respect to changes observed in their chemical structure, variations 
in morphology and solubility in different mediums that simulate the 
pH of the stomach and intestine.

Figure 1 presents the infrared spectra of HPMC, PVA and their 
blends.

Both polymers showed strong bonded hydroxyl bands 
(n = 3200-3600 cm–1) and the typical C–H alkyl stretching band 
(n = 2850-3000 cm–1). The region of 1120-1020 cm–1 (ν

C-O-C
) presented 

coincident bands for both polymers12. However HPMC and PVA 
and their blends can be differentiated by a sharp carbonyl band in 
1700 cm–1 which is observed only when PVA is presented. New 
absorption bands were not observed in the blends.

The HPMC/PVA 25/75 blend was chosen as matrix and coating 
due to the higher amount of PVA polymer, which has a low solubility 
in the system studied.

Table 1 show the composition used in the formulation of 
theophylline granules for the subsequent preparation of capsules. 

Initially the theophylline was weighed and blended with the 
polymer matrix in a porcelain mortar. Next the agglutinant polymer 
solution was added, and then it was placed in a mini-granulator with 
a 2 mm sieve. The wet mass was dried at 55 °C for 20 minutes after 
ethanol (70%) was applied. 

The dried granules were transferred to a porcelain mortar and 
another portion of agglutinant solution was added.

The granules were forced through 24 mesh (1.18 mm) and 
14 mesh (0.72 mm) sieves. The granules collected in the 14 mesh 
sieve were coated by adding agglutinant solution and dried at 55 °C 
for 20 minutes. The process was repeated four times to obtain the 
theophylline coated granules.

The theophylline coated granules contained 51.3% of teophylline 
and 48.7% of HPMC/PVA 25/75 (43.6 and 5.1% as matrix and 
coating agent, respectively).The final granules were weighed and their 
apparent density (ρ = m.v–1), determined by measuring the volume 
occupied by granules in a beaker.

2.2.3. Characterization of the theophylline granules 

The flow, humidity and dosage of the theophylline granules were 
determined using the following methods: Ten g of each granulate 
produced were weighed, and placed in a funnel to measure flow. 
With the help of graph paper, the angle of repose of each bead was 
calculated. This test was also performed with theophylline.

A standard curve was prepared for to quantify theophylline in the 
granules (theophylline concentrations of 2.5, 5.0 and 7.5 µg.mL–1 in 
0.1 mol.L–1 HCl).Two extraction methods in HCl 0.1 mol.L–1 were 
proposed: the first using 1 minute of Maxiclean ultrasound, model 
1450, manufactured by Unique, and the second method 20 minutes 
of mechanical agitation. Later, theophylline was dosed by a UV-
visible spectrophotometer at a 269 nm wavelength. The formulations 
presented conflicting results and it was decided to test the extraction 
with 2 minutes of ultrasound.

The theophylline granules were encapsulated to obtain a 200 mg 
dose, and microcrystalline cellulose was used as excipient. The 
capsules were assayed in a Nova Etica dissolutor, using 900 mL of 
HCl 0.1 mol.L–1 medium, basket apparatus, 50 rpm, and detection 
was carried out with a UV-visible spectrophotometer at a wavelength 
of 269 nm. 

2.2.4. Characterization of the HPMC/PVA blend 

The phosphate and hydrochloric acid buffers used were prepared 
and standardized in the laboratory according to USP11 30, 2007. The 
polymers and the blends, in the form of films, were weighed at a 
proportion of 1:30, in triplicate, and added to the buffer solution with 
pH 6.0 and hydrochloric acid buffer with pH 1.2, with continuous 
magnetic stirring for 40 minutes. After this period, the polymer 
solubility was observed in the mediums used. 

Polymers HPMC and PVA and the blends were characterized 
by DSC in Shimadzu equipment, model DSC-50, with heating at 
10 °C/min and cooling at 20 °C/min and N

2
 flux of 50 mL/min. The 

approximately 10 mg samples were heated from –40 to 230 °C, 
followed by cooling at –25 °C. Indium and Tin was used as the 
standard reference material to calibrate the temperature and energy 
scales of the DSC instrument.

The morphology of the polymers, their blends and theophylline 
granules were analyzed by Scanning Electron Microscopy (SEM) in 
Superscan equipment, model SS-550. The samples to be analyzed 

Figure 1. FTIR spectra of HPMC, PVA and their HPMC/PVA blends with 
75/25, 50/50 and 25/75 compositions.

Table 1. Composition of the theophylline granule with HPMC/PVA 25/75.

Component Function Concentration (%)

Teophylline Active principle 51.3

HPMC/PVA Matrix 43.6

HPMC/PVA Agglutinant/Coating 5.1
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In the blends there was a displacement from onset of the fusion 
process to higher temperatures, with an increased PVA content of 154, 
166 and 177 °C, respectively, for the compositions 75/25, 50/50 and 
25/75, but the endset fusion process was practically unchanged in 
the blends, with a trend to a rise in temperature as the PVA content 
increased. 

It can be observed that the fusion event of the two polymers is 
close, with superposition, and it is therefore difficult to analyze the 
compatibility between the blends and crystallinity studies. A glass 
transition event is observed at 63.6 °C for PVA and also in the HPMC/
PVA 50/50 and 25/75 blends.

The electronic micrographs and calorimetric curves showed 
incompatibility between the blends, but with a possible interference 
of HPMC in the PVA fusion process. Demappa et al., 2008, say that 
the blends of HPMC and PVA are miscible above 60% HPMC15.

Figure 3 shows the exothermal curves of DSC of HPMC, PVA 
and their HPMC/PVA blends containing 25, 50 and 75% of PVA in 
the interval from –30 to 180 °C 

During cooling the samples presented a similar interference to 
that observed during heating, where the HPMC events were obscured 

Figure 2 shows the thermal behavior of HPMC, PVA and their 
HPMC/PVA blends, containing 25, 50 and 75% of PVA in the interval 
from –25 to 210 °C, during the heating of the DSC.

The thermogram of HPMC presents two enthalpy heat absorption 
events, one at 105.2 °C attributed to the removal of humidity13, and the 
other at 167.9 °C, the latter attributed to the fusion event. The PVA 
also presented two enthalpy events, one at 115.7 °C, characteristic of 
the humidity of this material, and the second at 183.3 °C attributed to 
its fusion. In the latter event we see a less intense event superposed 
at 176.4 °C. These temperatures are different from the PVA fusion 
interval in the literature, which is from 218 to 258 °C14. For HPMC 
the onset fusion event occurred at 154 and endset at 178 °C. The 
PVA onset fusion was at 176 and endset at 195 °C, but when one 
considers the event less intense, the onset of the fusion process occurs 
at 159.4 °C. 

Figure 2. Curves of DSC of HPMC of PVA and their HPMC/PVA blends 
with 75/25, 50/50 and 25/75 compositions.

Figure 3. Curves of the DSC thermograph in cooling HPMC and its blends 
with PVA HPMC/PVA with 75/25, 50/50 and 25/75. Figure 4. Micrographs of polymers HPMC and PVA (1000x).
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by the PVA events. HPMC presented crystallization (T
c
) at 50.1 °C 

and the event ranged from 81.6 to 28.4 °C. The onset crystallization 
temperature (T

c
) of PVA was 109.1 °C. Its maximum peak was at 

94.2 °C and endset at 75.5 °C, immediately followed by the freezing 
event of the amorphous phase that occurred at the mid point at 55.7 °C, 
and onset at 65.2, endset at 49.25 °C. 

Crystallization processes were observed in all blends. Only 
the HPMC/PVA blend at a 75/25 ratio behaved similarly to the 
crystallization process of pure HPMC, but at a lower temperature, with 
onset at 105.1 °C, peak temperature at 69.8 °C and endset at 47.94 °C. 
The other blends behaved like pure PVA, with the crystallization 
event followed by freezing, in the same order and temperature range. 

Figure 6. Micrographs for theophylline granules based on a HPMC/PVA 
blend 25/75 a) 35×, b) 1000×.

Figure 5. Micrographs for the HPMC/PVA blends a) 75/25, b) 50/50, c) 25/75 
(1000×).
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showed that 78.4% of the drug was released after 30 minutes and 
97.4% after 120 minutes. 

The characteristics of granules such as flow, density, humidity, 
and dosage are presented in Table 3.

Table 3 shows the results that characterize theophyllline granules 
and the different dosage results. The granules presented a better 
flux than the raw theophylline (angles of rest 47° and 60° for the 
granules and theophylline, respectively). The largest particle size of 
the granules justifies the better flux, and consequently the smaller 
angle of rest. The density and humidity found were as expected 
for medication granules. Different extraction methods were used 
to quantify theophylline in the granules. The method that uses two 
minutes of extraction by ultrasound was significantly different from 
the other methods (p < 0.05) and it was used to dose the theophylline 
granules and capsules.

4. Conclusions

The purpose of this study was to prepare and characterize blends 
with HPMC/PVA in order to modify the physicochemical properties 
of the pure polymers and their applicability in drug release.

HPMC and PVA showed similar absorption bands in the FTIR. 
The beginning of the fusion process increased with the increase of 
PVA in the blends. During the PVA crystallization process the HPMC 
crystallization process was superposed. The HPMC/PVA blend was 
immiscible in the compositions tested, but composition 25/75, whose 
matrix is PVA, presented the least evidence of domains, presenting 
the best synergy between the components.

The morphological evaluation of the granules developed with 
theophylline and the HPMC/PVA 25/75 blend led to the conclusion 
that granulates could be obtained, but the granule coating was not 
homogeneous.

HPMC is completely solubilized in the medium that simulates 
the pH of the stomach and intestine, and PVA is the polymer that 
allows controlling the solubility of the blend in the medium, with a 
different pH.

Finally, the theophylline granule dissolution test showed the 
potential of HPMC/PVA 25/75 films to modify drug release.
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