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Design of Floating Tablets Based on Hydroxypropyl Cellulose
and Weakly Cross-Linked Poly(acrylic acid) for Gastroretentive Drug Delivery

Floating or buoyant dosage forms are kind of gastroretentive delivery system specifically designed to achieve
localized drug release in the upper gastrointestinal tract (Gl). The aim of this study is to select a composition
for creating a floating matrix system based on hydroxypropyl cellulose (HPC) and Carbopol® 71G (C71G)
with an evaluating of the effect of sodium bicarbonate (Na-bicarbonate) on the complexation process, and to
design a gastroretentive system for acyclovir delivering. The tablets are based on physical mixtures (PhMs)
HPC/C71G 1:2; 1:1. All matrices containing sodium bicarbonate showed a flotation time of less than
3 minutes, with the exception of a 2:1 PhM with 10 mg of sodium bicarbonate. PhM HPC/C71G (1:1) was
observed greater matrix erosion compared to a 1:2 ratio due to the lower C71G content. During the swelling
process of the matrices, interaction of polymers occurs, which is confirmed by a spectral shift in the ATR-
FTIR spectra and T4 by mDSC. The addition of sodium bicarbonate did not increase the release rate due to
the effervescent effect. A slightly higher release rate was observed for matrices with a 1:1 polymer ratio, due
to erosion of the soluble HPC polymer.

Keywords: floating tablet, gastroretentive system, sustained release, interpolymer complexes, cellulose deriv-
atives, hydroxypropyl cellulose, Carbopol®

Introduction

Over the past decades, scientists have focused their attention on improving the key characteristics of
drugs, such as controlled release, increased bioavailability, and reduced side effects [1, 2]. The development
of new gastroretentive drug delivery systems is one of the relevant trends in this direction. It is an oral deliv-
ery system capable of remaining in the stomach for a specified period, providing modified release of the ac-
tive pharmaceutical ingredient (API) [3-5]. Floating tablets are one of the simplest and most widely used
methods for creating a gastroretentive delivery system. They possess all the advantages of tablet dosage
forms: convenience of use, storage, and transportation, as well as cost-effective production [4, 6, 7].

The effectiveness of oral therapy is limited by the low bioavailability of many drugs due to their specif-
ic properties [8, 9]. Considering that the main absorption occurs in the stomach and proximal small intestine,
prolonging the residence time of the drug in this area is a critical factor for increasing the effectiveness of
therapy for APIs with a narrow “absorption window” (acyclovir, riboflavin, levodopa, etc.). Some of them
act only in the stomach due to pH-dependent absorption (furosemide, cinnarizine, ofloxacin, etc.) or are in-
soluble at alkaline pH values (atenolol, diazepam, etc.); for APIs that are unstable in the intestinal media
(captopril, verapamil, etc.), as well as those with a local effect in the stomach (amoxicillin, metronidazole,
etc.), incorporation into a gastroretentive delivery system is also preferred [10-12].

The operating principle of this system is based on reducing the density of the dosage form, causing it to
float and remain in the upper part of the stomach, like a buoy, for several hours. This effect is achieved
through gas-forming components (e.g., carbonates) included in the tablet's composition, which release car-
bon dioxide upon contact with stomach acid. There is a study in which menthol was used as a pore-forming
agent [13]. The resulting gas bubbles “lift” the tablet, while the swelling polymers form a porous gel barrier
around it, maintaining buoyancy and controlling drug release. Thus, the floating mechanism physically pre-
vents the tablet from entering the intestine prematurely, which is key to prolonging the action of drugs ab-
sorbed in the upper gastrointestinal tract [14-19].

Currently, there are many studies on the development of floating tablets based on cellulose derivatives,
including 3D printing [1, 20-27]. However, the use of chemically complementary polymers to form
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interpolymer complexes (IPC) is currently a developing area [28]. The result of the interaction is the for-
mation of IPCs, the unique properties of which are different from the properties of the original polymers and
can be corrected in the required direction [29-31]. There are two options for using these systems: synthesis
of IPC, with its subsequent use as a matrix-forming component, or complexation between a PhM of com-
plementary polymers, under the influence of an acidic media simulating the environment of the stom-
ach [32].

The ability of polymers to interact increases in an acidic media (at low pH values), because the carboxyl
groups of Carbopol® are in a protonated, non-ionized form. A stable IPC is formed only at a pH below a crit-
ical pH value (pH.), which is unique for each specific pair of polymers [33—40]. Thus, the acidic media of
stomach acid serves as the key physiological condition for IPC formation between HPC and C71G, and also
acts as an activator for flotation. This highlights the high relevance of research in the field of gastroretentive
delivery systems.

The aim of this study is to select a composition for creating a floating matrix system based on HPC and
C71G with an evaluating of the effect of Na-bicarbonate on the complexation process, and to design a
gastroretentive system for acyclovir delivering.

Experimental

Materials

HPC (SHANDONG HEAD CO., LTD, China) and C71G (Lubrizol Advanced Materials, USA) were
used as pharmaceutical polymers, from which PhMs were prepared in various molar ratios. Acyclovir
(Zhejiang Zhebei Pharmaceutical Co., Ltd., China) was used as the API. Na-bicarbonate (LLC Spectr-Chem,
Russia) served as the flotation agent. Indicator is methyl red (Eco Pharm, Russia). Distilled water was used
for all experiments. All reagents used were of laboratory-grade purity.

Selection of the Composition

HPC and C71G were physically mixed using a mortar and pestle in various molar rations 1:2; 1:1; 2:1,
respectively. Tablets with 50 mg of PhMs, 100 mg of acyclovir and appropriate amount of Na-bicarbonate
10, 15, 20 or 25 mg were made from the physical mixtures in a 9-mm die using a programmable hydraulic
press PressPRO Programmable Hydraulic Pellet Press (PIKE Technologies, USA) at compression force of
5 tons with a holding time of 5 s by direct compression. The tablets were exposed to 80 ml of 0.1 M HCI us-
ing glass beakers in a water bath IKA® IC control (IKA-Werke GmbH&Co. KG., Germany) at 37 + 0.5 °C
for 24 h. The time it took for the tablet to float (Lag time) and the total time the system remained on the sur-
face of the media (Floating time) were measured.

Determination of the Degree of Swelling

Swelling properties were investigated by incubating matrices of PhMs with and without Na-bicarbonate
with different levels of Na-bicarbonate (0, 10, 15, and 20 mg per tablet) in a temperature-controlled water
bath IKA® IC control (IKA-Werke GmbH&Co. KG., Germany) maintained at 37 + 0.5 °C. The swelling
study was conducted without API. The matrices, prepared as 0.15 g tablets with a 9 mm diameter, were pro-
duced by direct compression of PhMs and PhMs with Na-bicarbonate using a programmable hydraulic pellet
press PressPRO Programmable Hydraulic Pellet Press (PIKE Technologies, USA) under a pressure of 5 tons
with a 5-second holding time. Each matrix was placed in a tared basket, which was immersed into glass
beakers with 40 ml of 0.1 M HCI media, simulating stomach acid. The samples were placed in a quiescent
media without stirring. The basket was removed from the media every 30 min during 6 h and after 24 h fol-
lowed by removal of residual media with a dry wipe, the matrix was carefully dried using a filter paper and
weighed on an analytical balance Shinko Denshi (VIBRA, Japan). The swelling degree (H%) was deter-
mined according to established formulas cited in the literature [41, 42].

The degree of swelling (H%) was calculated by the formula:

HY%="2"" 100 %,
m,
in which my is the mass of the dry sample; m; is mass of swollen sample.
To assess the influence of the media and impact of Na-bicarbonate on possible structural transfor-
mations of PhMs to polycomplex matrices during swelling, matrix samples were collected after 2 h, 4 h, 6 h
and 24 h of exposure in an acidic media.
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Determination of the Micro-Environmental pH in the Matrix During Swelling

The preparation of the matrices for this study was carried out according to the described method for de-
termining the degree of swelling with the addition of a methyl red indicator (0.15 % w/w) [43]. Studying the
penetration of the media into the matrix were performed in acidic media pH 1.2 as described above. The pH
change was recorded after 2 h, 4 h, 6 h, and 24 h of exposure in an acidic media. After a certain time, a cross-
section of the matrix was made and the color change of the indicator was observed throughout the entire vol-
ume of the matrix.

Sample Preparation

Samples, taken during swelling studies, were frozen in laboratory freezer and then freeze-dried in
FreeZone dryer (Labconco, USA) for 12 h at -50 °C and 0.08 mbar. After lyophilization tablets were dried in
a VD 23 vacuum drying oven (BINDER GmbH, Germany) at 40 £+ 0.5 °C to constant weight. The samples
were ground to a powder using a ball mill ShakIR (PIKE Technologies, USA). The structural properties of
the matrices during swelling were studied using the Fourier Transform Infra-Red (ATR-FTIR) spectroscopy
(Thermo Scientific, Waltham, MA, USA) and modulated Differential Scanning Calorimetry (mDSC) meth-
ods for evaluation the influence of the media and impact of Na-bicarbonate on possible structural transfor-
mations of PhMs to polycomplex matrices while in an acidic media, simulating the stomach acid.

Fourier-Transformed Infrared (ATR-FTIR) Spectroscopy

The structural differences were studied using ATR-FTIR Spectroscopy. ATR-FTIR spectra were rec-
orded by a Nicolet iS5 FTIR spectrometer (Thermo Fisher Scientific, USA) with the iD5 smart single bounce
ZnSe ATR crystal in the range from 1500 to 1900 cm*. The absorption bands were interpreted in accordance
with literature data [35, 38, 44].

Thermal Analysis

mDSC analysis was performed on a Discovery DSC™ instrument (TA Instruments, New Castle, DE,
USA) with an RCS90 refrigerated cooling attachment. The instrument was calibrated for temperature using
indium and n-octadecane standards, for enthalpy using indium, and for heat capacity using a sapphire stand-
ard. Tzero® aluminum pans (TA Instruments, USA) were used in all calorimetric studies. The empty pan was
used as a reference and the mass of the reference pan and of the sample pans were taken into account. A dry
nitrogen purge at a flow rate of 50 mL/min was maintained through the DSC cell. Samples in the mass range
from 5 mg to 6 mg were placed in Tzero® aluminum pans (TA Instruments, USA), which were then trans-
ferred into the calorimeter's thermal cell using an autosampler. The scan was performed over a temperature
range from 0 to 200 °C at a heating rate of 2 °C/min in modulated mode (period 60 s, amplitude 0.6360 °C).
The method employed two consecutive heating and cooling segments. First, the sample was cooled at a rate
of 20 °C/min to 0 °C and held for 5 minutes. It was then heated at 2 °C/min to 160 °C in modulated mode
(period 60 s, amplitude 0.6360 °C). Following this, the sample was cooled back to 0 °C and maintained at
this temperature for 5 minutes. Finally, it was heated again at a rate of 2 °C/min to 200 °C in modulated
mode with the same parameters: period 60 s, amplitude 0.6360 °C. Data were collected and processed using
TRIOS™ software version 5.1.1.46572 (TA Instruments, USA). Glass transition temperatures (T,) were de-
rived from the reversing heat flow signal. All analyses were conducted in triplicate.

Tablet Preparation

Six different PM of HPC/C71G, Na-bicarbonate and acyclovir were prepared using a mortar and pestle
at HPC:C71G molar ratios of 1:2; 1:1 and with different levels of Na-bicarbonate (10, 15, and 20 mg per tab-
let). 1 tablet contained 50 mg of PhM, 100 mg of acyclovir and 10, 15 or 20 mg of Na-bicarbonate. The total
tablet weight varied from 160 to 170 mg depending on the Na-carbonate content. Floating tablets were ob-
tained by pressing into tablets in a 9-mm die using a programmable hydraulic press PressPRO Programmable
Hydraulic Pellet Press (PIKE Technologies, USA) at compression force of 5 tons with a holding time of 5 s
by direct compression.

Study of Drug Release

Release was carried out using a DT 626 Dissolution tester (ERWEKA GmbH, Germany) at 37+0.5 °C
using type Il “paddle method” and a paddle rotation speed of 50 rpm. 0.1 M HCI was used as the dissolution
media in a volume of 900 ml, simulating stomach acid. The preparation of tablets for the experiment is de-
scribed above. The experiment was conducted for 6 h. Samples (5 ml) were collected for analysis every
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15 minutes during the first half hour of the experiment, and then every 30 minutes with volume replacement
of pure media. Experimental results were calculated by measuring the optical density of the samples using a
UV/Vis-spectrophotometer Lambda 25 (PerkinElmer, USA) at a wavelength of 255 nm [33].

Statistical Analysis

Microsoft Excel Mondo 2016 (Version 2108 Build 14332.20651) was used for the statistical analysis of
all data, which were obtained from experiments performed in triplicate. Mean values + standard deviations
were calculated using one-way analysis of variance (ANOVA) and t-Test (Two-Sample Assuming Equal
Variances), where probability was p < 0.05 as a significant criterion.

Results and Discussion

Justification of the Optimal Composition

To identify the optimal composition of floating tablets and subsequently study the complexation proper-
ties between HPC and C71G, to investigate the impact of Na-bicarbonate on complexation process, three
types of PhMs were selected. PhMs HPC:C71G 1:2 and 2:1 contained an excess of each polymers and a 1:1
molar ratio, respectively. Each tablet consists of 50 mg of the corresponding PhM, 100 mg of acyclovir and
different amounts of Na-bicarbonate (0 mg, 10 mg, 15 mg, 20 mg, 25 mg). After immersing the tablets of
different compositions in a media, simulating stomach acid, the time to float (lag time) and the duration of
flotation on the media surface (floating time) were measured. Upon contact with the acidic media, Na-
bicarbonate generates carbon dioxide. The resulting CO, bubbles, trapped within the swollen gel layer sur-
rounding the matrix, facilitate rapid flotation and an extended floating duration by reducing the density be-
low 1 g/cm® [13-19, 32]. Tablets without Na-bicarbonate did not exhibit buoyancy. All matrices, containing
Na-bicarbonate, except one (PhM 2:1 with 10 mg of Na-bicarbonate), demonstrated an optimal lag time (less
than 3 minutes). The floating results for the different matrices are reported in Table 1.

After 24 hours of testing, all samples based on the PhM 2:1 (with an excess of HPC) disintegrated re-
gardless of their Na-bicarbonate content. This is likely due to the solubility of HPC in the media and its ina-
bility to withstand the disruptive effect. Other samples with the highest Na-bicarbonate content (25 mg) were
also destroyed. In large quantities, Na-bicarbonate exerts a disintegrating effect on matrices in an acidic me-
dia [11, 32]. Tablet samples of PhM 1:2 and PhM 1:1 containing 10 mg, 15 mg and 20 mg of Na-
bicarbonate, exhibited all necessary floating parameters (lag time — less than 3 min, floating time — over
24 h) [11, 45, 46]. These samples were selected as optimal for further investigation.

Table 1

Effect of Na-bicarbonate level on floating parameters of matrices
made of HPC/C71G at different molar ratios

HPC:C71G | Na-bicarbonate, . L
. Lag time Floating time

molar ratio mg
1:2 0 — No floatation observed
1:2 10 17s 24 h
1:2 15 12s 24 h
1:2 20 9s 24 h
1:2 25 10s Disintegrated within 24 hours
1:1 0 — No floatation observed
1:1 10 29's 24 h
1:1 15 17s 24 h
1:1 20 10s 24 h
1:1 25 10s Disintegrated within 24 hours
2:1 0 — No floatation observed
2:1 10 > 3 min Disintegrated within 24 hours
2:1 15 37s Disintegrated within 24 hours
2:1 20 37s Disintegrated within 24 hours
2:1 25 37s Disintegrated within 24 hours
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Determination of the Degree of Swelling of Matrices

Evaluating the behavior of matrices based on PhMs without API is necessary for prediction of the pos-
sibility of application of tablets as carriers for drug delivery systems (DDS). In addition, it was necessary to
assess the complexation between the two polymers, as well as the influence of Na-bicarbonate on this pro-
cess in acidic media, simulating fasted stomach, for the development of gastroretentive DDS. It was noted
that matrices based on PhMs of both ratios retained their shape, increased in size and surface layer of matri-
ces transformed into a hydrogel structure (Figure 1). The PhM with an excess of C71G (PhM 1:2) exhibited a
higher swelling degree than the PhM 1:1. Furthermore, by the end of the experiment, the swelling degree of
the PhM 1:1 began to decrease, which may indicate the erosion of HPC from the matrix (Figures 2-3) by re-
ducing the mass. The influence of Na-bicarbonate on the swelling degree is more pronounced for PhM 1:1.
As the Na-bicarbonate content increases, a decrease in the swelling degree is observed, which may also po-
tentiate its disruptive effect on the matrix by facilitating the erosion of the HPC.

PhAM 1:2 PhM 1:1 | PhM1:2 PhM1:1 ! PhM1:22 PhM 1:1 | PhM1:2 PhM 1:1

24h

withoutNa,CO; | 10mgNa,CO; | 15mgNa,CO; | 20 mgNa,CO;

Figure 1. External appearance of PhM matrices during the swelling test
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Figure 2. Swelling profiles of PhM 1:2 matrices with and without Na-bicarbonate
in mimicking fasted stomach media (0.1 M HCI) (n = 3, mean + SD)
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Figure 3. Swelling profiles of PhM 1:1 matrices with and without Na-bicarbonate
in mimicking fasted stomach media (0.1 M HCI) (n = 3, mean = SD)

Carbopol® as a weakly crossed-linked PAA, has a weak solubility in an acidic environment. Carbopol®
polymers are bearing very good sorption property and they are capable of swelling to form a gel layer [47].
The thickening effect arises from the formation of hydrogen bonds between the carboxyl group and one or
more hydroxyl donors [48, 49]. They provide gelation, viscosity, and mechanical strength necessary for
structural integrity, resulting in denser, more robust matrices. HPC also is necessary for raft formation and
stability. However, due to its reduced amount following erosion from the matrix, this led to the gel layer sur-
rounding the tablet core becoming less viscous. Furthermore, the presence of the Na-bicarbonate increased
the tablet's porosity, which disrupted the continuous gel structure of the soluble polymer, allowing a greater
amount of water to penetrate into the swelling matrix [20, 50]. We have previously studied the swelling be-
havior of matrices based on these polymers, which is consistent with our assumptions [33].

Determination of the pH in the Matrix

To further investigate the micro-environmental pH, the pH indicator methyl red (0.15 % w/w) was add-
ed to the matrix to visually monitor the pH within the matrices during the penetration of media. This indica-
tor is red at acidic pH and yellow at pH values >5.8 [43]. The appearance of the matrices during the experi-
ment is shown in the Figure 4.

PhM 1:2 PhM 1:1
- -®
a - M
- &
- - &
- -

Figure 4. External appearance of PhM matrices during the media penetration
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When the matrices were immersed in an acidic medium with a pH 1.2, a bright red staining of the ma-
trix surface was observed. The Na-bicarbonate solution has an alkaline pH value [51, 52]. Since the matrix
contains Na-bicarbonate, when interacting with the media, it will change the pH inside the matrix. By chang-
ing the color of the indicator, it is possible to monitor the change in the pH value during the penetration of
the media into the matrix and identify the equilibrium of the reaction. The experiments showed that the outer
hydrogel layer of the matrix remained red (low pH), whereas the core color of the slowly turned to yellow
(high pH), from the edge towards the center. Thus, the pH within the core of the matrix turned yellow under
the action of Na-bicarbonate during the penetration. 2 hours of exposure in the media showed its incomplete
penetration into the entire volume of the matrix. With deeper penetration, a more pronounced change in the
color of the indicator was observed (4 h, 6 h). After 24 hours of the experiment, the matrix turned red, which
indicates that the reaction has completely passed and reached equilibrium in the system.

Evaluation of IPC. ATR-FTIR Spectroscopy

To assess possible structural changes in the PhM matrices, occurring under the influence of an media
with a low pH value and also to evaluate the influence of Na-bicarbonate on the complexation between pol-
ymers, samples were collected after exposure to an acidic media, simulating stomach acid. The samples were
specially prepared for further analysis using the method described above (Sample preparation).

ATR-FTIR spectroscopy can be used to analyze hydrogen-bonded complexation between C71G and
HPC by monitoring the shift of the characteristic absorbance band. Hydrogen bonding primarily occurs be-
tween the hydroxyl (—OH) or ester (—O-) groups of HPC and the carboxylic (-COOH) groups of C71G. In
pure C71G powder, the carbonyl peak is usually located at 1700~1710 cm ™. The hydrogen bonding between
hydroxyl or ether groups and the carboxylic groups disrupts the existing hydrogen bonding network among
the —COOH groups of C71G. Consequently, compared to pure C71G powder, the C=0 stretching vibration
in the FT-IR spectra exhibits shift. This spectral shift is an indicator of the extent of hydrogen bonding be-
tween HPC and C71G, it was investigated by us earlier [33]. A greater degree of hydrogen bond formation
between C71G and HPC results in a higher shift of the C=0 band relative to pure C71G [35, 38, 44]. This
shift is also typical for IPCs with similar structures [53].

The ATR-FTIR spectra of the samples are presented in Figures 5-6. In the ATR-FTIR spectra of the in-
dividual polymers, the C71G exhibits an absorption band in the region of 1703-1707 cm*. This characteris-
tic band confirms the stretching vibrations of the carboxyl groups in their structure. No absorption bands in
this region were observed for the HPC. The ATR-FTIR spectra, obtained after different periods of matrix
residence (2 h, 4 h, 6 h, 24 h) in the acidic media, confirmed that with increased residence time, the shift of
the characteristic band increases. Since the PhM 1:1 is stoichiometric, more pronounced shifts are observed
compared to the PhM 1:2 for both compositions with and without Na-bicarbonate. This is indicative of com-
plex formation associated with a greater number of hydrogen bonds.

[ Phm L2 24N ~——PhM 1:1 24h|
——PhM 1:26h ~ —— ——PhM 1:1 6h
——PhM 1:24h —— PhM 1:1 4h
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Figure 5. IR-spectra of PhMs without Na-bicarbonate
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Figure 6. IR-spectra of PhMs with Na-bicarbonate

Thermal Analysis

The procedure for preparing the samples is detailed in the Sample preparation.

Figures 7-8 show the mDSC thermograms of the analyzed samples: PhMs without Na-bicarbonate,
PhMs with Na-bicarbonate before swelling and after being in an acidic media for 4 h and 6 h. PhMs until
swelling (0 h) have glass transition temperature (T,) in the region 128.4-128.7 °C. This is typical for a pure
C71G [33, 54]. A 4-hour exposure of the PhMs leads to a reduction in its Ty, which is likely due to the for-
mation of hydrogen bonds. Extended exposure to the acidic media resulted in a more substantial lowering of
the T,. For PhMs without Na-bicarbonate, this is most pronounced for the 1:1 composition, which is proba-
bly due to the stoichiometric interaction Ty=95.1°C. In the case of mDSC-thermograms with Na-
bicarbonate, the formation of IPC during swelling occurs in the case of both 1:1 and 1:2 formulations. At the
same time, regardless of the time (4 or 6 h), a more intense shift in T, was observed (T,= 92.5-97.7 °C). Ac-
cording to literature data, the T, of HPC is recorded in the range of 40 to 45 °C [55]. Based on literature find-
ings, the T4 of polycomplex lies in the range between the T4’s of the initial components. The resulting Ty’s
for IPCs are recorded precisely in this range (T, = 92.5-97.7 °C) [53]. This is a result of the formation of a
cooperative system of intermolecular hydrogen bonds, which is consistent with our previous studies [33].
Observation of a non-classical (broadened) T, in the swollen PhMs suggests the possible formation of a lim-
ited number of hydrogen bonds during complexation. The obtained mDSC results correlate with the ATR-
FTIR results. As can be observed, the shifts of characteristic bands for the PhM 1:1 are more pronounced
(1721-1725 cm™) than for the PhM 1:2 (1713-1715 cm™) without carbonate, as well as with Na-
bicarbonate: PhM 1:1 (1722-1723 cm™), PhM 1:2 (1716-1717 cm™), which also indicates a IPC formation
process between the polymers.

Reversing Heat Flow (normalized), W/g
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Figure 7. mDSC thermograms of PhMs without Na-bicarbonate
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Figure 8. mDSC thermograms of PhMs with Na-bicarbonate

The observed changes in the DSC-thermograms of both PhMs before swelling, in the range of 150—
170 °C, are associated with the decomposition of Na-bicarbonate in the mixture [56, 57]. As a result of
swelling in an acidic media, the formation of two T, characteristic of the individual polymers is not observed,
which confirms the interaction between the polymers in the PhM. A single resultant T, indicates the for-
mation of a IPC.

Study of Drug Release

Acyclovir release in 0.1 M HCI was studied from floating tablets. The composition of the floating tab-
lets is reported in Table 2. This is done in order to illustrate the effect of Na-bicarbonate as well as combina-
tion of HPC and C71G in matrices on the drug release of acyclovir.

Table 2
Composition of floating tablet matrices

HPC:C71G Mass of PhM Mass of acyclovir Na-bicarbonate Total mass
molar ratio for 1 tablet, mg for 1 tablet, mg mg of 1 tablet, mg

1:2 50 100 10 160

1:2 50 100 15 165

1:2 50 100 20 170

1:1 50 100 10 160

1:1 50 100 15 165

1:1 50 100 20 170

Incorporation of Na-bicarbonate did not significantly affect the rapid drug release from PhMs matrices.
This did not lead to acceleration of drug release by the effervescent action. However, it is worth noting that
the drug release from matrices based on a PhM 1:1 is slightly higher than from a PhM 1:2 (Figures 9-10).
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Figure 9. Effect of Na-bicarbonate level (mg/tablet) on Acyclovir release
in 0.1 M HCI from PhM 1:2 tablet matrices (n = 3, mean + SD)
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Figure 10. Effect of Na-bicarbonate level (mg/tablet) on Acyclovir release
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This may be attributed to the erosion of the matrices due to existence of a soluble polymer (HPC) in
them. The proportion of HPC in the PhM 1:2 is lower, which results in a reduced disruptive effect on the ma-
trix. Conversely, the higher content of C71G allows the matrix to maintain its structure for a longer period
due to the formation of a surface gel layer [47]. All compositions demonstrated a slower drug release, as no
more than 85 % of the acyclovir was released within 6 hours. Release profile of acyclovir from all matrices,
regardless of the concentration of Na-bicarbonate, can be characterized as prolonged with gradual drug re-
lease over 6 h.

Conclusions

Thus, according to the conducted studies, floating tablets based on a physical mixture of HPC and
C71G were obtained. All matrices containing sodium bicarbonate showed a flotation time of less than 3
minutes, with the exception of a 2:1 PhM with 10 mg of sodium bicarbonate. The tablet matrices retained
their shape during swelling and increased in size due to the swelling of Carbopol®. It is worth noting that
with a polymer ratio in the PhM HPC/C71G (1:1 ratio) related to weight loss, greater matrix erosion was ob-
served compared to a 1:2 due to the lower C71G content. Studies with methyl red indicator showed gradual
penetration of the acidic media into the matrix and a color change from red to yellow. According to ATR-
FTIR spectroscopy, a spectral shift is observed during matrix swelling, indicating the degree of hydrogen
bonding between HPC and C71G in the samples. Thermal analysis revealed a somehow decrease in the glass
transition temperatures in the DSC-thermograms, which is due to the formation of a polycomplex structure
stabilized by an intermacromolecular hydrogen bonds.

The addition of sodium bicarbonate did not increase the release rate due to the effervescent effect.
A slightly higher release rate was observed for matrices with a 1:1 polymer ratio, due to erosion of the solu-
ble HPC polymer, while the higher C71G content maintains the structure due to the formation of a hydrogel
layer. Thus, a PhMs of HPC/C71G with the addition of sodium bicarbonate can be used to produce floating
tablets for the gastroretentive delivery of acyclovir.
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