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ABSTRACT 

This study evaluated interpolyelectrolyte complexes (IPECs) formed from Eudragit® EPO and Eudragit® L100 

as potential platforms for gastroretentive drug delivery systems (GRDDS), using metronidazole (MZ) and 

acyclovir (ACR) as representative model drugs. The prepared Eudragit® EPO/L100 IPECs, obtained under 

different pH conditions, exhibited variable swelling behavior in simulated fasted gastric fluid (0.1 M HCl) while 

retaining structural integrity for 6 h. Changes in the internal microenvironment of IPEC matrices under acidic 

conditions were analyzed by FT-IR spectroscopy, complemented by thermal and elemental characterization. The 

IPEC formulations exhibited notable bioadhesive performance, with no statistically significant difference from 

the reference material (Carbopol) in mucin compact adhesion testing. Drug release studies indicated that the 

liberation of metronidazole (class I BCS) from the IPEC matrices was positively correlated with the extent of 

swelling. After 6 h in simulated gastric medium (0.1 M HCl), IPEC 1 released 49.62% ± 6.20% of metronidazole, 

whereas IPEC 2 achieved 87.69% ± 5.15%. In contrast, the cumulative release of acyclovir (class III BCS) reached 

25.76% ± 5.67% for IPEC 1 and 21.48% ± 5.00% for IPEC 2. The release behavior of both drugs followed a 

mechanism governed by polymer chain relaxation within the matrix, consistent with the Peppas–Sahlin kinetic 

model. Overall, the findings indicate that these interpolymer complexes represent promising candidates for further 

investigation as carriers in gastroretentive bioadhesive drug delivery applications. 
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Introduction 

Gastroretentive drug delivery systems (GRDDS) are designed to enable prolonged retention and targeted drug 

release in the upper gastrointestinal tract (GIT). These systems are particularly advantageous for drugs with a 

narrow absorption window in the proximal small intestine [1, 2], as well as for therapies requiring localized action, 

such as the treatment of inflammatory conditions, cancer, or the eradication of Helicobacter pylori infections [3, 

4]. To enhance gastric residence time, multiple technological strategies have been developed, including magnetic 

approaches [5], mucoadhesive formulations [6, 7], expandable systems [8], floating delivery systems [9, 10], high-

density dosage forms [11, 12], and polymer-based fibrous constructs [13, 14]. 

Among these, bioadhesive gastroretentive systems aim to extend drug residence by adhering to the gastric mucosa. 

Polymers used in such systems typically contain functional groups capable of forming hydrogen bonds, including 

carboxyl, hydroxyl, amide, and sulfate groups. The adhesion process is complex and involves multiple 

mechanisms, including electrostatic interactions, adsorption, wetting, diffusion, and mechanical fracture [15, 16]. 

Frequently utilized bioadhesive polymers include Carbopol®, chitosan, hydroxypropyl methylcellulose (HPMC), 

and sodium carboxymethyl cellulose (CMC-Na) [17-19]. However, achieving an effective gastroretentive 

performance often necessitates combining several polymeric excipients within a single formulation. 
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For example, Naseem et al. developed gastroretentive systems incorporating osmotically controlled polymers 

alongside hydrophilic polymers, hydrophilic gums, gel-forming materials, mucoadhesive components, and 

microcrystalline cellulose [6]. Zhu et al. reported the development of bioadhesive gastroretentive minitablets 

composed of HPMC, Carbopol® 971P, microcrystalline cellulose, and aerosil [17]. In another study, Ngwuluka 

et al. [20] formulated gastroadhesive matrix systems based on Eudragit® E100, CMC-Na, and locust bean gum, 

aiming to design a triple-mechanism interpolymeric matrix that integrates high density, swelling capacity, and 

bioadhesion to achieve controlled zero-order release of levodopa for the treatment of Parkinson’s disease. 

The application of oppositely charged methacrylate copolymers, including their combinations, to regulate both 

the site and kinetics of drug release in oral drug delivery systems (DDS) has been extensively reviewed in earlier 

studies [21, 22]. Furthermore, our research group has previously provided a detailed evaluation of the 

physicochemical basis governing intermacromolecular interactions in oral DDS formulated using chemically 

complementary Eudragit® copolymers [23, 24]. 

In recent years, significant research attention has been directed toward interpolyelectrolyte complexes (IPECs) 

formed from oppositely charged Eudragit® copolymers [25-37]. This growing interest is largely attributed to the 

intrinsic structural features of (meth)acrylate copolymers, as Eudragit® polymers possess functional groups with 

opposing charges, enabling the formation of polycomplexes through intermolecular electrostatic interactions. 

At the early stage, the combined effect of two oppositely charged polymers—Eudragit® EPO (EPO) and 

Eudragit® L100 (L100)—was explored for application in oral controlled drug delivery systems (DDS) [26]. These 

polymers were incorporated into a polycomplex matrix due to their contrasting hydrophilic and hydrophobic 

properties, making them suitable for colon-targeted controlled delivery. When these pH-responsive copolymers 

are blended at an appropriate molar ratio, the resulting EPO/L100 system exhibits controlled diffusion and 

regulated drug release. FTIR results showed that the samples were unstable under strongly acidic conditions 

simulating the gastric environment. In contrast, swelling experiments conducted under the same gastric-like 

conditions showed that all IPEC formulations surprisingly retained their integrity in highly acidic media, despite 

disruption of ionic interactions. 

Considering these findings, further investigations were undertaken to expand this concept by identifying IPEC 

formulations with potential bioadhesive properties. The objective was to develop sustained gastroretentive drug 

delivery systems based on polyelectrolyte matrices formed from oppositely charged Eudragit® EPO and 

Eudragit® L100 [38]. 

It is recognized that IPEC structures retain ionized functional groups of the original polymers within structural 

defects, which contribute to their capacity to exhibit bioadhesion when applied in drug delivery systems [39, 40]. 

In addition, previous studies from our group have shown that EPO demonstrates pronounced mucoadhesive 

behavior, retaining dye on mucosal surfaces more effectively than free sodium fluorescein. This enhanced 

retention is most likely due to its cationic character, which facilitates electrostatic attraction to negatively charged 

mucosal tissues [41]. 

More recently, we reported that IPECs prepared from Eudragit® EPO/Eudragit® L100-55 copolymers exhibit 

improved mucosal retention compared to pure EPO. This effect is believed to result from their lower solubility 

and slower clearance from the mucosal surface [42]. 

The purpose of the present work was to examine two selected IPEC formulations based on Eudragit® EPO and 

Eudragit® L100, previously identified as promising GRDDS carriers. This evaluation included assessment of 

swelling behavior, bioadhesive performance, and drug release characteristics to improve gastric-targeted delivery 

of two model drugs: metronidazole (MZ) and acyclovir (ACR). 

ACR is primarily absorbed in the upper gastrointestinal tract and possesses a relatively short elimination half-life 

of approximately 2.5 h [43]. Therefore, designing a gastroretentive formulation for ACR could enhance its overall 

bioavailability. 

In contrast, MZ is an antibacterial agent commonly used to treat chronic infections caused by Helicobacter pylori, 

which is strongly associated with the development of peptic ulcers and gastric carcinoma [44]. Developing a 

formulation that provides localized gastric delivery of MZ may improve therapeutic efficacy and address 

challenges in current pharmacological treatment strategies. 

This study evaluated interpolyelectrolyte complexes (IPECs) formed from Eudragit® EPO and Eudragit® L100 

as potential platforms for gastroretentive drug delivery systems (GRDDS), using metronidazole (MZ) and 

acyclovir (ACR) as representative model drugs. 
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Materials and Methods  

Materials 

EPO is a polycationic terpolymer consisting of dimethylaminoethyl methacrylate, methyl methacrylate, and butyl 

methacrylate in a molar ratio of 2:1:1 (MW 150,000 g/mol). L100 is a polyanionic copolymer composed of 

methacrylic acid and methyl methacrylate in a molar ratio of 1:1 (MW 135,000 g/mol). Both polymers were used 

to prepare interpolyelectrolyte complexes (IPECs) and physical mixtures (PhM). These materials were kindly 

supplied by Evonik Industries AG (Darmstadt, Germany). Metronidazole (MZ) and acyclovir (ACR) were 

obtained from Merck (Sigma-Aldrich, St. Louis, MO, USA). Mucin derived from porcine stomach (type II) 

(Merck group, Sigma-Aldrich, St. Louis, MO, USA), along with segments of pig gastric mucosa, was utilized in 

bioadhesion studies. 

Sodium hydroxide (NaOH), reagent grade ≥ 98% (anhydrous pellets) (Sigma-Aldrich, St. Louis, MO, USA), and 

hydrochloric acid (HCl), 36.5%–38.0% (Sigma-Aldrich, St. Louis, MO, USA), were used to prepare 1 M solutions 

for pH adjustment. Hydrochloric acid (HCl), 36.5–38.0% (Sigma-Aldrich, St. Louis, MO, USA), was additionally 

used to prepare a 0.1 M solution simulating the fasted gastric environment. 

 

Preparation of solid interpolyelectrolyte complexes (IPEC) and physical mixtures (PhM) 

Solid interpolyelectrolyte complexes based on Eudragit® copolymers were synthesized in aqueous media at pH 

= 6.0 (IPEC 1) and pH = 6.5 (IPEC 2). Separate solutions of EPO and L100 were first prepared, adjusted to the 

desired pH values, and subsequently combined following previously reported procedures [26]. The resulting IPEC 

materials were vacuum-dried using a vacuum oven (VD 23, Binder GmbH, Tuttlingen, Germany), then ground 

into powder using an automated mixing and grinding device (ShakIR, Pike Technologies, Madison, WI, USA), 

and finally compressed into matrix forms. 

Physical mixtures (PhM) were produced by blending powdered EPO and L100 using the same ShakIR mixing 

and grinding system (Pike Technologies, Madison, WI, USA). 

 

Preparation of tablets 

To obtain matrices for swelling evaluation, IPEC and PhM powders (100 mg, 8 mm diameter) were compressed 

using a PressPRO 15-ton programmable hydraulic press designed for IR spectroscopy (Pike Technologies, 

Madison, WI, USA). The compaction was carried out under a pressure of 2.45 MPa. 

For drug release experiments, tablets (8 mm diameter) were prepared by combining IPEC or PhM (50 mg) with 

the respective model drug (100 mg), followed by compression under identical conditions (2.45 MPa) using the 

same PressPRO 15-ton automated hydraulic press (Pike Technologies, Madison, WI, USA). 

 

Determination of the degree of swelling of matrices 

Swelling studies were conducted under simulated fasted gastric conditions using 0.1 M HCl at 37 ± 0.5 °C for 6 

h. Each matrix was initially placed into a pre-weighed basket and then immersed in 40 mL of medium within a 

thermostatically controlled bath (IC control eco 18c, IKA® Werke GmbH, Staufen, Germany). At 30 min 

intervals, the basket was removed, excess surface liquid was carefully blotted off with filter paper, and the sample 

was weighed. 

The extent of swelling (H%) was determined according to the following expression: 

 

𝐻% =
(𝑚2−𝑚1)

𝑚1
× 100 (1) 

 

Where m1 denotes the initial dry mass, and m2 corresponds to the mass measured after swelling. 

 

Elemental analysis 

The elemental composition of IPEC samples, both before and after swelling experiments, was determined using 

a CHNS/O Elemental Analyzer (Thermo Flash 2000, Thermo Fisher Scientific, Paisley, UK). The ratio Z = 

[EPO]:[L100] (mol/mol) was calculated to express the composition. Before analysis, samples were dried under 

vacuum at 40 °C for 2 days and weighed using an XP6 Excellence Plus XP microbalance (Mettler Toledo, 
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Greifensee, Switzerland). The prepared samples were then sealed in crucibles and introduced into the combustion 

chamber via an autosampler. 

The analysis was performed at 900 °C with a gas flow rate of 10 mL/min. Instrument calibration was performed 

using an atropine standard (Thermo Fisher Scientific, Paisley, UK), and the resulting data were processed using 

Eager Xperience Data Handling Software (version 1.3.07/2014). Each measurement was repeated three times. 

Nitrogen content (%) was used as the determining parameter since nitrogen is present only in EPO. The final 

composition of IPECs was calculated based on both the molar masses of the original copolymer units and the 

measured nitrogen percentage in each sample. 

 

Fourier-transformed infrared (ATR-FTIR) spectroscopy 

Infrared spectra were acquired using a Nicolet iS5 FTIR spectrometer (Thermo Scientific, Waltham, MA, USA) 

equipped with a single-bounce ZnSe ATR crystal (iD5). Spectral interpretation was performed using OMNIC 

software (version 8.2.387). 

 

Thermal analysis 

Thermal behavior was examined using modulated differential scanning calorimetry (mDSC) with a Discovery 

DSC™ instrument (TA Instruments, New Castle, DE, USA) fitted with a refrigerated cooling system (RCS90). 

Data analysis was conducted using TRIOS™ software (version 3.1.5.3696) (TA Instruments, New Castle, DE, 

USA). 

All measurements were performed in Tzero aluminum pans (TA Instruments, New Castle, DE, USA), while an 

empty pan served as the reference. The masses of both reference and sample pans were included in calculations. 

Nitrogen gas was supplied at a constant flow rate of 50 mL/min throughout the experiments. Temperature 

calibration was performed using indium and n-octadecane standards, enthalpy calibration with indium, and heat 

capacity calibration using sapphire. 

The thermal protocol involved cooling the samples from room temperature to 0 °C, holding them at this 

temperature for 5 min, and subsequently heating from 0 to 250 °C. A heating rate of 2 °C/min was applied, with 

a modulation period of 40 s and an amplitude of 1 °C. Glass transition temperatures were determined from the 

reversal of the heat flow signal. All measurements were carried out in triplicate. 

 

Study of model drug release 

Drug release from IPEC- and PhM-based tablets was evaluated for MZ and ACR using a Flow-Through Cell 

Apparatus integrated with a CE 7 Smart system (Sotax AG, Aesch, Switzerland). The experiments were conducted 

under conditions simulating the fasted stomach (0.1 M HCl; 37 ± 0.5 °C), using an open-loop configuration at a 

flow rate of 8 mL/min [37] over 6 h. 

Quantification of released MZ and ACR was performed using a UV spectrophotometer Evolution 220 (Thermo 

Scientific, Waltham, MA, USA) at wavelengths of 274 nm and 202 nm, respectively. Drug concentrations were 

determined from calibration curves. The resulting release data were analyzed using Microsoft Office 2021 (MSO, 

Version 2401, Build 16.0.17231.20236) and the zero-order, first-order, and Peppas–Sahlin kinetic models [45, 

46]. 

 

Analysis of bioadhesive properties 

The adhesive performance of IPEC and PhM samples was assessed using a TA.XTplus texture analyzer (Stable 

Micro Systems, Surrey, UK). Mucin compacts and pig stomach mucosal tissue were employed as model 

substrates. Mucin compacts were prepared by compressing mucin powder at 2.45 MPa using a 15-ton automated 

hydraulic press (Pike Technologies, Madison, WI, USA) with a 13 mm die. 

Pig stomach tissue was obtained immediately after slaughter from an abattoir and transported on dry ice in a 

polystyrene container. After thawing, the tissue was sectioned into 3 × 3 cm pieces. Adhesion measurements on 

mucosal tissue were performed in an acidic medium (0.1 M HCl). 

During testing, IPEC or PhM samples were fixed to the probe, while the mucin compacts or tissue samples were 

positioned on the platform. Carbopol® 2020 (Carbopol) was used as the positive control. 

For mucin compacts, the testing parameters were set as follows [20]: pre-test speed 0.5 mm/s, test speed 0.1 

mm/sec, post-test speed 0.1 mm/s, applied force 0.1 N, trigger force 0.1 N, and return distance 10 mm. For pig 
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stomach tissue, the parameters were: pre-test speed 1 mm/s, test speed 0.1 mm/sec, post-test speed 0.1 mm/s, 

applied force 0.1 N, trigger force 0.1 N, and return distance 10 mm. 

Each formulation remained in contact with the substrate for 60 s. Data collection was carried out using Texture 

Exponent Software (Version 3.2). Gastroadhesive strength was evaluated based on the peak force, defined as the 

maximum force required to detach the matrix from the mucin compact or tissue surface [20]. 

 

Statistical analysis 

Each experiment was repeated three times. Statistical processing of the obtained data was performed using 

Microsoft Office 2021 (MSO, Version 2401, Build 16.0.17231.20236). Results are presented as mean ± standard 

deviation. Differences between groups were evaluated using one-way analysis of variance (ANOVA) in 

combination with a t-Test (Two-Sample Assuming Equal Variances). A value of P < 0.05 was considered to 

indicate statistical significance. 

Results and Discussion 

Composition study 

The elemental analysis data (Table 1) showed that the composition of the synthesized IPEC systems varied with 

the pH of the preparation medium. A higher pH led to greater incorporation of the polycation component (EPO) 

into the resulting polycomplex. Specifically, the sample prepared at pH 6.0 (IPEC 1) showed an almost equimolar 

ratio (Z = [EPO]/[L100] = 1.02). In contrast, the system synthesized at pH 6.5 (IPEC 2) exhibited a notable excess 

of EPO, corresponding to a 1.5-fold increase (Z = 1.49). These observations indicate preferential enrichment of 

the less ionized polymer fraction, particularly evident in IPEC 2. 

 

Table 1. Characteristics of IPEC EPO/L100 systems. 

Sample code Tg (°C) EPO: L100 (mol/mol) 
IPEC composition (Z = 

[EPO]/[L100]) 

pH of IPEC 

formation 

IPEC 1 146.6 ± 0.3 1:0.98 1.02 6.0 

IPEC 2 117.4 ± 0.2 1:0.67 1.49 6.5 

 

Eudragit copolymers are known to be amorphous and exhibit a characteristic glass transition temperature (Tg) 

[21, 23]. To examine the structural organization and confirm the homogeneity of the polymer systems, modulated 

differential scanning calorimetry (mDSC) was used. The absence of multiple Tg values indicated a lack of phase-

separated microdomains of individual copolymers. Both IPEC samples displayed a single Tg, with values situated 

between those of the parent polymers: higher than EPO (52.1 ± 1.3 °C) and lower than L100 (193.3 ± 1.8 °C). 

 

Assessment of the IPEC behavior in acidic medium 

To determine their suitability as drug delivery carriers, the stability and behavior of IPEC matrices were examined 

under simulated fasted gastric conditions (0.1 M HCl). Their performance was directly compared with matrices 

prepared from physical mixtures (PhMs). 

A clear distinction in behavior was observed: PhM-based matrices underwent complete dissolution within 2 h in 

the acidic medium. In contrast, IPEC matrices did not dissolve but instead expanded, forming hydrogel-like 

structures that maintained their integrity for the entire 6 h experimental duration (Figure 1). 

Evaluation of swelling kinetics (Figure 2) revealed that IPEC 2 exhibited a more gradual initial swelling during 

the early stages of exposure. However, over time, this system achieved a significantly higher final swelling degree 

of 851.53%, compared to 481.54% for IPEC 1. 
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Figure 1. External appearance of IPEC and PhM matrices during the swelling test. 

 

 
Figure 2. Swelling profiles of IPEC and PhM matrices in mimicking fasted stomach medium (0.1 M HCl) (n 

= 3, mean ± SD). 

 

The enhanced resistance of IPEC matrices to dissolution can be attributed to their internal structure, which is 

stabilized by ionic interactions between the protonated dimethylamino groups of EPO and the deprotonated 

carboxyl groups of L100. The presence of such interactions is confirmed by the emergence of a distinct FTIR 

band at 1560 cm−1. Analysis of FTIR spectra (Figures 3 and 4) showed that the intensity of this band decreased 

gradually as the residence time in the acidic medium increased, indicating partial disruption of ionic linkages. 

This structural change is likely responsible for the minor dissolution observed and the corresponding reduction in 

swelling behavior over time. 
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Figure 3. FTIR spectra of IPEC 1 after swelling in mimicking fasted stomach medium (0.1 M HCl). 

 

 
Figure 4. FTIR spectra of IPEC 2 after swelling in mimicking fasted stomach medium (0.1 M HCl). 

 

Further spectral features supported the presence of intermolecular interactions. The broadening of absorption 

peaks in the region 2520–2478 cm−1 can be attributed to hydrogen bonding between functional groups of the two 

polymers, specifically involving dimethylamino or carbonyl groups of EPO and hydroxyl groups of L100. 

Additionally, a wide band observed between 2350 and 2750 cm−1 suggests the formation of various ammonium 

cation species, including both monomeric and dimeric forms, potentially associated with water molecules. These 

findings are in agreement with previously reported data [26]. 

To further elucidate structural evolution during exposure to acidic conditions, mDSC analysis was performed. For 

IPEC 1, immersion for up to 6 h resulted in a substantial increase in Tg, rising from 117.4 ± 0.2 to 170.6 ± 0.1 °C. 

Importantly, only a single Tg was observed across all thermograms, confirming that the IPEC systems remained 

unified structures without separating into individual polymer domains. 

Elemental analysis revealed that compositional changes occurred during swelling. As shown in Table 2, IPEC 2 

(initially Z = 1.49) experienced a significant loss of EPO, resulting in a final composition in which only one-third 

of the polycation remained relative to L100 (Z = 0.5). A comparable trend was identified for IPEC 1, although the 

extent of EPO loss was less pronounced. 
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The observed decrease in EPO content corresponded with changes in Tg values, indicating that leaching of the 

polycation during exposure to the acidic medium directly influenced the structural properties of the polycomplex. 

These results are consistent with previously published findings [26].  

 

Table 2. Results of the thermal and elemental analysis for IPEC samples after swelling in mimicking fasted 

stomach medium (0.1 M HCl) (n = 3, mean ± SD). 

Sample code 
Nitrogen content (N, 

%) 

IPEC composition (Z = EPO:L100, 

mol/mol) 

Glass transition temperature 

(Tg, °C) 

IPEC 1–2 h 2.84 ± 0.16 1:1.17 165.8 ± 0.1 

IPEC 1–4 h 2.91 ± 0.26 1:1.11 170.7 ± 0.1 

IPEC 1–6 h 3.11 ± 0.10 1:1.08 170.6 ± 0.1 

IPEC 2–2 h 2.78 ± 0.11 1:1.22 169.5 ± 0.1 

IPEC 2–4 h 2.54 ± 0.12 1:1.47 172.3 ± 0.5 

IPEC 2–6 h 2.75 ± 0.31 1:1.27 173.9 ± 0.3 

 

Despite these compositional and structural transformations, the swelling study demonstrated that the integrity of 

the IPEC matrices was preserved for 6 h under acidic conditions. These findings suggest that such systems possess 

sufficient stability to warrant further development as carriers for gastroretentive drug delivery systems (GRDDS). 

 

Analysis of bioadhesive properties 

Adhesion typically develops in two sequential phases: an initial contact phase followed by a consolidation phase. 

In the first phase, the dosage form comes into contact with the mucosal surface, where the polymer begins to 

hydrate, leading to swelling and softening. The second phase involves the establishment of molecular interactions 

between polymer chains and mucin, resulting in stable adhesion bonds [20, 47]. 

Differences in mucoadhesive performance were observed depending on whether mucin compacts or actual gastric 

tissue were used as substrates. While mucin compacts are useful for screening adhesive potential, they cannot 

fully reproduce the complexity of biological tissue, as confirmed in this study. The contact between the tablet and 

the mucin compact is highly uniform, ensuring excellent reproducibility of results. Under these conditions, the 

adhesion force of Carbopol (positive control) did not differ significantly from that of either the IPEC or the PhM 

formulations. Peak positive force values measured on mucin compacts are shown in Figure 5. 

 

 
Figure 5. Results of measuring peak positive force of IPECs and PhMs from mucin compacts (N) (n = 3, 

mean ± SD, “ns” represents not significant). 

 

Overall, both IPECs and PhMs demonstrated mucoadhesive behavior comparable to Carbopol. To obtain more 

physiologically relevant data, adhesion testing was repeated using pig stomach mucosa. The corresponding peak 

force values are presented in Figure 6. 

Adhesion to gastric tissue is influenced by multiple variables, including hydration state, anatomical region of the 

stomach, and available contact area. In this model, Carbopol showed stronger adhesion than both IPEC and PhM 
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systems. However, excessively strong adhesion in gastroretentive formulations may be undesirable, as it can result 

in unintended attachment in the esophagus or throat, potentially causing tissue irritation or damage [47]. 

 

 
Figure 6. Results of measuring peak positive force of IPECs and PhMs from pig stomach mucosa (N) (n = 3, 

mean ± SD, “*” represents P < 0.05, “ns” represents not significant). 

 

Study of drug release 

Metronidazole (MZ) and acyclovir (ACR) both exhibit high solubility in gastrointestinal fluids. According to the 

Biopharmaceutics Classification System (BCS), MZ is classified as class I [48, 49], whereas ACR is classified as 

class III [50, 51]. 

The release behavior of MZ (Figure 7) was generally consistent across all formulations. The cumulative release 

reached values above 49.62% ± 6.20% for IPEC 1 matrices and 87.69% ± 5.15% for IPEC 2 matrices. In 

comparison, PhM-based systems released approximately 50% of the drug. These results align with previously 

reported behavior of highly soluble drugs such as theophylline (BCS class I) [26]. A clear relationship was 

observed between swelling degree and drug release rate, with higher swelling leading to faster release. The slightly 

irregular profile observed for IPEC 2 is likely due to partial structural breakdown of the matrix during the test. 

 

 
Figure 7. Release profiles of metronidazole from IPEC and PhM matrices in mimicking fasted stomach 

medium (0.1 M HCl) (n = 3, mean ± SD). 

 

For acyclovir (Figure 8), PhM-based matrices produced approximately 20% lower cumulative release after 6 h in 

acidic conditions. The total release from IPEC systems was 25.76% ± 5.67% (IPEC 1) and 21.48% ± 5.00% (IPEC 

2). Although final concentrations were similar, the release kinetics differed markedly. IPEC 2 exhibited a burst-
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like release during the first hour, followed by a plateau phase. In contrast, IPEC 1 showed a more controlled and 

continuous release over the entire 6 h period. 

 

 
Figure 8. Release profiles of acyclovir from IPEC and PhM matrices in mimicking fasted stomach medium 

(0.1 M HCl) (n = 3, mean ± SD). 

 

To clarify the release mechanism, experimental data were analyzed using zero-order, first-order, and Peppas–

Sahlin kinetic models. The results of these fittings are presented in Tables 3 and 4. 

 

Table 3. Results obtained from fitting experimental MZ release data. 

Sample Kinetic model R² 

IPEC 1 Zero-order release model 0.5952 
 First-order release model 0.8459 
 Peppas–Sahlin model 0.9762 

 

Table 4. Results obtained from fitting experimental ACR release data. 

Sample Model R2 

IPEC 1 

Zero-order −17.3238 

First-order 0.9935 

Peppas–Sahlin 0.9813 

IPEC 2 

Zero-order −17.3238 

First-order −15.0387 

Peppas–Sahlin 0.9892 

 

The modeling results showed that zero-order kinetics does not adequately describe drug release from these 

systems. The first-order model was only appropriate for describing ACR release from IPEC 1. Based on R² values, 

the Peppas–Sahlin model provided the best fit to release behavior for both drugs across the studied matrices. 

The Peppas–Sahlin Eq. 2 describes drug release as a combination of diffusion and polymer relaxation 

mechanisms: 

 

𝑄 = 𝐾1 ⋅ 𝑡
𝑚 + 𝐾2 ⋅ 𝑡

2𝑚 (2) 

 

where Q is the fraction of drug released at time t, K1 and K2 are kinetic constants, and m is the diffusional 

exponent. 

In this model, K1 represents Fickian diffusion, while K2 reflects polymer relaxation and erosion-related 

contributions [52]. 
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The fitted parameters for MZ and ACR release are summarized in Tables 5 and 6, and the corresponding model 

plots are shown in Figures 9 and 10. Data for the MZ release from IPEC 2 are not reported because the rapid 

release exceeded 60% within the first hour. 

 

 
Figure 9. Release of MZ from the matrix based on IPEC 1 in mimicking fasted stomach medium (0.1 M 

HCl). Experimental data points and predicted data from the Peppas–Sahlin model. 

 

 
Figure 10. Release of ACR from the matrix based on IPEC 1 and IPEC 2 in mimicking fasted stomach 

medium (0.1 M HCl). Experimental data points and predicted data from the Peppas–Sahlin model. 

 

Table 5. Results obtained from fitting experimental MZ release data to the Peppas–Sahlin model. 

Parameters IPEC 1 

m 0.2681 

K1 0.1000 

K2 2.3675 

R2 0.9762 

 

Table 6. Results obtained from fitting experimental ACR release data to the Peppas–Sahlin model. 

Parameters IPEC 1 IPEC 2 

m 0.2681 0.0605 

K1 0.1000 0.1675 

K2 2.3676 10.5505 
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R2 0.9813 0.9892 

 

Based on R² values, the Peppas–Sahlin approach is suitable for describing the observed release mechanisms. 

The ratio between relaxation-controlled and diffusion-controlled processes (R/F) was calculated from the fitted 

parameters (Figures 11 and 12). For both drugs and both systems, R/F values were greater than 1, indicating that 

polymer relaxation and erosion dominate the release mechanism. This confirms that drug liberation is mainly 

governed by polymer chain relaxation within the matrix. Additionally, the increasing R/F trend over time for MZ 

and ACR release from IPEC 1 suggests that the contribution of relaxation mechanisms becomes progressively 

more important during the release period [53]. 

 

 
Figure 11. Relaxation contribution (R)/Fickian contribution (F) ratio over time for metronidazole release. 

 

 
Figure 12. Relaxation (R) and Fickian (F) contributions to acyclovir release over time. 

Conclusion 

The obtained findings demonstrate that interpolyelectrolyte complexes based on Eudragit® EPO/L100 have clear 

potential as controlled-release carriers for gastroretentive drug delivery. This is supported by their appropriate 

swelling behavior in acidic conditions simulating the fasted stomach, as well as their adequate bioadhesive 

performance. Evaluation of structural and compositional changes in the polycomplexes during exposure to the 

tested media suggests that these materials exhibit self-healing properties. The internal structural changes observed 

in IPEC matrices did not act as a limiting factor and still permitted their stability in acidic environments. 
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The release behavior of metronidazole (MZ, class I BCS) from the IPEC matrices increased in parallel with 

increasing swelling degree. Among the tested systems, IPEC 1 enabled a more sustained release of MZ under 

simulated fasted gastric conditions (0.1 M HCl). In contrast, matrices prepared from both types of IPECs 

demonstrated a relatively slow release of acyclovir (ACR, class III BCS) in acidic medium, with the cumulative 

amount of drug released remaining below 30% over the 6 h experimental period. The release profiles of both 

model drugs were governed by polymer chain relaxation within the matrix, as described by the Peppas–Sahlin 

kinetic model. In vitro swelling and drug release studies conducted for the prepared IPEC systems further support 

these observations. 

Overall, the investigated polycomplex systems are promising candidates for further development and assessment 

as carriers for gastroretentive bioadhesive drug delivery systems. 
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