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Abstract. This study investigates the efficacy of poly(lactic acid)/carrageenan (PLA/Carr)
composites in the encapsulation and controlled release of lovastatin (Lov). PLA/Carr/Lov
composites were synthesized via a solution method with varying PLA/Carr ratios. The structural,
morphological, thermal, and drug release properties of the composites were analyzed using
Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM),
differential scanning calorimetry (DSC), and ultraviolet-visible (UV-Vis) absorption
spectroscopy. The results indicate that Lov was uniformly dispersed within the polymer matrix
as nanoparticles ranging from 20 to 220 nm in size. Drug release studies in pH 2.0 and pH 7.4
environments revealed a biphasic release profile, consisting of an initial burst release followed by
a sustained release phase. The PLA/Carr significantly influenced drug loading efficiency and
release kinetics, with the optimal controlled release observed at a PLA/Carr ratio of 2:8. These
findings highlight the potential of Carr/PLA composites as promising carriers for controlled drug
delivery applications.
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1. INTRODUCTION

Poly(lactic acid) (PLA) is a biodegradable, biocompatible, non-toxic, and environmentally
friendly polymer, making it highly attractive for biomedical and pharmaceutical applications.
PLA and its derivatives are widely utilized in medical implants, tissue engineering, orthopedic
devices, and drug delivery systems due to their excellent mechanical properties, controlled
degradability, and ease of processing [1, 2]. Unlike petroleum-derived polymers, PLA is
synthesized from renewable resources such as wheat, corn, and rice, requiring 25-55 % less
energy for production, thereby contributing to sustainability efforts [3]. Furthermore, the
degradation products of PLA, primarily lactic acid, are non-toxic to both humans and the
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environment, reinforcing its suitability for biomedical applications [4]. One of the PLA’s key
advantages in drug delivery applications is its ability to undergo controlled degradation, enabling
sustained and targeted drug release. PLA degrades via hydrolysis into lactic acid, which can be
metabolized by the human body without causing toxicity. This property is particularly beneficial
in drug delivery systems, where the controlled metabolism of the polymer carrier ensures a
consistent therapeutic drug concentration while minimizing side effects [5, 6]. Various
approaches have been explored to fabricate PLA-based drug carriers, including the emulsion-
solvent evaporation method. For instance, PLA microspheres have been used to encapsulate
gentamicin [7], lovastatin (Lov) [8], and mildronate [9], enhancing drug stability, bioavailability
and providing sustained or extended release profiles. Additionally, PLA has been chemically
modified to conjugate drugs to its distal hydroxyl (-OH) groups, yielding pharmacologically
active polymer systems with improved solubility, stability, and combination therapy potential
[10]. PLA has also been successfully employed for carrying local anesthetics, such as
bupivacaine, demonstrating prolonged drug release compared to poly(lactic-co-glycolic acid)
(PLGA) formulations [11].

Carrageenan (Carr) is a naturally occurring polysaccharide derived from various species of
red algae, including Agardhiella, Chondrus crispus, Eucheuma, Furcellaria, Gigartina, Hypnea,
Iridaea, Sarconema, and Solieria [12]. These algae contain substantial amounts of Carr in their
cell walls, accounting for 30-75 % of their dry weight [13]. Carr has attracted significant attention
in biomedical and pharmaceutical research due to its biocompatibility, high molecular weight,
viscosity, and gel-forming ability [14]. Beyond its extensive use in the food industry, Carr has
become a key biomaterial in drug delivery, where it has been used to improve drug formulations
and regulate release kinetics [15-20]. Additionally, Carr exhibits a range of biological activities,
including antioxidant [21], antiviral [22—24], antibacterial [25, 26], antihyperlipidemic [27-29],
anticoagulant [30, 31], antitumor, and immunomodulatory properties [32—34], further expanding
its potential in therapeutic applications. High molecular weight carrageenan (undegraded
carrageenan) is not broken down by human digestive enzymes. It is not absorbed into the
bloodstream but passes through the digestive tract largely intact and is excreted in the feces [35].
A small portion may undergo fermentation by colonic microbiota, but this is considered negligible
[36].

Lovastatin (Lov) is a naturally occurring statin primarily found in oyster mushrooms
(Pleurotus ostreatus) [37] and red yeast rice (rice fermented by Monascus) [38]. It is widely
recognized as one of the most effective cholesterol-lowering agents, functioning by inhibiting the
enzyme 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase, a key enzyme in cholesterol
biosynthesis [39]. Lov selectively reduces low-density lipoprotein (LDL) levels while
maintaining high-density lipoprotein (HDL) concentrations, contributing to its cardioprotective
effects. Clinical studies have demonstrated that Lov significantly reduces mortality associated
with coronary heart disease [8]. However, the therapeutic effectiveness of Lov is limited by its
poor water solubility, resulting in low bioavailability (~5 %) and rapid metabolism, with peak
plasma concentrations occurring within 4 hours and a half-life of approximately 3 hours [40].
When adding Lov into polymeric matrices, such as alginate/chitosan [41], chitosan/carrageenan
polyaniline [42], chitosan/carrageenan [43], PLA [44], collagen [45], its dispersion, stability, and
controlled release properties could be enhanced.

To exploit the synergistic properties of both PLA and Carr, the present study focuses on
developing and characterizing a novel Carr/PLA composite system for Lov loading and release.
This study also aims to evaluate the potential of the Carr/PLA system in improving Lov solubility,
release kinetics, and therapeutic efficiency. The findings from this research could contribute to
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the development of advanced polymer-based drug delivery platforms for Lov and other
hydrophobic drugs.

2. MATERIALS AND METHODS
2.1. Materials

Carrageenan (Carr) (in powder; containing < 2 % sodium, < 3.5 % calcium, < 11 %
potassium; pH (1.5 % in H,O) of 7.5-10.5; predominantly k-Carr and a small amount of A-Carr)
and poly(lactic acid) (Mw: 67000 g/mol, melting point: 264-269 °C) were provided by Sigma-
Aldrich (USA). Dry powder lovastatin (> 98 %) was purchased from Rhawn (China). Other
chemicals such as C;HsOH, HCI, KCl, CH;COOH, KH,PO., Na,HPO4, CH;COONa, were of
analytical grades.

2.2. Preparation of lovastatin-loaded PLA/Carr/Lov (PCL) composites

The samples were prepared in the laboratory at a room temperature of 25 °C and a relative
humidity of 50 %.

PLA/Carr/Lov (PCL) biocomposite samples were prepared using the solution method by
varying the PLA/Carr ratio to determine the optimal composition (see Table 1). The synthesis
followed these steps: PLA was dissolved in dichloromethane (DCM) at a concentration of 1 g per
100 mL (PLA/DCM, w/v) to produce solution A. Separately, Carr was dissolved in hot water at
80 °C with a concentration of 1 g per 200 mL (Carr/water, w/v) under continuous stirring for 30
minutes. The solution was then cooled to 30 °C to obtain solution B. Lov was dissolved ethanol
using a magnetic stirrer to form solution C.

Solution B was gradually added to solution A at a controlled rate of 20 drops per minute,
followed by homogenization at 20,000 rpm to obtain emulsion D [46]. Emulsion D was then
stirred on a magnetic stirrer at 400 rpm for 1.5 hours. Carr functions as an effective emulsifier by
increasing the viscosity of the aqueous phase through its gel-forming ability and ionic
interactions. The presence of Na* and K* ions in carrageenan facilitates the formation of an ion—
water network, which enhances water retention and uniformly disperses carrageenan in solution.
This network not only supports gel structure formation but also inhibits droplet coalescence and
phase separation of the oil phase (PLA in DCM) by stabilizing the interface and increasing
continuous phase viscosity. As a result, carrageenan effectively retards creaming and maintains
emulsion stability [12, 20, 42]. Subsequently, solution C was added dropwise to emulsion D at
the same rate (20 drops/minute) while homogenizing at 20,000 rpm. The resulting mixture
underwent additional stirring at 400 rpm for 1 hour. Finally, the prepared mixture was poured into
a Petri dish and allowed to evaporate naturally over 48 hours, forming the PLA/Carr/Lov
composite. After preparation, the samples were stored in zip-lock (PE) bags and kept in a
refrigerator at a temperature of 4-8 °C, allowing gradual solvent evaporation.

Table 1. Composition of PLA/Carr/Lov composite samples.

No. Composite sample PLA (g) Carr (g) Lov (g)
1 PCL821 0.4 0.1 0.05
2 PCL641 0.3 0.2 0.05
3 PCL551 0.25 0.25 0.05
4 PCL461 0.2 0.3 0.05
5 PCL281 0.1 0.4 0.05
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2.3. Characterization of PLA/Carr/Lov (PCL) biocomposites

The Fourier Transform Infrared (FT-IR) spectra of the biocomposite samples were obtained
using a Thermo Nicolet Nexus 670 FT-IR spectrometer by scanning within the range from 400
cm’! to 4000 cm™ with a resolution of 8 cm™, and a scan number of 32.

The surface morphology of the samples was examined using a Hitachi S-4800 field emission
scanning electron microscope (FE-SEM) under nitrogen atmosphere. To prevent surface
charging, the samples were coated with a thin platinum layer before imaging. Particle size was
determined using ImageJ software version 1.48v.

Thermal properties were analyzed using differential scanning calorimetry (DSC) with a
Shimadzu DSC60 instrument. Measurements were performed under a nitrogen atmosphere from
30 °C to 300 °C at a heating rate of 10 °C/min.

The amount of Lov released from the composite samples was quantified using a YOKE
UV1900 UV- Vis Double Beam Spectrophotometer.

2.4. Determination of Lov release from the PLA/Carr/Lov (PCL) biocomposites

The drug release behavior of crystalline Lov from the biocomposite samples was evaluated
in simulated gastric fluid (pH 2.0) and simulated intestinal fluid (pH 7.4) at 37.0 + 0.1 °C. Pre-
weighed samples were placed in 200 mL of either pH 2.0 or pH 7.4 buffer solution, and the
mixture was stirred continuously at 200 rpm using a 6-position dissolution tester. At 1-hour
intervals, 5 mL of the solution was withdrawn and immediately replaced with an equal volume of
fresh buffer to maintain a constant volume. The sample was continuously tested for 30 hours [47],
as the Lovastatin-loaded carrier system exhibits sustained release properties to maintain the
minimum plasma concentration [8].

The withdrawn samples were analyzed using a UV-Vis spectrophotometer to record the
absorbance (A) of the solution at a Amax of 238.8 nm in pH 2.0 buffer and a Amax of 239.6 nm in
pH 7.4 buffer. Each sample was measured three times, and the average value was reported. Each
experiment was performed in triplicate. The released Lov concentration (Crov) in both pH 2.0 and
pH 7.4 solutions was determined using the following calibration curve equations:

PH 2.0 solution: A23ggnm = 1325.7%Crov + 0.0599 (R? = 0.9916). Linear range: 1.05-4.75
mg/100 mL; LOD: 7.2x10° mg/100 mL; LOQ = 2.18x10™* mg/100 mL.

pH 7.4 solution: A239.6nm = 21956%Croy + 0.0412 (R? = 0.9951). Linear range: 1.461-6.757
mg/100 mL; LOD: 8.3x107 mg/100 mL; LOQ = 3x10°° mg/100 mL.

The percentage of Lov released (H %) from the biocomposite samples in these solutions at
a given time was calculated using the equation:

H (%) ="£x 100 %

where H (%) is the percentage of Lov released at a specific time, m;, is the mass of Lov released
at a specific time, and m, is the initial mass of Lov in the composite sample.
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3. RESULTS AND DISCUSSION

3.1. FT-IR spectra of biocomposite materials

The FT-IR spectra of carrageenan (Carr), polylactic acid (PLA) and lovastatin (Lov) are
presented in Figure 1. The FT-IR spectrum of Lov exhibits a characteristic absorption band at
3537 cm™, corresponding to the stretching vibration of the hydroxy (-OH) group. Additionally,
absorption bands at 2964 cm™, 2928 cm™, and 2865 cm™ are attributed to the stretching vibrations
of the Csp3—H. The carbonyl (C=0) stretching vibrations are observed at 1722 cm™ and 1696 cm®
! whereas the C—O bond exhibits a stretching vibration at 1068 cm™ [48].

The FT-IR spectrum of PLA displays prominent absorption bands attributed to the C=0
stretching vibration at 1747 cm™, alongside Csp3—H vibrations at 2994 cem?, 2950 cm™!, 2913 cm™,
and 2845 cm™'. The C—O stretching vibration is observed at 1081 cm™ [49].

For Carr, the FT-IR spectrum shows a broad absorption band at 3383 cm™, corresponding
to the stretching vibration of the —OH group. A distinct peak at 1634 cm™ is characteristic of the
C=0 stretching vibration, while the C—O band appears at 1036 cm™. Additionally, the S=0O
functional group shows a characteristic vibrational peak at 843 cm™ [20].
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Figure 1. FT-IR spectra of Carr, PLA, and Lov.

The FT-IR spectra of PCL composites are shown in Figure 2, revealing the characteristic
absorption bands corresponding to the functional groups of PLA, Carr, and Lov. These
characteristic peaks appear in all PCL composites, though slight shifts in wavenumbers are noted
compared to the original spectra of PLA, Carr, and Lov.
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Figure 2. FTIR spectra of PCL composite samples with different PLA/Carr ratios.

For instance, in the PCL281 composite, the absorption band corresponding to the C=0
stretching vibration appears at 1639 cm™, representing a shift of 109 cm™ relative to PLA (1748
cm™) and 83 cm™ relative to Lov (1722 cm™). Additionally, the peak associated with the -OH
group at 3537 cm™ in the PCL281 composite shifts by 5 cm™ compared to Carr and by 149 cm™
compared to Lov. These spectral shifts suggest strong intermolecular interactions among PLA,
Carr, and Lov, primarily through dipole interactions and hydrogen bonding between the C=0
group in Lov and the —OH group in Carr [43].

Moreover, variations in the Carr/PLA ratio appear to influence the intensity of absorption
bands rather than their position. This indicates that within the PCL composites, Lov interacts
physically with other components without altering their chemical structures. As a result, the
intrinsic properties of the components, particularly the pharmacological activity of Lov remains
unchanged in the composite material.

Table 2 summarizes the characteristic wavenumbers observed in Lov, Carr, PLA, and PCL
composites.

Table 2. Characteristic vibrations (cm™) of Carr, PLA, Lov, and PCL composites.

Carr PLA Lov  PCL281  PCL461 PCL551  PCL641  PCLS821

VOH 3383 3537 3388 3388 3383 3401
;ggg 2964

VCHno - 013 2928 2917 2943 2904 2945 2946
2845 2863

1722

veeo 1634 1748 |con 1639 1749 1639 1749 1749
1359

Scu 1373 353 1384 1373 1381 1375 1359 1381
1082 1076 1065 1080 1078

veo 1036 o3 1069 1036 1042 1035 1042 1042

vs-o 843 - - 842 870 842 870 870
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3.2. Morphology of the PLA/Carr/Lov (PCL) biocomposites
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Figure 3. FE-SEM images of Lov and PCL composite samples.

The surface morphology of Lov and PCL samples was examined using SEM images, as
shown in Figure 3. SEM images of Lov reveal that it exists in the form of rod-shaped crystals
with a relatively large and non-uniform size distribution, ranging from 10 to 55 um.

In contrast, within the PCL samples, Lov particles dissolve in ethanol during dispersion in
the polymer matrix, leading to their transformation into spherical shapes. The dispersion
efficiency of Lov within the polymer matrix is influenced by the PLA/Carr ratio, with particle
size varying from 22 to 323 nm.

Specifically, SEM analysis of the PCL281 composite indicates that Lov particles exhibit a
well-defined spherical morphology, with sizes ranging from 22 to 65 nm, and well dispersed
within the polymer matrix. Furthermore, FE-SEM imaging of the PCL281 composite reveals an
even dispersion of Lov within the polymer matrix with minimal particle agglomeration, where
particle sizes are reduced to the range of 22 - 47 nm. In contrast, for PCL461 and PCL551 samples
with a PLA:Carr ratio of approximately 1:1, heterogeneous aggregation may occur, leading to
reduced diffusion and release of Lov [20].

This improved dispersion is attributed to strong dipole interactions between the sulfate
groups in Carr and the hydrogen bonding between the —C=O group in Lov and the —OH group of
Carr [50]. Additionally, PLA forms hydrogen bonds with both Carr and Lov, further facilitating
Lov’s uniform distribution within the polymer matrix. Moreover, the hydrogen bonding
interactions between Lov and the matrix enable Lov particles to integrate into the spatial structure
of the composite, enhancing their dispersion within the matrix system.

3.3. Thermal properties of composite materials

The DSC diagrams of Lov and PCL composites with varying Carr/PLA ratios are shown in
Figure 4. The DSC thermogram of Lov exhibits a distinct melting endothermic peak at 174.6 °C,
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corresponding to its melting point. The melting process initiates at 172 °C and concludes at 177
°C, aligning with previously reported findings [46, 51].
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Figure 4. DSC thermograms of Lov and PCL composite samples.

For neat PLA, DSC analysis revealed two distinct thermal transitions at 74.79 °C and 153.72
°C, corresponding to the polymer’s glass transition (T,) and melting temperature (Tnm),
respectively [52]. In contrast, the DSC thermogram of pure Carr displayed a single prominent
endothermic peak at approximately 72.78 °C, associated with its melting point [53]. These results
establish the baseline thermal behavior of the individual components. In the DSC profiles of the
PLA/Carr composite samples, two main thermal events were observed. The first was a dominant
endothermic peak around 72-73 °C, arising from the melting of the Carr component, and the
second was a much smaller thermal transition associated with the T, of PLA. At higher Carr
loadings, the melting peak became increasingly pronounced, partially masking the PLA glass
transition in the DSC trace. This thermal masking effect is particularly evident in the sample with
the highest Carr content (PLC281), where the large Carr melting endotherm significantly
diminishes the observable PLA T, signal.

A notable reduction in Lov’s melting point was observed upon incorporation into the
Carr/PLA matrix, as evidenced by the shift in the second endothermic peak of the PCL
composites. This decrease in melting temperature can be attributed to the transition of Lov from
a crystalline to an amorphous state when dispersed within the polymer system, leading to a lower
melting temperature compared to its pure crystalline form [42]. These findings are in strong
agreement with the SEM results discussed earlier, which indicated uniform dispersion of Lov
within the polymer matrix.

DSC analysis revealed that the melting point of Lovastatin (Lov) in the PCL281 sample
decreased to 145.26 °C, compared to 174.6 °C in its crystalline form, indicating enhanced
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solubility under physiological conditions (pH 7.4). This improved dissolution is attributed to the
weakened interactions between Lov and the polymer matrix. Additionally, the swelling behavior
of the polymer network - facilitated by the water-retaining and emulsifying properties of
carrageenan - further promotes the diffusion of Lov into the surrounding medium [20, 42, 43].
Furthermore, as shown in Table 3, the PCL281 sample exhibits the lowest second endothermic
peak temperature (145.26 °C), reinforcing the SEM observations that this sample has the smallest
and most uniformly distributed Lov particle within the polymer matrix.

Table 3. DSC results of Lov and PCL composite samples.

Sample 1%t peak (°C) 28 peak (°C)
Lov - 174.6
PCL281 47.46 145.26
PCLA461 54.83 146.6
PCL551 48.52 146.24
PCL641 41.47 146.98
PCL821 40.90 146.66

3.4. Lovastatin release from PCL composite materials

The release profile of Lov from PCL composites with varying Carr/PLA ratios (PCL281,
PCL461, PCL551, PCL641, PCL821) in a pH 2.0 buffer solution is presented in Figure 5 (left).
As observed, pure Lov exhibits poor solubility and low release efficiency in pH 2.0 buffer,
consistent with its inherent solubility and previous studies. However, when Lov is incorporated
into the matrix polymer to form PCL composites, its solubility is significantly enhanced.

The improvement in solubility can be attributed to the formation of hydrogen bonds between
Lov and the base polymers (PLA and Carr), which facilitate the uniform dispersion of Lov within
the polymer system and contribute to a reduction in particle size. Additionally, PLA and Carr
interact via hydrogen bonding between the -OH groups of Carr and the C=0O groups of PLA,
further stabilizing the system.

The drug release profile of Lov exhibits a biphasic pattern: an initial rapid release within the
first 10 hours, followed by a slower, controlled release phase. This sustained release behavior
helps maintain Lov concentration over an extended period, supporting long-term, therapeutic
applications. The enhanced dispersion of Lov in the PLA/Carr matrix, along with its transition to
an amorphous form, further improves its solubility in the acidic pH 2.0 environment.

Furthermore, the degradation and gradual disintegration of the polymer matrix facilitate the
controlled release of Lov, resulting in a higher cumulative drug release from the PCL composite
compared to pure Lov. Notably, the PCL281 composite exhibits the lowest release rate in pH 2.0
buffer, suggesting its potential for protecting Lov in the acidic gastric environment, where drug
absorption is minimal.

Similar to the observations in pH 2.0 buffer, the release of Lov in pH 7.4 buffer solution, as
shown in Figure 5-right, was significantly higher from the PCL composite samples compared to
pure Lov. After 30 hours of testing [46], the cumulative release of Lov from PCL281, PCL461,
PCL551, PCL641, and PCL821 in pH 7.4 buffer solution were markedly greater than that in pH
2.0 buffer.
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Figure 5. Lov content released in pH 2.0 (left) and pH 7.4 (right) buffer solutions.

The drug release process in pH 7.4 buffer also follows a biphasic pattern: in the initial stage,
Lov molecules loosely bound to the polymer surface and are rapidly released. Subsequently, the
release rate stabilizes as the drug diffuses through the polymer matrix. The swelling of the
PLA/Carr polymer network in pH 7.4 solution facilitates the gradual fragmentation of PCL
composites into small units, allowing for a sustained and controlled releases Lov into the solution.
Specifically, after 30 hours of testing, the percentage of Lov released from PCL281, PCL461,
PCL551, PCL641, and PCL821 composites reached 90.16 %, 85.84 %, 80.67 %, 76.99 %, and
87.01 %, respectively. This system exhibited a significantly better Lov release compared to PLA-
based Lov carriers (54.25 %) [44], due to the hydrophobic nature of PLA, which limits its ability
to carry and disperse Lov in the test buffer solution. The result also shows an improvement over
the Carr-based Lov system (86.57 %) [54], indicating weak interactions between Carr and Lov.
The PCL281 composite sample exhibited the highest Lov release in pH 7.4 buffer, which is
attributed to its smallest and most uniformly dispersed particle size. This observation aligns with
the DSC results: Lov in PCL281 had the lowest melting point (145.26 °C), consistent with a
previous study [47]. Collectively, these findings indicate that PCL281 offers excellent Lov release
performance, surpassing several other delivery systems. For example, a polycaprolactone (PCL)
matrix coated with B-tricalcium phosphate (B-TCP) released ~80 % of its loaded Lov [55], and
alginate—chitosan nanoparticles carrying Lov achieved ~70 % release [46], among others.

Considering the SEM, DSC, and drug release results, PCL281 demonstrated the highest Lov
release at all time points among the composite samples, suggesting superior drug dispersion and
polymer matrix compatibility. This enhanced compatibility may stem from molecular interactions
(particularly hydrogen bonding) between components in the composite; for instance, hydrogen
bonds may form between the C=0 groups of PLA and the —OH groups of Carr, between the -OH
group of Lov and the C=0 or S=0 groups of Carr, and between the —OH of Lov and the C=0 of
PLA. These interactions would improve the miscibility between Lov and the polymer matrix,
promoting a more homogeneous drug distribution and thereby contributing to the improved
release profile. These findings highlight that Lov release from the PCL composites is influenced
by both the solution pH and the Carr/PLA ratio. The variations in drug release profiles across
different formulations can be attributed to the distinct interaction among their components in the
PCL composites. Notably, the PLA/Carr ratio of 2/8 demonstrated the most favorable release
characteristics, as it provided effective drug protection in the acidic gastric environment (pH 2.0)
while enabling optimal release and absorption in the intestinal environment (pH 7.4). Therefore,
Lov tends to be poorly released at pH 2.0 and well released at pH 7.4.

10
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4. CONCLUSIONS

In this study, lovastatin-loaded poly(lactic acid)/carrageenan composite systems were
successfully synthesized using various component ratios. Structural (FTIR), morphological
(SEM), thermal (DSC), and drug release (UV-Vis) characterizations confirmed that lovastatin
was uniformly dispersed as nanoparticles (22-232 nm) within the polymer matrix, primarily due
to hydrogen bonding and dipole-dipole interactions among the components. Among the
formulations, the PCL281 sample (PLA/Carr = 2/8) exhibited the most favorable performance
with several key features: The smallest and most uniform particle size (2247 nm), as observed
via SEM; The lowest melting point (145.26 °C), indicating a highly amorphous state, as shown
by DSC; The lowest release rate at pH 2.0, suggesting effective protection of Lov in gastric
conditions; The highest cumulative drug release at pH 7.4, reaching 90.16 % after 30 hours, which
outperformed other tested formulations and several previously reported delivery systems. These
findings demonstrate that the PCL281 composite is a promising pH-responsive carrier for the
controlled oral delivery of lovastatin. Future studies should focus on evaluating the in vitro and
in vivo biocompatibility, cytotoxicity, and pharmacokinetics of this optimized delivery system.
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