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ABSTRACT

Introduction: A drug delivery system using polymer-blended hydrogels can prevent burst release and enhance ther-
apeutic effectiveness. Materials and Methods: Polyvinylpyrrolidone (PVP) and varying concentration (2, 4, 6 w/v%) 
of hydroxypropyl methylcellulose (HPMC) with rutin, a natural antioxidant as the model drug were prepared using 
polymer blending technique. Results: Fourier Transform Infrared Spectroscopy (FTIR) revealed a reduction in the car-
bonyl group 1650 cm-1 with increasing HPMC, indicates the homogeneity between PVP and HPMC. Scanning elec-
tron microscope (SEM) showed a smooth and homogenous surface confirming successful blending. PVP/HPMC4 ex-
hibited high water absorption and still maintained the hydrophilicity of surface which is 64°. Moreover, drug release 
studies showed that PVP/HPMC6 exhibited the slowest and most sustained release of rutin with gradual increase in 
absorbance over 7 days in Phosphate Buffer Saline (PBS) at 27 °C, fitting a zero-order kinetic model with R²= 0.9496. 
The antioxidant analysis shows the decrease in radical scavenging activity (RSA) with increasing HPMC, suggesting 
effective regulation of rutin release. Conclusion: The potential of rutin-loaded PVP/HPMC films are effective matrices 
for transdermal or tablet-based drug delivery systems, offering ease of fabrication and improved drug release profiles.
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INTRODUCTION

In modern medicine, drug delivery systems are essential 
to ensure that the therapeutic drugs effectively reach 
the appropriate part of the body at the right time. 
Burst release can undermine the purpose of controlled 
drug delivery systems, which is to maintain a steady 
therapeutic level of the drug over a prolonged period. 
This burst release makes the drug release too quickly, 
leading to rapid release of the drug which reduces the 
drug’s therapeutic effect (1).  The regulation of rate and 
timing of drug release within the body will ensure a 

sustained and controlled therapeutic effect (2). Various 
drug delivery carriers such as liposomes, gold carriers, 
viral carriers, micelles, polymer nanoparticles and 
microneedles are frequently studied for their ability 
to target specific regions of the body (3). Thin films 
made from natural and synthetic polymers are gaining 
attention due to their ability to dissolve and disintegrate 
in specific environments, offering flexibility, protection 
against contamination and easy monitoring of wounds 
(4). These films can release drugs such as growth 
factors, antibiotics, anti-inflammatory medicines and 
antioxidants directly to wound sites, thus exerting their 
therapeutic effects.

Polyvinylpyrrolidone (PVP) is known for its 
biocompatibility, pH stability and ability to encapsulate 
both hydrophilic and lipophilic drugs while hydroxypropyl 
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methylcellulose (HPMC) is a water-soluble carrier 
with the ability to swell and form a hydrocolloid gel 
mass on the external surface. Over time, the material 
gradually dissipates; therefore, the dissolution rate of the 
polymer gel is expected to regulate the release of the 
active compound (5). HPMC as bioadhesive polymers 
are biocompatible and biodegradable materials that can 
attach to mucous membranes which will enhance the 
drug delivery systems (6, 7). HPMC plays a key role in 
controlled-release formulations due to its thickening, 
gelling, and swelling properties, which facilitate the 
formation of stable, clear, and odourless hydrogels. 
(8). These features not only support its performance in 
sustained and targeted drug delivery, improving drug 
efficacy and bioavailability but also offer practical 
advantages such as, easy dispersion, strong film 
formation and non-comodogenic behaviour, making it 
suitable for transdermal or cosmetic application (8).

Antioxidants are molecules that protect your cells from 
damage caused by free radicals and stop oxidative 
processes from causing the degenerative diseases to 
spread throughout the body (9). Antioxidant is also 
important component in preventing or slowing down 
the oxidation of fats, oils, and other components in food, 
thereby preserving its quality and extending its shelf life 
for development of packaging material (10). Rutin is a 
glycoside containing flavonol aglycone with significant 
antioxidant properties found in many citrus plants, has 
been found to have anticancer properties, inhibiting 
the proliferation of various cancer types and regulating 
signalling pathways involved in carcinogenesis and 
apoptosis induction (11, 12). By incorporating rutin 
into drug delivery systems, it can serve numerous 
pharmacological potentials such as antioxidant, anti-
inflammatory, anti-carcinogenic and cardioprotective 
(13). 

Therefore, this study aims to prepare PVP/HPMC films 
with varying concentrations of HPMC and investigate 
the impact of incorporating rutin into a polymer matrix. 
The physicochemical properties of the film such as 
chemical functionalities, morphology, wettability and 
water uptake ability were analysed. While the rutin 
release, pH stability and antioxidant properties were 
observed to ensure the ability of the film in regulating 
the controlled release of drug.

MATERIALS AND METHODS 

Materials 
HPMC, PVP (MW = 360,000 g/mol), Phosphate 
Buffered Saline (PBS) pH7.4, Rutin (Quercetin-3-
rutinoside hydrate, ≥94% purity), ethanol, sorbitol and 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) were purchased 
from Sigma Aldrich, USA.

Sample preparation 
The sample was prepared 2 w/v% of PVP, 1 w/v% of 

sorbitol and 1 w/v% of rutin with 2 w/v%, 4 w/v% and 
6 w/v% concentration of HPMC separately, dissolved 
in deionized water.  The HPMC concentration was 
chosen based on the findings by Mašková et al. 2020 
which explains that a concentration between 2 – 6% of 
HPMC can act as tablet binder and with high solubility 
can decrease the burst release activity (14). The mixtures 
were stirred and heated using a magnetic stirrer at 60°C 
for 2 hours. After homogenously mix, the solution was 
poured into an evaporating dish and incubate in a 
vacuum oven at 60°C for 24 hours to ensure complete 
drying of the blends. Upon final drying, the films were 
removed from the evaporating dish and stored in 
desiccators for further use. 

Physicochemical analysis
The chemical composition and functional groups of 
rutin-loaded PVP/HPMC film were identified by using 
Fourier transform infrared (FTIR) spectroscopy (Frontier 
Spectrometer, PerkinElmer, UK). The obtained spectra 
were detected within the wavelength range of 650-4000 
cm

-1
 by using 32 scans and a resolution of 4 cm

-1
. Then, 

the results were analysed by Originlab software (Origin 
Pro 2024, OriginLab Corporation, USA).

A scanning electron microscope (SEM) (TM3000, Hitachi, 
Japan) was used to observe the surface morphology of 
the films. Prior, all samples were sputter coated with a 
thin layer of gold nanoparticles to provide conductivity 
for image quality. This analysis was operated at 15kV 
with magnification of 5000x.

The film was further characterized with a water contact 
angle measurement to determine the wettability using 
a video contact angle system (VCA-Optima, AST Inc., 
USA). A volume of 20 μL distilled water was dispensed 
on the surface film. This process was repeated three 
times at different areas of the film for each sample to get 
average measurements. 

Water uptake analysis was done to determine the film’s 
ability to absorb and hold water. All of the samples were 
cut into uniform size (0.5 cm x 0.5 cm) and weight to 
ensure the consistency of the test. The samples were 
immersed into distilled water for 10 seconds. The 
measurement of all samples was taken before and after 
the immersion to calculate the amount of water absorb 
by using Eq. (1), where W_s = weight of film after 
immersed, W_d = weight of dry film.

Water Uptake (%) = (W
s
 - W

d
)

W
d

x 100 (1)

Drug release test
Approximately, 150 mg of each sample was measured 
to analyse the drug release profile. Each of the films 
was dissolved in 50 mL of Phosphate Buffered Saline 
(PBS) at 27 °C to observe the release behavior of rutin 
under controlled conditions (15). Subsequently, the 
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absorbance readings were taken at a specific time 
intervals which are 1 hour, 2 hours, 3 hours, 1 day, 4 
days, 6 days and 7 days by using UV-Vis at 257 nm to 
quantify the presence of rutin in the samples.

Mathematical model of drug release
Mathematical model of drug release was conducted 
to get the best fitting model based on the drug release. 
There were multiple procedures taken in order to 
identify the most appropriate mathematical model of 
drug release including zero-order, first-order, Higuchi 
and Korsmeyer-Peppas models. Nonlinear regression 
analysis was then performed on each model to fit the 
experimental data. The coefficient of determination 
(R^2) were calculated to assess the goodness of fit for 
each model.

For the zero-order model by using the Eq. (2), where f is 
the fraction of active agent dissolved during the time, t 
and K is a constant of apparent velocity of dissolution. 
First-order model, by using the Eq. (3) where Q1 is 
the amount of active agent released on time (t), Q0 is 
the initial amount of drug dissolved and k is the first-
order constant. Next, for the Higuchi model by using 
Eq. (4) where K is the release constant of Higuchi and 
Q is the amount of drug release on time (t). Lastly, for 
the Korsmeyer-Peppas model by using Eq. (5) where 
M∞ is the amount of drug at the equilibrium state, Mi 
is the amount of drug release over time (t), K is the 
constant of incorporation of structural modifications and 
geometrical characteristics of the systems.
                                          f = Kt                              	(2)

257 nm by using UV-VIS Spectrometry (Genesys 10s 
UV-VIS Spectrometry, ThermoFisher Scientific, US). The 
radical scavenging activity (RSA) was calculated using 
the Eq. (6) where A (sample) is the absorbance of the 
film extract mixed with DPPH and A (control) is the 
absorbance of the DPPH solution alone. 

Fig 1: SEM analysis and physical image of Rutin loaded PVP/
HPMC film

log Q1 = kt

2.303
log Q0 +   (3)

                                     f = Q = K√t                          	(4)

log log K + n log (t-1)   (5)M (i-1)
M ∞

log A = 

Stability test
The stability test was performed by analyzing the pH to 
assess any changes occurred during the storage period. 
0.3g of samples were immersed in 30 mL of distilled 
water and incubated at three different temperatures 
which are -4°C, 27°C and 40°C. The pH of each sample 
was measured initially and measured again after 7 days 
of incubation. This process ensured the stability of the 
film under varying environmental conditions. 

Antioxidant analysis
The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical 
scavenging assay (RSA) was conducted in a dark room 
to prevent it from reacting with light, which could alter 
its color and affect the result of absorbance value. 10 
mg of each film was immersed in 5 mL of purified water 
for 30 minutes as stock solution. 500 µl from the stock 
solution was then mixed with 1 mL of 0.25 mM of DPPH 
solution and allowed it to react for 30 minutes at room 
temperature. Absorbance was measured at wavelength 

RSA (%) = A (sample)

A (control)
x 100 (1)[ 1 - 

[

Statistical Analysis
All experimental data presents as mean ± standard 
deviation (SD) based on triplicate measurement (n = 3). 
Data processing and graph generation were performed 
using Microsoft Excel. 

RESULTS 

Physical characteristics of PVP/HPMC films
All of the polymer blend films were transparent, 
indicating that all of the materials blend and dispersed 
uniformly (Fig. 1). PVP appears plastic-like structure with 
smooth and thinnest layer while PVP/HPMC blends look 
glossy. The physical appearance of the films changed 
noticeably with varying HPMC concentrations. As the 
amount of HPMC increased, the films became more 
yellow and exhibited a thicker and more uneven surface 
(Fig. 1). In particular, the PVP/HPMC6 film showed a 
pronounced yellow hue and the thickest structure which 
may be attributed to slower solvent evaporation and 
increased polymer density during the drying process.

Chemical functionalities in Rutin-loaded PVP/HPMC 
film
Fourier Transform Infrared Spectroscopy (FTIR) analysis 
provided insight into the molecular interactions within 
the films. Based on Fig. 2, the peak observed at 1050 
cm-1 in PVP/HPMC4 is due to the stretching vibrations 
of C-O-C ether linkage in HPMC (16). As HPMC was 
added, the depth of the peak at 1650 cm-1 which is 
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carbonyl group was decrease indicate that the PVP and 
HPMC are well blended. The peak at 735 cm-1 becomes 
less distinct when HPMC increases due to the C-H 
bending in PVP, which proves the miscibility of both 
polymers. The hydrogen bonds form in this polymer 
blend decreases the strength of carbonyl bond of PVP, 
resulting in shifting the stretching vibration of C=O to 
a higher wavenumber (16). FTIR spectra of PVP with 
rutin shows broad O-H stretching band at peak 3400.70 
cm-1 which indicate the hydrogen bonding in rutin. 
At region 2800-3000 cm-1 indicate the C-H stretching 
vibrations obtained from PVP and rutin there are sharp 
C=O stretching due to the presence of carbonyl groups 
in PVP at peak 1641.80 cm-1.

contact angles. However, the contact angle for PVP/
HPMC4 sample was decrease compared to PVP/HPMC2. 
This deviation may be due to variations in droplet 
placement or surface unevenness during measurement. 
The gravitational effects and droplet size can influence 
the shape and contact line of water droplets, leading to 
inconsistent angle readings (19).

Further evaluate of hydration behaviour was performed 
using a water uptake test, in which each film was 
assessed for its ability to absorb water within 10 
seconds. The PVP/HPMC4 sample showed the highest 
water uptake percentage while PVP/HPMC6 exhibited 
the lowest (Fig. 3 (b)). All HPMC-containing samples 
absorbed more water than PVP alone, confirming the 
contribution of HPMC to the film’s swelling capacity. 
The subsequent decline at higher HPMC concentrations 
may be attributed to increased viscosity and dense gel 
formation which can restrict water penetration. A similar 
trend was reported in sodium alginate (SA/HPMC) based 
films, where water absorption decreased after reaching 
a peak, due to polymer saturation or structural collapse 
in aqueous environments (20).

Fig 2: FTIR analysis of Rutin loaded PVP/HPMC film

Surface morphology of Rutin-loaded PVP/HPMC films
The surface morphology of rutin-loaded PVP/HPMC film 
can be observed by SEM to study the miscibility of the 
polymers blends (Fig. 1). Scanning Electron Microscopy 
(SEM) images revealed smooth, homogenous surfaces 
across all film samples, further indicating compatibility 
between PVP and HPMC. The images of PVP/HPMC 
blends show uniform and homogenous surface texture 
with each other with strong intermolecular bonds 
between them. HPMC can contribute and blend well 
with PVP to give smooth texture because there are 
no obvious differences in the structural or particles 
clumping together across the membrane of HPMC (17). 
Additionally, increasing concentration of HPMC can 
decrease the roughness of the surface film (18). 

Surface wettability and water uptake analysis of Rutin-
loaded PVP/HPMC films
The wettability of the film surfaces was assessed using 
contact angle measurements. All formulations exhibited 
contact angles below 90°, conforming the hydrophilic 
nature (Fig. 3 (a)). Among the samples, the PVP-only 
film displayed the lowest contact angle, indicating the 
highest surface wettability. In contrast, the PVP/HPMC6 
film showed the highest contact angle, suggesting that 
increased HPMC content reduces surface wettability. 
Higher HPMC concentrations result in higher viscosity 
which can resist droplet spreading and lead to larger 

Fig 3: (a) Water Contact Angle, and (b) Water Uptake Test 
of Rutin loaded PVP/HPMC film

Drug release test
The drug release profiles of rutin from PVP/HPMC films 
with varying HPMC concentrations were monitored 
over a seven-day period (Fig. 4 (a)). The absorbance 
values, corresponding to the amount of rutin released, 
were plotted against multiple time points. Among the 
tested formulations, PVP/HPMC2 exhibited the highest 
and most rapid release, with a steady increase in 
absorbance throughout the testing period. This suggests 
that a lower concentration of HPMC results in a less 
viscous and more porous matrix, facilitating efficient 
rutin diffusion into the surrounding medium (21). In 
contrast, the PVP-only film showed a burst release after 
four days, which may be attributed to the absence of a 
gel-forming polymer to regulate the diffusion rate and 
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lead to potential instability in therapeutic efficacy. In 
contrast, PVP/HPMC4 displayed a moderate release 
rate while PVP/HPMC6 showed the lowest absorbance 
values at all time points, reflecting the slowest and most 
controlled drug release among the samples. 

The gradual increase in absorbance for PVP/HPMC6 
over the 7-day period suggests a sustained release 
mechanism, which is favorable for maintaining 
steady drug levels and minimizing side effects. This 
formulation’s behavior correlates with its lower water 
uptake and higher viscosity, indicating that a higher 
HPMC concentration effectively slows the diffusion of 
rutin from the matrix. 

Mathematical model of drug release
The mathematical modelling of drug release is applied 
after obtaining the drug release results to ensure the 
accurate mechanism of rutin release from the film. Four 
kinetic models, zero-order, first-order, Higuchi, and 
Korsmeyer–Peppas were applied to all formulations 
to compare drug release behaviour. Subsequently, 
residual plots were examined to ensure the adequacy 
of the selected models. The model with the highest R^2 
value and the most random distribution of residuals was 
considered the best fitting model for the drug release 
data. The R^2 values for each model and formulation are 
summarized in Fig. 4 (b). Among all the tested models, 
the zero-order model gave the best fit for the PVP/HPMC6 
formulation with an R^2 value of 0.9496, suggesting 
a constant and controlled release rate independent of 
drug concentration. This supports the sustained release 
performance observed in the absorbance of data and 
highlights the suitability of the PVP/HPMC6 film for 
extended drug delivery applications. 

good fits where R^2 = 0.7763 and R^2 = 0.7488 
respectively, though not as strong as PVP/HPMC6. 
The PVP-only sample best fit the first-order model 
with R^2 = 0.7961, indicating a concentration-
dependent release pattern. Lower R^2 values in the 
Higuchi and Korsmeyer-Peppas models suggest that 
simple diffusion or anomalous transport mechanisms 
may not predominantly govern rutin release in these 
systems. These findings confirm that increasing HPMC 
concentration, especially in the PVP/HPMC6 sample, 
contributes to a more consistent and controlled release 
behaviour, aligning with the desired performance in a 
controlled-release formulation

Stability test
Stability analysis based on pH changes was conducted 
over a 7-day period at three different storage temperatures 
which are −4 °C, 27 °C, and 40 °C. After 7 days, all 
formulations showed a noticeable increase in pH with 
values shifting toward neutral to slightly basic, ranging 
from 6.0 and 7.5, depending on the formulation and 
storage condition (Fig. 5 (a)). The sample stored at 27°C 
exhibited the most stable pH across all formulations, 
maintaining values around neutral, suggesting optimal 
storage stability at ambient temperature. In contrast, 
samples stored at 40°C showed the highest pH values, 
while those stored at -4°C showed progressively increasing 
pH with increasing HPMC concentration. Among all, 
PVP/HPMC6 demonstrated the most consistent pH 
values across all temperature conditions, reinforcing its 
formulation stability and buffering capacity, likely due 
to the high HPMC content. These findings support that 
storage at 27°C is optimal for maintain pH stability and 
that higher HPMC concentrations contribute positively 
to formulation robustness

Antioxidant analysis
The antioxidant activity of the films was evaluated using 
the DPPH radical scavenging assay (RSA) (Fig. 5 (b)). 
PVP/HPMC2 showed the percentage of RSA of 21.99%, 
indicating enhanced antioxidant activity likely due to a 
higher initial release of rutin. The PVP/HPMC4 sample 
exhibited an RSA of 17.84%, while the PVP/HPMC6 
sample demonstrated the lowest RSA value of 14.35%. 
The relationship between HPMC concentration and RSA 
percentage suggests that higher HPMC content slows 
the release of rutin, resulting in reduced availability 
of free antioxidant molecules during the assay period. 
These findings confirm that the incorporation of 
higher concentration of HPMC contributes to a more 
controlled and sustained release of rutin. By increasing 
the concentration of HPMC, it appears to delay the 
availability of rutin which is consistent with a controlled 
release mechanism. This modulation is likely due to the 
increased viscosity and density of the HPMC-containing 
films, which slows rutin diffusion from the matrix into 
the assay medium.

Fig 4: (a) Drug release analysis and (b) Mathematical model 
of drug release (R2) of Rutin loaded PVP/HPMC film

For other formulations such as PVP/HPMC2 and PVP/
HPMC4, the zero-order model also showed relatively 
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of hydrophilic groups. Hence, stronger PVP-HPMC 
interactions promoted greater surface presentation of 
hydrophilic groups, thereby increasing water uptake and 
reducing the contact angle despite the higher HPMC 
content.

A clearer understanding of the release mechanism was 
achieved by fitting the drug release data to various kinetic 
models. The PVP/HPMC6 formulation best fit zero-order 
kinetic model with a high R² value of 0.9496 (Fig. 4 
(b)). This strong linear correlation between cumulative 
release and time indicates that the release occurred at 
a constant rate, regardless of drug concentration. Zero-
order kinetics are typically associated with systems 
where drug release is governed by matrix swelling, 
diffusion resistance and erosion mechanism (23). This 
release behaviour is especially valuable in controlled 
delivery systems, as it ensures predictable and sustained 
drug availability. The zero-order release pattern 
observes in PVP/HPMC6 supports its potential for 
applications requiring consistent and long-term delivery 
of bioactive agents such as antioxidant therapy using 
rutin. Controlled profiles are ideal for drugs with narrow 
therapeutic windows where maintaining stable plasma 
concentrations is critical for safety and efficacy (24). To 
enhance the physiological relevance of the findings, it is 
recommended that the drug release study be replicated 
at 37 °C, aligning more closely with in vivo biomedical 
conditions.

The stability test serves to evaluate whether the polymer 
blend can preserve the physicochemical integrity of 
rutin under different storage conditions. Maintaining 
appropriate pH levels is critical, as rutin is known to 
degrade in alkaline environments due to hydrolysis, 
leading to loss of bioactivity (25). The observed pH 
trends suggest that the storage temperature significantly 
influences the drug-polymer microenvironment. At 
elevated temperatures which is 40 °C, the increase in pH 
likely indicates accelerated hydrolytic degradation or 
polymer relaxation that alters the diffusional resistance 
of the film (26). This may compromise drug stability 
and matrix integrity over time. Conversely, while lower 
temperature which is -4 °C are generally protective 
against degradation due to reduced kinetic activity, 
excessive cooling can also limit the polymer chain 
mobility, potentially affecting the swelling behaviour 
and drug release uniformity (27, 28). Optimizing storage 
conditions by considering any other factor such as 
humidity and long-term degradation study are essential 
to ensure therapeutic efficacy throughout the product’s 
shelf life. 

The RSA provided insights into how polymer 
composition influences the antioxidant release profile 
of rutin-loaded films. Slower diffusion at higher HPMC 
levels not only support the sustained release mechanism 
but also contributes to prolonged antioxidant efficacy 
as smaller quantities of rutin are made available over 

Fig 5: (a) pH Measurement for Stability Test and (b) 
Antioxidant Analysis of Rutin loaded PVP/HPMC film

DISCUSSIONS

The development of controlled release drug delivery 
systems has garnered significant attention due to 
their potential to enhance therapeutic efficacy of 
the bioactive compounds. Polymer-based matrix 
formulations have emerged as a promising approach for 
achieving sustained drug release. This study investigates 
the impact of HPMC concentration and its interaction 
with PVP on the release behavior of rutin, a model 
bioactive compound with antioxidant properties. The 
drug release mechanism is impacted by the addition 
of HPMC to controlled release formulation, influenced 
by variables such as polymer concentration and the 
presence of another polymer like PVP. Moreover, the 
formulation’s matrix system which may involve polymer 
erosion or swelling, appears to facilitate this controlled 
release, highlighting the importance of understanding 
the mechanism behind matrix behaviour. 

Notably, PVP/HPMC6, which contains the highest 
HPMC concentration, exhibited the slowest release 
rate with low absorbance values sustained from the first 
hour through day seven. This behaviour correlates with 
the film’s low water uptake and high contact angle, as 
increase HPMC content forms a denser and more viscous 
gel barrier that slows both water penetration and drug 
diffusion (22). The PVP/HPMC4 sample deviated from 
the expected trend, showing a lower contact angle than 
PVP/HPMC2. This is due to the strong intermolecular 
hydrogen bonding between PVP and HPMC, which can 
alter surface properties, leading to increased exposure 
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time rather than being fully released in a short period 
(29). These findings have significant implications for 
the design of antioxidant delivery systems. By carefully 
tuning the polymer composition, especially the ratio 
of PVP to HPMC, a desired release profiles ranging 
from immediate to prolonged action depending on the 
therapeutic need can be achieved (30, 31). Therefore, 
the incorporation of HPMC not only enhance the 
mechanical and structural characteristics of the film but 
also plays a pivotal role in sustaining biological activity, 
validating its utility in advanced drug delivery systems. 
.
CONCLUSION

The fabrication of PVP/HPMC with increasing amount of 
HPMC by using solvent casting method led to formation 
of dry film. The combination of these two polymers 
ensures that the rutin is release in a controlled manner, 
reducing the initial burst release often seen with other 
formulations. The results obtained from FTIR analysis 
showed that PVP and HPMC can blend well as observed 
at peak 1650 cm-1 which is the C=O stretching due 
to carbonyl groups in PVP. Samples PVP/HPMC6 
demonstrates gradual release of rutin which controlled 
release profile, as evidence by the drug release tests and 
the zero-order kinetic model. The zero-order model 
indicates a constant drug release rate, which is ideal 
for maintain steady-state drug levels in the body. As 
the HPMC concentration increases, there is less rutin 
release and contributes to low antioxidant percentage. 
Thus, the polymer blending successfully managed to 
control drug release and simultaneously address the 
challenges of burst release. These findings are significant 
for the development of advanced drug delivery systems, 
particularly for drugs that require a sustained release 
to maximize their therapeutic potential. Future studies 
suggested to include cytotoxicity and irritation tests to 
comprehensively evaluate the biocompatibility of the 
film.
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