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Liposomal drug formulations have attracted considerable attention from
pharmaceutical science and industry in recent decades due to their ability to
increase the bioavailability of active substances, protect them from
degradation, and ensure controlled release [1]. Liposomes are phospholipid
vesicles whose structure allows them to encapsulate both hydrophilic and
lipophilic compounds, thereby improving the pharmacokinetic characteristics
of drugs and increasing their therapeutic efficacy. Due to their multicomponent
nature, liposomal systems require increased stability testing, as changes in
physicochemical parameters can lead to loss of efficacy, reduced safety, and
changes in the release profile of the active substance [2].

Stability issues are particularly relevant in the development of
preparations based on vitamin C (ascorbic acid), which is widely used in
medical practice and nutraceuticals due to its antioxidant, immunomodulatory
and metabolic properties. Vitamin C is a chemically unstable compound that is
sensitive to oxygen, light, temperature and moisture [3]. In the presence of
these factors, ascorbic acid is easily subjected to oxidative degradation,
resulting in the formation of dehydroascorbic acid and other inactive
decomposition products. These processes not only reduce therapeutic efficacy,
but also impair the appearance of the final product, causing discolouration
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(vellowing or darkening) and possibly odour. Encapsulating vitamin C in
liposomes is considered an effective approach to increasing its stability and
bioavailability, but such systems require careful stability assessment at all
stages of development and storage [4].

The stability of liposomal forms is conventionally divided into physical,
chemical and biological stability, and these aspects are closely interrelated.
Physical stability reflects the preservation of the structure of liposomes and the
dosage form as a whole, chemical stability reflects the resistance of the active
substance and lipid components to degradation, and biological stability reflects
the preservation of the pharmacological activity and safety of the drug.
Establishing the shelf life of liposomal drugs and confirming their quality
during storage are mandatory stages of pharmaceutical development in
accordance with the requirements of regulatory documents, including the
provisions of the European Pharmacopoeia.

The aim of this work was to study the stability of liposomal vitamin C, hard
capsules, obtained using the developed technology, with an assessment of key
physicochemical quality indicators during storage under various conditions.
The study made it possible to determine the degree of preservation of the
pharmacotechnological characteristics of the drug and to assess its suitability
for further use and industrial implementation.

The study focused on the physicochemical quality indicators that are most
sensitive to changes during storage. The appearance of the drug, the
quantitative content of the active ingredient, the homogeneity of the mass, and
the disintegration of the capsules were evaluated. These parameters will allow
for a reliable assessment of the stability of raw materials and finished products
under storage conditions, as well as compliance with regulatory requirements.

Visual inspection allowed for the timely detection of changes in the
appearance of the drug, such as colour and consistency, stickiness, odour, or
heterogeneous inclusions. Quantitative analysis ensured that the active
ingredient content and its stability were within acceptable limits. Mass
homogeneity was used to control possible mass fluctuations, especially at the
beginning and end of the test, when fluctuations due to storage conditions may
occur. The disintegration test determined whether the capsule retains its
ability to disintegrate under physiological conditions within a specified time.
This is extremely important for the proper release and absorption of the active
ingredient by the body, as well as for the predictability of the therapeutic effect.
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Stability testing was conducted in accordance with the requirements of
the current edition of the European Pharmacopoeia and in compliance with
applicable regulatory guidelines for finished dosage forms. The study included
evaluation under both long-term and accelerated storage conditions to ensure
a comprehensive assessment of the product’s stability profile.

The tests were performed on three independent industrial-scale batches
of liposomal vitamin C hard capsules, manufactured using the validated
technological process. The inclusion of multiple batches allowed for
confirmation of the reproducibility and robustness of the formulation and
production parameters.

The samples were stored in their primary packaging PVC film and
aluminium foil blisters which were further placed in a cardboard box as
secondary packaging. This packaging complies with standard requirements for
protecting the medicinal product from external factors such as moisture, light
exposure, and mechanical stress during storage and transportation. The
aluminium foil layer provided an effective moisture barrier, while the PVC
formed a stable cavity for individual capsule containment, thereby minimizing
environmental impact on the dosage form throughout the study period.

The stability of the samples was assessed over a period of 6 months with
periodic monitoring of analytical parameters at 0, 3 and 6 months. The study
allowed for the assessment of both immediate and time-dependent changes in
the physicochemical and functional characteristics of the material. Samples
were collected at each specified interval and analysed in accordance with
approved analytical procedures, ensuring the consistency and reliability of the
results obtained.

The tests were conducted under conditions of long-term stability
(temperature 25 £ 2°C, relative humidity 60 * 5%) and accelerated stability
(temperature 40 *= 2°C, relative humidity 75 * 5%). This approach made it
possible to establish the influence of environmental factors on the preservation
of the material under study and to predict its behaviour during long-term
storage. Accelerated conditions proved particularly useful for identifying
potential degradation pathways and assessing the stability of the composition
in a shorter time frame. Throughout the study, the necessary environmental
parameters were maintained using calibrated climate chambers that ensured
stable temperature and humidity conditions.

The results of visual assessment of the capsules after 6 months of storage
under long-term and accelerated stability testing did not reveal any deviations
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from the initial state or from the established regulatory requirements.
Throughout the study period, the samples retained their original appearance
and met the predefined criteria for organoleptic acceptability. The capsules
retained the integrity of their shells, as no cracks, deformations, softening or
brittleness were observed. The colour of both the capsule shell and its contents
remained unchanged, with no signs of discolouration, fading or darkening. The
contents remained homogeneous, with no visible phase separation,
agglomeration, precipitation or crystallisation. In addition, there were no signs
of sticking between capsules, changes in surface texture or consistency.

Analysis of dosage uniformity showed that during the 6-month
accelerated stability testing period, the capsule contents remained within the
established specifications. Although minor fluctuations were observed at
intermediate control points, these changes were not critical and did not exceed
the acceptable range of deviations defined by regulatory requirements. The
fluctuations recorded may be related to the influence of elevated temperature
and humidity or to natural physicochemical processes occurring in the dosage
form during storage.The results obtained confirm the reliability and
reproducibility of the manufacturing process, including mixing, encapsulation
and filling operations. The technological parameters selected at the
development stage ensured stable mass homogeneity at the time of release and
maintained this critically important quality indicator throughout storage
under accelerated stabilisation conditions.

When studying the quantitative content of the active substance, a
titrimetric determination was performed using iodine solution in accordance
with the requirements of the European Pharmacopoeia. The method was based
on the redox reaction between ascorbic acid and iodine, ensuring specificity
and reliability for the quantification of vitamin C in the dosage form. The results
showed that under long-term stability conditions over a period of 6 months,
the average decrease in vitamin C content was 3.53%. Under accelerated
stability conditions the reduction was 3.54%. The similarity of these values
suggests that the degradation process proceeded at a comparable rate under
both storage regimes within the studied timeframe. The values obtained are
within the acceptable pharmacopoeia deviations and indicate sufficient
chemical stability of the liposomal system.

Disintegration tests showed that after 6 months of storage, the capsules
completely disintegrated within 10 minutes, fully complying with the
established pharmacopoeia requirements for this dosage form. The value
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obtained remained consistent with the initial results, indicating the absence of
any negative impact of storage conditions on the performance characteristics
of the product. Visual observation of the disintegration process confirmed
uniform hydration and swelling of the capsule shell, followed by its rupture and
complete release of the contents into the medium. The dispersion of the fill
material occurred evenly, without the formation of significant residual
particles, agglomerates, or undissolved fragments that could indicate impaired
functionality. No delays in shell rupture or abnormal behavior of the dosage
form were observed.

As aresult of long-term and accelerated stability studies conducted over a
period of 6 months, it was established that liposomal vitamin C hard capsules,
packaged in PVC film and aluminium foil blisters and placed in cardboard
cartons, remain stable and compliant with regulatory requirements
throughout the entire storage period. The selected packaging system provided
protection against environmental factors such as moisture, oxygen, and light,
thereby contributing to the preservation of product quality.

The quantitative determination of the active substance demonstrated that
losses of vitamin C did not exceed the permissible limits established by the
European Pharmacopoeia. The slight decrease in content observed under both
long-term and accelerated conditions remained within acceptable
pharmacopoeia deviations and did not affect compliance with the specification.

In addition, the main pharmacotechnologica indicators including
appearance, integrity of the capsule shell, homogeneity of mass, and
disintegration time remained stable throughout the study. No significant
changes in organoleptic characteristics, dosage uniformity, or performance
properties were detected, even under accelerated storage conditions
representing increased temperature and humidity stress.
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