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Liposomal systems are dispersed carriers based on phospholipid
membranes, the stability of which is determined by storage conditions.
Temperature and relative humidity have a direct effect on the structural state
of the lipid layer, the intensity of oxidative and hydrolytic reactions, and the
preservation of encapsulated substances. As the temperature rises, the fluidity
and permeability of the membrane increase, which can lead to a deterioration
in the properties of the active components, while high humidity accelerates
hydrolytic processes and promotes liposome aggregation [1].

Vitamin C, a water-soluble substance with pronounced antioxidant
properties and high sensitivity to oxidation, was used as a model active
compound to assess the stability of liposomal systems. Its instability when
exposed to temperature, oxygen, and moisture makes it a convenient marker
for studying degradation processes in liposomal preparations.

Vitamin C is easily subject 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, such as loss of transparency, colour change
(vellowing or darkening) and changes in organoleptic characteristics[2].

The liposomal form was chosen to stabilise vitamin C due to its ability to
effectively protect the active ingredient from oxidation, light and temperature.
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The phospholipid layer limits oxygen and moisture access, stabilises the
microenvironment of the active ingredient and ensures controlled release.
However, the liposomal structure itself is susceptible to changes under the
influence of temperature and humidity, which requires systematic stability
studies [3].

Stability tests were performed on capsules containing the liposomal form
of vitamin C in accordance with the requirements of the European
Pharmacopoeia. The purpose of these tests was to obtain data on changes in
the quality of the active substance over time under the influence of temperature
and humidity. The samples were stored under both long-term stability study
conditions (25 * 2°C, relative humidity 60 * 5%) and accelerated stability study
conditions (40 % 2°C, relative humidity 75 + 5%). The samples were analysed
over a period of six months with an interim analysis after three months.

When assessing the stability of pharmaceutical raw materials during
storage, a comprehensive analysis was carried out, including visual inspection
and quantitative determination of the active substance. For capsules containing
liposomal vitamin C, additional checks were carried out on appearance,
assessment of content homogeneity and capsule disintegration testing. The
data obtained provided a reliable assessment of the stability of the drug and
the influence of storage conditions.

The study showed that when liposomal vitamin C was stored under both
real and accelerated ageing conditions, a gradual decrease in ascorbic acid
content was observed, which was more pronounced at elevated temperatures
and humidity. During the first three months of storage, the active substance
content remained at more than 95% of its initial value. Chromatographic
analysis demonstrated stable preservation of the main vitamin C peak and the
absence of additional peaks, indicating the absence of significant
decomposition products. The physical characteristics of the dosage form,
including appearance, mass uniformity and dispersibility, remained within the
requirements of the pharmacopoeia throughout the study period.

The results obtained show that the liposomal system ensures the stability
of vitamin C when exposed to high temperatures and humidity. A comparative
analysis revealed similar patterns of changes in the quantitative content of the
active substance, the preservation of stable physicochemical parameters, and
identical chromatographic profiles with no signs of decomposition products.
The absence of significant inter-batch differences confirms the high
reproducibility of the liposomal vitamin C production technology.
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In addition, the results demonstrate that accelerated testing allows
predicting the long-term stability of liposomal systems and identifying critical
storage parameters. Taking into account the influence of temperature and
humidity is a necessary step in the development of liposomal preparations and
ensures that their efficacy, safety and quality are maintained throughout their
shelf life.

From a practical point of view, the research results confirm the need for
strict control of the storage conditions of liposomal preparations. The use of
moisture-proof packaging, light-protective containers and temperature
monitoring can significantly increase the shelf life of products. For industrial
series, it is also advisable to introduce stress tests and statistical modelling of
shelf life based on accelerated testing.

Finally, taking into account the combined effects of temperature and
humidity, optimising the composition of the lipid membrane, and improving
storage and packaging technologies are key factors in ensuring the stability of
liposomal systems. Further research in this area will improve the efficacy and
reliability of liposomal drug delivery systems, especially for oxidation- and
heat-sensitive compounds.
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