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Polymer cryohydrogels for a physical state close to biological cells are therefore 

effective for use in medicine and pharmacy. Hydrophilic polymer films and hydrogels 
are used as a form for wounds that maintain moisture, absorb exudates and maintain 
a thin layer of their own proteins on the surface of the skin, which impairs the 
acceleration of the healing process [1]. Hydrogels also reduce the temperature of the 
wound, which promotes comfortable healing and pain relief, especially for burn 
injuries. 

When interacting with biological fluids, the surface of hydrogels is characterized 
by a low value of free surface energy, and, as a result, low adhesion of proteins and 
cells on their surface. For the production of hydrogels, polyvinyl alcohol is often used, 
which performs the function of an inert polymer base, which leads to its wide and 
effective use in medicine [2]. Medicines are injected into the polymer matrix to provide 
therapeutic properties [3]. 

An alternative to synthetic drugs is the use of plant extracts, which have low 
toxicity and damaging side effects. The work uses calendula extract, which has anti-
inflammatory, soothing, antioxidant and rejuvenating properties, as a basis for 
cryohydrogels, which makes it possible to create materials for medical and cosmetic 
purposes. 

According to its chemical composition, calendula contains about 3% α- and  
β-carotenoids; 0.12% of essential oil, which includes menthone, isomenthone, 
cadinene, caryophyllene, α-, β-ionones; sesquiterpenoids - alloaromadendrol, 
epicubebol; flavonoids - isorhamnetin, quercitrin, quercetin; triterpene saponins  
α- and β-amyrin, taraxasterol, calenduladiol, arnidiol, faradiol; 7–8% organic acids; 
polysaccharides; sterols; about 3.4% resin; traces of alkaloids [4]. 

Cryogels are a subset of hydrogels that develop during freezing and subsequent 
thawing [5]. Recently, there has been increasing interest in the use of medicinal plant 
extracts in medicine and cosmetology, and the creation of new forms based on them 
[6]. 

https://doi.org/10.36074/logos-27.10.2023.31
https://orcid.org/0000-0002-4918-5830
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Hydrogels containing 10% by weight of polyvinyl alcohol and 90% by weight of 
calendula extract were created in the work. Poured in the form of a solution was 
frozen at a temperature of -15 oC for 24 years. 

Figure 1 shows a photomicrograph (1600x magnification) (a) and determination 
of the wettability angle (b) of the surface of the calendula extract-based cryohydrogel. 

 

  
а       b 

Fig. 1. Photomicrograph (a) and determination of the wettability angle (b) of 
the cryohydrogel surface based on calendula extract 

 
Calendula-based cryohydrogels have medium-sized wrinkle-like formations, 

which is associated with the freezing of a polyvinyl alcohol solution based on 
calendula extract. 

The work evaluated the wettability angle of hydrogels, which was 28o and 16.5o 
for water and physiological NaCl solution, respectively. Therefore, the studied 
hydrogels are hydrophilic materials. 

To study the sorption properties of cryohydrogels based on calendula extract, 
samples were kept in water and physiological NaCl solution at a temperature of 23 ± 
2°C for 72 hours. Sorption was determined by the formula: 

 

Wm =  (mt- mс)/ mс 
 

where mt is the mass of the sample at the time of sorption t, g; 
           ms is the mass of the sample dried to a constant mass. 

 

 
Fig. 2. Sorption of distilled water and physiological NaCl solution of samples 

of cryohydrogels based on calendula extract. 
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Figure 2 shows the sorption curves of distilled water and physiological NaCl 
solution for samples of cryohydrogels based on calendula extract. 

It was established that the equilibrium degree of swelling of cryohydrogels 
based on calendula extract is reached after 24 hours of observation and is within the 
range of 980% under the influence of physiological NaCl solution, and 976% under 
the influence of distilled water. In the absence of a plant component in PVA hydrogel, 
the equilibrium degree of swelling is 920-960% regardless of the swelling medium. 

Therefore, calendula extract increases the degree of swelling of hydrogels by 
approximately 20%. 

The loss of color of plant-based hydrogel samples is practically not noticeable, 
at the same time, there is an intensive release of the plant component, both in distilled 
water and in physiological solution. 

It was established that the first 30 minutes of exposure to a wet environment are 
characterized by maximum swelling rates of 0.1 g/h and 0.6 g/h for distilled water and 
saline, respectively. 

Since hydrogels contain a large amount of water that can evaporate from this 
material, the process of drying cryohydrogels based on calendula extract (Fig. 3) 
under normal conditions was also investigated in the work. 

 

 
Fig. 3. Change in moisture content of drying cryohydrogels based on 

calendula extract during the drying process. 
 
Drying of the sample takes place in the first 2 hours at an average rate of 0.16 

g/h. After 48 hours, the equilibrium humidity is established, which corresponds to 
65%. 

Polyvinyl alcohol in a hydrogel based on calendula extract serves as a kind of 
"depot" for the plant component, which is released over time. It was determined that 
the equilibrium degree of swelling of cryohydrogels is reached 1 hour after the start 
of the experiment. 

It was established that calendula extract does not significantly affect the degree 
of swelling of polyvinyl alcohol hydrogels. However, the release of the plant 
component from the polymer matrix of the cryohydrogel occurs intensively for a long 
time, that is, distilled water or physiological solution replaces the plant extract in the 
polymer matrix of the cryohydrogel. 
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Therefore, the use of calendula extract as a basis for the creation of PVA films 
and hydrogels has a perspective for the creation of dressings and cosmetics with a 
prolonged effect of plant components. 

Conclusions. Thus, the performed studies made it possible to reveal the 
influence of various factors on the sorption characteristics of cryohydrogels based on 
calendula extract. The sorption capacity of hydrogels based on calendula extract 
depends on the physical interaction between the polymer and the medicinal plant 
extract, as well as the nature of the solvent. The studied hydrogels are hydrophilic 
materials. 
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