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Abstract. The aim of this study was to evaluate the short-term physicochemical, 
rheological, and microbiological stability of model hydrogel bases composed of 
different combinations of hydrophilic polymers during storage under refrigerated 
conditions (2-8 °C). The objects of the study were eight hydrogel systems developed 
using hydroxypropyl methylcellulose (HPMC), sodium alginate, Carbopol 980, 
sodium carboxymethylcellulose, and polyvinylpyrrolidone. Glycerol and EDTA were 
additionally incorporated into the formulations, while purified water was used as the 
solvent. The obtained hydrogels were stored in sealed containers for 2 months at 2-8 
°C. During storage, organoleptic characteristics, pH values, rheological properties, 
and microbiological purity were evaluated. Rheological studies were performed using 
a Brookfield rotational viscometer at different spindle rotation speeds. The obtained 
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results demonstrated that all investigated hydrogel systems retained homogeneity, 
stable consistency, and satisfactory physicochemical characteristics throughout 
the entire storage period. After 2 months of storage, no signs of phase separation, 
discoloration, or microbial contamination were observed. The pH values remained 
stable and within the physiologically acceptable range for topical application. 
The investigated hydrogels exhibited pseudoplastic flow behavior and thixotropic 
properties characterized by partial structural recovery after removal of mechanical 
stress. Combined polymer systems demonstrated greater structural stability compared 
to single-polymer hydrogels, indicating synergistic interactions between hydrophilic 
polymers within the matrix. Microbiological studies confirmed that all formulations 
complied with pharmacopoeial requirements for microbiological purity of non-sterile 
topical dosage forms. Overall, the obtained results confirm the potential applicability 
of the developed hydrogel matrices as carriers for the future incorporation of probiotic 
Lactobacillus spp. strains and postbiotic components in topical pharmaceutical systems.

Keywords: hydrogel stability; rheology; thixotropy; microbiological purity; 
Lactobacillus spp.; postbiotics; topical delivery systems
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Аннотация. Осы зерттеудің мақсаты әртүрлі гидрофильді полимерлер 
комбинацияларынан тұратын модельді гидрогельді негіздердің тоңазытқыш 
жағдайында (2-8 °C) сақтау кезіндегі қысқа мерзімді физика-химиялық, 
реологиялық және микробиологиялық тұрақтылығын бағалау болды. Зерттеу 
объектілері ретінде гидроксипропилметилцеллюлоза (HPMC), натрий альгинаты, 
Carbopol 980, натрий карбоксиметилцеллюлозасы және поливинилпирролидон 
негізінде әзірленген сегіз гидрогель жүйесі қолданылды. Құрамына қосымша 
глицерин мен ЭДТА енгізіліп, еріткіш ретінде тазартылған су пайдаланылды. 
Алынған гидрогельдер герметикалық жабылған контейнерлерде 2-8 °C 
температурада 2 ай бойы сақталды. Сақтау барысында органолептикалық 
сипаттамалар, pH мәндері, реологиялық қасиеттер және микробиологиялық 
тазалығы бағаланды. Реологиялық зерттеулер Brookfield айналмалы вискозиметрі 
көмегімен шпиндельдің әртүрлі айналу жылдамдықтарында жүргізілді. Алынған 
нәтижелер барлық зерттелген гидрогель жүйелерінің сақтау кезеңі бойы 
біртектілігін, тұрақты консистенциясын және қанағаттанарлық физика-химиялық 
сипаттамаларын сақтағанын көрсетті. 2 айлық сақтау кезеңінен кейін фазалық 
қабаттану, түстің өзгеруі немесе микробтық контаминация белгілері байқалмады. 
pH мәндері тұрақты болып, жергілікті қолдануға физиологиялық тұрғыдан 
қолайлы диапазонда сақталды. Зерттелген гидрогельдер механикалық әсерден 
кейін құрылымның ішінара қалпына келуімен сипатталатын псевдопластикалық 
ағу және тиксотропиялық қасиеттер көрсетті. Комбинацияланған полимерлік 
жүйелер бір полимерлі гидрогельдермен салыстырғанда жоғары құрылымдық 
тұрақтылық көрсетті, бұл гидрофильді полимерлер арасындағы синергиялық 
әрекеттесуді дәлелдейді. Микробиологиялық зерттеулер барлық әзірленген 
композициялардың жергілікті қолдануға арналған стерильді емес дәрілік 
түрлердің микробиологиялық тазалығы бойынша фармакопеялық талаптарға 
сәйкес келетінін растады. Жалпы алғанда, алынған нәтижелер әзірленген 
гидрогель матрицаларының Lactobacillus spp. пробиотикалық штаммдары 
мен постбиотикалық компоненттерді кейіннен енгізуге арналған топикалық 
фармацевтикалық жүйелер үшін перспективті тасымалдаушы екендігін көрсетті.

Түйін сөздер: гидрогель тұрақтылығы; реология; тиксотропия; 
микробиологиялық тазалық; Lactobacillus spp.; постбиотиктер; топикалық 
жеткізу жүйелері
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Аннотация. Целью настоящего исследования являлась оценка краткосрочной 
физико-химической, реологической и микробиологической стабильности мо-
дельных гидрогелевых основ, состоящих из различных комбинаций гидрофиль-
ных полимеров, при хранении в условиях холодильного режима (2–8 °С). Объ-
ектами исследования служили восемь гидрогелевых систем, разработанных на 
основе гидроксипропилметилцеллюлозы (HPMC), альгината натрия, Carbopol® 
980, натрий-карбоксиметилцеллюлозы и поливинилпирролидона. В состав ком-
позиций дополнительно вводили глицерин и ЭДТА, а в качестве растворителя 
использовали очищенную воду. Полученные гидрогели хранили в герметично за-
крытых контейнерах при температуре 2–8 °С в течение двух месяцев. В процессе 
хранения оценивали органолептические характеристики, значения pH, реологи-
ческие свойства и микробиологическую чистоту. Реологические исследования 
проводили с использованием ротационного вискозиметра Brookfield при различ-
ных скоростях вращения шпинделя. Результаты показали, что все исследуемые 
гидрогелевые системы сохраняли однородность, стабильную консистенцию и 
удовлетворительные физико-химические характеристики на протяжении всего 
периода хранения. После двух месяцев хранения не наблюдалось признаков фа-
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зового расслоения, изменения цвета и микробной контаминации. Значения pH 
оставались стабильными и находились в физиологически приемлемом диапазоне 
для местного применения. Исследуемые гидрогели проявляли псевдопластиче-
ский характер течения и тиксотропные свойства, характеризующиеся частичным 
восстановлением структуры после снятия механического воздействия. Комбини-
рованные полимерные системы демонстрировали более высокую структурную 
стабильность по сравнению с однополимерными гидрогелями, что свидетель-
ствует о синергетическом взаимодействии гидрофильных полимеров внутри 
матрицы. Микробиологические исследования подтвердили соответствие всех 
разработанных композиций фармакопейным требованиям по микробиологиче-
ской чистоте нестерильных лекарственных форм для местного применения. По-
лученные результаты подтверждают перспективность разработанных гидрогеле-
вых матриц в качестве носителей для последующего введения пробиотических 
штаммов Lactobacillus spp. и постбиотических компонентов в состав топических 
фармацевтических систем.

Ключевые слова: гидрогели, стабильность, реология, тиксотропия, микробио-
логическая чистота, Lactobacillus spp., постбиотики, топические системы доставки

Introduction. Following the development and initial characterization of hydrogel 
systems for topical applications, the next critical step in formulation development is 
the evaluation of their physicochemical and microbiological stability under storage 
conditions. Stability assessment is a key requirement in pharmaceutical technology, 
as it directly determines the suitability of dosage forms for further biological incor-
poration and potential clinical application. Hydrogel systems are thermodynamically 
unstable semi-solid formulations, and their structural integrity may change over time 
due to polymer relaxation, water redistribution, hydrolysis, or environmental factors 
such as temperature and storage conditions. These processes may affect key quality at-
tributes, including pH, viscosity, homogeneity, and microbiological purity, ultimately 
influencing the performance of the final dosage form (Ahmed, 2015; Buwalda et al., 
2014; Vigata et al., 2020).

From a regulatory and pharmaceutical perspective, stability studies are essential 
for non-sterile topical formulations, particularly those intended for wound and 
mucosal application. Such systems must maintain acceptable microbiological quality 
and physicochemical parameters throughout their shelf-life to ensure safety and 
reproducibility (Tavakoli and Klar, 2020; Li and Mooney, 2016).

In multi-polymer hydrogel systems, stability behavior is further influenced by 
interactions between different polymeric components. Synergistic or antagonistic 
interactions may lead to changes in network density, viscosity, and water-binding capacity 
during storage. Therefore, combined polymer systems require detailed evaluation 
under real storage conditions to confirm structural integrity over time (Stojkov et al., 
2021; La Gatta et al., 2022). In addition, pH stability plays a crucial role in maintaining 
compatibility with biological tissues and ensuring the stability of incorporated bioactive 
compounds. Even minor pH variations may indicate physicochemical changes within 
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the polymer matrix or interactions between formulation components (Ahmed, 2015; Li 
and Mooney, 2016).

Another important parameter is rheological stability, which reflects the ability 
of hydrogel systems to maintain their flow behavior and structural properties over 
time. Preservation of pseudoplastic and thixotropic behavior is essential for ensuring 
appropriate application characteristics and residence time on the skin surface (Jones et 
al., 1997; Stojkov et al., 2021). Despite extensive research on hydrogel formulation and 
characterization, there remains a lack of systematic studies addressing the combined 
evaluation of physicochemical, rheological, and microbiological stability of multi-
polymer hydrogel systems intended for subsequent incorporation of probiotic and 
postbiotic components.

Therefore, the aim of the present study was to evaluate the short-term stability of 
previously developed hydrogel matrices under refrigerated storage conditions (2-8 °C), 
focusing on changes in pH, viscosity, and microbiological purity over a 2-month period.

Literature Review
In recent years, hydrogel-based systems have attracted considerable attention 

in pharmaceutical technology and biomedicine due to their ability to form three-
dimensional hydrophilic networks capable of retaining large amounts of water while 
maintaining structural integrity (Mombekov et al., 2024). Such systems provide a 
moist environment, support gas exchange, absorb wound exudate, and improve patient 
comfort, making them promising carriers for topical drug delivery and wound-healing 
applications (Tavakoli and Klar, 2020; Cai et al., 2025).

Hydrogels may be prepared using natural, synthetic, or combined polymers. Natural 
polymers, including sodium alginate and cellulose derivatives, are characterized 
by high biocompatibility and biodegradability, whereas synthetic polymers provide 
improved mechanical strength and formulation reproducibility (Raus et al., 2021; 
Lee et al., 2023). Among the most commonly used hydrophilic polymers in topical 
pharmaceutical formulations are hydroxypropyl methylcellulose (HPMC), sodium 
carboxymethylcellulose (Na-CMC), Carbopol, and polyvinylpyrrolidone (PVP) 
(Amanzholkyzy et al., 2025; Abasalizadeh et al., 2020).

HPMC-based hydrogels are widely used because of their non-toxicity, viscosity-
forming properties, and ability to stabilize pharmaceutical systems (Amanzholkyzy et al., 
2025). Na-CMC demonstrates good swelling capacity and bioadhesive characteristics, 
which are important for prolonged retention on damaged tissues (Peppas and Sahlin, 
1996). Carbopol-based hydrogels possess high viscosity and favorable rheological 
properties even at low concentrations, although their structural stability may depend 
on pH and neutralization conditions (Ciolacu et al., 2020). PVP is frequently used as 
a stabilizing polymer due to its hydrophilicity and compatibility with other polymeric 
systems (Swarbrick, 2020).

Recent studies indicate that combined polymer systems often exhibit superior 
physicochemical and rheological characteristics compared to single-polymer hydrogels 
because of synergistic interactions between polymer chains (Li and Mooney, 2016). 
Such interactions may improve viscosity, structural stability, water retention capacity, 
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and thixotropic behavior, which are important technological parameters for semi-solid 
pharmaceutical formulations.

An important characteristic of topical hydrogel systems is their rheological behavior, 
where most pharmaceutical hydrogels demonstrate non-Newtonian pseudoplastic 
flow, in which viscosity decreases with increasing shear stress (Lee et al., 2023). This 
property facilitates spreading during application while maintaining structural stability 
at rest. In addition, many hydrogel systems exhibit thixotropic behavior associated 
with gradual structural recovery after mechanical deformation.

Another critical aspect in the development of hydrogel formulations is 
physicochemical and microbiological stability during storage. Instability of hydrogel 
matrices may lead to phase separation, viscosity changes, polymer degradation, and 
microbial contamination, negatively affecting product safety and efficacy.

Particular interest has recently been directed toward probiotic and postbiotic topical 
systems containing Lactobacillus spp. strains or bacterial lysates, which demonstrate 
antimicrobial, anti-inflammatory, and regenerative properties and may contribute to 
restoration of the normal skin microbiota (Ostróżka-Cieślik and Wilczyński, 2025).

Despite numerous studies dedicated to wound-healing hydrogels, limited attention 
has been paid to the short-term stability of multi-polymer hydrogel systems intended 
for future probiotic and postbiotic incorporation under refrigerated pharmaceutical 
storage conditions.

Materials and Methods.
Eight hydrogel formulations were developed using a combination of hydrophilic 

polymers, including hydroxypropyl methylcellulose (HPMC), sodium alginate, 
Carbopol 980, sodium carboxymethylcellulose (Na-CMC), and polyvinylpyrrolidone 
(PVP), selected due to their well-established gel-forming ability, biocompatibility, and 
suitability for topical pharmaceutical applications. Glycerol was used as a humectant 
and plasticizing agent to improve moisture retention and flexibility of the hydrogel 
matrices, while ethylenediaminetetraacetic acid (EDTA) was included as a chelating 
and stabilizing agent to reduce the potential influence of trace metal ions on formulation 
stability. Purified water was used as the dispersion medium for all hydrogel systems.

The hydrogels were prepared under laboratory conditions using a sequential 
hydration method. Each polymer was gradually dispersed in purified water under 
continuous stirring to ensure complete hydration and uniform swelling of polymer 
chains. After full hydration, the components were combined according to the designed 
formulations and mixed until homogeneous, uniform gel systems were obtained 
without visible aggregates, phase separation, or inhomogeneity.

The obtained hydrogel samples were transferred into airtight sealed containers to 
prevent contamination and moisture loss, and stored under refrigerated conditions at 
2-8 °C, corresponding to standard pharmaceutical storage conditions for non-sterile 
temperature-sensitive dosage forms. The total storage period was 2 months.

Stability evaluation was performed at three time points: baseline (0 month), after 
1 month, and after 2 months of storage. At each time point, organoleptic properties 
(appearance, color, homogeneity, and odor), pH values, rheological behavior, and 
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microbiological purity were assessed. Rheological measurements were carried out 
using a Brookfield rotational viscometer at a constant spindle speed of 20 rpm to 
evaluate viscosity changes and structural stability over time.

Microbiological purity was assessed in accordance with the requirements of the 
State Pharmacopoeia of the Republic of Kazakhstan, Vol. 1, Section 5.1.4 (hereinafter 
referred to as the SP RK), for non-sterile dosage forms for topical use. The analysis 
included determination of the total number of aerobic microorganisms, yeasts, and 
molds, and an assessment of the absence of certain pathogens, including Staphylococcus 
aureus, Pseudomonas aeruginosa, and members of the Enterobacteriaceae family, 
using standard microbiological methods recommended by pharmacopoeial guidelines.

Results. pH stability of hydrogel systems. The initial pH values of the hydrogel 
formulations ranged from 4.94 to 5.45 depending on polymer composition. As 
presented in Table 1, all formulations demonstrated high pH stability during 2 months 
of storage under refrigerated conditions (2-8 °C), with negligible variations over time.

Table 1 ― pH values of hydrogel formulations during storage at 2-8 °C.
Polymer system         pH

Baseline 1 month 2 months
Н1 Sodium alginate 5,01 5,02 5,01
Н2 Sodium alginate + HPMC 5,34 5,33 5,34
Н3 Na-CMC 5,18 5,16 5,18
Н4 Na-CMC + PVP          5,45 5,46 5,46
Н5 HPMC 5,12 5,12 5,11
Н6 HPMC + PVP          5,28 5,29 5,28
Н7 Carbopol 98 4,94 4,93 4,93
Н8 Carbopol 980 + HPMC 5,08 5,08 5,07

The stability trend of pH values is additionally illustrated in Figure 1, confirming the 
absence of significant pH shifts during storage. Combined polymer systems (Н2, H4, Н6, 
and Н8) showed slightly higher pH stability compared to single-polymer formulations, 
suggesting a stabilizing effect of polymer interactions within the hydrogel matrix.

Figure 1― pH stability profile of hydrogel formulations over 2 months of storage
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Rheological behavior and viscosity stability. All hydrogel systems exhibited 
non-Newtonian pseudoplastic behavior at all investigated time points. Viscosity 
measurements at 20 rpm showed minimal changes over the storage period.

As summarized in Table 2, viscosity values remained stable after 1 and 2 months 
of storage, with variations not exceeding 1-2% for most formulations. The temporal 
viscosity profile is illustrated in Figure 2, demonstrating the preservation of rheological 
properties throughout the study period.

Table 2 ― Viscosity of hydrogel formulations measured at 20 rpm during storage at 2-8 °C.
Time (months) Н1 Н2 Н3 Н4 Н5 Н6 Н7 Н8

Viscosity (mPa·s ) results obtained at spindle speed of 20 rpm
Baseline 1010 945 1350 1180 1440 1260 715 705
1 month 1005 943 1355 1176 1437 1258 712 708
2 month 1010 944 1351 1181 1439 1261 715 705

Figure 2 ― Rheological behavior of multi-polymer hydrogel formulations during storage at 2–8 °C

Multi-polymer systems (H2, Н4, Н6) demonstrated higher viscosity and improved 
structural stability compared to single-polymer formulations (H3, Н5, Н7), indicating 
synergistic interactions between polymer components.

Microbiological purity. All hydrogel formulations met the pharmacopoeial 
requirements for non-sterile topical dosage forms throughout the entire shelf life.

The total aerobic microbial count remained below 10² CFU/g at baseline, after 
1 month, and after 2 months, as shown in Table 3. No growth of Staphylococcus 
aureus, Pseudomonas aeruginosa, or Enterobacteriaceae was detected in any of the 
formulations.
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Table 3 ― Microbiological Purity of Hydrogel Formulations during Refrigerated Storage (2-8°C).
Hydrogel 
system

Total aerobic microbial 
count (CFU/g) S. aureus P. aeruginosa Enterobacteriaceae

Н1 <10² Not detected Not detected Not detected
Н2 <10² Not detected Not detected Not detected
Н3 <10² Not detected Not detected Not detected
Н4 <10² Not detected Not detected Not detected
Н5 <10² Not detected Not detected Not detected
Н6 <10² Not detected Not detected Not detected
Н7 <10² Not detected Not detected Not detected
Н8 <10² Not detected Not detected Not detected

According to Table 3, the obtained results of microbiological purity tests confirm the 
microbiological safety and suitability of the developed hydrogel matrices for further 
pharmaceutical development.

Discussion. The present study demonstrated that the developed multi-polymer 
hydrogel systems maintained satisfactory physicochemical, rheological, and 
microbiological stability during refrigerated storage (2-8 °C) over a 2-month period. 
Preservation of these characteristics is essential for the development of topical hydrogel-
based delivery systems intended for biologically active compounds. The stability of pH 
values throughout storage suggests the absence of significant hydrolytic degradation 
or unfavorable chemical interactions between formulation components. The minimal 
pH fluctuations observed in all formulations indicate a relatively balanced internal 
physicochemical environment within the hydrogel matrices.

Rheological evaluation confirmed the preservation of pseudoplastic flow behavior 
and structural integrity during storage. Only minor viscosity changes were observed 
over time, indicating stability of the internal polymer network and absence of 
pronounced polymer degradation or structural rearrangement. In particular, combined 
polymer systems demonstrated improved stability compared to single-polymer 
hydrogels, which may be associated with synergistic interactions between hydrophilic 
polymers contributing to stronger network organization and enhanced resistance to 
structural destabilization. The microbiological results demonstrated compliance of all 
formulations with pharmacopoeial requirements for non-sterile topical dosage forms. 
The absence of pathogenic microorganisms and low total microbial count indicate 
satisfactory microbiological quality and appropriate storage conditions throughout the 
study period.

The obtained findings are important for the future development of hydrogel-based 
probiotic and postbiotic delivery systems, since maintenance of physicochemical 
stability and microbiological safety represents a critical prerequisite for successful 
incorporation of biologically active components, including Lactobacillus spp. strains 
and bacterial lysates. Overall, the investigated hydrogel systems may be considered 
technologically stable and suitable for further pharmaceutical and biopharmaceutical 
studies.

Conclusion. The present study demonstrated that the developed multi-polymer 
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hydrogel systems possess satisfactory short-term physicochemical, rheological, and 
microbiological stability during storage under refrigerated conditions (2-8 °C). All 
investigated formulations maintained homogeneity, acceptable appearance, stable pH 
values, and consistent viscosity throughout the 2-month study period without visible 
signs of phase separation or microbial contamination. The obtained rheological results 
confirmed the preservation of pseudoplastic flow behavior and structural integrity of 
the hydrogel matrices during storage. Combined polymer systems exhibited greater 
structural stability compared to single-polymer formulations, indicating beneficial 
synergistic interactions between hydrophilic polymers within the hydrogel network.

Microbiological studies demonstrated full compliance of all formulations with 
pharmacopoeial requirements for non-sterile topical dosage forms, confirming the 
microbiological safety of the developed systems under the selected storage conditions. 
Overall, the obtained findings indicate that the developed hydrogel matrices represent 
promising carriers for future incorporation of probiotic Lactobacillus spp. strains and 
postbiotic components intended for topical pharmaceutical applications. Further studies 
will focus on evaluating biological activity, probiotic viability, and antimicrobial 
efficacy of biologically active hydrogel systems.
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