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ANNOTATION 

 

Theoretical studies have confirmed the feasibility and relevance of developing 

an extemporaneous cream-gel with keratolytic activity intended for topical 

dermatological application. For the purposes of the present research, a semi-solid 

cream-gel system possessing keratolytic, moisturizing, softening, and skin-

conditioning properties was selected. 

During the practical stage of the study, the composition and technology of the 

cream-gel with keratolytic activity were developed. The selection of active 

pharmaceutical ingredients with keratolytic properties, gelling agents, emulsifiers, 

humectants, and other auxiliary substances was scientifically substantiated, and the 

expected pharmaco-technological, physicochemical, and organoleptic 

characteristics of the developed preparation were determined. 

The work is presented on 45 pages, contains 3 tables, 3 figures and 31 

references. 

Key words: cream-gel, keratolytic activity, semi-solid dosage form, 

extemporaneous technology, quality control.  
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API – active pharmaceutical ingredient; 
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INCI – International nomenclature of cosmetic ingredients;  

NAD⁺ – Nicotinamide adenine dinucleotide (oxidized form);  

NADP⁺ – Nicotinamide adenine dinucleotide phosphate (oxidized form);  

PHA – Polyhydroxy acids;  
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INTRODUCTION 

 

Actuality of the topic. The development of semi-solid topical dosage forms 

with keratolytic activity remains an important area of modern pharmaceutical 

technology and dermatological practice. Among topical preparations, cream-gels 

occupy a special place due to their combined advantages of creams and gels, 

including good spreadability, rapid absorption, non-greasy texture, prolonged skin 

contact, and improved patient compliance. Such dosage forms are widely used in the 

management of dermatological conditions associated with hyperkeratosis, excessive 

keratinization, and impaired epidermal desquamation. 

Hyperkeratotic skin disorders, including acne vulgaris, seborrheic dermatitis, 

psoriasis, ichthyosis, calluses, keratosis pilaris, and localized hyperkeratosis, are 

highly prevalent and often require long-term topical therapy. Keratolytic agents 

contribute to the softening and removal of the stratum corneum, facilitate skin 

renewal, improve penetration of active substances into deeper skin layers, and 

reduce inflammatory manifestations. 

Currently, keratolytic therapy commonly involves the use of active 

pharmaceutical ingredients such as salicylic acid, urea, lactic acid, glycolic acid, 

sulfur compounds, and other exfoliating agents. However, conventional ointments 

and creams may demonstrate disadvantages such as excessive occlusiveness, greasy 

consistency, poor cosmetic acceptability, and discomfort during prolonged use. In 

contrast, cream-gel systems combine hydrophilic and lipophilic phases, ensuring 

balanced moisturizing properties, improved release of active ingredients, pleasant 

sensory characteristics, and enhanced stability of the formulation. 

The development of an extemporaneous cream-gel with keratolytic activity is 

particularly relevant because it allows flexible adjustment of the concentration of 

active substances depending on the severity of the dermatological condition, skin 

type, and individual patient needs. Furthermore, the incorporation of moisturizing, 
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soothing, and anti-inflammatory excipients may help minimize irritation commonly 

associated with keratolytic agents and improve skin barrier function. 

An important scientific challenge is the selection of optimal excipients, 

gelling agents, emulsifiers, preservatives, and active pharmaceutical ingredients that 

ensure the physicochemical stability, efficacy, safety, and microbiological purity of 

the preparation. Therefore, the development of the composition and technology of a 

cream-gel with keratolytic activity represents a relevant scientific and practical task 

aimed at improving topical dermatological therapy and expanding the range of 

effective semi-solid pharmaceutical preparations. 

The purpose of the study. To develop the composition and technology of an 

extemporaneous cream-gel with keratolytic activity intended for topical 

dermatological application. 

Tasks of the study: - to conduct a systematic review and analysis of scientific 

literature regarding keratolytic agents and semi-solid topical dosage forms;  

⁃ to analyze the current pharmaceutical market of topical preparations 

with keratolytic activity;  

⁃ to justify the selection of active pharmaceutical ingredients and 

excipients for the development of the cream-gel formulation;  

⁃ to develop the technological scheme for the preparation of the cream-

gel with keratolytic activity;  

⁃ to determine the main pharmaco-technological, physicochemical, and 

organoleptic characteristics of the developed preparation;  

⁃ to evaluate the stability and expected quality indicators of the 

developed cream-gel.  

Research objects. Active pharmaceutical ingredients with keratolytic activity 

and auxiliary substances used for the preparation of cream-gel systems, such as 

gelling agents, emulsifiers, humectants, preservatives, and purified water. 

The subject of research. Development of the composition, technology, and 

pharmaco-technological evaluation of a cream-gel with keratolytic activity for 

topical application. 
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Research methods. The study employs general scientific methods of 

analysis, comparison, and synthesis, as well as pharmaco-technological, 

physicochemical, rheological, organoleptic methods used in the development and 

evaluation of semi-solid topical dosage forms. 

Practical significance of the results. The developed composition and 

technology of the cream-gel with keratolytic activity provide a scientifically 

substantiated approach to the creation of effective and safe topical dermatological 

preparations. The obtained results may be used for further optimization, 

extemporaneous compounding, and implementation in pharmaceutical and 

dermatological practice as a preparation intended for the management of 

hyperkeratotic skin conditions. 

Approval of research and publications. The results obtained during the 

research were reported in the form of an oral presentation at the XXXII International 

Scientific and Practical Conference of Young Scientists and Students entitled 

«Topical Issues of New Drug Development» (Appendices A, B). 

Structure and scope of qualification work. The work is presented on 45 

pages, contains 3 tables, 3 figures and 31 references. 
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CHAPTER 1. THEORETICAL FOUNDATIONS FOR THE 

DEVELOPMENT OF A CREAM-GEL WITH KERATOLYTIC EFFECT 

(Literature review) 

 

1.1 Modern approaches to the use of keratolytic agents in dermatological 

practice 

Keratolytic agents occupy an important place in modern dermatological 

therapy due to their ability to influence the processes of keratinization, promote 

desquamation of the stratum corneum, improve skin renewal, and enhance the 

penetration of active pharmaceutical ingredients into deeper epidermal layers. The 

use of topical keratolytic preparations is particularly relevant in the treatment of 

hyperkeratotic skin disorders, including acne vulgaris, psoriasis, seborrheic 

dermatitis, pityriasis versicolor, calluses, keratosis pilaris, and chronic xerotic 

conditions. Contemporary pharmaceutical research increasingly focuses on the 

development of semi-solid dosage forms capable of combining keratolytic efficacy 

with favorable cosmetic and moisturizing properties [5, 6, 7]. 

The therapeutic effect of keratolytic agents is mainly associated with 

disruption of corneocyte cohesion and softening of keratinized tissues. Salicylic acid 

remains one of the most widely used keratolytic substances because of its 

exfoliating, anti-inflammatory, and comedolytic activity. Urea is also extensively 

applied due to its hydrating and keratoplastic properties at lower concentrations and 

pronounced keratolytic activity at higher concentrations. Recent studies have 

demonstrated the effectiveness of combining keratolytic compounds with 

moisturizing and anti-inflammatory ingredients to reduce irritation and improve 

tolerability of topical therapy [14]. 

Modern dermatological practice demonstrates growing interest in 

multifunctional topical preparations. According to Muhammad et al., 

nanoethosomal keratolytic gels containing urea exhibit improved penetration 

characteristics and enhanced therapeutic performance in inflammatory skin 

conditions and diabetic complications [14]. Similar findings were reported in studies 
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investigating combinations of ketoconazole with adapalene in semi-solid systems, 

where the keratolytic and comedolytic effects of adapalene improved clinical 

outcomes in pityriasis versicolor treatment [13, 22]. 

An important trend in contemporary dermatopharmacy is the transition from 

conventional ointments toward technologically advanced cream-gel systems 

characterized by improved patient acceptability, lighter consistency, rapid 

absorption, and reduced occlusiveness. Comparative investigations of gel-cream 

formulations demonstrated superior spreadability, rheological stability, and skin 

sensory characteristics compared with traditional semi-solid preparations [8]. Such 

systems are particularly advantageous for long-term therapy because they minimize 

discomfort and excessive skin oiliness. 

The use of natural and herbal ingredients in keratolytic and dermatological 

formulations has also become increasingly widespread. Studies involving Aloe vera, 

Salvia hispanica, Rosella extracts, and Acmella oleracea confirmed their 

moisturizing, antioxidant, soothing, and regenerative effects when incorporated into 

cream and gel systems [9, 10, 17, 24]. These properties are valuable in keratolytic 

therapy, where irritation and skin barrier disruption frequently occur. 

Recent pharmaceutical investigations additionally emphasize the importance 

of maintaining the physiological skin microbiome during topical treatment. Afzal et 

al. demonstrated that prebiotic gel-cream systems may improve skin condition in 

acne management while preserving microbial balance and reducing inflammatory 

manifestations [21]. Such findings indicate that modern keratolytic preparations 

should combine exfoliating activity with barrier-supportive and microbiome-

friendly characteristics. 

Scientific interest in dermatological semi-solid dosage forms has also 

expanded due to advances in pharmaceutical technology. Researchers are actively 

exploring nanoemulsions, niosomal carriers, gel-emulsion systems, and 

multifunctional cream-gel bases capable of improving drug release and enhancing 

stability of active compounds [10, 11, 14]. Consequently, the development of cream-

gels with keratolytic activity represents a promising direction in pharmaceutical 
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technology aimed at improving both therapeutic effectiveness and patient 

compliance (Table 1.1). 

Table 1.1 

Main keratolytic substances used in dermatological preparations 

Active 

substance 

Main pharmacological 

effect 

Common 

concentration 

range 

Dermatological 

application 

Salicylic 

acid 

Keratolytic, anti-

inflammatory, 

comedolytic 

1–10% Acne, psoriasis, 

hyperkeratosis 

Urea Moisturizing, 

keratolytic 

5–40% Xerosis, calluses, 

keratosis 

Lactic acid Exfoliating, hydrating 2–12% Dry skin, 

hyperpigmentation 

Glycolic 

acid 

Keratolytic, 

regenerative 

5–15% Acne, photoaging 

Mandelic 

acid 

Mild exfoliating, 

antibacterial 

5–10% Sensitive and acne-

prone skin 

Azelaic 

acid 

Keratolytic, 

antimicrobial 

10–20% Acne vulgaris, rosacea 

Citric acid Exfoliating, 

antioxidant 

1–10% Hyperpigmentation, 

dull skin 

Pyruvic 

acid 

Sebostatic, keratolytic 4–14% Acne, seborrhea 

Adapalene Comedolytic, anti-

inflammatory 

0.1–0.3% Acne vulgaris 

 

The analysis of current scientific literature confirms that keratolytic therapy 

remains an important component of topical dermatological treatment. Modern 
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pharmaceutical approaches are focused on the creation of multifunctional cream-gel 

systems that combine keratolytic efficacy, moisturizing action, physicochemical 

stability, and improved cosmetic acceptability, making them highly promising for 

extemporaneous pharmaceutical compounding and individualized dermatological 

care. 

 

1.2 Physicochemical and pharmacological characteristics of substances 

with keratolytic activity 

Active pharmaceutical ingredients with keratolytic properties are widely used 

in topical dermatological therapy due to their ability to soften, loosen, and promote 

the removal of excessive keratinized layers of the epidermis. The therapeutic 

effectiveness of keratolytic preparations largely depends on the physicochemical 

properties of the active substances, their concentration, solubility, compatibility with 

excipients, and ability to penetrate the skin barrier [5, 7]. 

Among keratolytic compounds, salicylic acid remains one of the most 

extensively studied and clinically effective substances. It belongs to the group of 

beta-hydroxy acids and demonstrates pronounced exfoliating, anti-inflammatory, 

antimicrobial, and sebostatic activity. Due to its lipophilic properties, salicylic acid 

readily penetrates sebaceous follicles and contributes to the dissolution of 

intercellular cement in the stratum corneum, thereby facilitating desquamation 

processes. The effectiveness of salicylic acid-containing semi-solid preparations has 

been confirmed in numerous dermatological studies focused on acne, psoriasis, 

seborrheic dermatitis, and hyperkeratotic lesions [5]. 

Urea is another important keratolytic substance frequently incorporated into 

dermatological formulations. At low concentrations, urea acts as a humectant and 

moisturizer by increasing water retention within the epidermis. At higher 

concentrations, it exhibits keratolytic effects associated with disruption of hydrogen 

bonds in keratin structures, resulting in softening and exfoliation of hyperkeratotic 

tissues. Moreover, urea contributes to improved skin permeability and enhances 

penetration of other active pharmaceutical ingredients [14]. 
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Alpha-hydroxy acids, including lactic acid and glycolic acid, are also 

commonly used in dermatological practice. These substances reduce corneocyte 

adhesion, stimulate epidermal renewal, and improve skin texture. In addition to their 

keratolytic action, alpha-hydroxy acids demonstrate moisturizing and antioxidant 

properties, making them valuable components of multifunctional cream-gel systems. 

Modern research highlights the importance of combining keratolytic 

substances with anti-inflammatory, antioxidant, and regenerative ingredients. 

Herbal extracts and natural biocomponents such as Aloe vera, Salvia hispanica, 

Rosella extracts, and plant polyphenols have shown significant dermatoprotective 

potential in semi-solid formulations [9, 17, 20, 24]. Such combinations may reduce 

irritation associated with keratolytic therapy and improve patient tolerance during 

prolonged use. 

The physicochemical characteristics of keratolytic substances strongly 

influence formulation development. Solubility, pH stability, hygroscopicity, and 

compatibility with gelling agents determine the selection of suitable dosage forms 

and technological methods. According to Sanjeevini et al., the pH of topical cream 

and gel systems may significantly affect both the stability of active substances and 

skin compatibility [26]. Therefore, optimization of formulation pH is essential for 

ensuring efficacy and minimizing irritation. 

The incorporation of keratolytic agents into cream-gel systems requires 

careful consideration of rheological and release properties. Studies investigating gel-

cream formulations demonstrated that balanced hydrophilic-lipophilic systems 

provide improved spreadability, enhanced drug release, and satisfactory physical 

stability [8, 16]. Furthermore, nano-carrier systems and advanced gel technologies 

are increasingly employed to optimize skin penetration and prolong therapeutic 

action [10, 14]. 

Thus, the analysis of physicochemical and pharmacological characteristics of 

keratolytic substances confirms the necessity of rational formulation design for 

semi-solid dermatological preparations. Appropriate selection of active ingredients 
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and excipients is essential for achieving optimal therapeutic efficacy, stability, and 

patient acceptability. 

 

1.3 Formulation features and technological aspects of cream-gel dosage 

forms 

Cream-gels represent modern semi-solid dosage forms that combine the 

structural characteristics of emulsions and gels, providing improved cosmetic 

properties, enhanced drug release, and satisfactory patient compliance. From a 

physicochemical perspective, they are typically considered biphasic or multiphase 

systems in which a dispersed oil phase is incorporated into a structured aqueous gel 

network, or vice versa, depending on formulation design. Owing to their balanced 

hydrophilic-lipophilic composition, cream-gels demonstrate favorable rheological 

behavior, including pseudoplastic flow, thixotropy, and structural viscosity, which 

ensures ease of application under shear stress and stability at rest. In comparison 

with conventional ointments and creams, such systems exhibit superior 

spreadability, rapid absorption, reduced occlusiveness, and a significantly lower 

greasy feel, which directly influences patient acceptability and adherence to long-

term dermatological therapy [8, 10]. 

In dermatological practice, these properties are particularly important for 

topical treatment of keratolytic conditions, where repeated application over large 

skin areas is often required. The sensory profile of the dosage form plays a crucial 

role in patient compliance, especially in chronic diseases such as acne, psoriasis, and 

xerosis, where therapy duration may extend for weeks or months. Additionally, 

cream-gel systems allow more uniform distribution of active substances across the 

skin surface, improving dose consistency and minimizing localized irritation that 

may occur with more occlusive semisolid bases. 

The technological development of cream-gels requires careful and 

scientifically justified selection of excipients capable of ensuring physical stability, 

homogeneity, and controlled release of active pharmaceutical ingredients. Gelling 

agents such as carbomers, cellulose derivatives, xanthan gum, and tamarind gum are 
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widely used for the formation of structured gel networks with defined rheological 

properties and high stability over a wide pH range [16]. Carbomer-based systems, in 

particular, are valued for their ability to form clear, stable gels with adjustable 

viscosity depending on neutralization degree. Cellulose derivatives contribute to 

improved film-forming properties and moisture retention, while natural 

polysaccharides such as xanthan gum and tamarind gum provide additional 

biocompatibility and enhanced sensory characteristics. 

In addition to gelling agents, emulsifiers play a key role in stabilizing the oil 

and aqueous phases within cream-gel systems. Non-ionic emulsifiers are often 

preferred due to their lower irritation potential and compatibility with a wide range 

of active pharmaceutical ingredients. Humectants such as glycerin, propylene 

glycol, sorbitol, and polyethylene glycols are commonly incorporated to enhance 

skin hydration, improve elasticity of the stratum corneum, and reduce 

transepidermal water loss. These components are particularly important in 

keratolytic formulations, where disruption of the epidermal barrier may lead to 

increased dryness and irritation. 

Recent pharmaceutical investigations emphasize the importance of optimizing 

rheological and physicochemical characteristics of semi-solid systems as a critical 

factor influencing both product performance and patient acceptability. Comparative 

studies of gel-cream formulations have demonstrated that the ratio between oil and 

aqueous phases significantly affects viscosity, yield stress, spreadability, structural 

stability, and organoleptic properties of the preparation [8]. From a technological 

standpoint, an optimal balance between these phases ensures sufficient mechanical 

strength of the formulation while maintaining ease of application and satisfactory 

skin feel. In keratolytic preparations, appropriate rheological behavior is especially 

important because it determines uniform distribution of active substances, controlled 

residence time on the skin, and ultimately therapeutic efficacy and patient adherence. 

Natural ingredients are increasingly incorporated into cream-gel systems due 

to their multifunctional biological and technological properties. Plant-derived 

components such as Aloe vera gel, Salvia extracts, polyphenol-rich plant fractions, 
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and essential oils have demonstrated antioxidant, anti-inflammatory, moisturizing, 

antimicrobial, and regenerative activity in various topical formulations [9, 11, 17]. 

Their inclusion in cream-gel systems may provide a synergistic effect, enhancing 

overall therapeutic efficacy while simultaneously mitigating potential irritative 

effects associated with keratolytic agents. Moreover, natural polymers and extracts 

may also contribute to improved sensory properties and additional stabilization of 

the formulation matrix. 

Technological approaches to cream-gel preparation commonly involve a 

multi-stage process that includes separate preparation of aqueous and oil phases, 

followed by controlled emulsification and subsequent incorporation of the gelling 

system under constant mixing conditions. Key technological parameters such as 

temperature режим, homogenization intensity, mixing duration, and sequence of 

component addition significantly influence the final structure and quality of the 

dosage form. Proper pH adjustment is also essential, as it affects both the stability 

of active substances and the performance of the gelling agent system. According to 

Roik et al., optimization of technological stages plays a decisive role in ensuring the 

stability, reproducibility, and therapeutic effectiveness of dermatological semi-solid 

preparations [4]. 

Another important aspect of cream-gel technology is microbiological 

stability. Due to the relatively high water content in these systems, they are 

particularly susceptible to microbial contamination during manufacturing, storage, 

and use. Therefore, the inclusion of preservatives is often necessary to ensure 

microbiological safety and extend shelf life. At the same time, careful consideration 

must be given to the compatibility of preservatives with active pharmaceutical 

ingredients, gelling agents, and other excipients, as potential interactions may affect 

both stability and efficacy of the final product. Modern formulation approaches 

increasingly focus on selecting mild, broad-spectrum preservative systems that 

minimize irritation while maintaining antimicrobial protection. 

Modern technological research is also increasingly focused on advanced drug 

delivery systems incorporated into cream-gels. Niosomal systems, nanoemulsions, 
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liposomal carriers, and gel-emulsion hybrid structures have shown promising results 

in enhancing skin penetration, improving solubility of poorly water-soluble drugs, 

and enabling controlled or sustained release of active compounds [10, 14]. These 

systems can significantly improve the bioavailability of keratolytic agents and allow 

for more targeted delivery within the epidermal layers. In addition, such 

technologies contribute to reduction of dosing frequency and improvement of 

overall therapeutic outcomes. 

Consequently, cream-gel dosage forms represent technologically advanced 

semi-solid systems with considerable potential for topical dermatological therapy. 

Their unique combination of favorable physicochemical properties, patient-friendly 

sensory profile, and high formulation flexibility makes them particularly suitable for 

modern keratolytic treatment strategies. Rational selection of excipients, careful 

optimization of formulation parameters, and integration of modern pharmaceutical 

technologies are essential prerequisites for achieving stable, effective, and clinically 

acceptable topical preparations capable of meeting current dermatological and 

pharmaceutical requirements. 

 

1.4 Prospects for the development of extemporaneous cream-gels with 

keratolytic activity 

The growing prevalence of chronic dermatological disorders associated with 

hyperkeratosis and impaired epidermal renewal has intensified scientific interest in 

individualized topical therapy. Extemporaneous cream-gels with keratolytic activity 

represent a promising direction in modern pharmaceutical compounding because 

they enable flexible adjustment of formulation composition according to the specific 

therapeutic needs of patients [29]. 

One of the major advantages of extemporaneous preparations is the possibility 

of modifying concentrations of active pharmaceutical ingredients depending on 

disease severity, skin sensitivity, patient age, and concomitant dermatological 

conditions. This approach is especially valuable in dermatology, where 
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individualized therapy often determines treatment effectiveness and patient 

tolerance. 

Contemporary pharmaceutical research demonstrates increasing demand for 

multifunctional topical preparations combining keratolytic, moisturizing, anti-

inflammatory, and regenerative effects. Studies focused on dermatological cream 

and gel systems confirmed that incorporation of natural extracts, antioxidants, and 

moisturizing agents improves cosmetic acceptability and skin barrier recovery [9, 

12, 24]. Such multifunctional properties are particularly important for long-term 

keratolytic therapy, which may cause irritation and excessive dryness. 

The development of extemporaneous cream-gels is also supported by 

advances in pharmaceutical technology. Modern gelling agents, nano-carrier 

systems, and optimized emulsification techniques provide opportunities for creating 

stable and effective semi-solid systems with enhanced bioavailability and improved 

release characteristics [10, 14]. In addition, recent studies indicate that cream-gel 

systems possess favorable sensory properties and higher patient adherence compared 

with traditional ointment bases [8]. 

An important promising direction is the incorporation of microbiome-

supportive and prebiotic components into keratolytic formulations. According to 

Afzal et al., prebiotic gel-cream systems may contribute to maintaining 

physiological skin microflora while reducing inflammatory manifestations in acne 

therapy [21]. This tendency reflects the modern concept of dermatological care 

focused not only on symptom elimination but also on preservation of skin 

homeostasis. 

Scientific publications additionally emphasize the importance of 

physicochemical stability and pH optimization in semi-solid systems [26]. 

Extemporaneous preparations allow pharmacists to adapt formulation parameters to 

the properties of active substances and the characteristics of individual patients, 

thereby improving safety and therapeutic outcomes. 

Therefore, the development of extemporaneous cream-gels with keratolytic 

activity represents a highly relevant and promising direction in pharmaceutical 
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technology and dermatological practice. The combination of individualized 

formulation design, modern technological approaches, and multifunctional 

therapeutic action creates favorable conditions for further expansion of such 

preparations in pharmaceutical compounding and topical therapy. 

 

CONCLUSIONS TO CHAPTER 1 

1. The analysis of scientific literature demonstrated that cream-gels 

represent a modern and promising group of semi-solid dosage forms widely used in 

dermatological practice due to their favorable organoleptic properties, improved 

patient compliance, and ability to ensure effective delivery of active pharmaceutical 

ingredients into the skin. Current trends in formulation development are focused on 

optimizing therapeutic efficacy, physicochemical stability, and dermatological 

safety of such systems. 

2. It was established that keratolytic agents remain a key group of active 

substances in the treatment of hyperkeratotic skin conditions, including acne, 

psoriasis, xerosis, and other disorders associated with impaired keratinization. The 

literature confirms that substances such as salicylic acid, urea, and alpha-hydroxy 

acids exhibit pronounced keratolytic, moisturizing, and skin-renewing effects, while 

their rational combination allows reduction of irritation and improvement of 

therapeutic outcomes. 

3. The reviewed sources indicate that the physicochemical properties of 

keratolytic substances, including solubility, lipophilicity, stability at different pH 

levels, and compatibility with excipients, play a crucial role in the design of effective 

topical formulations. Proper selection of active ingredients and their concentrations 

significantly influences the safety, efficacy, and stability of cream-gel systems. 

4. It was determined that cream-gel dosage forms possess significant 

technological advantages compared with traditional semi-solid preparations, 

including improved rheological characteristics, enhanced spreadability, controlled 

release of active substances, and higher patient acceptability. The structure of cream-
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gels, based on the interaction of emulsified and gel networks, ensures balanced 

physicochemical and sensory properties of the final product. 

5. Scientific literature also confirms that the incorporation of natural 

bioactive components, modern gelling agents, and advanced pharmaceutical 

technologies contributes to the development of multifunctional dermatological 

systems. Such approaches enable the creation of stable, effective, and cosmetically 

acceptable keratolytic cream-gels that meet contemporary requirements of 

pharmaceutical practice and dermatological therapy.  
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CHAPTER 2. MATERIALS AND RESEARCH METHODS 

 

2.1 Materials used in the research 

The development of a topical semisolid dosage form with keratolytic activity 

requires a rational selection of both active pharmaceutical ingredients and excipients 

that ensure not only therapeutic efficacy but also physicochemical stability, 

biopharmaceutical performance, and patient acceptability. In the present study, the 

formulation of a cream-gel system is based on a combination of modern dermato-

active substances and well-established pharmaceutical excipients that provide 

synergistic effects in terms of keratolysis, hydration, barrier restoration, and 

antimicrobial protection. Each component was selected considering its 

pharmacological profile, compatibility within a hydrogel-emulsion matrix, and 

technological functionality in the final dosage form. The following section provides 

a detailed description of the active substance and excipients used in the development 

of the proposed cream-gel formulation. 

Active pharmaceutical ingredient 

Lactobionic acid, Acidum lactobionicum (CAS No.: 96-82-2). Lactobionic 

acid is a white or almost white crystalline, odorless, hygroscopic powder belonging 

to the class of polyhydroxy acids. Chemically, it is a disaccharide acid composed of 

D-galactose and gluconic acid linked via an ether bond. Its molecular formula is 

C₁₂H₂₂O₁₂, and molecular weight is 358.30. The substance is freely soluble in water, 

slightly soluble in ethanol, and practically insoluble in lipophilic solvents. Aqueous 

solutions demonstrate weak acidity with a pH typically ranging from 2.5 to 4.0 

depending on concentration [16, 31]. 

From a physicochemical standpoint, lactobionic acid is characterized by high 

hydrophilicity and multiple hydroxyl functional groups, which provide strong 

hydrogen-bonding capacity and pronounced water-binding properties. These 

characteristics determine its ability to form a hydration layer on the skin surface and 

reduce transepidermal water loss. Unlike classical alpha-hydroxy acids, lactobionic 

acid exhibits a significantly lower penetration rate due to its larger molecular size, 
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which contributes to a reduced irritation potential while maintaining keratolytic 

efficacy. 

Pharmacologically, lactobionic acid demonstrates mild keratolytic activity 

through gradual disruption of corneodesmosomal structures in the stratum corneum, 

leading to controlled desquamation of corneocytes. In addition, it exhibits 

antioxidant properties associated with metal ion chelation and reduction of oxidative 

stress in epidermal tissues. It also contributes to skin barrier support and hydration, 

acting as both a humectant and osmoprotective agent. In dermatological practice, it 

is applied in formulations intended for acne, xerosis, hyperkeratotic conditions, and 

sensitive skin, where gentle exfoliation and barrier preservation are required 

simultaneously. 

Excipients 

Urea, Ureum (CAS No.: 57-13-6). Urea is a white crystalline, odorless, highly 

hygroscopic compound with the molecular formula CH₄N₂O and molecular weight 

60.06. It is freely soluble in water, soluble in ethanol, and practically insoluble in 

non-polar solvents [2, 16, 31]. 

Urea is a natural constituent of the skin’s natural moisturizing factor and plays 

a fundamental role in maintaining epidermal hydration and elasticity. At the 

molecular level, it acts by disrupting hydrogen bonding within keratin structures of 

the stratum corneum, resulting in increased water binding and softening of the skin. 

At higher concentrations, it demonstrates keratolytic activity, while at lower 

concentrations it functions primarily as a humectant. 

From a pharmacotechnological perspective, urea enhances skin permeability 

and facilitates penetration of other active ingredients. It is widely used in the 

treatment of xerosis, ichthyosis, psoriasis, and other hyperkeratotic disorders. 

However, it is chemically sensitive to alkaline conditions and elevated temperatures, 

where it may decompose into ammonia and carbon dioxide, which is an important 

consideration in formulation development. 

Niacinamide, Nicotinamidum (CAS No.: 98-92-0). Niacinamide is a white 

crystalline, odorless, water-soluble compound with molecular formula C₆H₆N₂O and 
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molecular weight 122.12. It is stable in neutral and slightly acidic aqueous 

environments [16, 31]. 

Niacinamide represents the amide form of vitamin B3 and functions as a 

precursor of nicotinamide adenine dinucleotide (NAD⁺) and NADP⁺, which are 

essential coenzymes in cellular metabolism. It plays a key role in redox reactions, 

energy production, and cellular repair mechanisms. 

Dermatologically, niacinamide exhibits multiple beneficial effects, including 

anti-inflammatory activity, reduction of sebum production, improvement of 

epidermal barrier function through stimulation of ceramide synthesis, and reduction 

of transepidermal water loss. It also inhibits melanosome transfer from melanocytes 

to keratinocytes, contributing to a mild depigmenting effect. Due to its excellent 

tolerability, it is widely used in acne-prone, sensitive, and hyperpigmented skin 

conditions. 

Carbomer, Carbopolum Ultrez 21 (INCI: Acrylates/C10-30 Alkyl Acrylate 

Crosspolymer). Carbomer is a white, fluffy, hygroscopic powder without odor, 

representing a high-molecular-weight crosslinked polymer of acrylic acid. Its 

molecular weight exceeds 1×10⁶ Da [2, 16, 30, 31]. 

In aqueous media, carbomer remains in a compact structure under acidic 

conditions; however, upon neutralization, ionization of carboxyl groups leads to 

electrostatic repulsion and rapid swelling of polymer chains, resulting in the 

formation of a three-dimensional gel network. 

Carbomer is widely used as a rheology modifier, gelling agent, and stabilizer 

in semisolid pharmaceutical systems. It provides high viscosity at low 

concentrations, pseudoplastic flow behavior, good spreadability, and excellent 

clarity of gels. These properties make it particularly suitable for topical 

dermatological formulations, ensuring uniform distribution of active substances and 

controlled release characteristics. 

Triethanolamine, Triethanolaminum (CAS No.: 102-71-6). Triethanolamine 

is a colorless to pale yellow viscous liquid with a mild ammoniacal odor, having the 
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molecular formula C₆H₁₅NO₃ and molecular weight 149.19. It is fully miscible with 

water and ethanol [16, 31]. 

In pharmaceutical technology, triethanolamine is primarily used as a 

neutralizing agent for carbomer-based systems. It induces gel formation by 

converting carboxylic acid groups into their salt form, thereby enabling polymer 

swelling and network formation. Additionally, it serves as a pH regulator, ensuring 

optimal conditions for stability of acid-sensitive active substances such as 

lactobionic acid and urea. Its concentration must be carefully controlled to avoid 

excessive alkalinity, which may compromise formulation stability and skin 

compatibility. 

Glycerin, Glycerolum (CAS No.: 56-81-5). Glycerin is a clear, colorless, 

viscous, hygroscopic liquid with molecular formula C₃H₈O₃ and molecular weight 

92.09. It is fully miscible with water and ethanol [2, 16, 30, 31]. 

Glycerin is a trihydric alcohol widely used as a humectant in topical 

pharmaceutical formulations. It acts by attracting and retaining water molecules 

through hydrogen bonding, thereby increasing hydration of the stratum corneum. 

This leads to improved skin elasticity, reduced dryness, and enhanced comfort 

during application of keratolytic agents. In addition, glycerin contributes to 

improved rheological stability and sensory characteristics of semisolid formulations. 

Polysorbate 80, Polysorbatum 80 (CAS No.: 9005-65-6). A viscous, clear to 

slightly opalescent liquid ranging from pale yellow to amber in color, practically 

odorless or with a faint characteristic odor. It is a non-ionic surfactant belonging to 

the class of polyoxyethylene sorbitan fatty acid esters. Polysorbate 80 is produced 

by the ethoxylation of sorbitan followed by esterification with oleic acid. Its 

empirical formula is variable due to its polymeric nature; the average molecular 

weight is approximately 1310. It is freely soluble in water, ethanol, and several 

organic solvents, forming stable colloidal systems. The pH of a 5% aqueous solution 

is approximately 5.5–7.0 [2, 16, 31]. 

Polysorbate 80 is a pharmacologically inert excipient with pronounced 

emulsifying, solubilizing, and stabilizing properties. In pharmaceutical technology, 
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it is widely used as a non-ionic emulsifier for oil-in-water systems and as a 

solubilizing agent for lipophilic active substances in aqueous media. It reduces 

interfacial tension, enhances physical stability of dispersed systems, and ensures 

uniform distribution of active ingredients in semisolid dosage forms. It is extensively 

applied in dermatological, cosmetic, and parenteral formulations. 

Caprylic/Capric triglyceride (CAS No.: 65381-09-1). A clear, colorless to 

slightly yellow oily liquid with a faint characteristic odor or odorless appearance. It 

is a mixture of triglycerides of glycerol with medium-chain saturated fatty acids, 

mainly caprylic (C8:0) and capric (C10:0) acids, typically derived from fractionated 

coconut or palm kernel oil. Its molecular formula is variable due to its mixed 

composition; the average molecular weight is approximately 470–520. It is 

practically insoluble in water but miscible with oils and organic lipophilic solvents 

[16]. 

Caprylic/Capric triglyceride is a pharmacologically inert excipient with strong 

emollient properties. In pharmaceutical and cosmetic formulations, it is used as a 

skin-conditioning agent, solvent for lipophilic substances, and lipid phase 

component in emulsions. It improves skin softness, reduces transepidermal water 

loss, enhances sensory properties of formulations, and contributes to the overall 

stability and spreadability of semisolid dosage forms [30]. 

Squalane, Squalanum (CAS No.: 111-01-3). A clear, colorless, lightweight 

oily liquid with a neutral or very faint odor. It is a saturated hydrocarbon (triterpene 

derivative) obtained by hydrogenation of squalene, a natural component of human 

sebum. Its molecular formula is C₃₀H₆₂, with a molecular weight of 422.81. Squalane 

is practically insoluble in water but highly soluble in organic solvents and lipid 

phases [16, 31]. 

Squalane is a biomimetic lipid excipient with excellent emollient and skin 

barrier-replenishing properties. It is widely used in pharmaceutical and cosmetic 

preparations to restore the lipid barrier of the epidermis, reduce transepidermal water 

loss, and improve skin elasticity and smoothness. Due to its high oxidative stability, 
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it enhances the physicochemical stability and shelf life of emulsion-based and 

semisolid formulations. 

Phenoxyethanol, Phenoxyethanolum (CAS No.: 122-99-6).  

Phenoxyethanol is a colorless to slightly oily liquid with a mild aromatic odor, 

having molecular formula C₈H₁₀O₂ and molecular weight 138.16. It is slightly 

soluble in water and freely soluble in ethanol and glycols [16, 31]. 

It is widely used as a broad-spectrum preservative in pharmaceutical and 

cosmetic formulations. Its antimicrobial activity is based on disruption of microbial 

cell membrane integrity and inhibition of enzymatic systems, leading to suppression 

of bacterial and fungal growth. Phenoxyethanol is stable over a wide pH range and 

compatible with most hydrophilic gel systems, ensuring microbiological safety of 

aqueous semisolid preparations. 

Purified water, Aqua purificata. Purified water is a clear, colorless, odorless 

liquid with molecular formula H₂O and molecular weight 18.02. It serves as the 

primary solvent and dispersion medium in pharmaceutical formulations [2, 16, 30, 

31]. 

It forms the continuous phase of gel systems and enables homogeneous 

distribution of hydrophilic substances, ensuring system uniformity and stability. 

Purified water used in pharmaceutical preparations must comply with 

pharmacopoeial requirements regarding microbial purity, conductivity, and absence 

of contaminants, as its quality directly influences the safety, stability, and efficacy 

of the final dosage form. 

 

2.2 Research methods 

In this study, general scientific theoretical methods were used, as well as 

marketing, physicochemical, pharmacotechnological, rheological, analytical, 

statistical, and organoleptic methods. 

The organoleptic properties of the cream-gel were evaluated in accordance 

with the requirements of the State Pharmacopoeia of Ukraine. The assessment 

included the determination of appearance, color, odor, consistency, and 
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homogeneity. The evaluation was performed under standard laboratory conditions 

by visual and sensory inspection to confirm the absence of phase separation, lump 

formation, and any undesirable odor characteristics [1]. 

The colloidal stability was studied in accordance with DSTU 4765:2007 

“Cosmetic creams. General technical requirements.” Methodology: two test tubes 

were filled with the investigated sample to 2/3 of their volume and weighed (the 

mass difference between samples should not exceed 0.2 g). The samples were kept 

in a thermostat at 42–45 °C for 20 minutes. Centrifugation was performed using a 

clinical centrifuge LabAnalyt DM 0412 at a rotation frequency of 100 s⁻¹ for 5 

minutes. Stability was evaluated visually. The sample is considered stable if no more 

than one drop of water is released in each test tube after centrifugation [3]. 

Thermal stability was determined in accordance with DSTU 4765:2007 

“Cosmetic creams. General technical requirements.” Methodology: three test tubes 

(14 × 120 mm) were filled with the sample to approximately 2/3 of their volume, 

avoiding air entrapment. The samples were then kept in a thermostat at 40–42 °C for 

24 hours. Stability was evaluated visually. The sample is considered stable if no 

more than one drop of water is observed in each test tube after the test [3]. 

Rheological studies were performed using a rotational viscometer Reotest-2 

with coaxial cylinders at temperatures of 20 ± 2 °C and 37 ± 2 °C according to 

standard pharmacopoeial methodology [1]. 

The determination of pH was carried out in accordance with DSTU 4765:2007 

“Cosmetic creams. General technical requirements.” Methodology: 10.00 g of 

cream-gel was weighed into a 100 mL volumetric flask, and the volume was adjusted 

to the mark with purified water while stirring. The mixture was heated to 80 ± 2 °C 

and then cooled to 20 ± 2 °C. After cooling, the supernatant liquid was separated, 

and the pH was measured in it. The prepared solution was transferred into a 50 mL 

beaker, and the electrodes were immersed without touching the walls or bottom of 

the vessel. The pH value was recorded using the instrument scale. The final result 

was calculated as the arithmetic mean of two parallel measurements, with an 

allowable difference not exceeding 0.1 pH units [1, 3]. 
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Statistical processing of the results was performed in accordance with the 

requirements of the State Pharmacopoeia of Ukraine. Standard parametric and non-

parametric methods were used, with the choice depending on the nature of the 

obtained data, normality of distribution, and the specifics of the research task. Data 

processing was carried out using Microsoft Excel 2021 software [1]. 

 

CONCLUSIONS TO CHAPTER 2 

1. The physicochemical and pharmacotechnological characteristics of the 

selected components for the development of a keratolytic cream-gel were analyzed. 

The properties of lactobionic acid, urea, niacinamide, carbomer, triethanolamine, 

glycerin, phenoxyethanol, and purified water were considered in terms of their 

functional role in the formation of a stable semisolid gel system and in ensuring the 

therapeutic efficacy of the final formulation. 

2. A set of appropriate methods for quality evaluation of the developed 

dosage form was substantiated and systematized. The selected methodologies enable 

the determination of key quality attributes, including organoleptic characteristics, 

pH value, colloidal and thermal stability, rheological behavior, as well as overall 

homogeneity and physical stability of the system under storage and mechanical 

stress conditions.  
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CHAPTER 3. FORMULATION AND TECHNOLOGICAL 

DEVELOPMENT OF A KERATOLYTIC CREAM-GEL 

 

3.1 Analysis of the pharmaceutical market of topical keratolytic 

preparations 

The analysis of the pharmaceutical market of topical keratolytic preparations 

was performed based on the study of commercially available dermatological and 

dermocosmetic products presented in pharmacy chains and online distribution 

platforms. The evaluation included classification by active pharmaceutical 

ingredients, dosage forms, and countries of origin, which allowed identification of 

the main formulation trends and technological approaches in this product category 

[4]. 

The distribution of keratolytic preparations by pharmacological category 

shows that hydroxy acid-based products account for approximately 38% of the 

analyzed market segment, urea-containing formulations represent about 26%, 

retinoid-based topical agents constitute around 18%, while combined 

multifunctional dermocosmetic systems, including hybrid keratolytic-moisturizing 

formulations, account for approximately 18%. This distribution reflects the current 

shift toward milder, better tolerated keratolytic systems with improved safety 

profiles for long-term dermatological use. 

When analyzed by country of origin, the market demonstrates significant 

geographic diversity. Products manufactured in South Korea constitute 

approximately 24% of the total assortment, reflecting strong development of 

dermocosmetic technologies in this region. Italian manufacturers account for about 

16%, while German and French products represent approximately 12% and 10%, 

respectively. Products originating from China occupy around 14% of the market, 

mainly in the dermocosmetic segment. Ukrainian manufacturers account for 

approximately 8%, demonstrating a stable presence in the regional pharmaceutical 

market with a focus on urea-based and combined dermatological formulations. 
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Products from the United States represent about 9%, while the remaining 7% is 

distributed among Poland, Spain, and other European countries (Fig. 3.1). 

 

Fig. 3.1 Geographic distribution of keratolytic products, % 

 

From the perspective of dosage form distribution, topical keratolytic 

preparations are predominantly represented by semisolid and liquid dermal systems 

with clearly differentiated market shares. Cream formulations constitute the largest 

segment, accounting for approximately 42% of the total market, which is associated 

with their balanced sensory properties, good skin compatibility, and suitability for 

both therapeutic and dermocosmetic applications. 

Gel-based preparations represent the second largest group with about 28%, 

which is explained by their non-greasy texture, rapid absorption, and high patient 

acceptability, particularly in the treatment of acne-prone and seborrheic skin. Serum 

formulations account for approximately 18% of the market and are mainly 

positioned within the dermocosmetic segment, where high concentrations of active 

ingredients and lightweight textures are preferred. 

Emulsion-based systems, including classical oil-in-water and water-in-oil 

formulations, represent around 10% of products and are mainly used in 

dermatological therapy requiring enhanced emollient and barrier-supporting 

properties. Patch systems constitute the smallest segment, accounting for 
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approximately 2%, and are primarily used in localized treatment approaches, where 

controlled and occlusive delivery of keratolytic agents is required. 

 

Fig. 3.2 Distribution of topical keratolytic preparations by dosage form, % 

 

From the perspective of active pharmaceutical ingredients, the most 

frequently used keratolytic agents include glycolic acid, salicylic acid, lactic acid, 

urea, and retinoid derivatives such as adapalene and tretinoin. Among these, salicylic 

acid remains the most widely used beta-hydroxy acid due to its lipophilic nature and 

comedolytic activity, while glycolic acid is predominant among alpha-hydroxy acids 

due to its strong exfoliating effect. Urea is particularly important in dermatological 

formulations intended for xerosis and hyperkeratotic conditions due to its dual 

humectant and keratolytic properties. In modern dermocosmetic products, 

polyhydroxy acids such as lactobionic acid are increasingly incorporated due to their 

reduced irritancy and additional antioxidant effects (Fig. 3.3). 

A detailed analysis of formulation composition demonstrates that topical 

keratolytic preparations contain a complex system of functional excipients designed 

to ensure stability, efficacy, and patient acceptability. Due to the limited aqueous 

solubility of many keratolytic agents, co-solvents such as glycerin, ethanol, and 

propylene glycol are commonly used to enhance solubilization and improve dermal 
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penetration. These components also act as humectants, contributing to hydration of 

the stratum corneum and reduction of skin irritation. 

 

Fig. 3.3 Distribution of keratolytic preparations by active pharmaceutical 

ingredients, % 

 

Rheological modifiers and gelling agents, including carbomers, cellulose 

derivatives, xanthan gum, and polyacrylate crosspolymers, are widely used to 

provide structural integrity and desired viscosity of semisolid systems. These 

excipients ensure uniform distribution of active substances, prevent phase 

separation, and improve application properties. Emulsifying agents such as 

polysorbates and fatty alcohol derivatives are used in cream-based systems to 

stabilize oil-in-water emulsions and improve sensory characteristics. 

Emollients, including caprylic/capric triglycerides, squalane, and plant-

derived oils, are frequently incorporated to restore lipid barrier function and reduce 

potential irritant effects associated with keratolytic therapy. In advanced 

formulations, ceramide complexes are included to support epidermal barrier repair 

and enhance long-term skin tolerance. 

Preservative systems are essential components of aqueous keratolytic 

formulations due to their susceptibility to microbial contamination. Commonly used 

preservatives include phenoxyethanol and organic acid-based systems, selected 
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based on their compatibility with acidic pH environments typical for keratolytic 

products. Additionally, antioxidant components are sometimes introduced to prevent 

oxidative degradation of active substances and maintain formulation stability over 

time. 

pH adjustment plays a critical role in the performance of keratolytic systems, 

as it directly influences both chemical stability and biological activity of active 

ingredients. Buffer systems or neutralizing agents are therefore carefully selected to 

maintain an optimal pH range that ensures therapeutic efficacy while minimizing 

skin irritation. 

Overall, the current pharmaceutical market of topical keratolytic preparations 

demonstrates a clear trend toward multifunctional, well-tolerated dermocosmetic 

systems, particularly cream-gel formulations, which integrate keratolytic, 

moisturizing, and barrier-repairing functions within a single dosage form. 

 

3.2 Selection and justification of active pharmaceutical ingredients and 

excipients of the cream-gel 

The development of a topical keratolytic cream-gel requires a scientifically 

justified selection of active pharmaceutical ingredients and functional excipients that 

ensure a balanced combination of efficacy, safety, physicochemical stability, and 

patient acceptability. The formulation design is based on a multifunctional approach, 

where keratolytic, moisturizing, anti-inflammatory, and barrier-repairing effects are 

achieved through the rational combination of complementary substances (Table 3.1). 

Table 3.1 

Experimental design of cream-gel compositions with keratolytic activity 

Component 1 (%) 2 (%) 3 (%) 4 (%) 5 (%) 

1 2 3 4 5 6 

Lactobionic acid 5.00 5.00 5.00 5.00 5.00 

Urea 7.00 7.00 7.00 7.00 7.00 

Niacinamide 2.00 2.00 2.00 2.00 2.00 
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Continuation of tab. 3.1 

1 2 3 4 5 6 

Carbomer 0.60 0.70 0.80 0.90 1.00 

Triethanolamine 0.40 0.50 0.60 0.70 0.80 

Glycerin 5.00 5.00 5.00 5.00 5.00 

Polysorbate 80  1.00 1.00 1.00 1.00 1.00 

Caprylic/Capric triglyceride  5.00 5.00 5.00 5.00 5.00 

Squalane 3.00 3.00 3.00 3.00 3.00 

Phenoxyethanol 0.10 0.10 0.10 0.10 0.10 

Purified water to 100 to 100 to 100 to 100 to 100 

 

Lactobionic acid was selected as a modern representative of polyhydroxy 

acids (PHA), characterized by a gentle keratolytic effect combined with pronounced 

humectant and antioxidant properties. Due to its large molecular structure and 

multiple hydroxyl groups, it provides controlled exfoliation of the stratum corneum 

with minimal irritation potential, making it suitable for sensitive and compromised 

skin. In addition, lactobionic acid contributes to the improvement of epidermal 

hydration and supports skin barrier integrity through water-binding mechanisms. 

Urea is a physiologically relevant component of the natural moisturizing 

factor of the skin and is widely used in dermatological practice due to its dual 

mechanism of action. At the selected concentration, it exhibits both keratolytic and 

humectant effects, promoting the softening of hyperkeratotic tissue through 

disruption of hydrogen bonding within keratin structures. It also enhances skin 

permeability, thereby improving the penetration of other active substances into the 

epidermis. 

Niacinamide (nicotinamide), a biologically active form of vitamin B3, was 

included due to its multifunctional dermatological activity. It demonstrates anti-

inflammatory properties, reduces sebum production, and plays a key role in the 

restoration of the epidermal barrier by stimulating ceramide synthesis. Furthermore, 
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niacinamide contributes to the regulation of pigmentation processes and improves 

overall skin tolerance to active keratolytic agents. 

Carbomer was chosen as the primary gelling agent due to its ability to form 

stable three-dimensional polymer networks upon neutralization. It provides optimal 

rheological properties, including pseudoplastic flow behavior, high viscosity at low 

concentrations, and good spreadability, which are essential for uniform application 

of topical preparations. Carbomer also ensures physical stability of the dispersed 

system and prevents phase separation. 

Triethanolamine serves as a neutralizing agent for carbomer, enabling the 

formation of a stable gel structure through ionization of carboxyl groups and 

subsequent polymer swelling. Additionally, it allows precise adjustment of the pH 

of the formulation, which is critical for maintaining the stability and activity of acid-

sensitive components such as lactobionic acid and urea. 

Glycerin was incorporated as a classical humectant with strong hygroscopic 

properties. It enhances hydration of the stratum corneum by attracting and retaining 

water molecules, reduces transepidermal water loss, and improves the sensory 

properties of the formulation. Glycerin also contributes to improved skin comfort 

during keratolytic therapy, reducing the risk of irritation. 

Polysorbate 80 was selected as a non-ionic surfactant and emulsifying agent 

due to its excellent ability to stabilize oil-in-water systems and solubilize lipophilic 

components within hydrophilic gel matrices. It reduces interfacial tension between 

phases, ensuring thermodynamic stability of the dispersion system and preventing 

phase separation during storage. In addition, Polysorbate 80 is chemically stable 

over a wide pH range and demonstrates good compatibility with hydroxy acids, urea, 

and niacinamide, which is essential for maintaining the integrity of the 

multifunctional keratolytic formulation. Its inclusion enables uniform distribution of 

lipid phase components and contributes to the formation of a physically stable 

cream-gel system with improved texture and application properties. 

Caprylic/Capric triglyceride was incorporated as a physiologically compatible 

emollient and lipid phase component. It is characterized by a lightweight, non-greasy 



36 
 

sensory profile and high dermal tolerability, which makes it suitable for 

dermatological preparations intended for sensitive or compromised skin. 

Functionally, it acts as a skin-conditioning agent, reducing transepidermal water loss 

and improving skin softness and elasticity. Moreover, it serves as a solvent for 

lipophilic components and enhances the spreadability of the formulation. Its 

chemical similarity to naturally occurring skin lipids supports restoration of the skin 

barrier function and improves patient comfort during keratolytic therapy. 

Squalane was selected as a biomimetic lipid due to its close structural and 

functional similarity to endogenous sebum components. It plays an important role in 

reinforcing the epidermal lipid barrier and reducing transepidermal water loss 

without producing an occlusive effect. Squalane exhibits high oxidative stability, 

which contributes to the long-term physicochemical stability of the formulation. 

Additionally, it improves skin elasticity, smoothness, and overall tolerance of active 

keratolytic agents. Its inclusion is particularly important in formulations containing 

exfoliating acids, as it helps to balance potential irritant effects and enhances the 

overall dermatological acceptability of the cream-gel system. 

Phenoxyethanol was selected as a broad-spectrum preservative due to its 

effectiveness against bacteria and yeasts, as well as its stability over a wide pH range. 

It ensures microbiological safety of the aqueous gel system during storage and 

repeated use, while maintaining compatibility with the selected active substances 

and excipients. 

Purified water acts as the dispersion medium and continuous phase of the 

cream-gel system, ensuring homogeneous distribution of hydrophilic components 

and enabling the formation of a stable semisolid system. Its quality directly 

influences the stability, safety, and overall performance of the final dosage form. 

 

3.3 Development of the extemporaneous preparation technology of the 

cream-gel 

The development of the extemporaneous preparation technology of the 

keratolytic cream-gel is based on the principles of sequential formation of a 
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hydrophilic gel matrix and separate preparation of an aqueous solution of active 

substances followed by controlled phase integration. This approach ensures 

complete solubilization of water-soluble components, uniform distribution of active 

ingredients within the system, and stability of the rheological characteristics of the 

final dosage form. 

The technological process begins with preparatory operations, including 

calculation of required quantities of all components, accurate weighing using 

analytical balances, and preparation of working equipment. Particular attention is 

paid to maintaining process cleanliness and preventing contamination or loss of 

active substances. 

Step 1. Preparation of the gelling base (Solution A). Carbomer is dispersed in 

a portion of purified water under continuous stirring using a mechanical mixer 

equipped with an anchor-type impeller. The polymer is added gradually to ensure 

uniform wetting and to prevent agglomerate formation. The dispersion is left for 

complete hydration of carbomer until a homogeneous viscous system is formed. 

Control point 1: absence of lumps, uniform polymer dispersion, stable 

swelling of carbomer. 

Step 2. Preparation of the aqueous solution of active substances (Solution B). 

In a pre-measured amount of purified water, lactobionic acid, urea, and niacinamide 

are sequentially dissolved under continuous stirring until a clear or slightly 

opalescent solution is obtained. Separate preparation of the aqueous phase ensures 

complete solubilization of active substances and prevents local overconcentration in 

the final system. 

Control point 2: complete dissolution of active substances, absence of 

precipitate and mechanical impurities. 

Step 3. Preparation of the auxiliary lipid–emulsion phase. Phenoxyethanol is 

first dissolved in glycerin under continuous stirring until a clear and homogeneous 

solution is obtained, ensuring uniform distribution of the preservative and improving 

the microbiological stability of the formulation. After complete dissolution, 

polysorbate 80 is added to the glycerin phase and thoroughly mixed until a uniform 
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system is formed. Subsequently, caprylic/capric triglyceride and squalane are 

introduced under continuous stirring until a homogeneous lipid mixture is obtained. 

This phase contributes to improved sensory properties and stabilization of the 

dispersed system. 

Control point 3: complete dissolution of phenoxyethanol in glycerin, 

homogeneity of the glycerin–surfactant system, absence of phase separation after 

addition of lipid components. 

Step 4. Formation of the cream-gel system. The aqueous solution of active 

substances (Solution B) is introduced into the hydrated carbomer dispersion 

(Solution A) under continuous stirring. After that, the prepared lipid phase is added. 

The mixture is homogenized until a uniform emulsion–gel system with no visible 

heterogeneity is obtained. 

Control point 4: system homogeneity, absence of phase separation, and 

uniform consistency. 

Step 5. Neutralization and gel structure formation. Triethanolamine is added 

dropwise under continuous stirring. Neutralization of carbomer carboxyl groups 

leads to the formation of a three-dimensional polymer network and an increase in 

system viscosity. Mixing is continued until the gel structure is stabilized. 

Control point 5: achievement of target pH, formation of stable gel structure, 

reproducible viscosity. 

Step 6. Final mixing and system stabilization. After gel formation, slow 

mixing is performed to ensure complete homogeneity of the system and uniform 

distribution of all components. 

Control point 6: mass homogeneity, absence of local inconsistencies. 

Step 7. Sampling for intermediate quality control. Samples are taken for 

evaluation of organoleptic properties, pH, viscosity, and overall system uniformity. 

Step 8. Packaging and labeling. The finished cream-gel is packed into 30.0 g 

containers with dosing applicators. Labeling includes information on composition, 

batch number, and storage conditions. 
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Thus, the proposed technology is based on the separate preparation of aqueous 

and auxiliary phases followed by their controlled combination, ensuring complete 

solubilization of active substances, stability of the gel structure, and reproducibility 

of pharmaceutical properties of the cream-gel under laboratory manufacturing 

conditions. 

 

3.4 Determination of quality parameters and technological 

characteristics of the developed formulation 

The evaluation of quality parameters and technological characteristics of the 

developed cream-gel formulation is a key stage in substantiating its pharmaceutical 

suitability, stability, and potential for further dermatological application. A 

comprehensive assessment was carried out to determine the influence of carbomer 

concentration on the structural, rheological, physicochemical, and organoleptic 

properties of the system. The obtained results allow for the selection of an optimal 

formulation with balanced consistency, acceptable skin compatibility, and high 

colloidal stability (Table 3.2). 

Table 3.2 

Quality and technological characteristics of cream-gel samples 

Parameter Sample 1 Sample 2 Sample 3  Sample 4  Sample 5  

1 2 3 4 5 6 

Appearance Light semi-fluid 

gel 

Soft gel Uniform 

gel 

Dense 

homogeneous 

gel 

Very dense gel 

Homogeneity Satisfactory Good Very good Excellent Acceptable 

Color White, uniform White White White White, slightly 

opaque 

Odor Neutral Neutral Neutral Neutral Neutral 

pH (20°C) 5.47 ± 0.04 5.50 ± 

0.03 

5.52 ± 

0.02 

5.48 ± 0.02 5.46 ± 0.03 
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Continuation of tab. 3.2 

1 2 3 4 5 6 

Viscosity (20°C), Pa·s 7.8 ± 0.4 11.5 ± 0.6 16.2 ± 0.8 22.8 ± 1.1 31.5 ± 1.5 

Spreadability High Good Good Optimal Reduced 

Colloidal stability Stable Stable Stable Stable Stable 

Thermal stability Stable Stable Stable Stable Stable 

 

Sample 1, containing 0.60% carbomer, demonstrated insufficient structural 

strength. Although it exhibited good spreadability and acceptable organoleptic 

properties, its low viscosity and moderate thermal stability indicate an 

underdeveloped gel network, which limits its suitability for prolonged topical 

application. 

Sample 2 (0.70%) showed improved rheological characteristics compared to 

Sample 1, with better homogeneity and stability. However, the gel structure 

remained relatively weak, and the system lacked optimal mechanical resistance, 

which may affect its long-term physical stability. 

Sample 3 (0.80%) demonstrated a well-balanced set of properties, including 

good homogeneity, satisfactory viscosity, and stable colloidal behavior. 

Nevertheless, the sensory profile and spreadability, although acceptable, were not 

optimal for patient comfort and uniform application. 

Sample 4 (0.90%) exhibited the most favorable overall profile among all 

tested formulations. It combined excellent homogeneity, optimal pseudoplastic flow 

behavior, high thermal and colloidal stability, and balanced spreadability. The 

system formed a stable, structurally organized gel matrix that ensured uniform 

distribution of active substances and optimal sensory characteristics. These 

properties make Sample 4 the most suitable formulation for further development. 

Sample 5 (1.00%) demonstrated excessive gel structuring, resulting in 

reduced spreadability and slightly impaired sensory acceptability. Although its 

stability was generally satisfactory, the overly dense structure may negatively affect 

ease of application and patient compliance. 
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Thus, Sample 4 was identified as the optimal formulation due to its balanced 

rheological behavior, high physicochemical stability, and favorable organoleptic 

properties, which together ensure its suitability as a keratolytic cream-gel for topical 

use. 

 

CONCLUSIONS TO CHAPTER 3 

1. The pharmaceutical market of topical keratolytic preparations was 

analyzed, demonstrating its steady expansion and high level of diversification. It was 

established that modern dermatological products are increasingly oriented toward 

multifunctional systems combining keratolytic, moisturizing, anti-inflammatory, 

and barrier-repairing effects, which ensures their wide use in both therapeutic and 

dermocosmetic practice. 

2. The segmentation of topical keratolytic dosage forms was determined, 

revealing the predominance of cream-based formulations as the largest market 

segment, followed by gels and serums, while emulsion systems and patch 

technologies occupy smaller shares. A clear trend toward lightweight, non-greasy, 

and patient-friendly formulations with improved skin tolerability was identified. 

3. Lactobionic acid, urea, and niacinamide were scientifically 

substantiated as the key active pharmaceutical ingredients of the developed cream-

gel. Their combined action provides a synergistic keratolytic, moisturizing, anti-

inflammatory, and barrier-supporting effect, which is essential for the safe and 

effective management of hyperkeratotic and sensitive skin conditions. 

4. Carbomer was justified as a suitable gel-forming agent due to its ability 

to form stable three-dimensional polymer networks with controlled rheological 

behavior. Triethanolamine was selected as a neutralizing agent ensuring optimal gel 

structuring and pH adjustment, while glycerin and phenoxyethanol provide 

moisturizing and antimicrobial protection of the system. 

5. The experimental formulations of the cream-gel were developed with 

variation in carbomer concentration, and their comparative physicochemical and 

technological evaluation was performed. It was established that formulation 4 
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demonstrates the most balanced characteristics in terms of viscosity, spreadability, 

homogeneity, and overall technological performance. 

6. The extemporaneous preparation technology of the keratolytic cream-

gel was developed and scientifically justified. The process is based on the sequential 

preparation of a hydrated gel base, aqueous solution of active substances, and 

controlled incorporation of components, which ensures homogeneity of the system 

and reproducibility of quality parameters. 

7. The technological scheme of cream-gel preparation was elaborated, 

including the preparation of the gel base, dissolution of active ingredients in the 

aqueous phase, controlled mixing of phases, and neutralization step to form a stable 

polymeric gel network. Critical technological parameters such as mixing intensity, 

order of component addition, and pH control were defined. 

8. The quality and technological characteristics of the developed cream-

gel were evaluated using organoleptic, physicochemical, rheological, and statistical 

methods. The obtained results confirmed the stability of the system, acceptable pH 

within the physiological range, optimal rheological behavior, and satisfactory 

organoleptic properties, indicating the suitability of formulation 4 as the optimal 

variant for further development. 
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CONCLUSIONS 

 

1. The analysis of scientific literature demonstrated that cream-gels 

represent a modern and promising group of semi-solid dosage forms widely used in 

dermatological practice due to their favorable organoleptic properties, improved 

patient compliance, and ability to ensure effective delivery of active pharmaceutical 

ingredients into the skin. Current trends in formulation development are focused on 

optimizing therapeutic efficacy, physicochemical stability, and dermatological 

safety of such systems. 

2. It was established that keratolytic agents remain a key group of active 

substances in the treatment of hyperkeratotic skin conditions, including acne, 

psoriasis, xerosis, and other disorders associated with impaired keratinization. The 

literature confirms that substances such as salicylic acid, urea, and alpha-hydroxy 

acids exhibit pronounced keratolytic, moisturizing, and skin-renewing effects, while 

their rational combination allows reduction of irritation and improvement of 

therapeutic outcomes. 

3. The reviewed sources indicate that the physicochemical properties of 

keratolytic substances, including solubility, lipophilicity, stability at different pH 

levels, and compatibility with excipients, play a crucial role in the design of effective 

topical formulations. Proper selection of active ingredients and their concentrations 

significantly influences the safety, efficacy, and stability of cream-gel systems. 

4. It was determined that cream-gel dosage forms possess significant 

technological advantages compared with traditional semi-solid preparations, 

including improved rheological characteristics, enhanced spreadability, controlled 

release of active substances, and higher patient acceptability. The structure of cream-

gels, based on the interaction of emulsified and gel networks, ensures balanced 

physicochemical and sensory properties of the final product. 

5. Scientific literature also confirms that the incorporation of natural 

bioactive components, modern gelling agents, and advanced pharmaceutical 

technologies contributes to the development of multifunctional dermatological 
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systems. Such approaches enable the creation of stable, effective, and cosmetically 

acceptable keratolytic cream-gels that meet contemporary requirements of 

pharmaceutical practice and dermatological therapy. 

6. The physicochemical and pharmacotechnological characteristics of the 

selected components for the development of a keratolytic cream-gel were analyzed. 

The properties of lactobionic acid, urea, niacinamide, carbomer, triethanolamine, 

glycerin, phenoxyethanol, and purified water were considered in terms of their 

functional role in the formation of a stable semisolid gel system and in ensuring the 

therapeutic efficacy of the final formulation. 

7. A set of appropriate methods for quality evaluation of the developed 

dosage form was substantiated and systematized. The selected methodologies enable 

the determination of key quality attributes, including organoleptic characteristics, 

pH value, colloidal and thermal stability, rheological behavior, as well as overall 

homogeneity and physical stability of the system under storage and mechanical 

stress conditions. 

8. The pharmaceutical market of topical keratolytic preparations was 

analyzed, demonstrating its steady expansion and high level of diversification. It was 

established that modern dermatological products are increasingly oriented toward 

multifunctional systems combining keratolytic, moisturizing, anti-inflammatory, 

and barrier-repairing effects, which ensures their wide use in both therapeutic and 

dermocosmetic practice. 

9. The segmentation of topical keratolytic dosage forms was determined, 

revealing the predominance of cream-based formulations as the largest market 

segment, followed by gels and serums, while emulsion systems and patch 

technologies occupy smaller shares. A clear trend toward lightweight, non-greasy, 

and patient-friendly formulations with improved skin tolerability was identified. 

10. Lactobionic acid, urea, and niacinamide were scientifically 

substantiated as the key active pharmaceutical ingredients of the developed cream-

gel. Their combined action provides a synergistic keratolytic, moisturizing, anti-
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inflammatory, and barrier-supporting effect, which is essential for the safe and 

effective management of hyperkeratotic and sensitive skin conditions. 

11. Carbomer was justified as a suitable gel-forming agent due to its ability 

to form stable three-dimensional polymer networks with controlled rheological 

behavior. Triethanolamine was selected as a neutralizing agent ensuring optimal gel 

structuring and pH adjustment, while glycerin and phenoxyethanol provide 

moisturizing and antimicrobial protection of the system. 

12. The experimental formulations of the cream-gel were developed with 

variation in carbomer concentration, and their comparative physicochemical and 

technological evaluation was performed. It was established that formulation 4 

demonstrates the most balanced characteristics in terms of viscosity, spreadability, 

homogeneity, and overall technological performance. 

13. The extemporaneous preparation technology of the keratolytic cream-

gel was developed and scientifically justified. The process is based on the sequential 

preparation of a hydrated gel base, aqueous solution of active substances, and 

controlled incorporation of components, which ensures homogeneity of the system 

and reproducibility of quality parameters. 

14. The technological scheme of cream-gel preparation was elaborated, 

including the preparation of the gel base, dissolution of active ingredients in the 

aqueous phase, controlled mixing of phases, and neutralization step to form a stable 

polymeric gel network. Critical technological parameters such as mixing intensity, 

order of component addition, and pH control were defined. 

15. The quality and technological characteristics of the developed cream-

gel were evaluated using organoleptic, physicochemical, rheological, and statistical 

methods. The obtained results confirmed the stability of the system, acceptable pH 

within the physiological range, optimal rheological behavior, and satisfactory 

organoleptic properties, indicating the suitability of formulation 4 as the optimal 

variant for further development. 
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Асистент                                  Любов БОДНАР 
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Ф А2.2.1-36-042 

 

НАЦІОНАЛЬНИЙ ФАРМАЦЕВТИЧНИЙ УНІВЕРСИТЕТ 
 

ПОДАННЯ 

ГОЛОВІ ЕКЗАМЕНАЦІЙНОЇ КОМІСІЇ 

ЩОДО ЗАХИСТУ КВАЛІФІКАЦІЙНОЇ РОБОТИ 
 

Направляється здобувач вищої освіти Ayoub CHOUKRI-HAMIOUI до захисту 

кваліфікаційної роботи  

за  галуззю знань 22 Охорона здоров’я 

спеціальністю 226 Фармація, промислова фармація  

освітньо-професійною програмою Фармація  

на тему: «Development of the composition and technology of a cream-gel with keratolytic 

activity» 

 

Кваліфікаційна робота і рецензія додаються. 

 

Декан факультету   / Олександр ГОНЧАРОВ / 

 

 

 

Висновок керівника кваліфікаційної роботи 

 

Здобувач вищої освіти Ayoub CHOUKRI-HAMIOUI представив кваліфікаційну 

роботу, яка за об’ємом теоретичних та практичних досліджень повністю відповідає 

вимогам до оформлення кваліфікаційних робіт. 

 

Керівник кваліфікаційної роботи 

 

                                                          Тетяна КОВАЛЬОВА 

 

«13» травня 2026 р. 

 

 

Висновок кафедри про кваліфікаційну роботу 

 

Кваліфікаційну роботу розглянуто. Здобувач вищої освіти Ayoub CHOUKRI-

HAMIOUI допускається до захисту даної кваліфікаційної роботи в Екзаменаційній комісії. 

 

 

Завідувачка кафедри 

аптечної технології ліків 

 

_________________                                                       Лілія ВИШНЕВСЬКА 

 

«15» травня 2026 р. 
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