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Introduction. The development of effective and stable creams for the treatment of foot mycoses is especially 
relevant for the needs of the Armed Forces of Ukraine, due to the specific conditions that promote the occurrence of 
these infections. Creams are the optimal dosage form for topical treatment in field conditions, as they minimize 
systemic side effects and help preserve combat readiness. Studying the stability of the cream is critically important to 
ensure its efficacy and safety during long-term storage and use under challenging conditions, ultimately contributing 
to the rapid recovery of military personnel. 

The purpose of the study is to detect the effects of heat treatment on the proposed formulation of the topical 
cream «Myco-Protection Plus Active», taking into account the temperature range typically used in the technological 
process of preparing emulsion systems. 

Materials and methods. For the derivatographic analysis, the following were used: the experimental cream for topical 
treatment of foot mycoses, the emulsion-based carrier, and its individual components (glycerin, polyethylene glycol 400, sunflower 
oil, glyceryl stearate citrate, and PEG-100 glyceryl monostearate). Thermographic studies were conducted using a Shimadzu DTG-
60 derivatograph (Japan) with a platinum–platinum-rhodium thermocouple. Samples weighing 16.22 to 57.01 mg were heated 
in aluminum crucibles from 25°C to 200°C at a rate of 10°C per minute, using α–Al₂O₃ as the reference standard. The data were 
recorded in the form of T (temperature), TGA (mass change), and DTA (thermal effects) curves, enabling thermogram evaluation. 

Results. Thermal analysis data of the active pharmaceutical ingredient in the topical antifungal drug indicate that 2–
(((3–(2-fluorophenyl)–5–mercapto–4H–1,2,4–triazol–4-yl)imino)methyl)phenol is a thermally stable compound within the 
temperature range of 18 to 198°C. The thermal behavior of the excipients used in the topical semisolid formulation also 
demonstrates relative thermal stability within the studied temperature interval. Derivatographic analysis of the emulsion-based 
carrier shows a notable mass loss occurring at temperatures above 60°C. For example, at the fifth minute of the experiment, a 
mass change of 1.31 mg (3.62%) was observed at 61.22°C. By the twelfth minute, at a temperature of 133.25°C, a distinct 
endothermic effect (–117.30 µV) was detected, with a total mass loss of 18.48 mg (51.0%) from the original sample. The thermal 
effects observed in the thermogram of the cream containing the active pharmaceutical ingredient and the placebo cream were 
identical and closely matched those of the individual excipient components, confirming the absence of interactions between the 
ingredients. 

Conclusions. The study confirms the feasibility of producing the cream «Myco-Protection Plus Active» at 
temperatures up to 90°C without significant changes in its pharmacotechnological characteristics. Interactions 
between the active pharmaceutical ingredient and the excipients in the formulation of the topical antifungal agent 
were also identified. 

Key words: 2–(((3–(2-fluorophenyl)–5–mercapto–4H–1,2,4–triazol–4-yl)imino)methyl)phenol, «Myco-
Protection Plus Active», foot mycoses, topical cream, technological process, thermogravimetric analysis, 
derivatography, dosage form. 
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Вступ. Для потреб ЗСУ розробка ефективних та стабільних кремів для лікування мікозів стоп є особливо 
актуальною через специфічні умови, що сприяють розвитку цих інфекцій. Креми є оптимальною формою для 
місцевого лікування в польових умовах, мінімізуючи системні побічні ефекти та зберігаючи боєздатність. 
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Дослідження стабільності крему є критично важливим для забезпечення його ефективності та безпеки протягом 
тривалого зберігання та використання в складних умовах, сприяючи швидкому одужанню військовослужбовців. 

Метою роботи є детекція наслідків впливу термообробки запропонованого складу топічного крему 
«мікозахист плюс актив» з урахуванням температурного інтервалу, в якому зазвичай проводять технологічний 
процес виготовлення емульсійних систем. 

Матеріали та методи. Для дериватографічного аналізу використано експериментальний крем для 
топічної терапії мікозів стоп, емульсійну основу–носій та її компоненти (гліцерин, поліетиленоксид 400, олію 
соняшникову, гліцерил стеарат цитрат, гліцерил моностеарат ПЕГ 100). Термографічні дослідження проведено на 
дериватографі «Shimadzu DTG–60» (Японія) з платиново–платинородієвою термопарою. Зразки масою 16,22–57,01 
мг нагрівали в алюмінієвих тиглях від 25ºС до 200ºС зі швидкістю 10ºС в хвилину, використовуючи еталон α–Al2O3. 
Дані фіксували у вигляді кривих T (температура), TGA (зміна маси) та DTA (теплові ефекти), що забезпечило оцінку 
термограми. 

Результати. Дані термічного аналізу активного фармацевтичного інгредієнту топічного 
антимікотичного лікарського засобу свідчать про те, що 2–(((3–(2–флуорофеніл)–5–меркапто–4н–1,2,4–триазол–
4–іл)іміно)метил)фенол є термічно–стійкою сполукою в діапазоні температур від 18 до 198ºС. Аналіз термічного 
процесу допоміжних речовин м’якого лікарського засобу для зовнішнього застосування свідчать про відносну 
термічну стабільність сполук в досліджуваному інтервалі температур. Дериватографія основи–носія доводить, що 
при температурі вище 60 ºС відбувається інтенсивне зниження маси зразку. Так, п’ятій хвилині дослідження зміна 
маси зразку від початку експерименту склала 1,31 мг (3,62%) при температурі 61,22 ºС. На дванадцятій хвилині 
експерименту при температурі 133,25 ºС спостерігається виражений ендотермічний ефект (–117,30 uV), а маса 
зразку від початкової зменшилася на 18,48 мг (51,0%). Характер наявних теплових ефектів на дериватограмі крему 
з активним фармацевтичним інгредієнтом та крему–плацебо тотожні і практично співпадають з тепловими 
ефектами окремих складових допоміжних компонентів, що підтверджує відсутність взаємодії компонентів між 
собою. 

Висновки. Доведено можливість виробництва крему «мікозахист плюс актив» при температурі до 
90ºС без значних змін її фармакотехнологічних характеристик. Встановлено взаємодію між діючою та 
допоміжними речовинами у складі розробленого топічного антимікотичного засобу.  

Ключові слова: 2–(((3–(2–флуорофеніл)–5–меркапто–4н–1,2,4–триазол–4–іл)іміно)метил)фенол, 
«мікозахист плюс актив», мікози стоп, крем для зовнішнього застосування, технологічний процес, 
термогравіметричні дослідження, дериватографія, лікарська форма. 

 
Introduction. The development of effective and 

stable dosage forms for the treatment of foot mycoses 
is of particular importance in the context of the needs 
of the Armed Forces of Ukraine, who, under wartime 
conditions, face an increased risk of fungal skin 
infections. Military service conditions — characterized 
by intense physical exertion, wearing closed footwear, 
and close quarters among personnel — create a 
favorable environment for the spread of fungal skin 
infections, particularly foot mycoses, among soldiers. 
Creams, as a topical dosage form, are the optimal 
choice for treating this condition in field settings or 
where medical assistance is limited. They deliver the 
active substance directly to the affected area, 
minimizing the risk of systemic side effects, which is 
crucial for maintaining the combat readiness of 
military personnel. Given the potential for prolonged 
storage and the use of medications under challenging 
climatic conditions, the study of 
pharmacotechnological parameters, including the 
stability of the developed cream, is a critical factor in 
ensuring its effectiveness and safety throughout its 
shelf life. Providing military personnel with high-
quality, stable medications is key to their rapid 
recovery and return to operational duty. 

Ambient temperature is one of the key factors 
that can affect the physicochemical and 
pharmacotechnological properties of creams. 

Temperature fluctuations may lead to phase 
separation, crystallization of ingredients, and changes 
in viscosity and consistency. Moreover, thermal 
influence can accelerate degradation processes, 
including oxidation, hydrolysis, and alter the rate and 
completeness of active ingredient release from the 
cream matrix. It can also reduce the efficacy of 
preservatives and increase the risk of microbial 
contamination. Given these potential risks, the study of 
temperature effects on the pharmacotechnological 
properties of creams used for the topical treatment of 
foot mycoses is highly relevant and valuable for the 
reasons outlined above. 

The results of comprehensive 
pharmacotechnological, biopharmaceutical, 
physicochemical, rheological, and microbiological 
studies conducted by the Department of Military 
Pharmacy at the Ukrainian Military Medical Academy 
in collaboration with the National Military Medical 
Clinical Center «Main Military Clinical Hospital», Kyiv 
(with the standard sample of the active substance 
provided by NUNVF LLC «Brovapharma» in 
accordance with the «Pilot-Production Technological 
Regulation for the Manufacturing of 2–(((3–(2-
fluorophenyl)–5-thio–4H–1,2,4–triazol–4-
yl)imino)methyl)phenol», valid until December 31, 
2034), made it possible to determine the optimal 
cream formulation based on an emulsion base 
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containing 2–(((3–(2-fluorophenyl)–5–mercapto–4H–
1,2,4–triazol–4-yl)imino)methyl)phenol (provisional 
name: «Myco-Protection Plus Active») for the topical 
treatment of foot mycoses. These findings provide a 
strong basis for predicting the clinical value of this 
dosage form [1, 2]. 

One of the most critical technological factors 
that directly affects the quality of semisolid 
pharmaceutical forms is the temperature regime 
during manufacturing. This is due to the production 
necessity of conducting prolonged heat treatment 
during the preparation of both cream carriers and the 
technological operations involved in producing the 
topical pharmacotherapeutic agents themselves. Such 
processes pose certain risks of interactions between 
active pharmaceutical ingredients (APIs) and 
excipients, which are integral to the formulation. These 
interactions may lead to changes not only in the 
consistency of the product but also in its 
pharmacological properties [3–5]. 

Their identification is most appropriately 
carried out using thermogravimetric analysis (TGA), 
which provides an objective assessment of the 
potential for changes in pharmaceutical formulations 
within specific temperature ranges [6, 7]. 

The purpose of the study is to detect the effects 
of heat treatment on the proposed formulation of the 
topical cream «Myco-Protection Plus Active», taking 
into account the temperature range typically used 
during the technological process of preparing 
emulsion systems. 

Materials and Methods. The following objects 
were used for derivatographic studies: the 
experimental cream «Myco-Protection Plus Active» for 
the topical treatment of foot mycoses, the emulsion-
based carrier of the dosage form, as well as its 
individual components — glycerin, polyethylene glycol 
400, sunflower oil, glyceryl stearate citrate, and PEG-
100 glyceryl monostearate. 

Thermographic analysis was carried out 
using a Shimadzu DTG-60 derivatograph (Japan), 
equipped with a platinum–platinum-rhodium 
thermocouple. The test samples were heated in 
aluminum crucibles within a temperature range of 
25°C to 200°C, using α–Al₂O₃ as a reference 
substance. The sample weights ranged from 16.22 
mg to 57.01 mg, with a heating rate of 10°C per 
minute. The derivatograph recorded data by 
generating differential curves T, DTA, and TGA:  

• The T curve reflects temperature changes,  
• The TGA curve captures mass fluctuations 

of the sample, and 
• The DTA curve registers endothermic and 

exothermic peaks, enabling the differentiation of 
thermal effects and an overall assessment of the 
thermogram. 

Results. The derivatograms of the active 
pharmaceutical ingredients and excipients of the 
topical antifungal pharmacotherapeutic agent are 
presented in Figures 1–7, respectively. 

 
Figure 1. Derivatogram of 2–(((3–(2-fluorophenyl)–5–mercapto–4H–1,2,4–triazol–4-

yl)imino)methyl)phenol 
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Thermal analysis data of the active 
pharmaceutical ingredient in the topical 
antifungal formulation indicate that 2–(((3–(2-
fluorophenyl)–5–mercapto–4H–1,2,4–triazol–4-
yl)imino)methyl)phenol is a thermally stable 

compound within the temperature range of 18°C 
to 198°C. At the twenty-second minute of the 
experiment, at a temperature of 251.45°C, an 
endothermic effect (–81.95 µV) was observed, 
along with a 45% mass loss of the sample. 

 
Figure 2. Derivatogram of glycerin 

 
Figure 3. Derivatogram of polyethylene glycol 400 (PEG 400) 
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Figure 4. Derivatogram of sunflower oil 
 

 
Figure 5. Derivatogram of glyceryl stearate citrate (emulsifier Ercawax CE V) 
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Figure 6. Derivatogram of PEG-100 glyceryl monostearate (emulsifier Emulpharma 165) 
 
Analysis of the thermal behavior of the 

excipients in the topical semisolid 
pharmacotherapeutic agent (Figures 2–6) 
indicates the relative thermal stability of the 
compounds within the studied temperature range. 

Derivatographic analysis of the emulsion-
based carrier (Figure 7) demonstrates that 
intensive mass loss of the sample begins at 

temperatures above 60°C. At the fifth minute of the 
study, the mass loss from the start of the experiment 
was 1.31 mg (3.62%) at a temperature of 61.22°C. 
By the twelfth minute, at 133.25°C, a pronounced 
endothermic effect (–117.30 µV) was observed, and 
the sample mass had decreased by 18.48 mg 
(51.0%) from its original value. 

 
Figure 7. Derivatogram of the placebo cream 
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The thermal analysis results of the proposed 
topical antifungal cream (Figure 8) indicate a 
gradual loss of mass during the 
thermogravimetric evaluation. At the fourth 
minute, at 56.23°C, the sample exhibited a mass 
loss of only 2.3% (0.93 mg). By the eighth minute, 
at 97.12°C, the loss increased to 17.02% (6.98 mg). 

At the twelfth minute, at 137.08°C, the total loss 
reached 51.44% (19.92 mg). Finally, at the twenty-
second minute, at 247.98°C, the cumulative loss 
was 37% (25.84 mg) of the initial mass. This is 
most likely due to the evaporation of water from 
the cream formulation. 

 
Figure 8. Derivatogram of the “Myco-Protection Plus Active” cream. 
 
The thermal effects observed on the 

derivatogram of the «Myco-Protection Plus 
Active» cream containing the active 
pharmaceutical ingredient and the placebo cream 

are identical and closely match the thermal effects 
of the individual excipient components. This 
confirms the absence of interactions between the 
components in the formulation. 

Conclusions 
1. It has been experimentally confirmed that 

the technological process of producing the cream 
«Myco-Protection Plus Active» can be carried out 
at temperatures up to 90°C without any critical 
changes in the pharmacotechnological parameters 
of this topical pharmacotherapeutic agent, taking 
into account the thermal characteristics of the 
formulation's components. 

2. It was found that the developed topical 
antifungal agent, based on an emulsion system, is 

a multicomponent formulation that includes the 
active substance along with several excipients. A 
key outcome of the study is the confirmation of the 
absence of incompatibilities or undesirable 
interactions between these components. This 
supports the rationality of the chosen formulation 
and manufacturing process, which will help 
preserve the pharmacotechnological properties of 
the product throughout its shelf life. 
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