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ANALYSIS OF THE TEMPERATURE FACTOR'’S INFLUENCE ON THE PHARMACOTECHNOLOGICAL
PARAMETERS OF THE EXPERIMENTAL CREAM «MYCO-PROTECTION PLUS ACTIVE» FOR LOCAL
THERAPY OF FOOT MYCOSES
(in the context of medical support needs of the Armed Forces of Ukraine)

R. L. Prytula’, 0. P. Shmatenko?, I. V. Bushueva?, V. V. Parchenko?, 0. P. Kileyeva3

INational Military Medical Clinical Center «Main Military Clinical Hospital», Kyiv, Ukraine
2Ukrainian Military Medical Academy, Kyiv, Ukraine
3Zaporizhzhia State Medical and Pharmaceutical University, Zaporizhzhia, Ukraine

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 a-ALO; 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 uV) 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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Bcmyn. /l1s nompe6 3CY po3pobka egpeKmugHUX ma cmabiabHUX KpeMie 0151 JIIKY8aHHs MiKo3ie cmon € 0co6au8o
aKmya/bHo vepe3 cneyugivHi yMosu, wo chpusitomb po3sumky yux iHgekyiil. Kpemu € onmumasavHow ¢opmoro 0as
Micyego20 JIKY8AHHS 8 NOALOBUX YMO8aX, MIHIMI3yr4u cucmemHi nobiuHi egpekmu ma 36epizaiouu 60€30amHicmo.
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HocaidscerHs: cmabineHocmi Kpemy € Kpumu4HO 8axc/IU8uM 0151 3abe3neveHHst tioeo edhekmugHocmi ma 6e3neku npomsizom
mpuea.1020 36epizaHHsi ma 8UKOPUCMAHHS 8 CKAAOHUX YMO8aX, CNPUSIHOHU WEUOKOMY 00YHCAHHIO 8ilICbKOBOC/YHCO08Y 8.

Memoto po6omu e demekyis Hacaiokie enaugy mepmoob6pobKU 3anponoHOBAHO20 CKAAJY MONIYHO20 Kpemy
«MIKO3axucm n/wc akmug» 3 ypaxyeaHHsIM memnepamypHoz20 iHmepeasy, 8 SKoMy 3a38uvdii nNpoeodsimb mexHo102iYHUll
npoyec 8U20MOG/eHHSsl eMY/bCILIHUX cCUCMEM.

Mamepiaau ma memodu. /[is depusamozpaghiuvHozo aHatizy BUKOPUCMAHO eKCNepUMEHMAAbHULl Kpem 045
moniuHoi mepanii Miko3ie cmon, eMmyAbCIliHy 0cHo8y-HOCIll ma ii komnoHeHmu (aaiyepuH, nosiemuseHokcud 400, oito
COHSIWHUKOBY, 21iyepus cmeapam yumpam, 2aiyepui moHocmeapam I1ET 100). Tepmoepagiumi docaiosceHHs1 nposedeHo Ha
depusamozpagi «Shimadzu DTG-60» (FInoHist) 3 n1amuHo8o-n1amuHopodiegoio mepmonaporo. 3pasku macoro 16,22-57,01
Me Hazpisaau 8 antominieaux muassix 8id 259 do 200°C 3i wisudkicmio 10°C 8 xeunuHy, sukopucmosyiovu emanoH a-Al20s.
Hani ixcysanu y suensnoi kpusux T (memnepamypa), TGA (3mina macu) ma DTA (mennosi epekmuy), wjo 3a6e3ne4us10 OyiHKy
mepmozpamu.

Pesyabmamu. /[laHi mepmiuHO20 aHANi3y —aKMUBHO20 — (papMayesmuyvHoz0  iHzpedieHmy  moniuHO20
AHMUMIKOMUYHO20 AIKAPCbK020 3acoby ceiduamsb npo me, wjo 2-(((3-(2-¢yopogpenin)-5-mepkanmo-4n-1,2,4-mpuazon-
4-in)imino)memus)geHon € mepmivHo-cmitikoro cnoaykoro 8 dianasoHi memnepamyp eid 18 do 1989C. AHaniz mepmiuHO20
npoyecy O0ONOMINCHUX pPe408UH M’SIKO20 JIKAPCbKO20 3aco6y 011 308HIWHLO20 3ACMOCY8AHHS C8IdUamb npo Gi0HOCHY
mepMmiuHy cmabi/ibHiCMb cnoJ1yk 8 docaidxcysaHoMy iHmepeasi memnepamyp. Jlepusamozpaghist 0cHo8U-HOCIs1 00800umMb, ujo
npu memnepamypi suwje 60 °C gid6ysaembcsi iHmeHcusHe 3HUMCEHHS Macu 3pasky. Tak, n’amiti xeuuHi docaidxceHHs 3mMiHa
Mmacu 3pasky eid novamky ekcnepumenmy ckaaaa 1,31 me (3,62%) npu memnepamypi 61,22 °C. Ha deanadysimiti XeuauHi
ekcnepumeHmy npu memnepamypi 133,25 2C cnocmepizaemucsi supadiceHuti eHdomepmiunuil egpekm (-117,30 uV), a maca
3pasky 8id noyamkoeoi ameHwunacs Ha 18,48 me (51,0%). Xapakmep HasisHux mensosux edpekmis Ha depusamozpami Kpemy
3 GKMUBHUM (PapMayesmuvHUM iHepedieHmom ma Kpemy-n/aaye6o momoxcHi i npakmuyuHo cnignadaroms 3 meniogumu
egpekmamu OKpeMux ckaadosux dONOMIHCHUX KOMNOHEHMIB, W0 nidmeeporcye 8i0cymHicmb 83aEMO0Il KOMNOHEHMI8 Midc
co60t0.

BucHosku. [logedeHo Moxcau8IicmMb 8UPOGHUYMBA KpeMy «MIKO3axucm narc akmue» npu memnepamypi do
90°C 6e3 3HayHuUx 3MmiH ii papmakomexHos02iYHUX Xapakmepucmuk. BcmanosaeHo e3aemodito mixc dirouoro ma
doNnoOMiHCHUMU pevo8UHAMU Y CKAADT po3p061eH020 MONiYHO20 AHMUMIKOMUYHO20 3aCO0Y.

Knawuosi cnaoea: 2-(((3-(2-¢ayopogenin)-5-mepkanmo-4H-1,2,4-mpuason—4-in)imino)memun)geHroan,
«MiKO3axucm njawc akmue», MiKo3u cmon, Kpem 0/151 308HIWHbO20 30CMOCYBAHHS, MEXHO/A02i4HULl npoyec,
mepMozpasimempuuHi docaidxceHHs, depusamozpadis, sikapcovka gpopma.

Introduction. The development of effectiveand ~ Temperature fluctuations may lead to phase

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.

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)Jimino)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 a-Al,0; 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:

e The T curve reflects temperature changes,

e The TGA curve captures mass fluctuations
of the sample, and

e 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.

DTA TGA Temp
uv mg C
0.00- 16.00- 5‘T3mm 10.06min —
18020 118,04C ) 17:7gmin
16.22mg 16.149myg 193.030\
0.13min . e \'x
20.00 ST TS g 200.00
14,00 0.08uv .
10.06min
113.iEI-1IC\ |
«40.00- 32,3400 .
12.00- |
\\ 'I - 10000
|
60,00 o .
port 22.09min
10.00- S 251 45C
I s1.g8uv
™. _?2.§5min
-80.00- 5,420
. . . 8.87mg
0.00 10,04 20,00
Time [min]

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

DTA TGA

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 pV) was observed,
along with a 45% mass loss of the sample.
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Figure 2. Derivatogram of glycerin
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Figure 3. Derivatogram of polyethylene glycol 400 (PEG 400)
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Figure 4. Derivatogram of sunflower oil

DTA TG, Termp
uv C
0.0¢" 0. 13min 4Zmin
N.S&E‘xm 63,350 12.56min_
3T42mg - 3T.41mg 149,380
HHQ‘B ) 37.12mg “\
- ; “28rnin N
OG0 13min §3.30C. X - 200,00
-20,00 20.50C . ’ \
0.30uy : . - \
\\.H‘ l‘\"-._
\\h‘\ .\.
| .‘\ p ._.-" \"-I
4000 34.00 M“\ \
T2.56min Y
149,400
42, TEN~, -". 4 100,00
23 0%min
60,00 3200 S 248.26C
", -T9.05u
‘H-.\_‘ :
. )
. . 22.08min
-20,00- ' 243 2TC |
W00 . , 30.85myg
o.o0 1000 2000
Timvee [rrin]

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 uV) was observed, and
the sample mass had decreased by 18.48 mg
(51.0%) from its original value.

DTA TGA Tame
uy mg ¥
0.00- (AT
18.60C " Fdfmin
36.24my " 5;3_le
34,9300
T { 200.00
30,00 0.15min
1857C  4.46min " 1y.43min
0080 §1240 133260 -
5000 SERLNY 37| e
£ I. - s
Y asmin
158,90C .
56,730 ey
, 1143 S~ 100.00
20,00 ::3-,'-256 22.52min
| 17, T6m
1l ! 13.87min 24ap3c
- S 1ssic 81210
e 12.04min E;gg:‘ —-16.24mg
138.84C li?_wmg It 22,52min
T30V | 248,590
. . ) 12.58mg
0.00 0.00 2000
Time [min]

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,
at97.12°C, thelossincreased 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.

OTA TGA Temp
lu‘u'i mg c
0,00 s I T
' | 22400~ +55min
41.00mg - 56.230.
| 4ﬂ,§lf3mg \_
~
=20,00- | 0. 15min ) "‘.\l "'.\. - 20000
| 2239c  3.55min T, 46min
-0.250y  I0.22C ami2c
| 10,780 34 Odeig._
30.00- 7 46min .
40,00 I ar11c \11(3:5min
| =24 450 137.09C
3450
|
| T 100.00
60,00 \ ey 22.00min
[ 11-35min . T8EC
2000 137080~ . ~80.08uV
| Ad0mg .
| T e 22.00min
-20.00- | T 247, 860
. , . 15.18ma
0.00 10,00 2000
T [rmin]

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
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
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