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Research goal. The aim of the work was to investigate stress degradation and determine the stability of the substance and injection solution
of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate (API) to determine storage conditions and establish shelf life.

Research materials. The substance API was synthesized earlier. The chromatographic system used was Agilent 1260 Infinity HPLC,
equipped with a diode array detector and a single quadrupole mass spectrometric detector Agilent 6120. Software was OpenLAB CDS.

Methods, research results, and their discussion. The stability determination procedure of the substance and injection solution involves
maintaining the dosage forms at a temperature higher than the average storage temperature and constant monitoring of the quantitative
content of the active substance during storage. Investigation of stress-induced thermal degradation was conducted in a dry heat oven.
Additionally, samples of sodium 2-((4-amino-5-thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate with hydrogen peroxide, 0.1 M
alkali, and 0.1 M acid were kept at room temperature for 4 days. The influence of ultraviolet (UV) irradiation on the substance and solution
of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate was also investigated. HPLC system was used to monitor
the quantitative content of the active substance. It has been established that the shelf life of substance API and a 1% solution of sodium
2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate is at least 2 years. Hydrogen peroxide and ultraviolet radiation have
the greatest impact on sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate, so it is recommended to store the
observed objects in conditions free from solar radiation.
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JOCJIIXKEHHSI CTPECOBOI JETPAJAINI I BHU3HAYEHHSI CTABLIBHOCTI CYBCTAHIOII TA
IH’EKLUIAHOIO PO3YHAHY HATPIA 2-(4-AMIHO-5-TIO®EH-2-IJIMETHJI)-4H-1,2,4-TPIA30JI-3-LJ1)TIO)
AIIETATY

3anopizvkuii deporcagruil medurko-papmayesmuynuil yHisepcumem, 3anopigicoics, Ykpaina

[Tpouenypa BH3HA4YCHHS CTaOUIFHOCTI CyOCTaHIIT Ta 1H’ €KIIITHOTO PO3YKHY BKIIFOYAE YTPUMAHHS JIIKApCHKUX (OPM Y pasi Temreparypu,
BHIIOI 33 CEepeHIO TeMmreparypy 30epiraHss, Ta B mpoleci 30epiraHHs MOCTIHHUH KOHTPOJIb KUJIBKICHOTO BMICTY [il040i PEYOBHHH.
JlocmipKeHHsT CTpecoBol TepMIiYHOI aerpanamnii IMpOBOAMIOCE y CyX0Xkaposiii madi, kpiM Toro, 3pa3ku Harpiid 2-((4-amiHo-5-TiodeH-2-
imvernin)-4H-1,2,4-tpiason-3-imrio)anerary (A®I) 3 H,0,, 0.1 M myry i 0.1 M Kuc10TOI0 TpHMAIIM 3a KIMHATHOI TEMIEpATypH HPOTATOM
4 nuiB. Takox JOCITIIKEHO BIUIMB YIBTPadioneToBOro BHUIPOMIiHIOBaHHs Ha cyOcraHiiio i po3unH ADIL. I KOHTPONIO KilbKiCHOTO
BMICTY Aif0401 pedoBHHH BUKopHcTamn cuctemy Agilent 1260 Infinity HPLC, niogHo-mMaTpuuHMi TETEKTOp Ta OXHOKBAAPYIOIBHUH Mac-
creKTpoMeTpraHui neTektop Agilent 6120 3 ioHi3awi€0 B eleKTpocHpei.

Kurouosi ciioa: 1,2,4-Tpia3onu, akTHBHUN (papMalieBTHYHUH IHIPEIIEHT, TEPMiH MPUAATHOCTI, CTPECOBA Jerpaallis, mapeHTepaibHa
JKapcbKka opma.

Introduction. In the modern world, derivatives of
1,2,4-triazole-3-thione have attracted significant attention
from researchers, as they exhibit various biological proper-
ties, and scientists, in turn, are interested in the search for
new biologically active compounds [1-6]. One example of
creating active pharmaceutical ingredients (API) and dos-
age forms based on derivatives of 1,2,4-triazole-3-thione
is sodium 2-((4-amino-5-thiophen-2-ylmethyl)-4H-1,2,4-
triazol-3-yl)thio)acetate, for which experimental evidence
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of actoprotective and stress-protective action has been
confirmed [7]. Previous studies have analyzed the patterns
of maintaining API and possible technological impuri-
ties, such as 2-(thiophen-2-yl)acetohydrazide, potassium
2-(2-(thiophen-2-yl)acetyl)hydrazine- 1-carbodithioate, and
4-amino-5-(thiophen-2-ylmethyl)-2,4-dihydro-3H-1,2,4-
triazole-3-thione, under reversed-phase chromatography
conditions. Special attention was paid during the research
to studying the influence of the eluent composition on the
characteristics of analyte retention. Additionally, within
the scope of investigating the thermodynamic functions of
chromatographic retention of API sodium 2-((4-amino-5-
thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate
and its impurities [8], it was possible to theoretically and
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practically consider the thermodynamic process of trans-
ferring API and their impurities from the mobile phase to
the stationary phase, study the dependency of the retention
of the aforementioned compounds on temperature, and
based on the obtained data, improve the methodology of
quantitative determination of API sodium 2-((4-amino-5-
thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate
using high-performance liquid chromatography. Isotonic-
ity determination of the potential dosage form based on
API was also carried out [9], during which, based on the
experimental data obtained, depression of the crystalliza-
tion temperature and calculations were conducted to estab-
lish and scientifically justify the final composition for the
preparation of an isotonic 1% aqueous solution of sodium
2-((4-amino-5-thiophen-2-ylmethyl)-4H-1,2,4-triazol-
3-yDthio)acetate for parenteral application.

In the development of quality control methodologies
for pharmaceutical substances, one of the important and
key stages is the investigation of accelerated stress degra-
dation of API in substances and various dosage forms. This
research allows predicting the impact of the environment on
the pharmaceutical substance and enables the development
of storage conditions. Moreover, the investigation of stress
degradation of API is necessary to confirm the selectivity
of analysis methodologies in the presence of various deg-
radation products. Additionally, determining the stability
and establishing the shelf life of the substance and dosage
form is very important, as every developed pharmaceutical
preparation, besides specific storage conditions, must be
maximally effective and safe for application. Ignoring stor-
age rules and expiry dates of medicines can lead to changes
in their composition, resulting in side effects, loss of effec-
tiveness, and in some cases, improperly stored medicines
can become a source of toxins or other harmful substances.

The aim of the work involves stress degradation inves-
tigation and stability determination of the substance and
1% aqueous injection solution of sodium 2-((4-amino-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate
to determine storage conditions, establish shelf life, and
sensitivity to external environmental factors.

Research materials. The research object is sodium
2-((4-amino-5-thiophen-2-ylmethyl)-4H-1,2,4-triazol-
3-yl)thio)acetate, which has experimentally proven acto—
and stress-protective effects. The substance was synthe-
sized at the Department of Toxicological and Inorganic
Chemistry of Zaporizhzhia State Medical University by
Doctor of Pharmacy A.A. Safonov.

Reagents and solvents — CH,CN for HPLC classification
Super Gradient (Avantor Performance Materials Poland
S.A., Poland), HCOOH “For analysis” (98%) (Appli-
Chem GmbH, Germany), 3% solution of H,0, (PC VIOLA
LLC, Ukraine), 0.1 M solution of NaOH, 0.1 M solution
of HCI, high-quality purified water (Q, 18 MQ, 25 °C).
For the preparation of high-quality purified water used
Direct Q 3UV (Millipore, Molsheim, France).

During the investigation of the UV radiation influence,
a fluorescent ultraviolet lamp YF UV-9W was used (with
a long-wave ultraviolet range and a maximum emission
wavelength of 365 nm).

The quantitative content of API was monitored using a
patented high-performance liquid chromatography (HPLC)
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method [10] (priority belongs to Zaporizhzhia State Med-
ical University). The chromatographic system used was
Agilent 1260 Infinity HPLC, equipped with a diode array
detector and a single quadrupole mass spectrometric detec-
tor Agilent 6120. The column used was Zorbax SB-C18;
30 mm x 4.6 mm; 1.8 pum. The mobile phase consisted of
water (0.1% formic acid) and acetonitrile (0.1% formic acid)
(75:25). The flow rate of the eluent was 0.4 pL/min. The
wavelength of the diode array detector was set at 232 nm.
Mass spectrometry was performed in scanning mode within
the range of m/z 100-2000. The injection volume was
0.5 uL for accelerated degradation and 2 pL for stability
investigation using accelerated aging method. The flow rate
of the drying gas (nitrogen) was set to 10 L/min, and the
gas pressure was 55 psi.

The working solutions were prepared according to the
requirements of the State Pharmacopoeia of Ukraine, sec-
tion “Reagents” [11].

Methods, research results, and their discussion.
During the investigation of stress degradation, samples of
the API sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-
1,2,4-triazol-3-yl)thio)acetate were collected daily over a
period of 4 days of exposure to each stress factor. These
samples were prepared for injection and analyzed using
HPLC. The percentage content was determined based on
the OpenLab CDS Software report using the signal from
the diode array detector at a wavelength of 232 nm [10].

Degradation under laboratory conditions: substance
and a 1% aqueous solution of the API were stored at room
temperature under laboratory conditions [12].

Thermal degradation: substance and a 1% aqueous
solution of the API were stored in a dry heat oven at a tem-
perature of 70°C [12].

Oxidative degradation: 10 mg of the API substance was
dissolved in 1 mL of 3% H,0,, and the influence of the
oxidizing agent was investigated [12].

Alkaline and acid hydrolysis: to study the influence of
an alkaline or acidic environment, 10 mg of the API sub-
stance was separately dissolved in 1 mL of 0.1 M NaOH
and in 1 mL of 0.1 M HCI1 [12].

Ultraviolet degradation: substance and a 1% aqueous
solution of the API were subjected to UV radiation [12]. The
samples were mixed at intervals of 4 hours during the study.

To prepare a 1% aqueous solution of the API for stud-
ying degradation under laboratory conditions, thermal and
ultraviolet degradation, 10 mg of the API substance was dis-
solved in 1 mL of high-quality purified water. Similarly, for
the investigation of the substance, 10 mg of the API sub-
stance was dissolved in 1 mL of high-quality purified water.

The results of determining the quantitative content of
the API sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-
1,2,4-triazol-3-yl)thio)acetate after exposure to degradation
factors are presented in Table 1. The quantity of the API in
the substance and prepared solutions was taken as 100%.

Degradation under laboratory conditions: during stor-
age of the 1% solution of the API at room temperature under
laboratory conditions, the percentage of the main substance
remained almost unchanged, with changes from the initial
percentage content at the beginning of the experiment to its
end being approximately 0.17%. Storage under laboratory
conditions did not affect the substance.
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Thermal degradation: under the influence of high tem-
perature (70°C), the 1% solution of the API degraded by
approximately 0.37%. Thermal degradation had almost no
effect on the substance over 4 days (~0.1%).

Oxidative degradation: the influence of 3% hydrogen
peroxide over 4 days results in a decrease in the concentra-
tion of the API by approximately 30% (Figure 1).

3% H,0,

100
90
80

70

API content (%)

60

Day

Fig. 1. The degradation curve of the API sodium
2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-
3-yDthio)acetate under the influence of 3% hydrogen

peroxide

Alkaline and acidic hydrolysis: under the action of
0.1 M NaOH and 0.1 M HCl solutions, the quantitative con-
tent of the API remained substantially unchanged through-
out the experiment (approximately ~0.1% in both cases).

Ultraviolet degradation: ultraviolet irradiation over
4 days leads to the decomposition of the 1% solution of the
API by more than 20% (Figure 2). At the same time, the
content of the API in the substance almost did not change
during UV irradiation.
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UV irradiation, 1% solution
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Fig. 2. Degradation curve of the 1% solution of sodium
2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-
3-yDthio)acetate under ultraviolet irradiation

Stability studies and determination of the shelf life of
sodium  2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2 4-tri-
azol-3-yl)thio)acetate were conducted using the “accelerated
aging” method, which involves exposing the test sample of
the pharmaceutical formulation to a temperature higher than
the average room temperature (~20°C). The substance API
and the 1% solution (in 3 series each) were investigated under
conditions of 40°C storage in a drying cabinet. Samples for
analysis were taken every 60 days, prepared for injection, and
analyzed using HPLC (3 series of 6 replicates each). Quanti-
tative content control was performed based on the OpenLab
CDS Software report using the signal from the diode array
detector at a wavelength of 232 nm. The experiment lasted for
six months, which corresponds to a shelf life of 2 years when
storing the pharmaceutical formulation at room temperature.

Preparation of a 1% solution of the API for the inves-
tigation was carried out by dissolving 100 mg of sodium
2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-
3-yl)thio)acetate in 10 ml of high-quality purified water,
while for the investigation of the API substance itself,
10 mg of the API substance was dissolved in 1 ml of
high-quality purified water. Samples were stored in 10 ml
ampoules made of NS-3 glass.

Table 1

The quantitative content of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate
under different degradation conditions

Degradation conditions 0 1 Experlmze nt day 3 2
Laboratory conditions, substance 99.85 99.84 99.81 99.81 99.80
Laboratory conditions, 99.51 99.45 99.37 99.37 99.34
1% solution
Dry heat oven 70°C, 99.70 99.68 99.65 99.61 99.59
substance
Dry heat oven 70°C, 99.49 99.41 99.28 99.16 99.12
1% solution
3% hydrogen peroxide 99.53 90.12 82.76 75.32 70.84
0.1 M NaOH solution 99.61 99.58 99.51 99.49 99.50
HCI1 0.1 M solution 99.57 99.55 99.51 99.51 99.45
Impact of UV radiation, 99.35 99.34 99.12 99.11 99.09
substance
Impact of UV radiation, 99.81 95.16 89.82 83.19 78.41
1% solution
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The results of the investigation of the series of 1% aqueous
solution of the API and the substance throughout the experi-
ment are presented in Tables 2 and 3, as well as in Figure 3.

Fig. 3. The absorption spectrum of sodium
2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-
3-ylthio)acetate in the UV region after storage at 40°C
(spectrum corresponds to 60, 120, 180 days of storage,
there were no significant changes); a — spectrum
of 1% solution; b — spectrum of substance

The shelf life (C) at the average storage temperature
(~20°C) is directly proportional to the experimental shelf
life (C,) at the elevated storage temperature (40°C) and has
the following relationship:

C=C,xK

Conformity coefficient (K) t o e = 20°C is 4.

The analysis using HPLC allowed establishing that dur-
ing “accelerated aging” at a set temperature of 40°C, the
1% aqueous solution and the substance sodium 2-((4-ami-
no-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)
acetate remained unchanged in composition after 180 days
of the experiment. For all investigated series, the pH level
of the API solution and the visual condition also remained
unchanged.

Determining the shelf life:

C=180x 4 =720 days (~2 years)

Thus, it has been established that after the completion
of experimental storage under the influence of high tem-
perature (40°C) using the “accelerated aging” method,
the 1% aqueous solution of sodium 2-((4-amino-5-(thio-
phen-2-ylmethyl)-4H-1,2 4-triazol-3-yl)thio)acetate and its
substance correspond to a shelf life of at least 2 years (in
ampoules at room/nominal temperature of 20°C). Deter-
mination of the shelf life of the substance API and the
1% aqueous solution at normal storage temperature continues.

Conclusions

1. The influence of degrading factors such as temper-
ature, hydrogen peroxide, sodium hydroxide, hydrochloric
acid, and ultraviolet radiation on a 1% solution and sub-

Table 2

Results of the analysis of the 1% solution of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)
thio)acetate during the accelerated aging study

Equivalent storage Quality indicators
Series | Experiment duration period pH The quantitative content of the active Appearance
substance per 1 ml

A 7.0 0.01056 T .
ransparen

B 60 days 240 days 7.0 0.01082 yellowish liquid

C 7.0 0.0110

A 7.0 0.00991 T .
ransSparen

B 120 days 480 days 7.0 0.00997 yellowish liquid

C 7.0 0.01014

A 7.1 0.00952 T .
ransSparen

B 180 days 720 days 7.0 0.00943 yellowish liquid

C 7.0 0.00963

Table 3

Results of the analysis of the substance sodium 2-((4-amino-5-(thiophene-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)
acetate during the accelerated aging study

Series | Experiment duration | Fduivalent storage h __Quality indic:t(;]rs
" period | pH | owencper | Appearance

A 7.0 0.01023 )

B 60 days 240 days 7.0 0.01038 Povvdercoof1 Zfllowmh
C 7.0 0.01028

A 7.0 0.00987 )

B 120 days 480 days 70 0.00991 Powder coofl (})/rellowmh
C 7.0 0.00984

A 7.0 0.00960 )

B 180 days 720 days 7.0 0.00968 Powder :(fl (})/rellowmh
C 7.0 0.00961
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stance of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)- 3. Long-term exposure to high temperature was inves-
4H-1,2,4-triazol-3-yl)thio)acetate has been investigated. tigated for the 1% aqueous solution and the substance

2. It has been determined that hydrogen peroxide and sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-tri-

ultraviolet radiation have the greatest impact on the sodium  azol-3-yl)thio)acetate. It was determined that the shelf life
2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-  of the substance and the 1% aqueous solution of sodium
3-yDthio)acetate. Therefore, it is recommended to store the  2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-
observed objects in conditions free from solar radiation. 3-yl)thio)acetate is at least 2 years.
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