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1. Introduction
The production of innovative drugs is associated 

with the need to control the release of residues into the 
environment of potential APIs (active pharmaceutical 
ingredients) on an industrial scale. The drug develop-
ment in the environment is carried out by chromato-
graphic methods of analysis. Therefore, it is very import-
ant for the pharmaceutical industry that analysis should 
be an economical and environmentally friendly as much 
as possible.

Currently green analytical chemistry (GAC) is 
used. Green analytical chemistry is an aspect of the con-
cept of green chemistry and sustainability. The GAC 
places particular emphasis on reducing the environmen-
tal impact of analytical procedures. There are several 
approaches to achieve this goal: pre-treatment of green 
samples [1], use of environmentally friendly solvents and 
reagents [2], reduction of the impact of chromatographic 
analysis by reducing the time of chromatographic separa-
tion [3], minimization of analytical devices [4].

Direct analytical methods (i.e., without sample 
preparation) are particularly preferred from point of view 

of GAC. Most analyses of organic compounds are per-
formed using gas or liquid chromatography. Thus, it is 
very important that these methods have a negligible im-
pact on the environment.

Morpholinium thiazotate (Fig. 1) is the first native 
Ukrainian original drug. Now morpholinium thiazotate 
and its dosage forms are produced by pharmaceutical 
manufacturers that have the appropriate licenses and 
certificates of compliance with GMP conditions: SE 

“Plant of Chemical Reagents”, NTK “Institute of Single 
Crystals” of the National Academy of Sciences of 
Ukraine (substance), corporation “Arterium” (2.5 % solu-
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Fig. 1. Morpholinium thiazotate
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tion for injection and tablets), Pilot Plant GTsNLS LLC 
(eye drops), PJSC “Lekhim-Kharkiv” (suppositories) [4].

Preclinical studies performed in accordance with 
the requirements of the State Expert Center of the Minis-
try of Health of Ukraine showed that thiazotate morpho-
line exhibits high antioxidant, anti-ischemic, cardiopro-
tective and antihypoxic properties.

The medicine is produced and used by the popula-
tion in large quantities. Therefore, there is currently a 
need to develop an improved method of determination, 
which in the future will be used to determine morpholin-
ium thiazotate in the environment.

The aim of this study is to develop and validate 
different chromatographic methods (HPLC, GC-FID) for 
the assessment of the morpholinium thiazotate and 
choose among them a less costly, more effective, and 
green technology.

The green data of the present analytical approach 
was assessed utilizing “AGREE: The Analytical Green-
ness Calculator”.

2. Planning (methodology) of the research
The main stages of the study are:
– substantiation of the choice as the object of study 

of the morpholine thiazolate, 
– study of previously developed methods of marriage; 
– development of new methods of extraction and 

their improvement;
– conducting economic analysis and determining a 

more environmentally friendly method.
The planning of the experiment is implemented by 

assessing the risk analysis to achieve the goal, calcula-
tions, AGREE scale.

3. Materials and methods
3. 1. Reagents
Ultrapure water was obtained in the laboratory 

using a Milli-Q water purification system (Millipore, 
Billerica, MA, USA). Sodium perchlorate Sigma–Al-
drich (St. Louis, MO, USA), acetonitrile (St. Louis, MO, 
USA). N-(t-butyldimethylsilyl)-N-methyltrif luoroacet-
amide (MTBSTFA) (>99 %), N-methyl-N-(trimethylsi-
lyl) trifluoroacetamide (MSTFA) (>98.5 %) tetrahydrofu-
ran, acetonitrile was purchased from Sigma–Aldrich (St. 
Louis, MO, USA). The GC-equipment was run with heli-
um (purity 5.0) as the carrier gas was purchased from 
Gazchema (Lithuania). Standard sample of morpholini-
um thiazotate (PJSC “Halychpharm”, Ukraine).

3. 2. Instrument
The study was performed on a chromatograph 

with a diode-array detector SPD-M20A (Shimadzu Com-
pany, Japan), pump LC-20AD (Shimadzu Company, Ja-
pan), column thermostat CTO20AC (Shimadzu Compa-
ny, Japan) and automatic sample dispenser SIL-20A 
(Shimadzu Company, Japan), column SunFire C18, size 
or 150×4.6 mm, or 150×3.9 mm with a particle size of 
5 μm or similar quality (Waters company, USA). Analy-
ses were performed using a GC-2010 Plus Shimadzu 
with flame ionization detector and autosampler AOC-

20i+s (Shimadzu Technologies, Kyoto, Japan). The sepa-
ration of analytes was carried out on a with Rxi-5 ms 
(Restek Corporation, Bellefonte, PA, USA, capillary 
column (30 m long, 0.25 mm outer diameter and 0.25 μm 
liquid stationary phase thickness).

3. 3. Methods (chromatographic conditions, 
preparation of standards and samples)

3. 3. 1. Chromatographic conditions of HPLC 
method

Chromatography is performed on a liquid chro-
matograph with a spectrophotometric or diode-matrix 
detector under the following conditions: column SunFire 
C18, size or 150×4.6 mm, with a particle size of 5 μm or 
similar quality; the mobile phase was acetonitrile-water 
(25:75, v/v). This mobile phase was filtered through a 
0.45 μm membrane filter (Millipore). Morpholinium thi-
azotate were quantified by DAD following RP-HPLC 
separation at 210 nm for morpholinium tiazotate. Flow 
rate and injection volume were 0.8 ml/min and 20 μl, re-
spectively. The chromatographic peaks of the analysts 
were confirmed by comparing their retention time and 
UV spectra with those of the reference standards. Quan-
tification was carried out by the integration of the peak 
using external standard method. All chromatographic 
operations were carried out at ambient temperature. 

3. 3. 2. Preparation of samples for HPLC
Buffer solution pH 2.5. 2.033 g of sodium perchlo-

rate in 900 mL of purified water, adjust the pH of the 
solution with perchloric acid to (2.5±0.05) and adjust the 
volume of the solution with purified water to 1000.0 mL.

Moving phase. To 750 mL of a buffer solution of 
pH 2.5 add 250 ml of acetonitrile, mix and filter through 
a filter with a pore size of 0.45 μm (25:75, v/v).

Test solution. A portion of morpholinium thiazo-
tate 60.0 mg of the substance of active substance are 
dissolved in 100 mL of solvent, the volume of the solution 
is adjusted to 100.0 mL with the same solvent and mixed.

Reference solution A. Place 1.0 mL of the test solu-
tion in a 100.0 mL volumetric flask, make up to volume 
with the solvent and mix.

3. 3. 3. Chromatographic conditions GC/FID 
method 

Analyses were performed using a GC-2010 Plus 
Shimadzu with flame ionization detector and autosampler 
AOC-20i+s (Shimadzu Technologies, Kyoto, Japan). A ro-
botic autosampler and a split/splitless injection port were 
used. Injection port temperature was kept at 250 °C until 
the end of the analysis. The separation of analytes was 
carried out on a with Rxi-5 ms (Restek Corporation, Belle-
fonte, PA, USA, capillary column (30 m long, 0.25 mm 
outer diameter and 0.25 μm liquid stationary phase thick-
ness) with a liquid stationary phase) 5 % diphenyl and 
95 % polydimethylsiloxane) with helium at a purity of 
99.999 % as the carrier gas in a constant flow of 1.49 mL/
min. The oven temperature was programmed at 75 °C for 
5 min, then increased to 290 °C at 10 °C/min and increased 
to 320 °C at 20 °C/min and kept for 10 min. The total time 
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was 41 min. Injection volume was 1.0 µl, injection mode 
was split (split ratio 10), carrier gas – helium.

3. 3. 4. Preparation of GC/FID method
A portion of morpholinium thiazotate 30.0 mg of 

the substance of active substance are dissolved in 100 mL 
of solvent, the volume of the solution is adjusted to 
100.0 mL with the same solvent and mixed. The subse-
quent solution was transferred to 200 μL insert placed au-
tosampler vials, and 1 μL aliquot was injected into GC-MS 
system for analysis. The comparison of chromatographic 
responses was used to evaluate the extraction efficiency.

3. 4. Economic evaluation of developed methods
We conducted an analysis of national legislation to 

calculate the cost of analytical research for the methods of 
analysis (HPLC, GC-MS, GC-FID) [5]. According to the 
accounting regulations’ standards, the costs included are 
direct labor costs, other direct costs, variable overhead, and 
fixed overhead [6]. Other expenses include the intra-factory 
movement of materials, semi-finished products, tools from 
warehouses to workshops, and finished products to ware-
houses and a lack of work in progress, payment for down-
time, and so forth. The depreciation of fixed assets is a part 
of the overhead costs. It should be noted that the list and 
composition of items of cost products (works, services) are 
established by the enterprise independently. Therefore, con-
sidering the provisions of national legislation on determin-
ing the cost of products (works, services) and the specificity 
of analytical research, we have formed the following cost 
items: basic raw materials, auxiliary materials, electricity, 
transport and procurement costs, wages, social security 
payments, fixed assets, recycling [7].

The calculations were made considering the time of 
analytical investigation for each method, namely HPLC 
analysis-10 min, GC-MS-45 min, FID-45 min, and the 
cost of the calculations are presented in Euro. The conver-
sion was carried out according to the rate of the National 
Bank of Ukraine on 2021, 1 Euro=30.22 UAH [8].

3. 5. Assessment of Analytical Methods Impact 
on Environmental

The influence of the analytical methods on envi-
ronmental depends on its analytical procedure parame-
ters, such as the number of reagents, hazards, energy, and 
waste [9]. The comparison of methods was performed 
using Eco-scale, where the ideal green analysis has a 
value of 100. If some parameter of the method departs 
from the principles of the ideal green analysis, penalty 
points are assigned. The sum of the penalty points re-
ceived after revision should be used for the Eco-scale 
calculation, according to the following formula:

Analytical Eco-scale=100–penalty points.	 (1)

The results of an investigation can be ranked in the 
following matter:

1) >75 represents excellent green analysis;
2) >50 represents acceptable green analysis;
3) <50 represents unacceptable green analysis.

The Globally Harmonized System of Classifica-
tion and Labelling of Chemicals provides full informa-
tion about the determination of the safety class of the 
reagent based on physical, environmental, and health 
hazards [10]. For simplicity, some papers propose a cal-
culation of penalty points for each reagent by multiplying 
the number of Globally Harmonized System (GHS) haz-
ard pictograms by a degree of hazard (for the mark 

“warning” multiplication by 1 and for “danger” – 2).
Penalty points for energy are assigned according to 

energy-consuming laboratory practices and instruments [11]. 
Thus, the least energy consuming methods (<0.1kWh per 
sample) are immunoassays, titration, UV-Vis spectropho-
tometer, UPLC, HPTLC, and other techniques which re-
quire more energy usage (≤1.5 kWh per sample) such as LC 
or GC. The most energy-consuming (>1.5 kWh per sample) 
are NMR, GC-MS, LC-MS, X-ray diffraction.

Furthermore, penalty points are assigned for occu-
pational hazards and the generation of wastes.

4. Results
Currently, there are various pharmacopoeia meth-

ods such as visible spectroscopy, UV, IR, 1H NMR, 
GMS, TLC, GC, HPLC, potentiometric methods for the 
determination of morpholinium thiazotate. 

Green chemistry is relevant and the interest in it is 
growing, so there is a demand to develop more environ-
mentally friendly and cost-efficient methods for the anal-
ysis of medicines. After the development of methods, it is 
logical to conduct a comparative and economic analysis of 
the developed methods to establish the most advantageous 
of the existing methods. The new methodology should be 
specific enough to give accurate results and provide good 
separation, minimize amount of solvent and analysis time.

Using the HPLC method with isocratic elution, the 
analysis time of morpholinium thiazotate was 3 minutes, 
the retention time – about 2.5 min (Fig. 2). 

During the development of the HPLC assay, the 
optimal chromatographic conditions were selected: col-
umn type, composition of the mobile phase, elution con-
ditions (Fig. 3).

Fig. 2. Chromatograms of samples analysed by HPLC 
method morpholinium thiazotate at 205 nm
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In addition, in the developed GC-FID method 
firstly analysis time and cost of analysis were reduced, so 
it was selective, sensitive and accurate in the same time. 
The GC-FID analysis method has a very high linear dy-
namic range (up to 107), which gives it many advantages 
in quantitative analysis.

This study shows that HPLC, GC-FID meth-
ods for the quantitative analysis of morpholinium 
thiazotate were developed and approved in accor-
dance with the International Conference on Harmoni-
zation and the State Pharmacopoeia of Ukraine [12].

4. 1. Method validation
The developed methods were validated in 

terms of specificity, linearity, precision, stability, 
and accuracy, besides the Limit of Detection (LOD) 
and Limit of Quantification (LOQ) were calculated 
for both methods.

4. 1. 1. Specificity
The interference of placebo excipients for capsules 

and syrup was investigated by comparing the chromato-
grams obtained from test, standard, and placebo solutions. 
The prepared placebo contained the same ingredients in an 
equal amount as test samples. Obtained results showed no 
interference to morpholinium thiazotate from excipients. 
For this reason, the proposed methods are specific for the 
determination of morpholinium thiazotate.

4. 1. 2. Linearity, LOD, LOQ
The study of linearity was carried out by the analy-

sis of a series of solvents with different concentrations of 
morpholinium thiazotate. The results of linearity studied 
with the calculated LOD and LOQ are shown in Table 1.

4. 1. 3. Precision
The study has been carried out within two days by 

different analysts. Test solution with 100 % concentration 
was analysed. The results of the RSD deviation of assay 
determination, also the errors of the method, are shown 
in Table 2. The developed method is correct since the 
requirements for the error criterion are ≤6.4 %.

4. 1. 4. Accuracy
The investigation of accuracy has been evaluat-

ed by means of recovery assays carried out by adding 
known amounts of the reference compound to the 
sample solutions. The amounts of analysts added cor-
respond to 50 %, 100 %, and 200 % of morpholinium 
tiazotate in samples. The calculated data are shown in 
Table 3. Recoveries were obtained in the range of 
98.13–100.12, depicting that the proposed methods are 
accurate for the determination of morpholinium thi-
azotate. 

The stability of morpholinium thiazotate was 
carried out within 24 h for a standard solution. It was 
established that stored solutions were stable for up to 
24 h in the case of the HPLC, GC-FID methods, hence 
peak deviations of substance were 0.395 %, 0.387 %, 
respectively.

All procedures showed 
satisfactory results in the data 
and could be recommended for 
the analysis of morpholinium 
thiazotate in different dosage 
forms as accurate and reproduc-
ible methods of quality control.

Fig. 3. Chromatograms of samples analysed by GC-FID method morpholinium thiazotate (1)

Table 1
Obtained results from studying linearity, LOD and LOQ

Method Calibration curve Correlation Coef-
ficient r2 (n=3)

Linear Range 
(μg/mL)

RSD 
(%)

LOD 
(μg/mL)

LOQ 
(μg/mL)

HPLC y=0.9987x+3.428 0.9998 10–150 1.57 2.74 7.5
GC-FID y=(5.51858e+007)x–24968.4 0.9987 0.12–16 2.2 0.046 0.115

Table 2
Results of precision study for HPLC and GC-FID methods

Method
Concen-
tration 

(μg/mL)

Intra-Day (n=6) Inter-Day (n=12)

Found±S.D., 
%

RSD, 
%

Error, 
%

Found±S.D., 
%

RSD, 
%

Error, 
%

HPLC 600 100.8±0.45 0.54 0.45 100.35±0.25 0.79 0.98

GC-FID 16 100.12±0.24 0.52 0.45 100.25±0.34 0.63 0.63
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4. 2. Eco-Scale Calculation
Chromatographic analysis requires the usage of 

various procedures and pre-treatment of analysed samples. 
Besides, for the assay of a sample, usually, a couple of de-
termination methods are acceptable. The selection of ana-
lytical methods is commonly based on its accuracy, preci-
sion, cost, and the environmental and health impact [13].

All developed chromatographic methods for the 
analysis of morpholinium thiazotate were estimated for 
their greenness using the analytical Eco-scale to choose 
the method with the least environmental impact. Further-
more, different conditions of pre-treatment for each sam-
ple were considered. HPLC (Table 4) and GC-MS with 
FID (Table 5) showed similar Eco-scale values.

Thus, the HPLC for morpholinium thiazotate has 
16, respectively, compared to the GC-FID detector has 9, 
respectively. Both methods provide excellent green anal-
ysis, but the differences are significant, so GC-FID de-
tector will have advantages in terms of green chemistry. 
Thus, the GC-FID method was recognized as the less 
greenish technique compared to HPLC.

Table 4
Calculation of penalty points for the HPLC method in the 

analysis of one sample
Reagents Penalty points

Acetonitrile 2.0 mL 4
Water 8 mL 0
Instruments

HPLC 1
Waste 8

Occupational hazard 3
Sample preparation

Water 50 mL 0
Total penalty points: 16

Analytical Eco-Scale total score: 78

Table 5
Assessment of GC-FID detector analysis of one sample

Reagents Penalty points
Water 8 mL 0
Instruments

GC-MS 3
Waste 4

Occupational hazard 0
Sampler 1

Transport 1
Sample preparation

Water 50 mL 0
Total penalty points: 9

Analytical Eco-Scale total score: 35

4. 3. Economic Calculation 
of Analytical Methods 

The cost of required reagents 
for analytical research was carried 
out based on the official company 
database of Sigma-Aldrich [14]. 
The procedure of the cost calcula-
tion is presented in Table 6.

Table 6
Cost expenses under “basic raw materials and materials” 

and “supporting materials”.  
Calculation unit – 1 sample analysis

Raw Material Price, 
Euro

Quantity for 
Conducting  

1 Test Sample

Cost, 
Euro

HPLC Method
The Main Raw Materials

Acetonitrile 2.5 L €332.00 2 mL 0.66
ZORBAX SB-C18, 80Å, 

5 µm, 4,6×150 mm €610.00 1 6.1

Water for chromatography 
1 L €31.90 8 mL 0.51

Membrane filter 0,45 mi-
crons No. 100 €250.00 1 0.25

Sodium perchlorate mono-
hydrate 250 gr €63.90 2 g 1.02

Vials, volume 2 mL, 
No. 100 €23.50 1 2.35

Total 10.89
Supporting Materials

Latex gloves with powder 
No. 100 €12.56 1 0.13

Disposable non-woven 
medical cap No. 100 €2.50 1 0.03

Shoe covers medical sterile 
No. 50 €3.5 1 0.07

Total 0.23
GC-FID

The Main Raw Materials
Membrane filter 0,45 mi-

crons No. 100 €223.00 0.1 2.23

Helis, 9100 L €480.00 0.615 L 0.032
Vials, volume 2 mL, 

No. 100 €23.50 1 2.35

Total 4.61
Supporting Materials

Latex gloves with powder 
No. 100 €12.56 1 0.13

Disposable non-woven 
medical cap No. 100 €2.50 1 0.03

Shoe covers medical sterile 
No. 50 €3.5 1 0.07

Total 0.23

Costs for “electricity” are the costs that are directly 
spent in the technological process when performing ana-
lytical research. Electricity costs for technological purpos-
es are calculated according to the actual cost of energy 
based on the readings of the measuring instruments. 
Therefore, the electricity cost was calculated based on the 

Table 3
Accuracy of the developed method

Reference 
Value (%)

Amount Measured (%) Relative Standard Deviation (%) Recovery (%)
HPLC GC-FID HPLC GC-FID HPLC GC-FID

50 % 50.08 49.91 0.13 0.06 100.16 99.82
100 % 100.21 99.80 0.07 0.11 100.21 99.80
200 % 196.70 199.83 0.21 0.15 98.35 99.92
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technical characteristics of the equipment (energy con-
sumption per kWh), the period of the analytical study, and 
the national electricity tariff for household and small 
non-household consumers at 0.12 Euro/kWh with a val-
ue-added tax. It is established that the number of costs for 
the article “electricity” in the conduct of analytical re-
search by HPLC is 0.05 Euro, GC-FID is 0.21 Euro.

Transport and procurement costs according to 
various data can be from 1 % to 15 % of the total cost of 
raw materials, basic and auxiliary materials. To calculate 
the cost of analytical research for methods of analysis 
HPLC, GC-FID we have taken the minimum values of 
transport and procurement costs, namely 1 % [14].

The calculation of expenditures under the article 
“wages” was made based on official data of the State Sta-
tistics Service as of 01.12.2021 with respect to the aver-
age wage per month of the Senior Researcher, which was 
281 euros. For a month of work, the senior researcher 
works 176 h. Allowances for social events make up 
38.5 % of the salaries of the main employees.

For the calculation of the article “Depreciation of 
fixed assets,” we used a straight-line method of calculat-
ing depreciation. Under this method, the annual depreci-
ation amount (ADA) is determined by dividing the amor-
tized cost (AC) by the useful life (UL). According to 
accounting standards 7, the amortized cost of an item of 
equipment is the initial or revalued value (RV) of assets 
less the liquidation value (LV), with the following calcu-
lation formula:

AC=RV–LV. 		  (2)

According to the provisions of item 138.3.3 of the 
Tax Code of Ukraine, the minimum allowable deprecia-
tion terms for fixed assets for equipment are five years. 
Therefore, considering the data of the initial and liquida-
tion value of the equipment, which is necessary for the 
analytical study and the minimum useful life, we have 
calculated the depreciation of fixed assets [15]. It is estab-
lished that the amount of expenses under the item “depre-
ciation of fixed assets” in the conduct of analytical re-
search by HPLC is 1.05 Euro, GC-FID is 0.17 Euro.

The environmental impact of chemical reagents is 
a global environmental and pharmaceutical problem 
worldwide. Protecting the environment from the adverse 
effects of drugs requires immediate resolution. The labo-
ratory enters into an agreement with an organization li-
censed to utilize reagent waste. According to the com-
mercial offers of Kharkiv-Eco LLC, the cost of services 
related to the organic solvent waste is EUR 0.55 per 1 L. 
It was found that the number of disposal costs HPLC 
exploration was 0.01 Euro, GC-FID method was 
0.0003 Euro (Table 7). 

The “basic raw materials” are the largest share in 
the structure of total expenses. Thus, for the HPLC study, 
their specific gravity is 91.10 %, the GC-FID is 57.70 %. 
It should be noted that the article “depreciation of fixed 
assets” is a significant expense in the cost of analytical 
research in various methods. It can be explained by the 
high cost of the equipment. Based on the results, the GC-

FID method had the lowest cost. The costs for applying 
the GC-FID method was 2.3 and 1.6 times lower than for 
HPLC, respectively.

Table 7
The results of the calculation of cost items by various 

methods of analytical research are summarized

No. Cost Articles

HPLC Meth-
od (10 min) 

GC-MS Method 
(41 min) with FID

Price, 
Euro,

Share, 
%

Amount, 
Euro

Share, 
%

1 The main raw mate-
rials 10.89 91.1 4.61 57.70

2 Supporting materials 0.23 1.93 0.23 2.88
3 Electricity 0.05 0.42 0.21 2.63

4 Transportation and 
procurement costs 0.04 0.34 0.02 0.25

5 Deductions for social 
events 0.21 1.76 0.11 1.38

6 Salary 0.27 2.266 1.09 13.64

7 Depreciation of fixed 
assets 0.25 2.09 1.72 21.53

8 Recycling of waste 
chemicals 0.01 0.08 0.0003 0.004

9 Total cost 11.95 100 7.99 100

4. 4. Green Assessment
Despite several reported approaches for determin-

ing greener nature of analytical procedures [9, 16–18], 
only the “AGREE methodology” [9] employs all 12 GAC 
principles. Accordingly, the greenness nature of the pres-
ent approach was assessed utilizing “AGREE Calculator”. 
Fig. 4 depicts the overall AGREE scale for the present 
analytical approach. Fig. 4 lists the AGREE report sheet 
and AGREE score for each GAC principle.

The overall AGREE scale for the proposed analyt-
ical methods HPLC, GC-FID was calculated as 0.62, 0.72, 
respectively, indicating that the proposed analytical 
methods for the analysis of morpholinium thiazotate are 
extremely green, but the method is GC-MS with detector 
FID still greener.

5. Discussion
The obtained results demonstrate that the HPLC 

method is more linear (R²=0.9998>0.994), repeatable 
(RSD=1.57<1.6 %) and specificity is comparable to the 
HPLC method, as described in the literature [19–21].

However, the method may have shortcomings, 
which are characteristic of the HPLC method, for exam-
ple, it is necessary to overcome the cost of ownership and 

Fig. 4. Analytical GREEnness (AGREE) scale for the 
greener: а – normal-phase HPLC, b – GC-FID approach

а b
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take a lot of time, so we use the splitting method GC-FID, 
which may be possible to control morpholinium tiazotate, 
and may cost less from the HPLC method.

After conducting economic calculations, it became 
clear the GC-FID method had the lowest expenses. The 
costs for applying the GC-FID method were 2.3 times 
lower than for HPLC.

The GC-FID method is more ecological as its esti-
mation on a analytical GREEnness (AGREE) scale has 
made 0.73 it more than in HPLC 0.62.

Study limitations. The proposed methods for the 
quantification of morpholinium thiazotate have not been 
studied to determine API data in the presence of other 
drugs and in environmental samples.

The prospects for further research lie in the 
development of various methods for the analysis of sam-
ples taken from the most important medium (soil, waste 
water).

6. Conclusions
A reliable HPLC, GC-FID method for routine 

qualitative and quantitative analysis of morpholinium 
thiazotate was developed and validated in terms of spec-
ificity, linearity, precision, accuracy, and stability. 

Furthermore, the LOD and LOQ were calculated 
for methods. These methods offer a useful analytical tool 
for routine quality control of morpholinium thiazotate in 
different samples. Additionally, the environmental im-
pact of each method was estimated and the HPLC meth-
od was recognized as a less greenish method than GC-
MS and GC-MS with FID. 

The GC-FID method had the lowest expenses. The 
costs for applying the GC-FID method were 2.3 times 
lower than for HPLC. According to the obtained results, 
the GC-FID method was recognized as the most suitable 
for analysis, since it has a lower influence on the environ-
ment than the HPLC method, needs smaller costs for 
applying than GC-FID, and still shows satisfactory accu-
racy. The constructed experiment is intended for further 
application of the technique in solving environmental 
issues, namely environmental pollution by drugs.

Conflict of interests
The authors declare that they have no conflicts of 

interest.

Financing
The study was performed without financial support.

References
1. Iqubal, A., Iqubal, M. K., Sharma, S., Ansari, M. A., Najmi, A. K., Ali, S. M. et. al. (2019). Molecular mechanism involved in cyclo-

phosphamide-induced cardiotoxicity: Old drug with a new vision. Life Sciences, 218, 112–131. doi: http://doi.org/10.1016/j.lfs.2018.12.018 
2. Zheng, Y.-Y., Ma, Y.-T., Zhang, J.-Y., Xie, X. (2020). COVID-19 and the cardiovascular system. Nature Reviews Cardiology, 

17 (5), 259–260. doi: http://doi.org/10.1038/s41569-020-0360-5 
3. Conti, P., Ronconi, G., Caraffa, A., Gallenga, C., Ross, R., Frydas, I., Kritas, S. (2020). Induction of pro-inflammatory cyto-

kines (IL-1 and IL-6) and lung inflammation by Coronavirus-19 (COVI-19 or SARS-CoV-2): anti-inflammatory strategies. Journal of 
Biological Regulators and Homeostatic Agents, 34, 327–331. doi: http://doi.org/10.23812/CONTI-E

4. Belenichev, I.F., Vizir, V.A., Mamchur, V.I., Kuryata, A.V. (2019). Place of tiotriazoline in the gallery of modern metabolito-
tropic medicines. Zaporozhye Medical Journal, 21 (1 (112)), 118–128. 

5. Lautié, J.-P., Stankovic, V., Sinoquet, G. (2000). Determination of chlormequat in pears by high-performance thin layer 
chromatography and high-performance liquid chromatography with conductimetric detection. Analusis, 28 (2), 155–158. doi: http://
doi.org/10.1051/analusis:2000109 

6. Calculation of production cost of products (works, services) (2013). Balance, 20, 8–9.
7. Pro zatverdzhennia Metodychnykh rekomendatsii z formuvannia sobivartosti produktsii (robit, posluh) u promyslovosti 

(2007). Nakaz Ukrainy No. 373. 09.07.2007. Available at: https://zakon.rada.gov.ua/rada/show/v0373581-07 Last accessed: 10.04.2022
8. On Approval of the Regulation (Standard) of Accounting. Available online: https://zakon.rada.gov.ua/laws/show/z0027-00 

Last accessed: 29.04.2022
9. Gałuszka, A., Migaszewski, Z. M., Konieczka, P., Namieśnik, J. (2012). Analytical Eco-Scale for assessing the greenness of 

analytical procedures. TrAC Trends in Analytical Chemistry, 37, 61–72. doi: http://doi.org/10.1016/j.trac.2012.03.013 
10. Globally Harmonized System of Classification and Labeling of Chemicals (2011). (GHS, Rev. 4). United Nations. New York. 
11. Abdelrahman, M. M., Abdelwahab, N. S., Hegazy, M. A., Fares, M. Y., EL-Sayed, G. M. (2020). Determination of the abused 

intravenously self-administered madness drops (Tropicamide) by liquid chromatography in rat plasma; an application to pharmacoki-
netic study and greenness profile assessment. Microchemical Journal, 159, 105582. doi: http://doi.org/10.1016/j.microc.2020.105582 

12. State Pharmacopoeia of Ukraine. Vol. 1. Kharkiv: Ukrainian Scientific Pharmacopoeial Center for Quality of Medicines.
13. Raynie, D., Driver, J. L. (2009). Green assessment of chemical methods. In Proceedings of the 13th Green Chemistry & 

Engineering Conference. Washigton.
14. Titenko, L. V. (2009). Evaluation and Calculation in the Pharmaceutical Industry. Finance, Accounting and Audit. Kyiv: 

KNEU. 
15. Pena-Pereira, F., Wojnowski, W., Tobiszewski, M. (2020). AGREE – Analytical GREEnness Metric Approach and Software. 

Analytical Chemistry, 92 (14), 10076–10082. doi: http://doi.org/10.1021/acs.analchem.0c01887 
16. Baktiyar, M. Z., Ishaq, B. M., Reddy L, S. S., Sreenivasulu, M. (2021). Method Development and Validation for Estimation 

of related Substances in Tilorone Dihydrochloride using RP-HPLC. Research Journal of Pharmacy and Technology, 14 (6), 3319–3324. 
doi: http://doi.org/10.52711/0974-360x.2021.00577 



ScienceRise: Pharmaceutical Science	 № 3(37)2022

11 

17. The United Nations Secretary-General’s High-Level Panel on Access to Medicines Reports: Promoting Innovation and Ac-
cess to Health Technologies (2016). UN Secretary-General, 70. Available at: http://www.unsgaccessmeds.org/s/UNSG-HLP-Report-
FINAL-12-Sept-2016.pdf Last accessed: 21.08.2017

18. Hill, A. M., Barber, M. J., Gotham, D. (2018). Estimated costs of production and potential prices for the WHO Essential 
Medicines List. BMJ Global Health, 3 (1), e000571. doi: http://doi.org/10.1136/bmjgh-2017-000571 

19. Overview of the Current Scenario on Traditional Medi cines, Chapter 1. IProceedings of the International Conclave on 
Traditional Medicine. New Delhi.

20. Official hryvnia exchange rate. Available at: https://bank.gov.ua/ua/markets/exchangerates?date=20.04.2022&peri-
od=monthly Last accessed: 20 April 2022

21. Heorhiivskyi, H. V. (2011). Rozrobka kompleksu fizyko-khimichnykh metodyk, shcho zabezpechuiut stvorennia ta kontrol 
yakosti oryhinalnykh vitchyznianykh preparativ, pokhidnykh 1,2,4-triazolu. Zaporizkyi medychnyi zhurnal, 13 (1), 58–69.

Received date 10.05.2022
Accepted date 21.06.2022

Published date 30.06.2022

Anastasiia Belikova*, Postgraduate Student, Department of Pharmaceutical Chemistry, National University of 
Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

Anna Materienko, PhD, Associate Professor, Department of Human Biology, Chemistry and Chemistry Teaching 
Methods, Sumy State Pedagogical University named after A. S. Makarenko, Romenska str., 87, Sumy, Ukraine, 
40002

Lyudmila Sidorenko, Doctor of Pharmaceutical Sciences, Department of Pharmaceutical Chemistry, National 
University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

Vasyl Chornyi, Doctor of Pharmaceutical Sciences, Head of Laboratory, Postgraduate Student, Farmak JSC, 
Kyrylivska str., 63, Kyiv, Ukraine, 04080

Iuliia Korzh, Doctor of Pharmaceutical Sciences, Postgraduate Student, Department of Social Pharmacy, National 
University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

Luidmula Kucherenko, Doctor of Pharmaceutical Sciences, Professor, Department of Pharmaceutical Chemistry, 
Zaporizhia State Medical University, Maiakovskoho ave., 26, Zaporizhzhia, Ukraine, 69035

Alla Kotvitska, Doctor of Pharmaceutical Sciences, Professor, Department of Social Pharmacy, National University 
of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

Deividas Burdulis, Doctor of Pharmaceutical Sciences, PhD, Department of Pharmacognosy, Lithuanian 
University of Health Sciences, Mickevičiaus g. 9, Kaunas, Lithuania, LT 44307

Victoriya Georgiyants, Doctor of Pharmaceutical Sciences, Professor, Head of Department, Department of 
Pharmaceutical Chemistry, National University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002

*Corresponding author: Anastasiia Belikova, e-mail: belikovainsarder@gmail.com


