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ABSTRACT 

Background. Nonsteroidal anti-inflammatory drugs are widely used to treat pain and inflammation, while 

combination formulations may modify treatment effects through complementary mechanisms. 

Aim. To evaluate the anti-inflammatory activity of a pharmaceutical composition containing nimesulide 

and caffeine based on serum ceruloplasmin levels and to assess its antioxidant activity based on serum conju-

gated triene levels in rats with formalin-induced paw edema. 

Materials and Methods. The study included 36 male Wistar Albino Glaxo rats allocated to six groups: 

intact control, formalin-induced paw edema, nimesulide (15 mg/kg), caffeine (0.6 mg/kg), nimesulide with 

caffeine (15 mg/kg and 0.6 mg/kg), and diclofenac sodium (8 mg/kg). Paw edema was induced by 2% formalin. 

Serum ceruloplasmin was measured by enzyme-linked immunosorbent assay (Cusabio, China), and conjugated 

trienes spectrophotometrically. Statistical analysis used one-way analysis of variance with Tukey's post hoc 

test or the Kruskal–Wallis test with Dunn's post hoc test; p<0.05 indicated significance. The study was per-

formed within the research project "Chemical and Pharmaceutical Substantiation for the Development of Bio-

logically Active Compositions with Anti-Inflammatory and Analgesic Activities" (2024–2026), state registra-

tion No.0124U002495. 

Research Ethics. Procedures complied with the European Convention on experimental vertebrate animals 

and ARRIVE 2.0; the protocol was approved by the Bioethics Committee of Kharkiv National Medical University. 

Results. Formalin increased serum ceruloplasmin and conjugated triene levels. The nimesulide-caffeine 

combination reduced ceruloplasmin to [139.83±18.42] mg/L and conjugated trienes to [0.124±0.012] arb. 

units/mL. These values were lower than with nimesulide or caffeine alone. Ceruloplasmin was also lower than 

with diclofenac sodium, while conjugated trienes did not differ significantly from the diclofenac sodium group 

or intact control. 

Conclusions. Under the experimental conditions, the nimesulide-caffeine combination produced the largest 

reductions in the inflammatory and lipid-peroxidation biomarkers studied among the treatment groups. The 

findings support further investigation of this combination. 

Keywords: experimental medicine, biomarkers of inflammation, antioxidant activity, ceruloplasmin, con-

jugated trienes, lipid peroxidation. 

 

 

Abbreviations 

ANOVA – ANalysis Of VAriance. 

ARRIVE – Animal Research: Reporting of In 

Vivo Experiments. 

COX-1 – CycloOXygenase-1. 

COX-2 – CycloOXygenase-2. 

CP – CeruloPlasmin. 

CT – Conjugated Trienes. 

 

 ELISA – Enzyme-Linked ImmunoSorbent 

Assay. 

FE – Formalin-induced paw Edema. 

GIT – GastroIntestinal Tract. 

HRP – HorseRadish Peroxidase. 

IL-1 – InterLeukin-1. 

IL-6 – InterLeukin-6. 

LPO – Lipid PerOxidation. 

M±SEM – Mean ± Standard Error of the Mean. 

NSAIDs – NonSteroidal Anti-Inflammatory 

Drugs. 

TNF-α – Tumor Necrosis Factor-alpha. 

WAG – Wistar Albino Glaxo. 

Introduction 

NSAIDs are widely used to reduce pain, in-

flammation, and fever. Combination pharmacothe- 
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rapy is used in several pain and inflammatory con-

ditions and, depending on the components and 

clinical setting, may provide additive or synergis-

tic effects compared with monotherapy [1–4]. 

Fixed-dose combinations can combine active 

ingredients with complementary mechanisms, po-

tentially improving analgesic efficacy or allowing 

lower doses of individual components in selected 

settings [5; 6]. 

Reducing pill burden can also support treat-

ment adherence, although adherence depends on 

multiple patient-, disease-, and treatment-related 

factors [7; 8]. 

Accordingly, the development of rational com-

binations requires evidence of both expected ben-

efit and component-specific safety. 

A pharmaceutical composition of nimesulide 

(N-(4-nitro-2-phenoxyphenyl)methanesulfonamide) 

with caffeine (1,3,7-trimethyl-3,7-dihydro-1H-pu-

rine-2,6-dione) has been developed by the staff of 

the Department of Medical and Bioorganic Che-

mistry at Kharkiv National Medical University. 

Nimesulide is a sulfonanilide NSAID with rel-

ative selectivity for COX-2 and pharmacological 

actions that extend beyond cyclooxygenase inhi-

bition [9; 10]. Its clinical use is limited by safety 

concerns, especially hepatotoxicity, for which 

systematic reviews and recent appraisals empha-

size appropriate patient selection and duration of 

use [11; 12]. 

Caffeine is used as an analgesic adjuvant in 

some combination products; clinical evidence in 

acute pain supports efficacy advantages for caf-

feine-containing paracetamol or NSAID combina-

tions in selected conditions [13]. The authors have 

previously studied caffeine-containing NSAID 

combinations in formalin-induced inflammation, 

including their effects on lipid peroxidation prod-

ucts [14]. More recently, the same nimesulide-caf-

feine composition and doses used in the present 

work were evaluated in a formalin-induced paw 

edema model and showed greater anti-exudative 

activity than nimesulide alone and diclofenac so-

dium [15]. 

CP was selected as an inflammatory biomar-

ker. It is a copper-containing positive acute-phase 

protein with ferroxidase activity, and its serum 

concentration can increase during acute inflam-

mation. Independent experiments in rats have de-

monstrated increased serum CP in carrageenan-in-

duced foot edema and pleurisy [16]. 

Through its ferroxidase activity, CP oxidizes 

Fe²⁺ to Fe³⁺, facilitating iron binding to transferrin 

 and contributing to iron homeostasis during in-

flammatory and oxidative processes. 

LPO contributes to oxidative membrane dam-

age. CT arise from the rearrangement of double 

bonds in polyunsaturated fatty acids during lipid 

peroxidation; therefore, their serum concentration 

was used here as an indicator of lipid peroxidation 

activity. 

The combined assessment of CP and CT was 

used to characterize inflammatory and oxidative 

changes in the formalin-induced paw edema 

model and their modification by nimesulide, caf-

feine, the nimesulide-caffeine composition, and 

diclofenac sodium. 

The study aimed to evaluate the anti-inflamma-

tory activity of a pharmaceutical composition con-

taining nimesulide and caffeine based on serum 

ceruloplasmin levels and its antioxidant activity 

based on serum conjugated triene levels in rats 

with formalin-induced paw edema. 

Materials and Methods 

Biochemical analyses were performed in se-

rum from 36 male WAG rats. The study used the 

same six-group formalin-induced paw edema de-

sign as the authors' previous anti-exudative exper-

iment with the nimesulide-caffeine composition 

[15]. Six animals were assigned to each group. 

Animals in Group 1 served as the intact control 

and received a single intragastric administration of 

3% starch mucilage (2 mL per 200 g of body 

weight). 

In Groups 2–6, FE was induced by subplantar 

injection of a 2% formalin solution into the hind 

paw. Group 2 received 3% starch mucilage via in-

tragastric administration. Groups 3–6 received 

single intragastric doses of suspensions prepared 

in 3% starch mucilage: Group 3, nimesulide (15 

mg/kg); Group 4, caffeine (0.6 mg/kg); Group 5, 

nimesulide (15 mg/kg) with caffeine (0.6 mg/kg); 

and Group 6, the reference drug diclofenac so-

dium (sodium 2-[(2,6-dichlorophenyl)amino]phe-

nylacetate) at 8 mg/kg. 

The doses of nimesulide (15 mg/kg), caffeine 

(0.6 mg/kg), and diclofenac sodium (8 mg/kg), as 

well as the nimesulide-caffeine combination, were 

as in the authors' previous formalin-induced paw 

edema protocol [15]. 

FE was induced at t=0 h by subplantar injection 

of 2% formalin. The test substances or reference 

drug were administered intragastrically at t=3 h, 1 

h before the reported 4-h peak of edema in the pre-

vious formalin-edema experiment [15]. Control 

animals received the corresponding volume of 3%  
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starch mucilage. Animals were euthanized at t=4 h. 

Blood was collected immediately, serum was sep-

arated by centrifugation, and used for biochemical 

analyses. 

Animals were housed under standard vivarium 

conditions with free access to food and water. Ex-

periments were performed during the first half of 

the day to minimize circadian variation. 

Serum CP was measured using the "Human 

Ceruloplasmin ELISA Kit" (Cusabio, China) by 

a sandwich ELISA. Microplate wells pre-coated 

with CP-specific antibodies captured CP from 

samples; after washing, biotinylated CP-specific 

antibodies and then streptavidin–HRP conjugate 

were added. 

After removal of the unbound conjugate, the 

substrate solution was added and converted to 

a colored product by HRP. The reaction was stop-

ped with the stop solution. 

Absorbance was measured at 450 nm. CP con-

centration (mg/L) was calculated as follows: 

 

 Shapiro–Wilk test. Normally distributed data were 

analyzed by one-way ANOVA followed by Tuk-

ey's post hoc test; non-normally distributed data 

were analyzed by the Kruskal–Wallis test fol-

lowed by Dunn's post hoc test. Bonferroni correc-

tion was applied where appropriate. Differences 

were considered statistically significant at p<0.05. 

Research Ethics 

The study was conducted in accordance with 

the European Convention for the Protection of 

Vertebrate Animals Used for Experimental and 

Other Scientific Purposes [18] and the ARRIVE 

2.0 guidelines [19]. All experimental procedures 

complied with applicable Ukrainian legislation on 

the use of laboratory animals in biomedical re-

search. The protocol was reviewed and approved 

by the Local Bioethics Committee of Kharkiv Na-

tional Medical University. Measures were taken to 

minimize animal suffering and reduce the number 

of animals used. 

 

Results 

The effects of nimesulide, caffeine, their phar-

maceutical composition, and diclofenac sodium 

on serum CP and CT were compared in rats with 

FE. 

The intact control group had a serum CP con-

centration of [145.83±17.47] mg/L. FE increased 

CP to [474.00±26.84] mg/L, a 3.25-fold increase 

compared with the control group (p<0.05). 

Nimesulide reduced CP to [311.00±18.00] mg/L, 

significantly below the FE group (p<0.05), alt-

hough the value remained significantly above that 

in the intact control. Caffeine reduced CP to 

[334.50±25.45] mg/L, which was also significant-

ly lower than in the FE group (p<0.05). Diclofenac 

sodium produced a CP concentration of [261.33± 

±27.78] mg/L. 

The lowest CP concentration was observed in 

Group 5 receiving nimesulide with caffeine: 

[139.83±18.42] mg/L, which was 3.4-fold lower 

than in  the FE group (p<0.05). Group 5 was also 

significantly lower than Groups 3, 4, and 6 (p< 

<0.05), while no statistically significant difference 

was found between Group 5 and the intact control 

(Fig. 1). 

The intact control group had a serum CT con-

centration of [0.087±0.004] arb. units/mL, whe-

reas FE increased it to [0.442±0.004] arb. units/ 

mL (p<0.05). 

Nimesulide reduced CT to [0.165±0.085] arb. 

units/mL and caffeine to [0.156±0.091] arb. units/ 

mL; both values were significantly lower than in 

the FE group (p<0.05). 

𝐶𝑃 =  
𝐸 ∙ 𝐹

𝑡
 

(1),  

 

where: 

E – optical density (absorbance) of the test 

sample at 450 nm; 

F – calibration factor dependent on assay con-

ditions, standard concentration, and instrumenta-

tion; 

t – incubation time, 30 min. 

 

Serum CT levels were determined spectropho-

tometrically using the method described in [17]. 

A 1:10 volume of cold isotonic NaCl solution was 

added to 1 mL of the sample. 

The mixture was centrifuged for [3–5] min at 

3,000 rpm. Four milliliters of cold heptane were 

added to 1 mL of the sample and mixed vigorously 

for [1–2] min. After phase separation, the upper 

heptane layer was collected. Absorbance was mea-

sured at 233 nm against a heptane blank. CT con-

tent (arb. units/mL) was calculated as follows: 

 

 

CT = A233 · 100                         (2),  

    

 

where: 

A233 – optical density of the sample at 233 nm; 

100 – coefficient used to standardize the results. 

 

Statistical analysis was performed using Statis-

tica 6.0 (StatSoft Inc., USA). Data are presented 

as M±SEM. Normality was assessed with the 
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Fig. 1. Effect of nimesulide, caffeine, and their pharmaceutical combination on serum ceruloplasmin levels 

in rats with formalin-induced paw edema. 

 

Notes: data are presented as M±SEM. Statistical comparisons are reported in the Results. 

 

 

Group 5 receiving nimesulide with caffeine had 

a CT concentration of [0.124±0.012] arb. units/ 

mL, 3.6-fold below the FE group (p<0.05) and 

significantly lower than Groups 3 and 4 (p<0.05).  

 Diclofenac sodium produced [0.157±0.015] arb. 

units/mL. No statistically significant differences 

in CT were detected between Group 5, the intact con-

trol group, and the diclofenac sodium group (Fig. 2). 

 

 
 

Fig. 2. Effect of nimesulide, caffeine, and their pharmaceutical combination  

on serum conjugated triene levels in rats with formalin-induced paw edema. 

 

Notes: data are presented as M±SEM. Statistical comparisons are reported in the Results. 
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Discussion 

Formalin-induced inflammation was accompa-

nied by elevated serum CP and CT, indicating an 

acute-phase response together with increased lipid 

peroxidation activity. The 3.25-fold rise in CP is 

directionally consistent with independent rat in-

flammatory models in which serum CP increased 

during carrageenan-induced foot edema and pleu-

risy [16]. Direct quantitative comparison is limi-

ted by differences in inflammatory models and an-

alytical methods. 

Nimesulide significantly reduced both biomar-

kers. This is consistent with its anti-inflammatory 

pharmacology and  experimental evidence that ni-

mesulide can influence oxidative stress and anti-

oxidant parameters under inflammatory condi-

tions [9; 10; 20]. 

Caffeine alone also reduced both biomarkers 

relative to FE. The relative effect of caffeine and 

nimesulide was marker-dependent: the CP value 

was higher with caffeine [334.50±25.45] mg/L 

than with nimesulide [311.00±18.00] mg/L, whe-

reas the mean CT value was slightly lower with 

caffeine [0.156±0.091] arb. units/mL than with 

nimesulide [0.165±0.085] arb. units/mL. The pre-

sent data, therefore, do not support a general state-

ment that caffeine was less effective than nimesu-

lide for both outcomes. 

The combination produced the lowest CP and 

CT values among the active-treatment groups. 

Compared with either component alone, this pat-

tern is consistent with an enhanced combined ef-

fect; however, the study design and reported sta-

tistical analysis do not by themselves establish 

a specific pharmacodynamic interaction mecha-

nism. 

The CP value in Group 5 was [139.83±18.42] 

mg/L, close to the intact control value of [145.83± 

±17.47] mg/L, and did not differ significantly from 

it, indicating normalization of this acute-phase 

marker under the reported analysis. The reduced 

CT value is consistent with lower lipid peroxida-

tion activity. 

Taken together, the biochemical findings com-

plement the authors' earlier anti-exudative results 

for the same nimesulide-caffeine composition in 

the formalin edema model [15]. Further studies 

with mechanistic endpoints are needed before the 

interaction can be characterized more specifically. 

 Conclusions 

1. Formalin-induced inflammation increased 

serum ceruloplasmin. The nimesulide-caffeine com-

bination produced the greatest reduction among 

the treatment groups, bringing the value close to 

the intact control level. 

2. Formalin-induced inflammation increased 

serum conjugated trienes. The nimesulide-caffei-

ne combination produced the lowest value among 

the treated groups; under the reported analysis, it 

did not differ significantly from the intact control 

or diclofenac sodium groups. 

3. Under these experimental conditions, com-

bined nimesulide and caffeine affected both the in-

flammatory and lipid-peroxidation biomarkers mo-

re strongly than either component alone. The re-

sults support further experimental study of the 

combination. 

 

Funding and Acknowledgments 

The article is part of the planned research pro-

ject of Kharkiv National Medical University "Chem-

ical and Pharmaceutical Substantiation for the De-

velopment of Biologically Active Compositions 

with Anti-Inflammatory and Analgesic Activities" 

(2024–2026), state registration No. 0124U002495.  

 

Declarations 

 

Conflict of interest is absent. 

 

All authors have agreed to the publication of 

the article under the terms of the Creative Com-

mons BY-NC-SA 4.0 license and of the public 

agreement with Kharkiv National Medical Uni-

versity, and to the processing and publication of 

their personal data. 

 

The authors of the manuscript declare that in 

the process of conducting research, preparing, and 

editing this manuscript, they did not use any gen-

erative artificial intelligence tools or services to 

perform any of the tasks listed in the Generative 

Artificial Intelligence Delegation Taxonomy 

(GAIDeT, 2025). All stages of the work (from the 

development of the research concept to the final 

editing) were performed without the involvement 

of generative artificial intelligence, exclusively by 

the authors. 

 



ORIGINAL RESEARCH 

 

 

INTER COLLEGAS. Vol. 13, No.1 (2026)  ISSN 2409-9988 
 

Authors' Contributions 

Contributions 

Authors 

A B C D E F 

Syrova G.O. + + +  + + 

Savelieva O.V.  + + + + + 

Abramova L.V.    +  + 

Kozub S.M.  +  +  + 

Chalenko N.M. +   +  + 

Prysiazhnyi O.V.   + +  + 

 

Notes: A – concept; B – design; C – data collection; D – statistical processing and data interpreta-

tion; E – writing or critical revision of the article; F – approval of the final version for publication and 

agreement to be accountable for all aspects of the work. 

 

 

References  

1. Veronese N, Ecarnot F, Cheleschi S, Fioravanti A, Maggi S. Possible synergic action of non-steroidal 

anti-inflammatory drugs and glucosamine sulfate for the treatment of knee osteoarthritis: a scoping review. 

BMC Musculoskelet Disord. 2022;23(1):1084. DOI: 10.1186/s12891-022-06046-6. PMID: 36510167. 

2. Ramiro S, Radner H, van der Heijde DM, Buchbinder R, Aletaha D, Landewé RB. Combination therapy 

for pain management in inflammatory arthritis: a Cochrane systematic review. J Rheumatol Suppl. 2012;90:47-

55. DOI: 10.3899/jrheum.120342. PMID: 22942329. 

3. Curatolo M, Sveticic G. Drug combinations in pain treatment: a review of the published evidence and a 

method for finding the optimal combination. Best Pract Res Clin Anaesthesiol. 2002;16(4):507-19. DOI: 

10.1053/bean.2002.0254. PMID: 12516888. 

4. Cao Z, Han K, Lu H, Illangamudalige S, Abdel Shaheed C, Chen L, et al. Paracetamol Combination 

Therapy for Back Pain and Osteoarthritis: A Systematic Review and Meta-Analyses. Drugs. 2024;84(8):953-

67. DOI: 10.1007/s40265-024-02065-w. PMID: 38937394. 

5. Janczura M, Kobus-Moryson M, Sip S, Żarowski M, Wareńczak A, Cielecka-Piontek J. Fixed-Dose 

Combination of NSAIDs and Spasmolytic Agents in the Treatment of Different Types of Pain – A Practical 

Review. J Clin Med. 2021;10(14):3118. DOI: 10.3390/jcm10143118. PMID: 34300284. 

6. Silva F, Costa G, Veiga F, Cardoso C, Paiva-Santos AC. Parenteral Ready-to-Use Fixed-Dose Combi-

nations Including NSAIDs with Paracetamol or Metamizole for Multimodal Analgesia: Approved Products 

and Challenges. Pharmaceuticals (Basel). 2023;16(8):1084. DOI: 10.3390/ph16081084. PMID: 37630999. 

7. Baryakova TH, Pogostin BH, Langer R, McHugh KJ. Overcoming barriers to patient adherence: the case 

for developing innovative drug delivery systems. Nat Rev Drug Discov. 2023;22(5):387-409. DOI: 

10.1038/s41573-023-00670-0. PMID: 36973491. 

8. Sethi V, Van der Laan L, Gupta S, Piros KC. Perspectives of Healthcare Professionals Towards Combi-

nation Use of Oral Paracetamol and Topical Non-Steroidal Anti-Inflammatory Drugs in Managing Mild-to-

Moderate Pain for Osteoarthritis in a Clinical Setting: An Exploratory Study. J Pain Res. 2022;15:2263-72. 

DOI: 10.2147/JPR.S373382. PMID: 35967469. 

9. Caiazzo E, Ialenti A, Cicala C. The relatively selective cyclooxygenase-2 inhibitor nimesulide: What's 

going on? Eur J Pharmacol. 2019;848:105-11. DOI: 10.1016/j.ejphar.2019.01.044. PMID: 30689999. 

10. Suleyman H, Cadirci E, Albayrak A, Halici Z. Nimesulide is a selective COX-2 inhibitory, atypical 

non-steroidal anti-inflammatory drug. Curr Med Chem. 2008;15(3):278-83. PMID: 18333314. DOI: 10.2174/ 

092986708783497247.  



ORIGINAL RESEARCH 

 

 

INTER COLLEGAS. Vol. 13, No.1 (2026)  ISSN 2409-9988 
 

11. Tiwaskar M, Charde S, Balankhe N, Hegde A, Deodhar M, Gondane A, et al. Nimesulide: Critical 

Appraisal of Safety and Efficacy in Acute Pain. J Assoc Physicians India. 2025;73(3):e22-e28. DOI: 10.59556/ 

japi.73.0870. PMID: 40087939. 

12. Kwon J, Kim S, Yoo H, Lee E. Nimesulide-induced hepatotoxicity: a systematic review and meta-

analysis. PLoS One. 2019;14(1):e0209264. DOI: 10.1371/journal.pone.0209264. PMID: 30677025. 

13. Mobasheri A, Morlion B, Sood Sethi V, Cardosa M, Della Pasqua O, Kalita P. Combination vs. single-

drug nonprescription analgesics for acute pain management: a narrative review. Br J Clin Pharmacol. 2025; 

91(10):2796-816. DOI: 10.1002/bcp.70180. PMID: 40755177. 

14. Syrova G, Petiunina V, Savelieva O, Tishakova T, Lukianova L. Anti-Inflammatory Effect of Coxibs 

and their Compositions with Caffeine on the Level of Conjugated Dienes in the Formalin-Induced Edema 

Model. JOTCSA. 2022;9(4):1029-34. DOI: 10.18596/jotcsa.1051858. 

15. Syrova G, Chalenko N, Kozub S, Savelieva O, Prysiazhnyi O. Study of antiexudative activity of a new 

pharmaceutical composition of N-(4-nitro-2-phenoxyphenyl)methanesulfonamide with 1,3,7-trimethylxan-

thine in experiment. Proceedings of the III International Scientific and Practical Conference "European Con-

gress of Scientific Discovery" (Spain, Madrid, 3–5 Mar 2025). Madrid: Barca Academy Publishing; 2025. P. 

76-8. 

16. Conforti A, Franco L, Milanino R, Velo GP. Copper and ceruloplasmin (Cp) concentrations during the 

acute inflammatory process in the rat. Agents Actions. 1982;12(3):303-7. DOI: 10.1007/BF01965394. PMID: 

7136956. 

17. Berkalo LV, Bobrovych OV, Bobrova NO, Heiko OO, Kaidashev IP, Kutsenko LO, et al. Methods of 

Clinical and Experimental Research in Medicine. Poltava: Polimet; 2003. 320 p. Available at: https://reposi-

tory.pdmu.edu.ua/handle/123456789/18528 [In Ukrainian]. 

18. Council of Europe. European Convention for the Protection of Vertebrate Animals Used for Experi-

mental and Other Scientific Purposes. ETS No.123. Strasbourg; 1986. [Internet]. Available at: https://conven-

tions.coe.int/treaty/en/treaties/html/123.htm [accessed 20 Sep 2026]. 

19. Percie du Sert N, Ahluwalia A, Alam S, Avey MT, Baker M, Browne WJ, et al. Reporting animal 

research: explanation and elaboration for the ARRIVE guidelines 2.0. PLoS Biol. 2020;18(7):e3000411. DOI: 

10.1371/journal.pbio.3000411. PMID: 32663221. 

20. Sohi KK, Khanduja KL. Nimesulide affects antioxidant status during acute lung inflammation in rats. 

Indian J Biochem Biophys. 2003;40(4):238-45. PMID: 22900315. 

 

Received: 09 Jul 2025 

Accepted: 29 Mar 2026 

Published: 31 Mar 2026 

 

Cite in Vancouver style as: Syrova GO, Savelieva OV, Abramova LV, Kozub SM, Chalenko NM, Prysia-

zhnyi OV. Biochemical evaluation of anti-inflammatory action of a pharmaceutical composition of nimesulide 

with caffeine in a formalin pain model in rats. Inter Collegas. 2026;13(1):7p. In press. 

https://doi.org/10.35339/ic.2026.13.1.ssa 
 

Creative Commons license (BY-NC-SA) Syrova G.O., Savelieva O.V., Abramova L.V., Kozub S.M., 

Chalenko N.M., Prysiazhnyi O.V., 2026 

https://doi.org/10.35339/ic.2026.13.1.ssa

