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Introduction. Nonsteroidal anti-inflammatory drugs (NSAIDs) and non-
narcotic analgesics (NNAs) are widely used across various fields of medicine for the
treatment of inflammatory processes of different etiologies and pain syndromes.
These agents represent one of the most clinically significant groups of pharmaceutical
preparations. Annually, more than 300 million people worldwide use NSAIDs and
NNAs, with approximately two-thirds consuming them without a prescription. The
arsenal of NSAIDs includes a substantial number of pharmaceutical substances and
nearly a thousand dosage forms developed on their basis.

Among modern pharmaceutical agents, the most commonly used NSAIDs
include classical representatives such as derivatives of arylcarboxylic, salicylic,
anthranilic, arylacetic, heteroacetic, indoleacetic, arylpropionic, and enolic acids, as
well as pyrazolone derivatives, methanesulfonanilides (e.g., nimesulide), coxibs, and

oxicams.
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NSAIDs are employed in the prevention and treatment of inflammatory
connective tissue diseases (e.g., rheumatoid arthritis, osteoarthritis), pain syndromes
(e.g., myalgia, arthralgia, headache, postoperative pain, neuralgia, dysmenorrhea),
thrombosis prevention (e.g., hypercoagulation syndrome, thrombophlebitis), and in
the management of fever, among other conditions.

However, the use of NSAIDs is frequently associated with adverse reactions,
the most common of which involve damage to the gastrointestinal (Gl) tract. For this
reason, NSAIDs remain a central focus of scientific research.

According to the literature, non-selective NSAIDs exhibit a high ulcerogenic
potential on the mucosal lining of the gastroduodenal region. The use of highly
selective cyclooxygenase-2 (COX-2) inhibitors, such as celecoxib, rofecoxib, and
nimesulide, reduces the incidence of gastrointestinal complications. However, by
inhibiting prostacyclin synthesis, these agents may disrupt the balance between
prostacyclin and thromboxane levels in favor of thromboxane, a prothrombotic
factor, thereby contributing to the development of cardiovascular disorders, including
myocardial infarction. At the same time, selective COX-2 inhibitors increase the risk
of renal insufficiency due to a reduction in glomerular filtration and a delay in
sodium reabsorption.

Therefore, the widespread use of NSAIDs is often limited by their insufficient
efficacy and a range of serious adverse effects, primarily their ulcerogenic potential,
which frequently necessitates the discontinuation of treatment. The most significant
among these adverse effects are gastrotoxicity, nephrotoxicity and hepatotoxicity.

Currently, there is an active global effort aimed at enhancing the therapeutic
effects of NSAIDs, particularly their anti-inflammatory and analgesic properties, as
well as improving their safety profile.

A promising approach to improving the safety of NSAIDs is the use of
combined analgesic agents (CAAs) that demonstrate effective analgesic activity
while minimizing adverse effects in modern pharmacotherapy. In the development of
such combination drugs, preference is given to domestic active pharmaceutical

ingredients that are already well-established on the pharmaceutical market and widely
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recognized by the general population.

An important stage in the search for new analgesic agents involves screening
studies of the peripheral component of the analgesic activity of active pharmaceutical
substances. It is well known that a number of experimental models are employed to
investigate the mechanisms of peripheral analgesic activity, including acetic acid-,
acetylcholine-, and kaolin-induced writhing tests, all of which are based on
chemically induced nociceptive stimulation. The classical screening model is the
"acetic acid writhing". Intraperitoneal administration of an acetic acid solution leads
to generalized activation of the nociceptive system and local release of bradykinin,
histamine, serotonin, prostaglandins and leukotrienes. This cascade results in the
development of involuntary contractions of the abdominal muscles, referred to as
"writhes", which are accompanied by extension of the hind limbs and arching of the
back in experimental animals. According to literature data, caffeine positively
influences the bioavailability of NSAIDs and NNAs. The enhancement of analgesic
activity of NSAIDs and NNAs is associated with caffeine-induced central cholinergic
analgesia, as well as the structural similarity between caffeine and adenosine
molecules, which underlies its neurochemical mechanism of action through the
blockade of purine P1 receptors in the brain.

Previous experimental studies conducted at the Department of Medical and
Bioorganic Chemistry on the effects of caffeine on the anti-exudative (AEA), analgesic
(ANA), and antipyretic activities of well-known NSAIDs with various chemical
structures (paracetamol, diclofenac, ibuprofen, meloxicam, piroxicam, celecoxib,
rofecoxib, mefenamic acid) demonstrated that caffeine enhances both AEA and ANA
of the investigated NSAIDs. In our earlier studies, caffeine confirmed its role as an
adjuvant to nimesulide (N-(4-Nitro-2-phenoxyphenyl)methanesulfonamide) with
respect to the central component of ANA and AEA. The mechanism of its action is
based on the inhibition of the phosphodiesterase enzyme by caffeine, leading to the
accumulation of intracellular cyclic adenosine monophosphate.

The aim of this study was to investigate the peripheral component of the

analgesic activity of a new domestic two-component pharmaceutical composition
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based on nimesulide and 1,3,7-trimethylxanthine (caffeine), in comparison with the
individual administration of the composition’s components and the reference drug
2-[(2,6-dichlorophenyl)amino]phenyl]acetate sodium (diclofenac sodium).

Materials and Methods. The experimental study was conducted using the
“acetic acid writhing” model. Writhing was induced by intraperitoneal injection of a
0.6% acetic acid solution at a dose of 0.1 ml per 10 g of rat body weight,
administered 1 hour after oral administration of the test substances and their
pharmaceutical composition prepared in starch mucilage. Animals were observed for
20 minutes following the acetic acid injection, and the number of writhes was
recorded for each rat. The peripheral component (PC) of ANA was assessed based on
the ability of the tested substances and their composition to reduce the number of
writhes compared to the control group. The effect was expressed as a percentage and
calculated using the following formula:

PC ANA = (Cav-Eav) / Cav-100%, where

PC ANA is the peripheral component of analgesic activity, %;

Cav is the average number of writhes in the control group;

Eav is the average number of writhes in the experimental group.

The animals were divided into five groups, with six rats in each group.
Animals in Group 1 served as the control and received a single intragastric (i/g)
administration of 3% starch mucilage (2 ml per 200 g of rat body weight). Animals in
Groups 2 to 5 received a single i/g administration of the test pharmaceutical
substances or their compositions, suspended in 3% starch mucilage, as follows:

Group 2 — nimesulide (15.0 mg/kg of rat body weight);

Group 3 — caffeine (0.6 mg/kg of rat body weight);

Group 4 — a combination of nimesulide (15.0 mg/kg of rat body weight) and
caffeine (0.6 mg/kg of rat body weight);

Group 5 — the reference drug diclofenac sodium (8.0 mg/kg of rat body
weight).

The study was conducted on WAG laboratory rats obtained from the

Experimental Biological Clinic of KhNMU, in compliance with the standards for
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housing, care, and feeding. Environmental conditions included an ambient
temperature of 23-25°C, lighting levels of 100 lux in the room and 20—40 lux inside
the cages. The animals were housed for 1.5 months, including a two-week
acclimatization period. The standard diet consisted of vegetables and forage beets,
while the water source was settled tap water. The rats were maintained under
vivarium conditions in accordance with ethical guidelines for the humane treatment
of laboratory animals. The study was carried out in accordance with the principles of
the European Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasbourg, 1986) and the resolution of
the First National Congress on Bioethics (Kyiv, 2007). All experiments were
conducted in the first half of the day, which, according to literature data, corresponds
to the circadian dependence of the main pharmacological parameters and the
pharmacological activity of the investigated compounds.

The study was conducted in accordance with the methodological guidelines of
the State Pharmacological Center of the Ministry of Health of Ukraine. The selection
of the number of animals and their distribution into experimental groups was guided
by a resource-efficient approach, bioethical principles, and statistical requirements.

Statistical analysis of the obtained data was performed using standard statistical
methods with the assistance of MS Excel and Statistica.

Results and Discussion. Our experimental studies demonstrated that
monotherapy with nimesulide (Group 2) and caffeine (Group 3) led to a statistically
significant reduction in the number of writhing responses in rats compared to the
control Group 1: 20,5 + 0,428. The reduction was 2.2-fold in Group 2 and 2.4-fold in
Group 3 (Table 1). Nimesulide also significantly decreased the number of writhing
episodes compared to both caffeine (Group 3) and sodium diclofenac (Group 5).

The addition of caffeine to nimesulide (Group 4) resulted in an even more
pronounced and statistically significant reduction in the number of writhing responses
in rats — by 4,4-fold compared to the control group (Group 1), 1,5-fold compared to
the group receiving nimesulide (Group 2) and 2,7-fold compared to the reference
drug (Group 5). This indicates that caffeine potentiated the PC of the analgesic effect
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of nimesulide.
Table 1
Evaluation of the Peripheral Component of the Analgesic Effect of Nimesulide,

Caffeine and Their Pharmaceutical Combination in Rats Using the “Acetic Acid

Writhing” Model
Ne Animal Groups Number of Writhing Responses PC ANA, %
1. Control 20,5+ 0,428 --
2. Nimesulide 6,2+ 0,307 69,8
*/***/****/*****
3. Caffeine 8,56+0,224 58,5
*/**/****/*****
4, Nimesulide + Caffeine 4,67 +0,211 77,2
*/**/***/*****
5. Sodium Diclofenac 7,33+0,211 64,2
*/**/***/****

Note 1. (mean + standard error) * — statistically significant difference
compared to the control group, P < 0,05;

Note 2. (mean + standard error) ** — statistically significant difference
compared to nimesulide monotherapy, P < 0,05;

Note 3. (mean + standard error) *** — statistically significant difference
compared to caffeine monotherapy, P < 0,05;

Note 4. (mean + standard error) **** — statistically significant difference
compared to the combination of nimesulide and caffeine, P < 0,05;

Note 5. (mean + standard error) ***** — statistically significant difference
compared to sodium diclofenac monotherapy, P < 0,05.

In terms of impact on the PC of ANA effect, the two-component composition
of nimesulide and caffeine developed by us demonstrated the highest efficacy
(77,2%), surpassing that of nimesulide (69,8%), caffeine (58,5%) and sodium
diclofenac (64,2%).

Conclusions.

1.  All pharmaceutical agents investigated in this study, including the newly
developed two-component pharmaceutical composition, demonstrated
pharmacological activity with respect to the peripheral component of ANA. The

efficacy ranking was as follows: the nimesulide + caffeine composition (77,2%) >
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nimesulide (69,8%) > reference drug sodium diclofenac (64,2%) > caffeine (58,5%).
2.  The pharmaceutical composition of nimesulide and caffeine developed
in our study exhibited greater efficacy on the peripheral component of ANA
compared to monotherapy with either component. Caffeine effectively potentiated the
peripheral analgesic effect of nimesulide, supporting the rationale for the use of such

a pharmaceutical combination in cases of peripheral genesis.

REFERENCES

1. Viktorov O. P. Vybir ta medychne zastosuvannia nesteroidnykh
protyzapalnykh likarskykh zasobiv. Upravlinnia zakladom okhorony zdorovia
(Health Care Institution Management). 2009;(1):36-44.

2. Voitenko H. N. Mefenaminova Kkyslota-Darnytsia: zmenshuiuchy
lykhomanku, aktyvuie imunnyi zakhyst. Ukrainskyi medychnyi chasopys.
2009;1(81):75-78.

3. Hladkykh F. V., Chyzh M. O. Nesteroidni protyzapalni zasoby: suchasne
uiavlennia pro mekhanizmy ushkodzhennia travnoho traktu, nedoliky preparativ

patohenetychnoho likuvannia ta perspektyvy biolohichnoi terapii NPZZ-indukovanoi

ezofahohastroenterokolonopatii. Hastroenterolohiia. 2020;4:253-266.
doi:10.22141/2308-2097.54.4.2020.216714
4, Holubov M. 1., Suvorova Z. S. Likarski formy nesteroidnykh

protyzapalnykh preparativ. problemy ta perspektyvy (ohliad literatury).
Farmakolohiia ta likarska toksykolohiia. 2023;17(2):125-133.

5. Luk’ianchuk V. D. Suchasnyi pohliad na farmakolohiiu nesteroidnykh
protyzapalnykh preparativ (ohliad literatury). Ukrainskyi medychnyi almanakh.
2008;(3):208-211.

6. Mishchenko O. Ya., Berezniakov A. V., Myshchenko O. Ya. Nesteroidni
protyzapalni zasoby dlia mistsevoho zastosuvannia: analiz dokaziv efektyvnosti v
terapii m’yazovo-suhlobnoho boliu. Liky-liudyni. Suchasni problemy farmakoterapii
i pryznachennia likarskykh zasobiv: Proceedings of the 1* International Scientific and
Practical Conference, Kharkiv, March 30-31, 2017. Kharkiv: NFaU; 2017. Vol. 1.

42



p. 204-209.

7. Nesteroidni protyzapalni preparaty: yikh efektyvnist’ i dostupnist’,
pryiiniatnist’ dlia patsiienta / 1. S. Chekman, O. P. Viktorov, N. O. Horchakova,
A. S. Svintsitskyi [ta in.]. K.: Polihraf Plius, 2011. 118 s.

8. Svintsitskyi A. S. Mekhanizmy terapevtychnoi efektyvnosti ta pobichnoi
dii nesteroidnykh protyzapalnykh preparativ // Prakt. likar. 2012. Ne 4. S. 5-12.

9. Chekman I. S., Horchakova N. O., Tumanov V. A. ta in. Biokhimichni
mekhanizmy dii kofeinu (ohliad literatury) // Fitoterapiia. Chasopys. Medytsyna.
2018. Ne 1. S. 4-8.

10. Bindu S, Mazumder S, Bandyopadhyay U. Non-steroidal anti-inflammatory
drugs (NSAIDs) and organ damage: A current perspective. Biochemical pharmacology.
2020 Jul 10: 114147. DOI: https://doi.org/10.1016/j.bcp.2020.114147.

11. Boppana S. H., Peterson M., Du A.L. et al. Caffeine: what is its role in pain
medicine? // Cureus. 2022. Vol. 14 (6). P. 1.

12. Syrova G. O. The experimental research on the anti-inflammatory action of
the new piroxicamcaffeine pharmaceutical composition / G. O. Syrova,
L. V. Lukianova, N. M. Chalenko // Science Review. 2018. Vol. 4, Ne 3(10).
P. 72-76.

13. Syrova G. O. 1,3,7-trimethylxanthine — known adjuvant of non-steroidal
anti-inflammatory drugs of different chemical structures / G. O. Syrova,
L. V. Lukianova, N. M. Chalenko // Proceedings of the First International conference
of European Academy of Science, Bonn, November 30, 2018 / European Academy of
Science. — Bonn, 2018. — P. 34-35.

14. Shchokina K. H. Dosiahnennia ta perspektyvy vyvchennia suchasnykh
nesteroidnykh protyzapalnykh zasobiv // Klinichna farmatsiia. 2009. T. 13, Ne 2.
S. 14-19.

15. Doklinichni doslidzhennia likarskykh zasobiv: metod. rekomendatsii / za
red. O. V. Stefanova. Kyiv, 2001. 527 s.

16. Syrova H. O. Eksperymentalne ta kvantovo-khimichne obhruntuvannia

stvorennia kombinovanoho protyzapalnoho preparatu: avtoref. dys. d-ra farm. nauk:

43



14.03.05 / NFaU. Kharkiv, 2011. 42 s.

17. Syrovaya A. O., Levashova O. L., Chalenko N. N. et al. Investigation of
qguantum-chemical properties of mefenamic acid // The scientific heritage, 2017.
Vol. 2, Ne 11. P.18-22.

18. Kozhem’iakin Yu. M., red. Naukovo-praktychni rekomendatsii z
utrymannia laboratornykh tvaryn ta roboty z nymy / O. V. Kyiv: NVP "Interservis";
2017. 182 .

19. B. P. Schachatel, J. M. Fillingim, A. C. Lane et al. Caffeine asan analgetic
adjuvant. A double — blind study comparing aspirin with caffeine to aspirin and
placebo in patients with sore throat // J. Clin. pharmacol. 2007. Ne 47. P. 860-870.

20. Investigation of the Peripheral Analgesic Activity of Oxicams and Their
Combinations with Caffeine / A. Syrova, L. Lukyanova, S. Kozub, O. Zavada,
O. Levashova, V. Shaposhnik // Turkish Journal Of Pharmaceutical Sciences. 2020.
Vol. 17 (4). P. 408-411.

21. Biochemical Confirmation of Anti-Inflammatory Activity of OxicamBased
Pharmaceutical Compositions / Syrova Ganna Olegivna, Tishakova Tetyana
Stanislavivna, Levashova Olga Leonidivna, Savelieva Olena Valeryivna // Jotcsa,
2018. Ne 5(3). P. 1407-1412.

22. Experimental investigation of the effect of pharmaceutical composition on
the central nervous system / G. Syrova, L. Lukianova, V. Sinelnik, Yu. Krasnikova,
Logina Salam // Inter collegas: theoretical & experimental medicine. 2019. Vol. 6,
Ne 3. P. 162-167.

23. Kofein:  Fiziolohichni, biokhimichni ta kvantovo-farmakolohichni
vlastyvosti / 1. Chekman, N. Horchakova, T. Zviahintseva, H. Syrova, N. Nebesna //
Visnyk farmakolohii ta farmatsii. — 2009. — Ne 6. — S. 2—7.

24. Syrova H. O. Vyvchennia potsentsiiuiuchykh protyboliovykh vlastyvostei
kofeinu v eksperymenti / H. O. Syrova, T. V. Zviahintseva // Khll Konhres Svitovoi
federatsii ukrainskykh likarskykh tovarystv. — Ivano-Frankivsk, 2008. — S. 454.

25. Boiko 1. Experimental confirmation of the caffeine’s potentiation of the

analgetic properties / I. Boiko, G. Syrova, T. Ermolenko // 3th International Scientific

44



interdisciplinary Congress of medical students and young doctors14-16 April, 2010. —
Kharkiv, 2010. - P. 14.

26. Syrova H. O., Bachynskyi R. O., Luk’ianova L. V., Shaposhnyk V. S.
Sposib pidsylennia analhetychnoi dii peryferychnoho henezu karbamazepinu: pat.
59253 Ukraina / zaiavnyk ta patentovlasnyk Kharkivskyi natsionalnyi medychnyi
universytet, Ukraina. Ne 201408577; zaiavl. 28.07.2014; opubl. 10.12.2014, Biul.
Ne 23.6s.

27. Syrova H. O., Bachynskyi R. O., Luk’ianova L. V., Shaposhnyk V. S.
Sposib pidsylennia analhetychnoi dii peryferychnoho henezu paratsetamolu: pat.
59254 Ukraina / zaiavnyk ta patentovlasnyk Kharkivskyi natsionalnyi medychnyi
universytet, Ukraina. Ne 201408579; zaiavl. 28.07.2014; opubl. 10.12.2014,
Biul. Ne 23. 4 s.

28. Pat. na korysnu model 129456 Ukraina, MPK A61K 31/00, A61P 31/00.
Sposib pidsylennia protybolovoi aktyvnosti peryferychnoho henezu meloksikamu /
H. O. Syrova, L. V. Luk’ianova, S. M. Kozub, O. O. Zavada, Yu. M. Krasnikova,
V. S. Shaposhnyk (UA). — Ne u2018 06045; zaiavl. 31.05.2018; opubl. 25.10.2018,
Biul. Ne 20.

29. Study of antiexudative activity of a new pharmaceutical composition of N-
(4-nitro-2-phenoxyphenyl) methanesulfonamide with 1,3,7-trimethylxanthine in
experiment / Syrova G., Chalenko N., Kozub S., Savelieva O., Prysiazhnyi O. // The
3rd International scientific and practical conference “European congress of scientific
discovery” (March 3-5, 2025) Barca Academy Publishing, Madrid, Spain.
2025.-P.77-78.

30. Experimental study of the central component of analgesic activity of new
two-component compositions / Syrova G., Chalenko N., Kozub S., Savelieva O.,
Prysiazhnyi O. // The 4th International scientific and practical conference “European
congress of scientific discovery” (April 1-3, 2025) Barca Academy Publishing,
Madrid, Spain. 2025. — P. 93-102,

45



