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Opioid and non-narcotic analgesics, non-steroidal anti-inflammatory agents, anesthetics, antidepressants, myorelax-

ants, combined agents and phytopreparations are widely used for the treatment of pain syndrome. One of the promising 

phytogenic objects with potential analgesic properties is the Acorus calamus (Sweet Flag). 
The aim: the purpose of the study is to determine the analgesic effect of the dealcoholized extract of Acorus calamus 

leaves (DEAL) on a model of pain in the "Hot plate" test and in the test of tail heat immersion. 

Materials and methods. During the experimental study, the pharmacological methods have been used. The analgesic 

properties of DEAL were studied in mice on the "Hot plate" model using the Hot / Cold Plate (Bioseb, France) and in 

the test of the heat immersion in rats. 

The results. On the models of pain in the "Hot plate" and tail heat immersion tests, the analgesic effect of the dealco-

holized extract of Acorus calamus leaves (DEAL) is determined. On the "Hot plate" model, the use of DEAL probably 

increased the duration of the latency period. According to the analgesic effect of DEAL and metamizol sodium were 

comparable to each other continues to 1 and 1.5 hours of experiment, but starting with 2 hours of experiment the anal-

gesic action of metamizol sodium statistically exceeded the analgesic effect of DEAL. 

In the test of heat immersion tail in rats, DEAL increased the latency period of shocking of the rats’ tail compared to 

the starting background by 43.13 % as well as metamizol sodium by 66.6 %. The studies have shown the presence of 

moderate analgesic effects of DEAL in the investigated dose. 

Conclusions. The analgesic effect of a dealcoholized extract of Acorus calamus leaves (DEAL) on a model of pain in 

the "Hot plate" and heat tail immersion tests has been carried out. Under the "Hot plate" test in mice, DEAL produces 

a distinct analgesic effect, however, slightly inferior to the severity of metamizol sodium. Presence of moderate analge-

sic properties of DEAL has been verified in comparison with the metamizel sodium in thetail heat immersion test in 

rats. The obtained results indicate the influence of DEAL on the central mechanisms of pain formation 
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1. Introduction 

One of the most common symptoms in medicine 

is pain. Pain occurs when exposed to nociceptive factors 

or as a result of suppression of the antinociceptive system 

[1–3]. According to statistics, 11.3–40 % of visits to the 

doctor are made by patients with pain syndromes [4]. 

Chronic pain of various genesis, which affects one in 

five, is quite common [5, 6]. 

Non-narcotic analgesics, opioid analgesics, non-

steroidal anti-inflammatory drugs, anesthetics, antide-

pressants, muscle relaxants, combined drugs, etc. are 

widely used for the treatment of pain syndrome [7]. 

Herbal medicines are also widely used in the 

treatment of pain, because according to the "WHO Strat-

egy for Folk Medicine 2014–2023", it is indicated that 

about 80 % of the world's population uses herbal medi-

cines [8]. 

This is due to the fact that the rich composition of 

plant BAS provides polyvalence of pharmacological ef-

fects [9]. This allows you to achieve maximum severity 

of the main therapeutic effects, i. e. gently and safely af-

fect many systems of the body, which are somehow in-

volved in the pathological process [10]. 

One of the promising phytoobjects with potential 

analgesic properties is Acorus calamus L. 

There are data from experimental studies on the 

analgesic properties of azalea rhizome extract in thermal 

and mechanical hyperalgesia and in neuropathic pain 

caused by sciatic nerve damage [11], vincristine-induced 

neuropathic pain [12], acetic acid cramps, etc. 

Most researchers believe that the analgesic prop-

erties of azalea due to the presence of azarone in its com-

position [11, 14]. However, azarin is associated with a 

number of toxic effects of Acorus calamus (carcinogenic, 

mutagenic action), which limits its widespread use in 

medicine [15, 16].  

At the National University of Pharmacy, under the 

guidance of Professor TM Gontova, a dealcoholized ex-

tract of Acorus calamus leaves (DEAL) was obtained, the 

peculiarity of which is the absence of azarone. Phenolic 

compounds were identified in the dealcoholized extract 

of Acorus calamus leaves by HPLC: hydroxycinnamic 
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acids – caffeic acid, p-coumaric acid (content of the sum 

of hydroxycinnamic acids in terms of rosemary acid -

0.39 mg / 100 ml) and flavonoids, isoniones – 7-

glucoside, apigenin and akacetin.  

Previous studies for DEAL have shown anti-

inflammatory, membrane-stabilizing effects, as well as no 

cytotoxic effect in in vitro studies on the human hepatocel-

lular carcinoma line HepG2 and by MTT-test [17, 18]. 

The aim of the research was to determine the 

analgesic effect of DEAL on the model of pain in the 

test "hot plate" and in the test of thermal immersion of 

the tail.  

 

2. Materials and methods 

The experiments were conducted on the basis of 

the Training and Research Training Center for Medical 

and Biological Research of the Central Research Labora-

tory of the National University of Pharmacy (NUPh) in 

compliance with European Union Directive 2010/63/EU 

on the protection of animals used for scientific purposes 

(Directive 2010/63/EU of the European Parliament) [19] 

with the approval of the NUPh commission on bioethics 

(protocol No. 2 of 04.11.2019). 

During the experiment, the animals were in the vi-

varium of the NUPh training center at an air temperature 

of 20–22 °C, natural light regime "day and night", in 

standard ventilated cages, on a standard diet [20]. 

The study used 24 outbred male mice aged 3.5–

4.0 months, body weight 22.0±2.0 g and 24 white out-

bred male rats weighing 180–210 g.  

DEAL was administered intragastrically at a dose 

of 1 ml/kg (conditional therapeutic dose for anti-

inflammatory activity). The comparison drug was the 

traditional analgesic metamizole sodium (tablets "Anal-

gin" produced by "Darnitsa" 500 mg) (at a dose of 50 

mg/kg, which was administered intragastrically [21–23]. 

volume. 

The central mechanisms of analgesic action of 

DEAL were studied in mice on the model "hot plate" 

[22–24] using the device Hot / Cold Plate (Bioseb, 

France). Randomization of animals was performed at 

baseline of latency period (LP), and animals in which LP 

exceeded 8 s were not included in the experiment [23]. 

The response to stimulation (bouncing, licking or shak-

ing the hind paw) of experimental animals on a hot plate 

(+ 51 °C) was recorded in seconds [22]. In order to min-

imize tissue damage, the residence time of the animals on 

the hot plate was limited to 30 s. The test evaluated the 

changes in the pain threshold after administration of the 

test compounds after 30, 60, 120 and 180 minutes. 

In rats, a study of the analgesic activity of DEAL 

in the test of thermal immersion of the tail was per-

formed by immersing the tip of the tail of rats (5 cm) in 

hot water with a temperature of 55 °C [22, 25]. The dura-

tion (sec) of LP tail pulling was recorded. The criterion 

for the presence of analgesic action was considered a sta-

tistically significant increase in the duration of the latent 

period relative to the control group of animals. 

The results of the experiment were analyzed using 

the program Statistica-6 (StatSoft, Inc., USA), deter-

mined the normality of the distribution using the W 

Shapiro-Wilk test. Under normal distribution, ANOVA 

analysis of variance was used, data expressed as M±m.  

 

3. Results  

In the “hot plate” test, it was found that in control 

animals, responses to thermal irritation did not change 

significantly throughout the observation period (Table 1), 

while the use of DEAL and metamizole sodium caused 

an analgesic effect.  

 

Table 1 

Analgesic effect of DEAL and metamizole sodium on the “hot plate” model in mice (M±m; n=8) 

Group of ani-

mals 

Duration of the latent period, p 

Baseline 1.0 h 1.5 h 2.0 h 3.0 h 

Control ani-

mals 
4.38±0.42 3.5± 0.42 3.88±0.39 3.75±0.37 3.88±0.30 

DEAL, 

 1 ml/kg 
4.13±0.35 4.48±0.41 5.75±0.59*/** 7.13±0.55*/** 9.13± 0.51*/** 

Metamizole 

sodium,  

50 mg/kg 

3.88±0.23 4.88±0.30*/** 6.25±0.37*/** 8.63±0.37*/**/# 15.38±0.71*/**/# 

Note: * − deviations are significant relative to the values of the original background of the group, p<0.05; ** - deviations are signif-

icant for the values of control animals for the relevant study time, p<0.05; # deviations are significant for the values of the group of 

animals treated with DEAL for the relevant study hour, p<0.05; n is the number of animals in the group 

 

Thus, compared with both the original back-

ground of the group and the group of untreated ani-

mals, the use of DEAL probably increased the dura-

tion of the latent period, starting with 1.5 h of the ex-

periment (Table 1). 

When using metamizole sodium, a statistically 

significant experiment was recorded during the increase 

of the latency period during all 3 hours, which indicates a 

pronounced analgesic effect. It should be noted that the 

analgesic effect of DEAL and metamizole sodium were 

comparable during the 1st and 1.5 hours of the experi-

ment, but starting from 2 hours of the experiment, the 

analgesic effect of metamizole sodium was statistical-

ly higher than the analgesic effect of DEAL (Table 1). 

These results are consistent with data from other re-

searchers who observed an increase in the analgesic 

effect of metamizole sodium from 2 hours of the re-

search [23]. 

Analgesic properties of DEAL were confirmed in 

the test of thermal immersion of the tail in rats (Table 2).  
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Table 2 

Analgesic effect of DEAL and metamizole sodium in the test of thermal immersion of the tail in rats (M±m; n=8) 

Group of animals 
LP of tail pulling (s) 

Baseline After 120 min Changes relative to baseline, % 

Control animals 6.25±0.37 5.75±0.25 -8 % 

DEAL, 1 ml/kg 6.38±6.38 9.13±0.22*/** +43.13 % 

Metamizole sodium, 50 mg/kg 6.75±0.49 11.25±0.70*/**/# +66.6 % 
Note: * – deviations are significant relative to the values of the original background of the group, p<0.05; ** – deviations are signif-

icant relative to the values of control animals for the relevant study time, p<0.05; # – deviations are significant relative to the values 

of the group of animals treated with DEAL, p<0.05; n is the number of animals in the group 

 

 

It was found that during the use of DEAL, latent 

period of pulling the tail of rats compared to baseline in-

creased by 43.13 %, and with the use of metamizole so-

dium – by 66.6 %. Therefore, the study confirmed the 

presence of DEAL in the studied dose of moderate anal-

gesic action. 

 

4. Discussion 

The mechanism of pain formation in the test of 

thermal immersion of the tail is due to the spinal flexor 

reflex due to the activation of C-fibers, Ad-fibers of pol-

ymodal nociceptors and high-threshold mechanorecep-

tors [22, 26]. In the "hot plate" test, the occurrence of 

pain is due to the activation of certain parts of the noci-

ceptive system - thermoreceptors and nociceptors [20, 

24, 25]. 

The presence of the analgesic effect of DEAL in 

these model injuries indicates a central link in the analge-

sic effect of the extract. Given the absence of azarone in 

the composition of DEAL, which to some extent has an-

algesic effects [14], we could assume that analgesia is re-

alized by other mechanisms [18, 27].  

Prostaglandin E2, histamine and a number of cy-

tokinins are the main factors responsible for lowering the 

threshold of neuronal activation and peripheral neuronal 

sensitization [28]. 

Flavonoids have antioxidant, anti-inflammatory, 

analgesic, hypoazotemic, and hepatoprotective effects 

[29–31]. The realization of these effects is apparently due 

to their inhibition of NF-κB-dependent proinflammatory 

cytokines [32] and intercellular adhesion molecule 1 

(ICAM-1) [33]. In addition, the COX-2 receptor site (as 

opposed to physiological COX-1) has an additional lat-

eral hydrophilic cavity through which COX-2 could in-

teract with flavonoids and similar compounds [30]. Due 

to flavonoids, flavonols and oxycinnamic acids, which 

are part of DEAL, the formation of prostaglandins E1, F2 

and thromboxane A2 is reduced; capillary permeability 

decreases, which indirectly leads to a decrease in pain 

[27, 29, 31]. 

Obviously, the presence of these BAS to some ex-

tent explains the analgesic properties of dealcoholized 

extract of Acorus calamus leaves. 

Study limitations. The studies were of a screen-

ing nature to establish the presence of an analgesic effect 

in DEAL in a limited number of male animals. There-

fore, it is rational to investigate the dependence of the 

analgesic effect of Acorus calamus leaf extract on the age 

and sex of animals in a wide range of doses on other 

models. 

Prospects for further researches. To further in-

vestigate the analgesic properties of Acorus calamus ex-

tract and to clarify the probable mechanisms of analgesic 

action of DEAL, it is advisable to conduct a series of 

pharmacological studies on models of formalin test, cap-

saicin test, acetic acid cramps, etc., as well as appropriate 

biochemical, immunohistochemical studies. The analge-

sic properties revealed in these studies and the anti-

inflammatory and capillary-strengthening properties of 

the dealcoholized extract of Acorus calamus leaves es-

tablished in previous experiments are the basis for the 

creation of new drugs of analgesic and anti-inflammatory 

action. 

 

5. Conclusions 

The analgesic effect of dealcoholic extract of 

Acorus calamus leaves (DEAL) on the model of pain in 

the tests "hot plate" and thermal immersion of the tail 

was determined. Under the test conditions, the "hot plate" 

in DEAL mice has a pronounced analgesic effect, which, 

however, is somewhat inferior to the severity of met-

amizole sodium. The presence of moderate analgesic 

properties of DEAL in comparison with metamizole so-

dium in the rat tail thermal immersion test was verified. 

Evaluating the results of pharmacological studies 

of the analgesic action of DEAL on the models of "hot 

plate" and the test of thermal immersion of the tail, we 

could conclude that its implementation involves the cen-

tral mechanism of analgesia. 

 

Conflict of interests 

The authors declare that they have no conflicts of 

interest. 

 

Financing 

The study was performed without financial support. 

 
References 

1. Bragin, E. O. (1991). Neirokhimicheskie mekhanizmy regulyatsii bolevoi chuvstvitelnosti. Moscow: UDN, 248. 

2. Oliveira, J. T. (2000). Behavioral aspects of chronic pain syndromes. Arquivos de Neuro-Psiquiatria, 58 (2A), 360–365. 

doi: http://doi.org/10.1590/s0004-282x2000000200027  

3. Roenneberg, C., Henningsen, P., Hausteiner-Wiehle, C. (2020). Chronic pain syndromes and other persistent functional 

somatic symptoms. Der Nervenarzt, 91 (7), 651–661. doi: http://doi.org/10.1007/s00115-020-00917-w  



Scientific Journal «ScienceRise: Biological Science»                                                                               №3(28)2021 

 
24 

4. Gureje, O., Simon, G. E., Von Korff, M. (2001). A cross-national study of the course of persistent pain in primary care. 

Pain, 92 (1), 195–200. doi: http://doi.org/10.1016/s0304-3959(00)00483-8  

5. Bofanova, N. S., Masaeva, R. R., Verbitskaya, O. S., Koldova, T. G., Yadrentseva, U. V. (2021). Chronic pain in the 11th revision 

of the International Classification of Diseases. Russian Journal of Pain, 19 (1), 36–39. doi: http://doi.org/10.17116/pain20211901136  

6. Shostak, N. A., Pravdyuk, N. G., Klimenko, A. A. (2013). Complex regional pain syndrome – clinic, diagnostics, treat-

ment. The Clinician, 7 (1), 41–47. 

7. Park, H. J., Moon, D. E. (2010). Pharmacologic Management of Chronic Pain. The Korean Journal of Pain, 23 (2), 99–108. 

doi: http://doi.org/10.3344/kjp.2010.23.2.99  

8. WHO Traditional Medicine Strategy 2014–2023 (2013). Geneva: World Health Organization, 15–56. 

9. Rao, P. V., Gan, S. H. (2014). Cinnamon: A Multifaceted Medicinal Plant. Evidence-Based Complementary and Alterna-

tive Medicine, 2014, 1–12. doi: http://doi.org/10.1155/2014/642942  

10. Chekman, I. S. (2003). Klinichna fitoterapiia. Kyiv: A.S.K., 550. 

11. Muthuraman, A., Singh, N. (2011). Attenuating effect of Acorus calamus extract in chronic constriction injury induced 

neuropathic pain in rats: an evidence of anti-oxidative, anti-inflammatory, neuroprotective and calcium inhibitory effects. BMC 

Complementary and Alternative Medicine, 11 (1). doi: http://doi.org/10.1186/1472-6882-11-24  

12. Muthuraman, A., Singh, N., Jaggi, A. S. (2011). Protective effect of Acorus calamus L. in rat model of vincristine in-

duced painful neuropathy: An evidence of anti-inflammatory and anti-oxidative activity. Food and Chemical Toxicology, 49 (10), 

2557–2563. doi: http://doi.org/10.1016/j.fct.2011.06.069  

13. Khan, M. A., Islam, M. (2012). Analgesic and cytotoxic activity of Acorus calamus L., Kigelia pinnata L., Mangifera in-

dica L. and Tabernaemontana divaricata L. Journal of Pharmacy and Bioallied Sciences, 4 (2), 149–154. doi: 

http://doi.org/10.4103/0975-7406.94820  

14. Saldanha, A. A., Vieira, L., de Oliveira, F. M., Lopes, D. de O., Ribeiro, R. I. M. de A., Thomé, R. G. et. al. (2019). Anti-

inflammatory and central and peripheral anti-nociceptive activities of α-asarone through the inhibition of TNF-α production, leuko-

cyte recruitment and iNOS expression, and participation of the adenosinergic and opioidergic systems. Inflammopharmacology, 28 

(4), 1039–1052. doi: http://doi.org/10.1007/s10787-019-00679-1  

15. Rajput, S. B., Tonge, M. B., Karuppayil, S. M. (2014). An overview on traditional uses and pharmacological profile of Acorus 

calamus Linn. (Sweet flag) and other Acorus species. Phytomedicine, 21 (3), 268–276. doi: http://doi.org/10.1016/j.phymed.2013.09.020  

16. Calamus. Available at: https://www.drugs.com/npp/calamus.html 

17. Derymedvid, L. V., Korang, L. А., Shakina, L. O., Kalko, K. O., Yaremenko, M., Dabahned, M. F. et. al. (2020). Studies 

of cytotoxic activity of substances obtained from leaves and roots of Sweet Flag (Acorus calamus L.) on human hepatocellular carci-

noma (HеpG2) in vitro. Pharmacologyonline, 3, 240–246. 

18. Kalko, K. O., Derimedvid, L. V., Korang, L. A., Toziuk, O. Yu., Okipniak, I. V., Domar, N. A., Zhurenko, D. S. (2021). Anti-

inflammatory, membraneprotective and capillary strengthening properties of sweet flag leaf extracts. Pharmacologyonline, 2, 145–157. 

19. Zubchenko, N. I. Korotkyi, T. R. (Ed.) (2016). Mizhnarodno-pravove spivrobitnytstvo derzhav u sferi zabezpechennia 

dobrobutu tvaryn ta yikh zakhystu vid zhorstokoho povodzhennia. Odesa: Feniks, 284. 

20. Abrashova, T. V. et. al.; Makarov, V. G., Makarova, M. N. (Eds.) (2013). Fiziologicheskie, biokhimicheskie i bio-

metricheskie pokazateli normy eksperimentalnykh zhivotnykh. Saint Petersburg: Lema, 116. 

21. Stefanov, O. V. (Ed.) (2001). Doklinichni doslidzhennia likarskykh zasobiv. AMN Ukrainy. Kyiv: VD «Avitsena», 528. 

22. Chaika, A. V., Cheretaev, I. V., Khusainov, D. R. (2015). Metody eksperimentalnogo doklinicheskogo testirovaniya an-

algeticheskogo deistviya razlichnykh faktorov na laboratornykh krysakh i myshakh. Uchenye zapiski Krymskogo federalnogo uni-

versiteta im. V. I. Vernadskogo. Seriya «Biologiya, khimiya», 1 (1 (67)), 161–173. 

23. Trutaiev, S. I., Shtryhol, S. Yu., Hrashchenkova, S. A., Lebedynets, I. O. (2017). Analhetychna diia substantsii zyrylonu 

na modeli boliu z perevazhno tsentralnym mekhanizmom notsytseptsii ta yii moduliatsiia adrenotropnymy preparatamy. Farmakolo-

hiia ta likarska toksykolohiia, 3 (54), 74–79. 

24. Lavich, T. R., Cordeiro, R. S. B., Silva, P. M. R., Martins, M. A. (2005). A novel hot-plate test sensitive to hyperalgesic stimuli 

and non-opioid analgesics. Brazilian Journal of Medical and Biological Research, 38 (3), 445–451. doi: http://doi.org/10.1590/ 

s0100-879x2005000300016  

25. Yadlovskyi, O. E., Suvorova, Z. S., Naumenko, M. V. (2020). Particular features of the use of «Hot plate» test in phar-

macological researches. Pharmacology and Drug Toxicology, 14 (3), 177–184. doi: http://doi.org/10.33250/14.03.177  

26. Carlsson KH, Jurna I. Depression by flupirtine, a novel analgesic agent, of motor and sensory responses of the nocicep-

tive system in the rat spinal cord. Eur J Pharmacol. 1987 Nov 3;143(1):89-99. doi: 10.1016/0014-2999(87)90738-2 

27. Levashova, O. L., Haponenko, V. P. (2015). Poysk y sozdanye analhetykov pryrodnoho proyskhozhdenyia. Svit medytsyny ta 

biolohii, 2 (50), 144–146. 

28. Verri, W. A., Cunha, T. M., Parada, C. A., Poole, S., Cunha, F. Q., Ferreira, S. H. (2006). Hypernociceptive role of cyto-

kines and chemokines: Targets for analgesic drug development? Pharmacology & Therapeutics, 112 (1), 116–138. doi: 

http://doi.org/10.1016/j.pharmthera.2006.04.001  

29. Tarakhovskii, Yu. S. et. al.; Maevskii, E. I. (Ed.) (2013). Flavonoidy: biokhimiya, biofizika, meditsina. Puschino: 

Sunchrobook, 310. 

30. Korulkin, D. Yu., Abilov, Zh. A., Muzychkina, R. A., Tolstikov, G. A. (2007). Prirodnye flavonoidy. Novosibirsk: Akad-

emicheskoe izd-vo «GEO», 232. 

31. Ferraz, C. R., Carvalho, T. T., Manchope, M. F., Artero, N. A., Rasquel-Oliveira, F. S., Fattori, V. et. al. (2020). Thera-

peutic Potential of Flavonoids in Pain and Inflammation: Mechanisms of Action, Pre-Clinical and Clinical Data, and Pharmaceutical 

Development. Molecules, 25 (3), 762. doi: http://doi.org/10.3390/molecules25030762  



Scientific Journal «ScienceRise: Biological Science»                                                                                       №3(28)2021 

Veterinary research 
25 

32. Borghi, S. M., Mizokami, S. S., Pinho-Ribeiro, F. A., Fattori, V., Crespigio, J., Clemente-Napimoga, J. T. et. al. (2018). 
The flavonoid quercetin inhibits titanium dioxide (TiO 2 )-induced chronic arthritis in mice. The Journal of Nutritional Biochemistry, 
53, 81–95. doi: http://doi.org/10.1016/j.jnutbio.2017.10.010  

33. Verri, W. A., Jr., Vicentini, F. T., Baracat, M. M., Georgetti, S. R., Cardoso, R. D., Cunha, T. M. et. al.; Rahman, A. U. (Ed.) 
(2012). Flavonoids as Anti-Inflammatory and Analgesic Drugs: Mechanisms of Action and Perspectives in the Development of Pharmaceu-
tical Forms. Studies in Natural Products Chemistry. Vol. 36. Amsterdam: Elsevier, 297–330. doi: http://doi.org/10.1016/b978-0-444-53836-
9.00026-8 

 
Received date 27.07.2021 
Accepted date 26.08.2021 

Published date 30.09.2021 
 
Lyudmyla Derymedvid, Doctor of Medical Sciences, Professor, Department of Pharmacology and Pharma-
cotherapy, National University of Pharmacy, Pushkinska str., 53, Kharkiv, Ukraine, 61002 
 
Lyudmyla Korang, PhD, Korle-Bu Teaching Hospital, Guggisberg ave., Accra, Ghana, West Africa, P. O. Box 77 
 
*Corresponding author: Lyudmyla Derymedvid, e-mail: derimedved67@gmail.com 

 
  


