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How meloxicam, caffeine and their pharmacological composition influence the emotional-behavioral reactions in rats under formalin edema
Introduction. While studying the pharmacological effect of pharmaceutical drugs it is vital to explore their influence on behavioral characteristics in animals. That we have no verbal contact with animals limits the range of possible tests. The so-called “open-field test” is still the most wide-spread and informative one in studying the influence of medicines on emotional-behavioral reactions (EBR) [footnoteRef:1]. Medical practice often resorts to combined pharmacotherapy to improve the efficiency of a medicines [footnoteRef:2]. Modern medical practice has an urgent necessity in medicines with rather a wide range of pharmacological actions in considerably smaller doses and, at the same time, with low toxicity and minimal side effects. Such advantages are known to pertain to combination drugs as compared to mono-medicines [footnoteRef:3]. The analysis of references testifies that analgetics rather often contain caffeine, whereas meloxicam is a well-known nonsteroid anti-inflammatory drugs (NSAIDs) of oxicams. There is no information on the present pharmacological composition of meloxicam and caffeine. [1:  Kulagin D. A. Investigation of emotionality in Wistar rats and Krushinsky-Molodkina by the «open field» method /Genetics of behaviour. – L.: Science, – 1969. – P. 35–41.]  [2:  Utility model patent 59396 Ukraine, MПК: A61K31 / 00–31 / The use of NSAIDs compositions with caffeine as drugs with antiexudative activity / G. О. Sirova, E. R. Grabovetska, L. G. Shapoval, S. A. Nakonechna, N. V. Vakulenko, E. R. Boyko (UA). – Publish. 10.05.2011, Bul. № 1.]  [3:  Utility model patent 59254 Ukraine, MПК 2014.01. Method strengthening genesis peripheral analgesic action of paracetamol / G. О. Syrova, R. O. Bachinsky, L. V. Lukyanova, V. S. Shaposhnik (UA). – № u 2014 08579; Decl. 07/28/2014; Publish. 12.10.2014, Bull. № 23.] 

The purpose of our research was to study the influence of meloxicam, caffeine and their pharmacological composition on the EBR in rats by testing in the “open field” under formalin edema as compared to the reference medicine (diclofenac sodium).
The following tasks were solved in accordance with the given purpose: to study and analyse EBR in rats in “the open field” test by injecting meloxicam, caffeine and their composition under formalin edema as compared to the reference medicine (diclofenac sodium).
Materials and methods of the research. How meloxicam, caffeine and their composition influence EBR in rats was studied under formalin edema. An experimental study was conducted on WAG-line rats with an average weight of 180–220 g. The animals were divided in 6 groups with 6 rats in each group. The animals of group 1st were a control group, receiving 3% starch mucilage one time by oral intragastric administration (2 ml per 200g rat). Formalin edema in the animals of group 2nd was modeled by sub-plantar injection of 2% formalin solution in the rat’s hind leg along with intragastric injection of 3% starch mucilage (2 ml per 200g rat) [footnoteRef:4]. The experimental products and their composition were injected one time intragastrically as a suspension with 3% starch mucilage to the animals of 3rd through 6th group. Thus, the animals from group 3rd received meloxicam in the dose of 0,6 mg/kg, caffeine (0,6 mg/kg) was injected to animals from group 4, the fifth group received the pharmacological composition of meloxicam (0,6 mg/kg) with caffeine (0,6 mg/kg) and diclofenac sodium (8 mg/kg) as a reference medicine was injected to the 6th group. Maximum development of formalin edema can be observed in a four-hour period after its modeling [footnoteRef:5]. The medicines and their pharmacological composition, as well as 3% starch mucus were injected an 1 hour prior to this moment taking into consideration pharmacokinetic peculiarities of the experimental products. [4:  Preclinical studies of drugs: Guidelines / edited by O. V. Stefanova. – Kyiv, – 2001. – 527 p.]  [5:  Ibid.] 

The influence of the medicines and their combination on the animals’ behavioral characteristics was assessed by comparing groups 3–5 with the control one (group 1), with that under formalin edema (group 2) and with the reference medicine (group 6), as well as by comparing group 3 and 4 with group 5 (a medical composition). Parameters of the rats’ reference and research activity were observed during 3 minutes in the “open field” [footnoteRef:6] test and by the multi-parameter method of assessing alarming and phobic states according to the generally established methods [footnoteRef:7]. [6:  Rodina V. I. A new method for assessing anxiety-phobic states in rats / V. I. Rodina, N. A. Krupina, G. N. Kryzhanovskii, N. B. Oknina // Higher nervous activity. – 1993. – № 43 (5). – P. 1006–1017.]  [7:  Ibid.] 

The parameter of the rats’ reference and research activity in the “open field” test is characterized by a series of dimensions: the number of intersected squares (horizontal motion activity (HMA)), upright postures (vertical motion activity (VMA)), observed openings, washings (grooming), urinations and defecations according to the generally established methods [footnoteRef:8]. [8:  Kulagin D. A. Investigation of emotionality in Wistar rats and Krushinsky-Molodkina by the «open field» method / Genetics of behaviour. – L.: Science, – 1969. – P. 35–41.] 

Results of our experiment. The influence of experimental medicines and their composition on the rats’ HMA and VMA. The analysis of the rats’ reference and exploratory behaviour in the open field test concerning HMA and VMA characteristics exposed a motivational component in the rats’ characteristic. At the same time they tried to come into indirect contact with the objects, located at some distance by sniffing at the objects beyond “the open field”.
Modelling of the formalin edema (group 2) contributed to decrease in the HMA by 1,1 times and in the VMA by 1,5 times in the rats relative to the control group (table 1). Mono-injection of meloxicam under formalin edema, contributed to decrease in the HMA and VMA as compared to the animals from group 2 (by 1,1 times) and relatively to the control group (by 1,3 times and 1,7 times correspondingly), by 1,3 times (HMA) and by 2,1 times (VMA) as compared to the reference medicine. While resorting to mono-injection of caffeine, we observed increase of the HMA by 1,2 times and the VMA by 1,4 times relatively to group 2. Meanwhile, the received data did not differ from reference quantities statistically veritably (group 1) the same as by HMA from the reference medicine. While injecting the meloxicam-caffeine composition, we observed the following: increase of the HMA (by 1,3 times) and VMA (by 1,6 times) in the rats relative to group 2, as well as increase of the HMA in the rats relatively to all the experimental groups, and the VMA in the rats relative to groups 1–4, which did not differ from the reference medicine statistically veritably (see table 1).
The number of the surveyed holes. A variation of the rats’ reference and exploratory behaviour is the number of surveyed holes, an indicator of the hole reflex, which shows the animal’s ability to explore the “open field”, in particular, to peep into apertures. The number of the surveyed holes characterizes the rats’ cognitive activity. Modelling of the formalin edema contributed to a decrease in the number of the surveyed apertures by 2,7 times relatively to the control group. Mono-injection of meloxicam contributed to the increasing number of the surveyed holes with rats relatively to group 2 by 3,3 times, while mono-injection of caffeine increased the aforesaid by 2 times. Caffeine, added to meloxicam, significantly improved the rats’ cognitive activity by 2,7 times relatively to group 2. Though similar to the control group from the viewpoint of statistical authenticity, these indicators were different from those of the reference product (see table 1).
The rats’ cosmetic behaviour. Grooming (cosmetic behaviour) in rats is an important feature of the animals’ behavior in the “open field”.
Traditionally, rats spend the best part of their time on combing out their bodies as compared to their spatial motion.



Table 1 – Indices of the rats’ behavioral activity under formalin edema according to “the open field” method (n = 6)
	Rats’ groups
	The number of interjections 
(HMA)
	The num-
ber of sets 
(VMA))
	The number of the surveyed holes
	The number of washing 
(grooming)
	The number of urination
	The number of defecation

	Control
	45,33 ± 7,03
	6,67 ± 1,09
	1,33 ± 0,49
	7,5 ± 2,58
	1,00 ± 0,00****
	2,0 ± 0,78

	Formalin edema
	41,50 ± 0,50
	4,50 ± 
0,72******
	0,50 ± 
0,32******
	3,50 ± 0,56
	0,50 ± 
0,23***/*****
	1,00 ± 0,45

	Meloxicam
	36,17 ± 3,81
	4,00 ± 
1,53******
	1,67 ± 0,56
	3,33 ± 2,39
	1,33 ± 
0,21**/****
	1,67 ± 0,49

	Caffeine
	50,67 ± 12,62
	6,33 ± 2,26
	1,00 ± 
0,45******
	8,00 ± 3,67
	3,50 ± 0,44 
*/***/*****/******
	1,17 ± 0,17

	Meloxicam + caffeine
	55,33 ± 7,89
	7,17 ± 1,30
	1,33 ± 
0,21******
	4,00 ± 2,46
	1,50 ± 0,22 
**/****
	2,50 ± 0,67

	Diclofenac sodium
	48,33 ± 7,73
	8,50 ± 0,76**/***
	3,17 ± 
0,54**/****/*****
	4,50 ± 2,31
	1,00 ± 0,00****
	1,33 ± 0,87


Remarks (average ± error of mean):
* – veracity of the results relative to the control group, P < 0,05;
** – to the rats under formalin edema, P < 0,05;
*** – to the rats, subjected to mono‑injection of meloxicam, P < 0,05;
**** – to the rats, subjected to mono‑injection of caffeine, P < 0,05;
***** – to the rats, injected with the caffeine+meloxicam composition, P < 0,05;
****** – to the rats, subjected to mono‑injection of diclofenac sodium, P < 0,05; Grooming is closely correlated with motion activity. Therefore, when studying medicines, we find this behavioral characteristic of special interest.
Modeling of the formalin edema led to diminishing washings by 2,1 times relative to the control group 1. Mono-injection of meloxicam exerted no influence on grooming under formalin edema. Mono-injection of caffeine increased washings in the rats relatively to group 2 by 2,3 times. While injecting the meloxicam-caffeine composition against formalin edema, we could observe increased grooming by 1,1 times relative to group 2 with no statistically veritable difference from the reference medicine (see table 1).
Diuresis, defecation. It should be noted that the number of urination and defecation is significant to indicate the rats’ emotional status. The level of the rats’ emotional state of is evaluated by the number of these indicators. Modeling of formalin edema (group 2) decreased diuresis and the number of defecation twice relative to the control group. Mono-injection of meloxicam under formalin edema showed increasing diuresis and the number of defecation relative to group 2 by 2,7 times and by 1,2 times respectively. Mono-injection of caffeine contributed to the statistically veritable increase in diuresis by 7 times relative to group 2. The injected meloxicam-caffeine composition increased diuresis statistically veritably by 3 times relative to group 2, similar to the reference product in that respect. The experimental composition having no influence on the number of defecations, we could observe their increase by 2,5 times relative to group 2, with no statistically veritable difference from group 1 and the reference product (see table 1).
Conclusions. Analysing the results of the influence of meloxicam, caffeine and their composition on the rats’ EBR under formalin edema, we can state the following:
1. Caffeine potentiates the effect of meloxicam relatively to HMA and VMA and grooming in rats under formalin edema.
2. Injection of meloxicam, caffeine and their composition improves rats’ cognitive activity under formalin edema. However, addition of caffeine to meloxicam does not contribute to improving rats’ cognitive activity in experimental conditions from the point of statistical significance.
3. Injection of the meloxicam-caffeine composition normalizes diuresis and the number of defecation in rats under formalin edema.
The pharmacological meloxicam-caffeine composition is expedient and promising concerning the exploration of the central component with analgetic action. 
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