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Experimental study of caffeine influence on antiexudative activity of known NSAIDs of different chemical structure

Abstract: Antiexudative activity of combinations of some anti-inflammatory drugs with caffeine is shown in the experiment. It is found that caffeine potentiates antiexudative activity of  diclofenac sodium, ibuprofen and paracetamol. It is discovered that the composition of caffeine with ibuprofen has more intensive antiexudative effect than the composition of caffeine with diclofenac sodium and paracetamol.
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The problem of pharmacological regulation of inflammation is very important for the modern medicine. Inflammation acts as a major pathogenetic component of various diseases, therefore correction of inflammation processes is considered as one of the major problems of pharmacology[footnoteRef:1]. There is a significant number of drugs used for inflammation treatment[footnoteRef:2],[footnoteRef:3]. These drugs possess many useful properties, in particular, they have anti-inflammatory, analgesic, and antipyretic activities[footnoteRef:4],[footnoteRef:5],[footnoteRef:6]. It is well known that the combination of several components in a single medicinal product promotes its specific action spectrum[footnoteRef:7]. It is also known that caffeine is able to enhance analgesic, anti-inflammatory and other effects of drugs[footnoteRef:8],[footnoteRef:9],[footnoteRef:10]. Therefore, it was promising to study in experiments using laboratory animals the effect of caffeine on antiexudative activity of known drugs of different chemical structure: ibuprofen (a derivative of propionic acid), sodium diclofenac (a derivative of phenylacetic acid) and paracetamol (an aminophenol derivative).  [1:  Сирова Г.О. Експериментальне та квантово-хімічне обґрунтування створення комбінованого протизапального препарату:  Автореф. дис. …док. фарм. наук. – Харків, 2011. – 36с. 
]  [2:  Щокіна К.Г. Порівняння проти ексудативної дії сучасних не стероїдних протизапальних засобів /                      К.Г. Щокіна, С.М. Дроговоз, Ю.М. Максимов //Ліки. – 2004. – № 3-4. – С. 34-40. ]  [3: 
 Winzeler S. Non-steroidal anti-inflammatory drugs. A review / S.  Winzeler,  B. Rosenstein // AAOHN. J. – 1998. – Vol. 46, №5. – P. 253-259.
]  [4:  Дзяк Г.В. Нестероидные  противовоспалительные средства. / Г.В. Дзяк,  А.П. Викторов, Е.И. Гришина– К.: Морион, 1999. – 122 с. 
]  [5:  Насонов Е.Л. Нестероидные противовоспалительные препараты: механизм действия и клиническое применение в ревматологи / Е.Л. Насонов, О.В.Лебедева // Новости медицины и фармации. – 1996. №1. –               С. 3-8.  
]  [6:  Syrovaya A. O. Creation of new drug compositions and pharmacological substantiation of their suitability for pain syndromes and inflammations in experimental rats / A. O. Syrovaya, R. O. Bachinskiy, E. R. Grabovetskaya // Inter colleqas. – 2014. – Vol. 1. – P. 13–24.
]  [7:  Комбинированное применение индометацина и тиотриазолина – возможность повышения хондробезопасности НПВС / Подплетняя Е.А., Мазур И.А., Каменская Л.А. и др.// Материалы ІІІ съезда фармакологов  России «Фармакология – практическому здравоохранению». – Санкт-Петербург, 2007. – Т.7. – Ч.1. – С. 1900. 
]  [8:  Caffeine as an analgesic adjuvant. A double-blind study comparing aspirin with caffeine to aspirin and placebo in patients with sore throat / B.P. Schachatel, J.M. Fillingim, A.C. Lane, et al. // J. Clin pharmacol. – 2007; 47. – P. 860-870. 
]  [9:  Кофеїн: Фізіологічні, біохімічні та квантово-фармакологічні властивості / І. Чекман, Н. Горчакова,                       Т. Звягінцева др.  // Вісник фармакології та фармації. – 2009. – № 6. – С. 2–7.
]  [10:  Експериментальне вивчення специфічної дії ібупрофену та його композиції з кофеїном / Сирова Г.О., Грабовецька Є.Р., Бачинський Р.О. и др. // Актуальні питання фармацевтичної і медичної науки та практики. - 2013. - № 1(11). - С. 34-37.] 

Materials and methods.  Exudative inflammation serves as a classic example of an acute one[footnoteRef:11]. Experimental researches have been conducted in order to study antiexudative activity of combinations of the investigated compounds with caffeine.  Reserches were aimed at comparative evaluation of diclofenac sodium, ibuprofen, paracetamol and their compositions with caffeine. All the experiments were performed in accordance with the modern recommendations[footnoteRef:12]. Antiexudative action of examined compounds and combinations was studied on white male rats of the WAG strain weighing 180-220 g using a formalin edema experimental model. Animals were divided into 8 groups, 6 animals in each group. Animals of the 1st group serve as a control, 3% starch mucilage was once orally intragastrically administered to animals of this group. Diclofenac sodium (8 mg per 1 kg of body weight of the animal[footnoteRef:13]) in the form of 3% starch mucilage suspension was once orally intragastrically administered to the animals of the 2nd group. Ibuprofen            (6 mg per 1 kg of body weight of the animal) was administered to the animals of the 3rd group under the same conditions. Paracetamol (30 mg per 1 kg of body weight of the animal) was administered to the animals of the 4th group under the same conditions. Caffeine (0.6 mg per 1 kg of body weight of the animal) in the form of 3% starch mucilage suspension was once orally intragastrically administered to the animals of the 5th group[footnoteRef:14].  Conversion of the human doses for rats was done by using the ratio of species sensitivity[footnoteRef:15]. Combinations of examined drugs with caffeine in the form of 3% starch mucilage suspension were once orally intragastrically administered to the animals of the 6th, 7th and 8th   groups, i.e.  diclofenac sodium, ibuprofen and paracetamol were administered in the indicated doses and concentrations, but with the addition of caffeine to each drug in the form of 3% starch mucilage suspension  at the rate of 0.6 mg per 1 kg of body weight of the animal (the groups 6th - 8th  correspondingly)[footnoteRef:16]. Examined nonsteroidal anti-inflammatory drugs (NSAIDs), their combinations with caffeine, and starch mucilage (control group) were administered 3 hours after creating of experimental edema and 1 hour before the maximal experimental edema development.  Exudative inflammation was modeled by subplantar injection of   0.1 ml of 2% formalin solution in the rat hind paw. Paw volume was measured using oncometer[footnoteRef:17]  before the experimental formalin injection and 1hour after drugs administration at the moment of maximal swelling.  [11:  Щокіна К.Г. Порівняння протиексудативної дії сучасних нестероїдних протизапальних засобів /                       К.Г. Щокіна, С.М. Дроговоз, Ю.М. Максимов //Ліки. – 2004. – № 3-4. – С. 34-40. ]  [12:  Доклінічні дослідження лікарських засобів: Метод. рекомендації / За редакцією О.В. Стефанова. – Київ, 2001. – 527 с. ]  [13:  Доклінічні дослідження лікарських засобів: Метод. рекомендації / За редакцією О.В. Стефанова. – Київ, 2001. – 527 с. ]  [14:  Там же.]  [15:  Рыболовлев Ю.Р. Дозирование веществ для млекопитающих по константам биологической активности / Ю.Р. Рыболовлев., Р.С.  Рыболовлев // Доклады АН СССР. – 1979. –  №6. – С. 1513 – 1516.  
]  [16:  Там же.]  [17:  Захаревский  А.С. Влияние некоторых производных индола на нервную систему: Автореф. дис. …канд. мед наук. – Минск, 1969. – 78-80с. 
] 

Laboratory animals employed in the study were kept in experimental biological clinic of KhNMU  following the norms of the storage, care and feeding approved by the principles of "European Convention for the Protection of Vertebrate Animals used for experimental and other scientific purposes"                        (Strasbourg, 1986)[footnoteRef:18] and the decision of the Third national Congress on Bioethics              ( Kyiv, 2007)[footnoteRef:19]. Statistical calculations were performed by conventional methods[footnoteRef:20].  [18:  European convention for the protection of vertebrate animals used for experimental and other scientific purposes // Council of European. – Strasbourg, 1986. – № 123. – 51 p.
]  [19:  Сучасні проблеми біоетики / відп. ред. Ю. І. Кундієв. – К.: «Академперіодика», 2009. – 278 с.]  [20:  Медико-биологическая статистика: Пер. с англ. / Под ред. С. Гланц. – М.: Практика, 1998. – 459 с. 
] 

Results and discussion. Results of investigation of antiexudative activity of drugs and their combinations with caffeine are shown in Fig. 1.
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Fig. 1. Investigation of caffeine influence on antiexudative activity of NSAIDs of different chemical structure in experiments on rats.
2 – diclofenac sodium; 3 – ibuprofen; 4 – paracetamol; 5 – caffeine;  6 – diclofenac sodium + caffeine; 7 – ibuprofen + caffeine; 8 – paracetamol + caffeine
Experimental study of antiexudative activity of compounds of different chemical structure and their compositions with caffeine has showed that all investigated NSAIDs, adjuvant caffeine and its compositions with NSAIDs significantly reduced the swelling as compared with the control.
Introduction of pure diclofenac sodium inhibits edema by 33%. The composition of diclofenac sodium with caffeine significantly reduces formalin edema as compared with the control by 47% (P <0.01). This fact allows concluding that caffeine is able to enhance the antiexudative activity of diclofenac sodium. 
The composition of ibuprofen with caffeine appears to be the most effective. This composition significantly inhibits development of formalin edema (P <0.001). This fact is proved by indicators of paw size which are almost identical with the original size (inhibition by 95%), while pure ibuprofen reduces the swelling by 37% (the difference between activity of pure ibuprofen and its combination with caffeine is statistically significant – p <0.001).
Administration of pure paracetamol inhibits edema by 19%, administration of pure caffeine inhibits edema by 35%. The composition paracetamol + caffeine appears to be more effective – it reduces edema by 74%, i.e. paracetamol and caffeine in a definite way mutually potentiate antiexudative activity.
Conclusions. All compositions of examined compounds of different chemical structure with caffeine show more pronounced antiexudative activity than pure substances, therefore caffeine potentiates antiexudative  activity of diclofenac sodium, ibuprofen and paracetamol. Composition of caffeine with the propionic acid derivative (ibuprofen) possesses more intensive antiexudative action than the composition of caffeine with phenylacetic acid derivative (diclofenac sodium) and  aminophenol derivative (paracetamol).


