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Investigation of the Peripheral Analgesic Activity
of Oxicams and Their Combinations with Caffeine

Oksikamlarin ve Kafein ile Kombinasyonlarinin Periferal Analjezik
Aktivitelerinin Incelenmesi

® Anna SYROVA!, ® Larisa LUKYANOVA!, @ Svetlana KOZUB!, @ Oksana ZAVADA!, @ Olga LEVASHOVA!*, ® Viktor SHAPOSHNIK2

IKharkiv National Medical University, Department of Medical and Bioorganic Chemistry, Kharkiv, Ukraine
2Kharkiv National Medical University, Kharkiv, Ukraine

ABSTRACT

Objectives: Therapy of pain syndromes involves exposure to its source, receptors, and peripheral fibers. Treatment of acute pain and inflammation
involves the use of nonsteroidal anti-inflammatory drugs and nonnarcotic analgesics. An alternative to obsolete analgesics is combined compositions.
Experimental results clearly indicates that caffeine effectively enhances the peripheral analgesic activity when combined in an analgesic. The aim of
the present study was to evaluate the peripheral analgesic activity of meloxicam, piroxicam, and their pharmacological combinations with caffeine.
Materials and Methods: The peripheral analgesic activity of piroxicam, meloxicam, and their combinations with caffeine was studied using the
abdominal writhing test. This method was used to induce pain of peripheral origin by intraperitoneal injection of 0.6% acetic acid solution. The
investigated drugs, their combinations, and 3% starch mucilage were administrated 1 h before the introduction of the algogen. The cumulative
number of writhing responses induced by acetic acid was determined over the subsequent 20 min.

Results: All investigated drugs supplied a decrease in writhing in rats. Meloxicam and caffeine showed peripheral analgesic activity of 63.6% and
64.5%, respectively (p<0.05). The pharmaceutical combination of meloxicam and caffeine showed analgesic potential of 76.4%. Thus, caffeine
potentiates the analgesic activity of meloxicam. The results exceeded the corresponding value of diclofenac sodium (67.3%).

Conclusion: Experimental results clearly indicates that caffeine effectively enhances the peripheral analgesic action of meloxicam when combined
in a pharmaceutical composition. These results can serve as a basis for the development of new domestic combined drugs.
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Amag: Agri sendromlarinin tedavisi, agri kaynagina maruziyeti, reseptorleri ve periferal lifleri igermektedir. Akut agri ve enflamasyonunun tedavisi,
nonsteroidal anti-enflamatuvar ilaglarin ve narkotik olmayan analjeziklerin kullanimini igerir. Eski analjeziklere bir alternatif kombine bilesimlerdir.
Deneysel sonuglar kafeinin bir analjezik ilag ile birlestirildiginde, peripheral analjezik aktiviteyi etkin bir sekilde artirdigini agikga gdstermektedir.
Bu galismanin amaci, meloksikam, piroksikam ve bunlarin kafeinle farmakolojik bilesimlerinin periferal analjezik aktivitesini degerlendirmektir.
Gereg ve Yontemler: Piroksikam, meloksikam ve bunlarin kafeinle bilesimlerinin periferal analjezik aktivitesi abdominal agri testi kullanilarak
incelenmistir. Bu yontem, periferik orijinli agrinin olusturulmasinda %0,6'lik asetik asit ¢zeltisinin intraperitonel olarak enjekte edilmesiyle agrinin
indiiksiyonunu saglamak icin kullanilmistir. incelenen ilaglar, bunlarin bilesimleri ve %3 nisasta miisilaji, algojenin verilmesinden 1 saat dnce
uygulanmistir. Asetik asit tarafindan indtklenen kimdilatif agri cevaplari, sonraki 20 dakika boyunca belirlenmistir.

Bulgular: incelenen tiim ilaglar, sicanlarda agri azalmasi saglamistir. Meloksikam ve kafein periferal analjezik aktivitelerini sirasiyla %63,6 ve
%64,5 olarak gostermistir (p<0,05). Meloksikam ve kafeinin farmasétik bilesimi %76,4'luk analjezik potansiyel gostermistir. Bu nedenle kafein,
meloksikamin analjezik aktivitesini potansiyeize etmektedir. Sonuglar diklofenak sodyumla elde edilen degerden (%67,3) fazladir.

Sonug: Deneysel sonuglar agikga kafeinin meloksikamla farmasétik bilesiminin meloksikamin periferal analjezik etkisini etkin bir sekilde arttirdigini
gostermektedir. Bu sonuglar yeni yerli kombine ilaglarin gelistirilmesinde temel olusturabilir.

Anahtar kelimeler: Meloksikam, piroksikam, kafein, farmasotik bilesim, analjezik aktivite
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) and nonnarcotic
analgesics (NNAs) are widely used for the treatment of
inflammation and pain syndromes. Analysis of the scientific
literature has shown that polycomponent compositions are more
effective than monopreparations in treating pain. Therefore, the
development of new effective domestic multicomponent drugs
with a minimum number of side effects is a very important
subject.

It is known that caffeine improves the analgesic effect of
NNAs. The mechanism of potentiation of analgesic effects
is associated with an improvement in NNA bioavailability in
combinations with caffeine and with the effect of caffeine on
adenosine receptors (so-called purine analgesia).>® Research
on the biological effects of caffeine and its pharmacological
combinations showed a positive effect on the central nervous
system. Caffeine shows a wide range of action: reduction in
adenosine transmission, regulation of excitation processes in
the cerebral cortex, and in corresponding doses it enhances
positive condition reflexes and increases motor activity.°”

The aim of our work was the experimental investigation of
the peripheral analgesic activity of oxicams (meloxicam and
piroxicam), caffeine, and their pharmacological combinations.

MATERIALS AND METHODS

An experimental study of analgesic activity was conducted
on laboratory animals, namely mature rats. The peripheral
analgesic activity was studied by the changes in the nociceptive
reactions of the rats. The comparative characteristic of the
analgesic activity of meloxicam, piroxicam, caffeine, and their
pharmacological combinations was studied using an acetic
acid-induced abdominal writhing test. Writhes were caused by
a single intraperitoneal injection of 0.6% acetic acid solution (1
mL per 100 g of animal weight) in rats. The investigated drugs,
their combination, and 3% starch solution were injected 1 h
before the algogen was introduced. Then the number of writhes
was counted for 20 min.

The animals were divided into 7 groups with 6 animals in each.
In the first group 3% starch mucus (2 mL per 200 g of the rats
weight) was injected via a gastric tube into intact animals. The
experimental drugs and their combinations were administered
to the animals in groups 2-7 once via a gastric tube: animals in
the second group received piroxicam (1.3 mg per 1 kg of animal
weight), the third group meloxicam (0.6 mg per 1 kg of animal
weight), the fourth group caffeine (0.6 mg per 1 kg of animal
weight), the fifth group the combination of piroxicam (1.3 mg
per 1 kg of animal weight) and caffeine (0.6 mg per 1 kg of
animal weight), the sixth group the combination of meloxicam
(0.6 mg per 1 kg of animal weight) and caffeine (0.6 mg per 1
kg of animal weight), and the seventh group a reference drug,
diclofenac sodium (8 mg per 1 kg of animal weight).

Analgesic activity was estimated by the ability of oxicams

(meloxicam and piroxicam), caffeine, their pharmacological
combinations, and sodium diclofenac to reduce the number of

writhes in the experimental animal groups as compared to the
control group and expressed as a percentage by the formula

C—-C

AA = ¢ ¢ x100%

where AA: Analgesic activity %;

C.: The average number of writhes in the control group;

C_: The average number of writhes in the experimental group
(9-10).

In addition, the analgesic activity of oxicams and caffeine was
compared with that of their combinations (meloxicam + caffeine
and piroxicam + caffeine) and the reference drug.

The study was carried out in accordance with the methodological
recommendations of the State Pharmacological Center of the
Ministry of Health of Ukraine'®™ and approved by the Ethics
Committee of Kharkiv National Medical University (KhNMU).
An economical approach, bioethical rules, and statistics
requirements were considered when choosing the number of
animals and their allocation to the treatment groups.

The study was performed on laboratory animals from the
experimental biological clinic of KhNMU. The rats were housed
under the strict norms for storage, care, and feeding according
to the principles of the “European Convention for the Protection
of Vertebrate Animals used for Experimental and other
Scientific Purposes” (Strasbourg, 1986)%'" and the decision of
the First National Congress on Bioethics (Kyiv, 2007).® Room
temperature was maintained at 23-25°C, room lighting was 100
Ix, and the animal cage lighting was 20-40 [x. The laboratory
animals were housed for 1.5 months, the acclimatization period
was 2 weeks, the main diet was vegetables and fodder beet,
and the source of water was settled tap water. The experiments
were carried out in the morning, which, according to the
literature data, corresponds to the dependence of the main
pharmacological parameters and pharmacological activity of
investigated drugs on circadian rhythms.>2!

Statistical analysis

Statistical calculations were performed by conventional
methods using the programs MS Excel and Statgraphics Plus
2122

RESULTS AND DISCUSSION

A specific pain response was investigated by the method
of chemical peritoneal irritation. There are several known
methods of specific pain investigation: acetylcholine writhes
and acetic acid-induced abdominal writhing tests. “Stretching”
of animals in the acetylcholine writhing model caused by
activation of the arachidonic acid metabolism with COX results
in increased synthesis of prostaglandins under the influence of
acetylcholine. The mechanism of acetic acid-induced pathology
activates the kinin-kallikrein system, prostaglandins, biogenic
amines, and leukotrienes, which are endogenous inflammatory
mediators and contribute to the development of the abdominal
muscle spasm, accompanied by the retraction of the hind paws
and the back flexes. The effect of the investigated substances




410 SYROVA et al. Peripheral Analgesic Activity of Oxicams

on the peripheral component of the nociceptive response was
examined by the acetic acid abdominal writhing test, as the
most informative method.

In our previous studies, the central analgesic activity of caffeine
in combination with piroxicam and meloxicam was studied in
order to create a new medicinal composition.

The results of experimental studies have shown that
administration of piroxicam, meloxicam, and caffeine
monopreparations reduces the number of writhes 2-, 2.6-,
and 2.8-fold, respectively, compared to the control group and
produces a result similar to that of the reference drug (Figure 1).

Such a result for caffeine peripheral analgesic activity may be
associated with inhibition of prostaglandin synthesis and the
transient receptor potential channel subfamily A member 1
channel, which acts as the main receptor of neuropathic pain
of peripheral origin. Caffeine also helps to eliminate exudate
from the area of inflammation and, accordingly, reduces the
compression of peripheral nociceptors. This is confirmed by
our studies on the anti-exudative effect of the above-mentioned
compositions with caffeine.®

The analgesic activity of piroxicam (53.6%) and caffeine
(64.5%) monopreparations has values similar to that of the
reference drug, diclofenac sodium (67.3%). The combination
of piroxicam with caffeine shows a reduction in writhes of
1.7-fold and has the lowest value of analgesic activity, 40.9%.
Piroxicam, as a nonselective inhibitor of cyclooxygenase (COX-
1 and COX-2), has a rapid and pronounced analgesic effect. The
selectivity index (inhibition ratio COX-1/COX-2) is 33, i.e. it has
the highest potency against COX-1. However, a literature review
of nonselective NSAIDs' effects indicates that the concomitant
use of piroxicam with a preparation having an antiedemic
action (caffeine) might reduce their effect. This effect could
be attributed to the NSAID inhibition of renal prostaglandin
synthesis and increased fluid retention. Coadministration of
piroxicam with caffeine may show antagonism due to their
pharmacokinetic properties. Additionally, the high affinity of
caffeine to blood proteins could be a reason for the antagonistic
effect of this composition component on the peripheral
analgesic effect.?

Analgesic activity of oxicams
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Figure 1. Analgesic activity of oxicams

The addition of caffeine to piroxicam facilitates mitigation of
analgesic activity and so this combination shows unpromising
results in relation to analgesic activity of peripheral genesis.
Contrasting data were obtained by adding caffeine to meloxicam.
The meloxicam and caffeine composition has the highest value
of analgesic activity, 76.4%, and reduces the number of writhes
4.2-fold.

Meloxicam is a representative of the new generation of NSAIDs,
i.e. selective COX-2 inhibitors. The selectivity index (inhibition
ratio of COX-1/COX-2) is 0.33; it selectively inhibits the formation
of prostaglandins involved in the formation of inflammation and
has a much lower effect on the synthesis of prostaglandins that
regulate renal blood flow, production of protective mucus in
the stomach, and platelet aggregation. It is known that selective
COX-2 inhibitors doses in which selectivity is observed do not
show a sufficient clinical effect. Increasing the dose leads to a
loss of selectivity and the appearance of gastrotoxicity.

Our research shows that meloxicam and its combination with
caffeine in a lower dose (0.6 mg) than piroxicam (1.3 mg)
and even the reference drug (8 mg) exhibit higher analgesic
activity. The increased analgesic effect of meloxicam combined
with caffeine could be explained by the effect of caffeine on the
bioavailability of meloxicam and the synergetic effect of these
two components. The results indicate potentiation of analgesic
activity of the last one; therefore, this composition is considered
promising for further study (Table 1.

Table 1. The investigated peripheral analgesic activity of oxicams

(meloxicam and piroxicam), caffeine and their pharmaceutical
compositions with caffeine

Analgesic

Number of writhes activity, %

No  Groups of animals

1 Control 22.00£0.856 -

Piroxicam 10.20+0.167"3/4/50617 53 6

Meloxicam 8.30+0.211V/2/5/6/7 63.6

7.80£0.477V2/5 64.5

Piroxicam + caffeine  13.00+0.365"2/%4/¢/T 409

Meloxicam + caffeine  5.20+0.167"2/3/4/5/7 76.4

2
3
4 Caffeine
5
6
7

Diclofenac sodium 7.20+0.167V213/56 67.3

Note: Investigation of peripheral analgesic activity of oxicams and its combination
with caffeine shows that the difference is statistically significant:

'Reliability of results in relation to the control group, p<0.05;

2Reliability of results with respect to the monopreparation of piroxicam, p<0.05;
SReliability of results with respect to the monopreparation of meloxicam, p<0.05;
“Reliability of results with respect to the monopreparation of caffeine, p<0.05;
®Reliability of results with respect to the combination of piroxicam with caffeine,
p<0.05;

®Reliability of results with respect to the combination of meloxicam with caffeine,
p<0.05;

"Reliability of results with respect to the monopreparation of diclofenac sodium,
p<0.05

CONCLUSION

1. Meloxicam (dose: 0.6 mg/kg) shows peripheral analgesic
activity (63.6%) at the level of the reference drug (diclofenac
sodium) (67.3%).
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2. Meloxicam in a lower dose (0.6 mg/kg) than piroxicam (1.3
mg/kg) demonstrates higher peripheral analgesic activity,
63.6% and 53.6%, respectively.

3. The peripheral analgesic activities of piroxicam (53.6%) and
caffeine (64.5%) monopreparations have higher values than
their pharmaceutical combination (40.9%). Hence, further study
of the analgesic activity of piroxicam combined with caffeine is
considered inexpedient.

4. The pharmacological combination of meloxicam with caffeine
demonstrated pain inhibition of 76.4%, which significantly
exceeded the peripheral analgesic activity of the reference drug,
diclofenac sodium, 67.3%, i.e. caffeine effectively potentiates
the analgesic activity of meloxicam. Thus, the combination of
meloxicam with caffeine as a commercial source of a domestic
analgesic drug could be subjected to further study.

Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of the paper.
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