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Abstract: Biochemical confirmation of anti-inflammatory activity of oxicam-based pharmaceutical 

compositions was performed by the determination of the level of one of the main markers of 
inflammation-C-reactive protein. Biochemical studies were carried out on laboratory animals (white 
WAG rats) to study the anti-inflammatory effects of meloxicam, piroxicam, caffeine, and 
pharmaceutical compositions consisting of meloxicam and caffeine, piroxicam and caffeine compared 

to the reference drug - sodium diclofenac. The content of CRP in serum of rats was determined using 
the CRP latex test kit. It was shown that the composition of meloxicam and caffeine reduced the 
content of CRP by 16 times compared with formalin-induced edema, and by 2 times in comparison 
with the reference drug diclofenac sodium, which is statistically significantly different from the 

control. 
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INTRODUCTION 
 
Modern medicine has a wide arsenal of anti-
inflammatory drugs (AID), because an 
inflammatory process is a leading 
pathogenetic link of many diseases, including 
rheumatic diseases and musculoskeletal 

system diseases, which constitute about 80% 
of the pathology in any medical practice. 
However, along with pharmacological action 

and sufficient degree of clinical efficacy, most 
of them cause a number of undesirable side 
effects (1, 2). 

 
The search of highly effective pharmacological 
compositions with minimal side effects is a 
relevant issue. One of these areas is the 
creation of pharmacological compositions 
based on nonsteroidal anti-inflammatory 
drugs (NSAIDs). 

 
Considering the fact that both cyclooxygenase 
isoenzymes participate in the pathogenic 
mechanisms of the pain syndrome (acute pain 
syndrome) development, application of 
nonselective drugs with a balanced inhibitory 
activity with regard to cyclooxygenase 1 

(COX-1) and cyclooxygenase 2 (COX-2) is the 
most viable. Piroxicam suppresses the 
production of prostaglandins in the area of 

inflammation and inhibits the production of 
“physiological” prostaglandins. It reduces the 
formation of rheumatoid factor - a protein of 

the acute phase of inflammation, which 
belongs to the group IgM; increases the ratio 
of Th/Ts, therefore, it is able to suppress 
autoimmune reactions in the area of the 
inflammatory organ or tissue (5-7). 
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Selective inhibitors include meloxicam, which 
differs from other drugs in terms of its high 

efficacy and safety. Administration of 
meloxicam decreases the synthesis of 
prostaglandins and the degree of formation of 

oxygen-free radicals. Meloxicam readily 
penetrates into the synovial fluid, which 
indicates that the active substance contributes 
to the elimination of the infectious process in 
the joint tissues. It is 20-fold COX-2 selective 
as compared to COX-1, meloxicam positively 
affects the metabolism of cartilage tissue and 

is characterized by chondroprotective 
properties (3, 4). 
 
In the proposed pharmaceutical composition, 
we introduced an adjuvant of NSAIDs and 
nonnarcotic analgesic (NNA) - caffeine (8, 9-

11). Furthermore, the enhancement of the 

analgesic effect of NNA is associated with the 
central cholinergic analgesic effect of caffeine 
(12), with the structural similarity of 
adenosine and caffeine molecules that 
contributes to the neurochemical mechanism 
of its action in blocking specific P1-purine 

receptors in the brain (13). 
 
C-reactive protein analysis (CRP) is a non-
specific indicator of inflammation. The amount 
of protein significantly increases in the 
presence of inflammatory process of any 
etiology, including tumoral and necrotic 

processes. That is why CRP is considered as a 
non-specific inflammatory marker. CRP 
enhances the mobility of leukocytes. By 
binding to T-lymphocytes, it affects their 

functional activity initiating precipitation, 
agglutination, phagocytosis, and complement 

fixation. CRP level in the blood elevates in 4 
hours after onset of inflammation and 
disappears during the convalescence. In the 
presence of calcium, CRP binds ligands in 
polysaccharides of microorganisms and causes 
their elimination. The level of CRP in the serum 
shows the intensity of the inflammatory 

process. Control of CRP is an important for 
monitoring different inflammatory diseases 
(14, 15). 
 
Our quantum chemical investigations have 
shown that the chosen reference drug - 
diclofenac is the mildest reagent in 

comparison with piroxicam and meloxicam. 
The absolute hardness of diclofenac is 2.8746, 

and for piroxicam and meloxicam, 4.0569 and 
4.1189 respectively (16). It is also known that 
meloxicam is a selective COX-2 inhibitor and 
diclofenac with piroxicam are nonselective 

COX-1 and COX-2 inhibitors. 
 
MATERIALS AND METHODS 
 
Biochemical studies were carried out on 
laboratory animals (white WAG rats) in order 

to study the anti-inflammatory effects of 
meloxicam, piroxicam, caffeine, and 

pharmaceutical compositions consisting of 
meloxicam and caffeine, piroxicam and 
caffeine compared to the reference drug - 

sodium diclofenac. 
 
The anti-inflammatory action of the above 
mentioned substances was studied by the 
experimental model of formalin-induced paw 
edema. 
 

The rats were divided into 8 groups of 6 
animals each. Animals of the 1st intact group 
intragastrically received single dose of 3% 
starch mucus (2 mL per 200 g of rat’s weight). 
Animals of the 2nd group received 3% starch 
mucus and the formalin induced edema was 

modeled by sub-planar administration of 2% 

formalin solution into hind paw of rat. 
Animals from experimental groups 3-8 were 
intragastrically administered studied 
compositions in the form of a suspension of 
3% starch mucus. Animals of the 3rd group - 
piroxicam in the dose of 1.3 mg per 1 kg of 

bodily weight, 4th -meloxicam in a dose of 0.6 
mg per 1 kg of bodily weight, 5th - caffeine (0.6 
mg per 1 kg of rat’s weight), 6th group 
received composition of piroxicam (1.3 mg per 
1 kg of rat’s weight) with caffeine (0.6 mg per 
1 kg of rat’s weight), 7th group - composition 
of meloxicam (0.6 mg per 1 kg of rat’s weight) 

with caffeine (0.6 mg per 1 kg of rat’s weight), 
8th group – reference medicinal product (8 mg 
of sodium diclofenac per 1 kg of rat’s weight). 
Maximum development of formalin induced 

edema is observed 4 hours after its modeling. 
3% starch mucus, drugs and their 

pharmaceutical compositions were 
administered 1 hour before, taking into 
account their pharmacokinetic and 
pharmacodynamic characteristics. Animals of 
all groups were decapitated under etheric 
anesthesia (17). Blood collection was carried 
out in rats of all groups. After the blood 

collection of blood samples of all groups of 
animals had been subjected to centrifugation 
at 1500 rpm/min for 15 minutes. The whole 
plasma was collected and subjected to CRP 
analysis using standard latex test. 
 
The content of CRP in serum of rats was 

determined using the CRP latex test kit (State 
registration number 1248/2002, Kharkiv, 

Ukraine). The method is based on the 
detection of acute phase protein in the serum 
– CRP, which enters agglutination reaction 
with anti-CRP antibodies, adsorbed on neutral 

latex particles. Agglutination of latex particles 
is considered a positive reaction, indicating the 
presence of C-reactive protein at a significant 
and detectable level. Specimens which do not 
contain human CRP will not cause 
agglutination.  
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RESULTS AND DISCUSSION 
 

The level of CRP in serum of intact rats was 
6±0.004 mg/L. This indicator increased 
significantly and reached value 96±0.001 

mg/L under the condition of formalin induced 
edema, which exceeds the norm by 16 times. 
 
The biochemical study of the anti-
inflammatory activity of piroxicam, 
meloxicam, caffeine and their composition on 
the content of the inflammation marker CRP 

showed that the investigated drugs had an 
effect on the CRP content in rat’s serum and 
significantly lowered it regarding the formalin 
induced edema (Table 1). 
 
Decrease in CRP level in the serum of rats 2 

times as compared with formalin edema was 

observed after mono-administration of non-
selective COX-1 inhibitor (piroxicam), but the 
obtained data statistically significant differ 
from the reference product diclofenac sodium: 
the effect of piroxicam is 4 times less than the 
reference medicinal product for the content of 

CRP in the serum of rats. 
 
Mono-administration of the selective COX-2 
inhibitor – meloxicam showed a significant 
decrease of the CRP content in the blood 
serum of rats under condition of formalin 
edema. The content of CRP decreased by 8 

times and did not statistically significant differ 
from the diclofenac sodium. Thus, the 
selective COX-2 inhibitor (meloxicam) more 

effectively affects the CRP content of serum in 
rats under conditions of formalin edema than 

the non-selective COX-1 inhibitor (piroxicam). 
 
The mono-administration of analgesic 

adjuvant caffeine also reduced the CRP 
content of rat’s serum (24±0.001 mg/L) by 4 
times as compared to formalin edema, but it 
is 2 times less than diclofenac sodium 
influenced the content of CRP in serum blood 
in rats. 
 

Composition of piroxicam with adjuvant 
caffeine reduced the content of the CRP in 
blood serum of rats by 4 times compared with 
formalin-induced edema but the obtained data 
did not reach the reference medicinal product 
(sodium diclofenac). The pharmaceutical 

composition of piroxicam with caffeine had 2 

times less effect on the content of CRP in the 
serum of blood in rats then reference drug. 
Therefore, caffeine potentiates the anti-
inflammatory effect of piroxicam in this 
composition. 
The composition of meloxicam and caffeine 

proved to be the most effective and worked 
better than all the investigated drugs, 
including the reference drug. This composition 
reduced the content of CRP by 16 times 
compared with formalin-induced edema, and 
by 2 times in comparison with the diclofenac 
sodium, which is statistically significantly 

different from the control, i.e. caffeine 
increases and potentiates anti-inflammatory 
action of meloxicam. 

 

Table 1: Anti-inflammatory action of piroxicam, meloxicam, caffeine, and their pharmaceutical 
compositions on the CRP level in blood serum of rats under conditions of formalin-induced edema 

(n = 6). 

№ Groups of rats CRP, mg/L 

1 Control  6 ± 0.004 

2 Formalin-induced edema 96 ± 0.0011 

3 Piroxicam 48 ± 0.0031/2/4/5/6/7/8 

4 Meloxicam 12 ± 0.0051/2/3/5/6/7 

5 Caffeine  24 ± 0.0011/2/3/4/7/8 

6 Piroxicam + caffeine 24 ± 0.0021/2/3/4/7/8 

7 Meloxicam + caffeine  6 ± 0.0013/3/4/5/6/8 

8 Sodium diclofenac  12 ± 0.0011/2/3/5/6/8 

 
Note 1. (mean ± error in mean)1 - the difference is significant as compared to the control group, P 
<0.05; 
Note 2. (mean ± error in mean)2 - the difference is significant as compared to formalin-induced 
edema, P <0.05; 

Note 3. (mean ± error in mean)3 - the difference is significant as compared to the mono-

administration of piroxicam, P <0.05; 
Note 4. (mean ± error in mean)4 - difference is significant as compared to mono-administration of 
meloxicam, P <0.05; 
Note 5. (mean ± error in mean)5 - the difference is significant as compared to the mono-
administration of caffeine, P <0,05; 
Note 6. (mean ± error in mean)6 - the difference is significant as compared to the administration of 
the piroxicam and caffeine composition, P <0.05; 

Note 7. (mean ± error in mean)7 - the difference is significant as compared to the introduction of 
meloxicam and caffeine, P <0.05; 
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Note 8. (mean ± error in mean)8 - the difference is significant as compared to the mono-
administration of diclofenac sodium, P <0.05. 

Above mentioned results can be represented graphically that helps with visualization of data 
(Fig. 1): 

 
Figure 1. Content of the CRP in blood serum of rats (in mg/L). 

 

 
CONCLUSION 

 
The results of biochemical studies of anti-
inflammatory activity indicate that piroxicam, 
meloxicam, caffeine and their compositions 
show the pronounced anti-inflammatory effect 

against formalin-induced edema. The leader in 
biochemical studies is a two-component 
composition of meloxicam and caffeine, which 
reduces the level of the inflammation marker 
CRP to the level of control group and acts 
better than reference drug – sodium 

diclofenac. 
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