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ABSTRACT 

Background. Inflammation is a reaction of living tissue on injury. Nowadays there is a wide 
spectrum of anti-inflammatory medications that are used for the treatment of many problems. But 

because their application is associated with a wide range of side effects, there is a need for the 

development of new pharmaceutical compositions to maximise patient safety.  

Aim. To carry out biochemical evaluation of anti-inflammatory action of celecoxib in combi-
nation with caffeine on the biochemical markers of inflammation (sialic acids and ceruloplasmin) 

and to determine its anti-exudative action on formalin-induced paw edema in rats.  

Materials and Methods. The study involved male Wistar Albino Glaxo (WAG) line rats, 
divided into six treatment groups: control, formalin-induced, celecoxib (5 mg/kg), caffeine 

(0.6 mg/kg), a combination of celecoxib and caffeine (5 mg and 0.6 mg/kg), and diclofenac so-

dium (8 mg/kg). Biochemical studies were carried out by using the blood serum samples of white 
laboratory rats (WAG line). Anti-inflammatory activity of celecoxib and its pharmaceutical com-

position with caffeine was studied using the formalin-induced paw edema model. The animals 

were divided into the same groups as in the Anti-Exudative Activity (AEA) study. 

Results. It was shown, that composition of celecoxib and caffeine exerted higher anti-inflam-
matory activity versus celecoxib and it is efficient in relation to the exudation processes. Bio-

chemical studies of celecoxib, caffeine and their composition on the level of sialic acid level and 

ceruloplasmin level in the blood serum as well as study of anti-exudative activity of the proposed 
composition have shown, that caffeine potentiates pharmacological activity of celecoxib in for-

malin-induced paw edema model. 

Conclusion. The findings indicate that the combination of celecoxib and caffeine is a promi-

sing therapeutic option for inflammatory conditions. 
Keywords: аnti-inflammatory drugs, anti-exudative action, biomarkers of inflammation. 

 

 
Introduction 

Inflammation is a fundamental pathological pro-

cess linked to various diseases. Anti-inflammatory 
drugs, both long- and short-acting, including non-

steroidal and steroidal types, are employed for trea-

ting inflammatory conditions. These drugs vary in 

chemical structure and mechanism, primarily 
functioning through the inhibition of CycloOXy-

genase (COX) enzymes responsible for prosta-

glandin synthesis [1–4]. COX exists in three iso-
forms: COX-1 (protects gastrointestinal mucosa), 

COX-2 (inducible and associated with inflamma- 

 

 tion), and COX-3 (involved in fever regulation). 

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) 

predominantly inhibit COX-2 to mitigate inflam-
mation while minimizing COX-1-related side ef-

fects. The anti-inflammatory effects of NSAIDs 

are largely attributed to their inhibition of COX-2 

activity, while the side effects, particularly gastro-
intestinal complications, are primarily due to COX-

1 inhibition. Furthermore, NSAIDs can also influ-

ence the synthesis of leukotrienes and superoxide 
radicals, affecting cellular membrane activity, 

neutrophil aggregation, and lymphocyte function 

[5–8]. 
Celecoxib, a well-known COX-2 inhibitor, is 

widely used for pain management due to its effi-

cacy and lower gastrointestinal side effects. It is 

effective for treating various conditions, including 
rheumatoid arthritis, dysmenorrhea, and migraine. 

Importantly, at therapeutic concentrations, celeco- 
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xib does not inhibit COX-1, which contributes to 

its favorable safety profile. However, its efficacy 
can be enhanced through combinations with adju-

vants, such as caffeine [9–12]. Recent research in-

dicates that caffeine can act as an adjuvant to 

NSAIDs, enhancing their anti-inflammatory and 
analgesic effects. Caffeine has been studied in 

conjunction with various NSAIDs, including co-

xibs, to improve therapeutic outcomes [12–19]. 
This study investigates the Anti-Exudative Acti-

vity (AEA) of a combination of celecoxib and caf-

feine, comparing it to individual components and 
the reference drug sodium diclofenac, as well as 

its effects on biomarkers of inflammation: Sialic 

Acids (SA) and Ceruloplasmin (Cp). 

The aim of study was to carry out biochemical 
evaluation of anti-inflammatory action of celeco-

xib in com-bination with caffeine on the bioche-

mical markers of inflammation (sialic acids and 
cerulo-plasmin) and to determine its anti-exudati-

ve action on formalin-induced paw edema in rats. 

Materials and Methods 

The anti-exudative activity was assessed using 
a formalin-induced paw edema model in male 

Wistar Albino Glaxo (WAG) rats weighing (300–

350) g. The animals were acclimatized for 14 days 
under controlled vivarium conditions (at an air 

temperature of [23–25]°C with lighting set at 100 

lx in the room and 20–40 lx in the cages). All stu-
dies were conducted according to the "General 

Principles of Ethical Conduct for Experiments on 

Animals" (Ukraine, 2001), which comply with the 

provisions of the European Convention "On Pro-
tection of Vertebrate Animals Used for Experi-

mental and Other Scientific Purposes" (Stras-

bourg, 1986). 
Rats were divided into six treatment groups: 

1. Control group (received a single intragastric 

dose of 3% starch mucus) 
2. Formalin-induced group (a 2% formalin so-

lution was injected subplantarly into the rat's hind 

paw, and a 3% starch mucus was given intragast-

rically); 
3. Subplantar 2% formalin injection and a sin-

gle intragastric dose of 5 mg/kg celecoxib as sus-

pensions in 3% starch mucus; 
4. Subplantar 2% formalin injection and a sin-

gle intragastric dose of 0.6 mg/kg caffeine celeco-

xib as suspensions in 3% starch mucus; 

5. Subplantar 2% formalin injection and a sin-
gle intragastric dose of combination containing 

celecoxib (5 mg/kg) and caffeine (0.6 mg/kg) as 

suspensions in 3% starch mucus; 
 

 6. Subplantar 2% formalin injection and a sin-

gle intragastric dose of 8 mg/kg sodium diclo-
fenac) as suspensions in 3% starch mucus. 

The treatments were administered intragastric-

cally, and paw volume was measured before and 

after treatment using a digital plethysmometer 
(IITC Life Science, USA). Changes in rat paw 

volume at different time points were expressed in 

milliliters (mL). The AEA was calculated as a per-
centage inhibition of inflammation (PII) accor-

ding to the following formula: 

 

PII =  
Vc− V0

Vc
 ×100%             (1) 

where:  

Vc – paw volume in the control group minus 

initial paw volume before edema, mL; 
Vо – paw volume after edema minus initial paw 

volume before edema, mL. 

Biochemical studies were conducted using  
blood serum samples from white laboratory rats 

(WAG line). The anti-inflammatory activity of 

celecoxib and its pharmaceutical composition 

with caffeine was investigated using the formalin-
induced paw edema model. The animals were di-

vided into the same groups as in the AEA study. 

The level of serum SA was measured using the 
"SialoTest" from the Research and Production 

Centre "Eco-Service". The procedure involved 

adding 1 mL of hydrolyzing agent to test tubes 

containing 2 mL of distilled water and 0.6 mL of 
blood serum samples. The solutions were mixed 

thoroughly and then placed in a boiling water bath 

for 5 minutes. Following this, the samples were 
centrifuged at 3000 rpm for 5 minutes to collect 

the supernatant. 

0.4 mL of a color-producing reagent was added 
to 2 mL of the supernatant. This reactive mixture 

was incubated in a boiling water bath for 15 mi-

nutes, then cooled with tap water. After cooling, 2 

mL of distilled water was added to each test tube, 
and the contents were mixed again. The absor-

bance was measured at 540 nm using a photoco-

lorimeter. Sialic acid concentrations (CSA, mmol/L) 
were calculated based on absorbance values, using 

the following formula: 

 

CSA = 
Asam× Ccal

Acal
                  (2), 

 

where: 
Asam – absorbance of the investigated serum 

sample;  
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Сcal – concentration of the calibrator (mmol/L);  

Acal – absorbance of the calibrator. 
The conversion factor (K) was determined 

prior to each measurement using the formula: 

 

K=2/Acal                       (3) 
where: 

Acal – absorbance of the calibrator. 
2 represents the concentration of sialic acids in 

the calibrator (mmol/L) [20].  

Ceruloplasmin levels were measured using the 

Ravin method, where ceruloplasmin catalyzes the 
oxidation of p-phenylenediamine, yielding a pur-

ple product [34]. 

The reaction mixture comprised 1.58 mL of a 
0.5M sodium acetate buffer solution (pH 5.5), 0.2 

mL of freshly prepared 0.5% p-phenylenediamine 

dihydrochloride solution, and 0.02 mL of the se-
rum sample. The mixture was incubated at 37°C 

in a water bath for one hour. To terminate the re-

action, 0.2 mL of a 0.5% sodium azide solution 

was added. For control purposes, a control sample 
was prepared by adding 0.2 mL of sodium azide 

before the incubation. 

Absorbance was measured at 530 nm, and 
ceruloplasmin concentration was calculated using 

a standard optical density coefficient: 

 

С(Cp) = A0×5.83                (4), 
where: 

С(Cp) – molar concentration of ceruloplasmin 

in the sample; 
A0 – optical density of ceruloplasmin in the 

sample. 

5.83 – optical density coefficient according to 
Ravin’s method, expressed in micromoles of ac-

tive protein per liter (µmol/L) [21]. 

All procedures performed in this study com-

plied with the regulations established by the State 
Pharmacological Center of the Ministry of Health 

of Ukraine [22]. Ethical guidelines, cost-effective-

ness, and statistical considerations were taken into 
account when determining the number of animals 

and their allocation to the study groups [23]. All 

experiments were conducted in the afternoon, cor-
relating with the circadian rhythms that influence 

the pharmacological parameters of the investiga-

ted drugs and their activities. 

The findings were statistically analyzed using 
Statistica 6.0 (Statsoft, USA), employing the Stu-

dent t-test to determine the significance of differ-

ences between groups. 

 Results 

Our experimental studies on formalin-induced 
paw edema demonstrated that celecoxib (Group 3) 

achieved an Anti-Exudative Activity (AEA) of 

50%, which was 6% higher than that of the refer-

ence drug, sodium diclofenac (Group 6). In com-
parison, the AEA of caffeine alone (Group 4) was 

markedly lower, at just [18.3–2.7]% times less 

than that of celecoxib. Interestingly, the addition 
of caffeine to celecoxib (Group 5) enhanced its 

AEA by 5% compared to celecoxib alone. 

Based on these findings, the investigated drugs 
and proposed pharmaceutical composition can be 

ranked in terms of their AEA against formalin-in-

duced paw edema in rats as follows. The compo-

sition containing celecoxib and caffeine (55.5%) 
is more effective than celecoxib (50%), which is 

more effective than sodium diclofenac (44%), 

which in turn is more effective than caffeine 
(18.3%). 

To further substantiate our findings regarding 

the anti-exudative activity of the pharmaceutical 

composition and its individual components, we 
performed biochemical analyses of inflammatory 

markers. Specifically, we measured the levels of 

SA and Cp in rat blood serum after treatment for 
formalin-induced paw edema with the proposed 

pharmaceutical compositions and their compo-

nents. These results were compared to those ob-
tained with the reference drug, sodium diclofenac. 

To further substantiate our findings regarding 

the anti-exudative activity of the pharmaceutical 

composition and its individual components, we 
performed biochemical analyses of inflammatory 

markers. Specifically, we measured the levels of 

SA and Cp in rat blood serum after treatment for 
formalin-induced paw edema with the proposed 

pharmaceutical compositions and their compo-

nents. These results were compared to those ob-
tained with the reference drug, sodium diclofenac. 

The subsequent phase of the study focused on 

evaluating the effects of celecoxib, caffeine (as an 

adjuvant), their combination, and the reference 
drug sodium diclofenac on Cp activity in the blood 

serum of rats. A statistically significant increase in 

Cp levels was observed in Group 2, showing a 2.8-
fold increase compared to the control group (Gro-

up 1). Following celecoxib administration (Group 

3), Cp levels in the blood serum of rats decreased 

by 1.2 times compared to the formalin edema 
group (Group 2). This difference was statistically 

significant when compared to both the control 
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Fig. 1. Effect of celecoxib, caffeine, and their pharmaceutical composition on the SA level in rat blood serum 

in the formalin-induced paw edema model. 

 

Note: difference between groups is shown as (mean ± standard error), all results are significant (р<0.05); 

* – difference compared to the control group; 

** – difference compared to the formalin edema group; 

*** – difference compared to the formalin edema group; 

**** – difference compared to the celecoxib and formalin edema group. 

 

 

group (Group 1) and the sodium diclofenac group, 

although no significant difference was found be-

tween Groups 3 and 2. 
In Group 4, the administration of caffeine re-

sulted in a reduction of Cp levels in the rat blood 

serum by 1.6 times compared to the formalin 

edema group (Group 2), indicating a statistically  

 significant difference from the results in Group 2. 

Moreover, caffeine effectively lowered the level 

of the inflammation marker ceruloplasmin in the 
formalin-induced inflammatory model. A statisti-

cally significant difference was observed in com-

parison with the control group but not in compar-

ison with the sodium diclofenac group (Figure 2). 

 

 
 

Fig. 2. Effect of celecoxib, caffeine, and their pharmaceutical compositions on the ceruloplasmin level 

in rat blood serum in the formalin-induced paw edema model. 

2.471±0.06

3.508±0.03*

3.04±0.05*, *** 3.07±0.02*, ***
2.68±0.042.71±0.03**, ***

Control FE Celecoxib + FE Caffeine + FE Celecoxib +
Caffeine + FE

Sodium
Diclofenac + FE

1.13±0.04

3.11±0.02*

1.57±0.03

2.52±0.02*, ***

1.91±0.02*, **, ****

1.92±0.01*, **

Control FE Celecoxib + FE Caffeine + FE Celecoxib +
Caffeine + FE

Sodium
Diclofenac + FE
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Note: difference between groups is shown as (mean ± standard error), all results are significant (р<0.05); 

* – difference compared to the control group; 

** – difference compared to the formalin edema group; 

*** – difference compared to the formalin edema group; 

**** – difference compared to the celecoxib and formalin edema group. 

 

 

Overall, the research demonstrated that caf-

feine (with an AEA of 18.3%) enhances the AEA 

of celecoxib (with an AEA of 50 %), and the pro-
posed pharmaceutical composition of celecoxib 

and caffeine (with an AEA of 55.5%) is effective 

in mitigating exudative processes. 
Acute-phase proteins, such as Cp, which be-

longs to the α-globulin group, are valuable bio-

markers for diagnosing inflammatory diseases, as 

their levels increase during acute inflammation. 
This motivated our previous studies, which inves-

tigated the influence of coxibs on blood serum 

ceruloplasmin activity in rats using the formalin-
induced edema model. Our findings established 

a positive effect of coxibs on Cp levels, with rofe-

coxib demonstrating greater efficacy than cele-
coxib. 

It is well-known that one of the mechanisms by 

which NSAIDs exert their anti-inflammatory ef-

fects is through the inhibition of inflammatory re-
sponses, partly due to their ability to modulate oxi-

dation and phosphorylation processes. Disrupti-

ons in the barrier properties of lipid membranes 
play a significant role in the development of in-

flammatory processes and pain syndromes. One 

major trigger for such disruptions is the activation 
of Lipid PerOxidation (LPO), which is regulated 

by the body’s physiological antioxidant systems. 

A compromise in any of these protective mecha-

nisms can lead to the activation of LPO. 
During inflammation, ProstaGlandins (PGs) 

and leukotrienes are formed as a result of the en-

zymatic oxidation of arachidonic acid, leading to 
increased formation of free radicals that enhance 

LPO. Consequently, we studied the inhibitory ef-

fects of coxibs, particularly their pharmaceutical 

compositions with caffeine, on LPO processes.  
This was evidenced by a decrease in Conjugated 

Diene (CD) levels in the blood serum of rats sub-

jected to formalin-induced edema. 
Sialic acid is another important biomarker of 

inflammation. Sialic acids are normal components 

of all tissues and biological fluids in the human 
body and constitute a major part of glycoproteins 

and glycolipids. When freed from glycoproteins, 

sialic acids can inactivate certain bacterial and vi-

ral agents, which is why elevated sialic acid levels  

 are observed in various pathological states charac-

terized by inflammation. 

In our earlier studies, we found that proposed 
pharmaceutical compositions of oxicams with caf-

feine affected serum sialic acid levels in rats. Ad-

ditionally, we demonstrated that adjuvant caffeine 
positively impacts the anti-inflammatory activity 

of piroxicam and meloxicam, as evidenced by 

changes in sialic acid levels. 

Biochemical investigations into the anti-in-
flammatory actions of celecoxib and caffeine re-

vealed that both celecoxib (group 3) and caffeine 

(group 4) decreased sialic acid levels in the blood 
serum of laboratory animals relative to the model 

group (group 2). Statistically significant diffe-

rences were observed between the treatment and 
control groups, confirming that the combination 

of celecoxib and caffeine significantly reduced si-

alic acid levels in relation to formalin-induced 

paw edema (group 2). In contrast, celecoxib alone 
(group 3) showed statistically significant similari-

ties to both the reference drug and the intact cont-

rol group. 
The combination of celecoxib and caffeine 

(group 5) exhibited enhanced anti-inflammatory 

activity compared to celecoxib alone in formalin-
induced rats. The pharmaceutical composition of 

celecoxib and caffeine (group 5) significantly re-

duced ceruloplasmin levels in both the model 

group (group 2) and the group treated solely with 
celecoxib (group 3). No statistically significant 

difference was noted between the results of the 

group treated with the reference drug and the con-
trol group. 

 

Conclusion 

The experimental studies of celecoxib, caf-
feine, and the proposed pharmaceutical composi-

tions containing both agents in a formalin-induced 

paw edema model have demonstrated that caffeine 
enhances the anti-exudative activity (AEA) of ce-

lecoxib. The effectiveness of the investigated 

drugs and their composition, based on AEA, fol-
lows this order: the combination of celecoxib and 

caffeine is the most effective, followed by celeco-

xib alone, then sodium diclofenac, with caffeine 

being the least effective. 
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Therefore, we consider the pharmaceutical 

composition of celecoxib and caffeine to be effec-
tive in addressing exudation processes in this 

model. 

Biochemical studies have shown that caffeine 

enhances the pharmacological activity of celeco-
xib by reducing sialic acid levels in blood serum. 

Based on their ability to reduce SA levels in blood 

plasma, the investigated drugs and their composi-
tion can be ranked as follows: the combination of 

celecoxib and caffeine is equally effective as so-

dium diclofenac, while celecoxib alone is as effec-
tive as caffeine. 

Consequently, the proposed pharmaceutical 

composition containing celecoxib and caffeine is 

deemed effective in lowering sialic acid levels in 
rat blood serum in the formalin-induced edema 

model. 

Furthermore, the results of biochemical studies 
indicate that caffeine acts as an adjuvant in reduc-

ing ceruloplasmin levels. In terms of reducing 

ceruloplasmin levels, sodium diclofenac is the 

most effective, followed by the combination of 
celecoxib and caffeine, which has the same effect  

 as caffeine, while celecoxib alone is the least ef-

fective. 
Overall, our findings demonstrate that the pro-

posed pharmaceutical composition of celecoxib 

and caffeine possesses anti-inflammatory activity. 

We also see potential for further experimental and 
biochemical studies of this composition in zymo-

san- and carrageenan-induced edema models. 
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