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ABSTRACT
The aim: To estimate anti-inflammatory action of coxibs (3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one, 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)
pyrazol-1-yl]benzenesulfonamide) compared to reference drug – 2-[(2,6-Dichlorophenyl)amino]benzeneacetic acid sodium salt.
Materials and methods: The anti-inflammatory effect of studied substances was investigated using the ceruloplasmin test as serum ceruloplasmin is a routinely investigated
biochemical index. Formalin-induced hind paw edema was used as the most commonly used animal model to simulate acute inflammation. 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one (1.5 mg/kg) and celecoxib (5 mg/kg) were administrated intragastrically in 4 hours after induction of inflammation with formalin. The ceruloplasmin level
in the serum was investigated using the Ravin’s method.
Results: The levels of serum ceruloplasmin under conditions of formalin edema was 3.11 ± 0.02 µmol/L, that is 2.5 times greater than in intact animals. It was shown that at
the injection of 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one serum сeruloplasmin level demonstrated a statistically significant reduction in comparison with formalin
edema. There is no statistically significant difference between groups. 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one affected the serum ceruloplasmin levels in rats
under the conditions of formalin edema effectively. 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide had only tendency to
decrease the inflammatory marker ceruloplasmin in serum of rats in reference to formalin edema.
Conclusions: Results of biochemical research of the effect of coxibs on the serum ceruloplasmin level in rats show that 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one
has marked anti-inflammatory activity while 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide has only tendency to
decrease the inflammatory marker ceruloplasmin in serum of rats.
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INTRODUCTION

Inflammation is a process how your body fights infection,
the damage of cells or presence of irritants. This process
seeks to repair injured tissues and eliminate unwanted elements. Inflammation is a key element of most pathological
processes and is accompanied by certain reactions: redness,
pain, swelling, fever and dysfunction.
The first inflammatory response is characterized by the
presence of large numbers of neutrophils at the site of
injury, which serve to handle foreign materials and pathogens, utilizing their phagocytic, enzymatic, and respiratory
functions [1, 2]. The research of molecular mechanism of
interaction between the participants of inflammatory reactions could be useful for the development of techniques
for diagnosing the severity of inflammation and for the
assess the adequacy of anti-inflammatory treatment as
well as for the design and development of new anti-inflammatory drugs.
It is known that positive acute-phase proteins increase
in plasma concentration in response to inflammation.

Concentration of some proteins, such as C-reactive protein
and serum amyloid in the blood plasma increase over 300fold during first days of inflammation reaction, reaching
0.03μM. One of the prevailing acute-phase proteins is a
ceruloplasmin (СP) [3, 4].
It was found that the CP level in the blood serum
changes significantly in various conditions including
acute and chronic inflammatory processes accompanied
by destructive and necrotic changes in tissues, malignancy, hereditary aceruloplasminemia, uremia, and other
inflammatory and infectious diseases [4, 5]. Acute-phase
protein CP has ability to normalize coagulation hemostasis
and functional activity of platelets by improving secretory
processes in platelets and increasing aggregation rate. This
can be regarded as response on inflammation [6]. CP
possesses significant oxidase activity towards Fe (II) and
numerous aromatic amines and phenols. Its ferroxidase
activity has led to the discovery that it is a molecular link
between copper and iron metabolism. It activates oxidation
of ascorbic acid, noradrenaline, serotonin and sulfhydryl
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compounds. CP was shown to be a much more effective
scavenger of peroxide radicals than superoxide dismutase,
deferoxamine, and albumin, it prevents lipid peroxidation.
Lack of ceruloplasmin causes of yield of copper ions into
the extravascular space (serum copper level also decreases).
Copper deficiency in the blood (due to the CP deficiency) results in the raise of resorption of copper ions in the
intestine. Low CP might also mean you have: nephrotic
syndrome, or kidney problems [7].
Coxibs (also known as COX-2 inhibitors) are a type of
non-steroidal anti-inflammatory drug (NSAID). Coxibs,
like other NSAIDs, relieve pain and reduce inflammation.
The selective COX–2 inhibitors (coxibs) were originally
developed to minimize the adverse effects of conventional NSAIDs while maintaining the same analgesic and
anti–inflammatory properties. According the chemical
structure these compounds are derivatives of 4-aminobenzenesulfonamide. This group of medications includes
2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide, 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one, 4-(5-methyl-3-phenyl-1,2-oxazol-4-yl)benzene-1-sulfonamide,
sodium;[4-(5-methyl-3-phenyl-1,2-oxazol-4-yl)phenyl]
sulfonyl-propanoylazanide, 5-chloro-2-(6-methylpyridin-3-yl)-3-[4-(trideuteriomethylsulfonyl)phenyl]pyridine, 2-[2-(2-chloro-6-fluoroanilino)-5-methylphenyl]
acetic acid [8, 9] and 4-[2-(4-ethoxyphenyl)-4-methylpyrrol-1-yl]benzenesulfonamide [8].
4-[4-(methylsulfonyl)phenyl]-3-phenyl-2(5H)-furanone) and 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide (4-[5-(4-methylphenyl)-3-(trifluoromethyl)-pyrazole-1-yl]benzenesulfonamide work by
inhibiting the enzyme cyclo-oxygenase (COX), responsible for prostaglandin synthesis. 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one and 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)
pyrazol-1-yl]benzenesulfonamide are selective COX-2
inhibitors that have originally been approved for the treatment of acute pain [9]. The two selective COX-2 inhibitors, 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide and
3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one,
are about 100–1000 times more selective on the COX-2
than on the COX-1 isoform. Today 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one is indicated for the
symptoms and signs of osteoarthritis, whereas 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)
pyrazol-1-yl]benzenesulfonamide is indicated for both osteoarthritis and rheumatoid arthritis. The major clinical interest of these drugs has been related to the lower incidence
of gastrointestinal bleeding which, with the conventional
COX-1/COX-2 agents has been a source of hospitalization,
disablement and death. Compared to COX-1 active center
of COX-2 is created by a long hydrophobic channel that
is the site of non-steroidal anti-inflammatory drug binding. The isoleucine at position 523 (Iso 523) in COX-1 is
replaced by a valine in COX-2. This substitution creates a
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side pocket of the active binding site of COX-2, not present
in COX-1, and a somewhat wider binding site in COX-2.
These differences between the COX active sites have major
implications for the selectivity profile of inhibitors. All the
coxibs have a rigid sidechain, such as a sulfone group or
a sulfonamide group. Coxibs are limited in their binding
capacity to COX-1 since the larger isoleucine (compared
to valine in COX-2) at position 523 blocks access of the
rigid sidechain of coxibs to the allosteric site [9].

THE AIM

The aim of this work was to estimate anti-inflammatory
action of coxibs (3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one, 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide) compared to reference drug – 2-[(2,6-Dichlorophenyl)amino]benzeneacetic acid sodium salt.

MATERIALS AND METHODS

Experimental biochemical studies were performed on
male albino WAG rats weighing 280-300 g to compare
anti-inflammatory activity of coxibs (3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one, 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)
pyrazol-1-yl]benzenesulfonamide) in contrast to reference
drug – 2-[(2,6-Dichlorophenyl)amino]benzeneacetic acid
sodium salt [10, 11].
Anti-inflammatory activity of investigated drugs was
studied using the formalin-induced edema model. Animals were divided into 5 groups (6 animals per group). The
inflammation was induced by injecting formalin in their
paws. Group 1 animals (control subjects) were injected
intragastrically with 3% starch mucilage (2 ml/200 g body
weight); group 2 animals were injected subplantarly with
2% formalin solution and were injected intragastrically with
3% starch mucilage. Groups 3-5 animals were injected with
investigated drugs subcutaneously: group 3 animals received
4-[4-methylsulfonyl)phenyl]-3-phenyl-2(5H)-furanone at a
dose of 1.5 mg/kg (body weight), group 4 animals received
4-[5-(4-methylphenyl)-3-(trifluoromethyl)-pyrazole-1-yl]
benzenesulfonamide at a dose of 5 mg/kg (body weight),
group 5 animals received reference drug – 2-[(2,6-Dichlorophenyl)amino]benzeneacetic acid sodium salt 8 mg/kg
(body weight). Maximal inflammation was measured in 4
hours after formalin injection. The investigated medicinal
products were given 1 h prior to formalin injection. The
animals of all groups were decapitated under ether anesthesia [12, 13]. Rats were kept in the vivarium and treated
according to high ethical standards and regulations of humane treatment of experimental animals. This study was
carried out in accordance with European Convention for the
protection of Vertebrate Animals used for Experimental and
Scientific purposes [14] and in accordance with resolution
of First National Congress on Bioethics [15].
Anti-inflammatory action of abovementioned medications was studied using the biochemical index of CP
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Table I. The level of serum ceruloplasmin after injection of coxibs under the conditions of formalin edema in rats
S. №

Groups of animals (n = 6)

CP, µmol/L

1.

Control

1.13±0.04

2.

Formalin edema

3.11±0.02*

3.

3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one + formalin edema

1.39±0.02**/****

4.

2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]
benzenesulfonamide + formalin edema

2.51±0.01*/***/*****

5.

2-[(2,6-Dichlorophenyl)amino]benzeneacetic acid sodium salt + formalin edema

1.57±0.03**/****

Note 1. (mean ± error of mean) * - difference is relevant compared to control group, р < 0.05;
Note 2. (mean ± error of mean) ** - difference is relevant compared to formalin edema, р < 0.05;
Note 3. (mean ± error of mean) *** - difference is relevant compared to 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one р < 0.05;
Note 4. (mean ± error of mean) **** - difference is relevant compared to 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]
benzenesulfonamide, р < 0.05;
Note 5. (mean ± error of mean) ***** - difference is relevant compared to 2-[(2,6-Dichlorophenyl)amino]benzeneacetic acid sodium salt, р < 0.05.
because ceruloplasmin is an acute phase reactant. Ceruloplasmin is an α-globulin that means it is an acute-phase
plasma protein produced by hepatocytes and activated
macrophages, and has ferroxidase with bactericidal activities. It is known that serum ceruloplasmin concentrations
are elevated by acute inflammation, stress, contagious and
autoimmune diseases.
The level of CP was determined as per the Ravin’s method
using the test-kit “Determination of ceruloplasmin in the
blood serum” (Private Joint Stock Company “Reagent”)
[16, 17].
At pH 5.5 ceruloplasmin catalyzes the oxidation of paraphenylenediamine (PPD) to yield a colored product [18].
Reaction mixture includes 1.58 mL of 0.5M sodium-acetate
buffer (pH = 5.5), 0.2 mL of freshly prepared solution of
dihydrochloride PPD (0.5%) and 0.02 mL of investigated
sample, containing CP. The reaction mixture was then
placed into water bath at 37°C for an hour. The reaction
was stopped by the addition of 0.2 mL of 0.5% sodium aside
solution. Reaction mixture with 0.2 mL of 0.5% sodium
aside solution added before incubation was taken as blank
sample. This method is used both for determination of PPD
oxidase activity and for determination of CP concentration.
The concentration of serum ceruloplasmin was determined
spectrophotometrically by using spectrophotometer SF 46
with absorbance filter for 530 nm. The concentration of
ceruloplasmin was calculated according to the following
formula: CCP = A × 5.83, where 5.83 is a density factor
(according to Ravin›s method) in µmol of active protein
per 1 liter (µmol/L) [19, 20].
The obtained results were statistically processed using
the standard software package of «STATISTICA 6.0». The
validity of the test data was determined using Student›s
t-test [21].

RESULTS

Experimental research was performed on laboratory
animals to study anti-inflammatory properties of coxibs
(4-[4-(methylsulfonyl)phenyl]-3-phenyl-2(5H)-furanone

and 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-pyrazole-1-yl]benzene sulphonamide). Famous nonsteroidal
anti-inflammatory drug – 2-[(2,6-Dichlorophenyl)amino]
benzeneacetic acid sodium salt was chosen as reference
drug. Investigation of coxibs’ anti-inflammatory activity
was carried out in laboratory rats under the conditions of
formalin edema.
Results of biochemical research of the anti-inflammatory
effect of coxibs on the level of ceruloplasmin in the rats’
blood serum are given in the table I.
The levels of serum ceruloplasmin under conditions of
formalin edema was 3.11 ± 0.02 µmol/L (group 2), that is
2.5 times greater than in intact animals (group 1). Biochemical research showed that investigated coxibs (group 3, 4)
affected the level of serum ceruloplasmin and decreased
it in reference to formalin edema (group 2).
As Table I shows that at the injection of 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one serum CP
level demonstrated a statistically significant reduction in
comparison with formalin edema. There is no statistically
significant difference between groups. 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one affected the serum
ceruloplasmin levels in rats under the conditions of formalin edema. When 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide was given under the conditions of formalin edema,
decrease in serum CP level was insignificant. That’s why
3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one is
considered to be a leader of our research.
After injection of 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide (group 4) serum ceruloplasmin level decreased by
1.2 times compared to formalin edema that is significantly
inferior to the reference drug – 2-[(2,6-Dichlorophenyl)
amino]benzeneacetic acid sodium salt.

DISCUSSION

Inflammation is one of the main body reactions, ensuring
the vital activity of the organism. It is a body response
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to injury and infection, and also body’s way of signaling
the immune system to heal and repair damaged tissue,
as well as defend itself against foreign invaders, such as
viruses and bacteria [22, 23]. The liver is a main organ
which responds to tissue damage and inflammation.
Hepatocytes synthetize proteins and supply them to the
blood influencing the inflammation process. Tissue damage and inflammatory reaction is accompanied by quite
dramatic changes in the plasma level of several proteins
participating in the body response on damage. Appearance of these proteins in the blood and its increased level
is an indicator of inflammation. That’s why such proteins
are called acute phase reactants [24-26].
One of the acute-phase reactants is a ceruloplasmin,
and its level increases in cases of inflammation, infection, and trauma. Ceruloplasmin has both prooxidant
and antioxidant properties and has been described as
a “moonlighting protein” due to its many and varied
activities. Acute phase reactant ceruloplasmin is able to
decrease proaggregatory properties of thrombocytes that
can be understood as feedback in the implementation of
the inflammation process. Ceruloplasmin antioxidant
function is mainly related to its ferroxidase activity; it
activates oxidation of ascorbic acid, noradrenaline, serotonin and sulfhydryl compounds as well as inactivates
reactive oxygen intermediates, preventing lipid peroxidation. Therefore, determination of ceruloplasmin level
in blood plasma at the acute phase of inflammation is
very relevant today.
Every physician face with problem of inflammation in
his practice. It is necessary to understand development
mechanism of inflammation and know properties of
non-steroidal anti-inflammatory drugs (NSAIDs) in
order to help patient to beat pain appearing due to inflammation. As usual, NSAIDs are used to stop inflammatory
process. Inhibition of cyclooxygenase (COX) enzyme,
which takes part in the biosynthesis of prostaglandins
(PGs) and thromboxane (TX), is the mechanism of action
of NSAIDs. The more is selectivity of NSAID for COX-2,
the more is efficient its anti-inflammatory activity. [4, 26].
NSAIDs are typically divided into three groups based
on their chemical structure and selectivity. First group
includes non-selective NSAIDs (ibuprofen, diclofenac,
indomethacin etc.), that inhibit COX-1 more than COX-2
and prevent the development of not only pathological but
also physiological prostaglandins in tissues. This explains
their side effects, such as, ulcerative lesion of GI tract,
kidney failure. A relatively selective COX-2 inhibitors,
such as meloxicam, belong to second group of NSAIDs.
Meloxicam has been found to be at least as effective as
other NSAIDs, but with a greatly reduced incidence
of gastrointestinal side-effects. [27]. Third group is the
highly selective cox-2 inhibitors (coxibs). The use of these
drugs, relative to conventional NSAIDs, is associated to a
significantly lesser gastroduodenal ulcer rate and to fewer
clinically relevant complications, as well as to a smaller
rate of treatment discontinuation due to gastrointestinal
(GI) symptoms.
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CONCLUSIONS

1. Results of biochemical research of the effect of coxibs
on the serum CP level in rats show that 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)
pyrazol-1-yl]benzenesulfonamide and 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one affect the level
of ceruloplasmin but with varying degrees of activity.
2. 2,3,5,6-tetradeuterio-4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide
4-[5-(4-methylphenyl)-3-(trifluoromethyl)-pyrazole-1-yl]benzene sulphonamide) under the conditions of formalin edema has tendency to decrease the
inflammatory marker CP in serum of rats in reference
to formalin edema.
3. T he leader of research is 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one (4-[4-(methylsulfonyl)phenyl]-3-phenyl-2(5H)-furanone, statistically
significantly reduced the level of CP and was more
effective than reference drug.

ABBREVIATIONS

CP – ceruloplasmin,
COX - cyclo-oxygenase,
NSAID – non-steroidal anti-inflammatory drug,
PPD – p-phenylenediamine
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