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Abstract

Oxicams (enolic acid derivatives) are a group of structurally closely related substances. They are weakly acidic and extensively
bound to plasma proteins. Their mechanisms of action involve inhibition of cyclooxygenase (COX) especially type II, a key enzyme
in the biosynthesis of prostaglandins in the body as well as exerting potent and irreversible inhibitory effect on platelet aggregation
leading to an increased risk of bleeding in patients. Clinically, they are highly potent therapeutic agents utilized in the management of
anumber of human body dysfunctions namely inflammation, stiffness, acute and chronic pain syndromes associated with ankylosing
spondylitis, arthrosis, osteoarthritis, rheumatoid arthritis, arthritic diseases such as acute gout, bursitis, injuries, sprains, shoulder
or hip periarthritis (shoulder-hand syndrome), and tendinitis. They are also employed for short-term treatment of postoperative and

post-traumatic pain.
Quantification and/or detection of oxicams in biological matrices have been accomplished by various analytical techniques

namely spectrophotometric, electrochemical, immunological, titrimetric, and chromatographic methods.
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Introduction

Human disease is any deviation from normal state of health or wellness which can be mental, physical and social well-being leading to

disruption or loss of homeostasis [1].

Oxicams are relatively new enolic acid class of 4-hydroxyl-1,2 benzothiazine carboxamide. The fused thiazine ring contains sulfur and

nitrogen atoms in the core structure. They are weakly acidic (diprotic acids) having ionization constants (pKa) range from 3 to 6.

Oxicams act by inhibiting cyclooxygenase (COX) especially type II, a key enzyme in the biosynthesis of proinflammatory prostanoids
such as prostaglandins in the body [2]. Cyclooxygenase is an enzyme that converts arachidonic acid into prostaglandins in inflammatory
processes in humans [3,4]. As cyclooxygenase inhibitors, they can also exert potent and irreversible inhibitory effect on platelet aggregation
leading to an increased risk of bleeding in patients [5]. Oxicams besides the inhibition of prostaglandins (PG) production, are also associated

with caspase-3 and caspase-9 activation, tumor cell apoptosis induction, tumor cell proliferation inhibition, and anti-angiogenesis [6,7].

Clinically, they alleviate fever, pain, dental discomfort, chronic diseases such as rheumatoid arthritis, osteoarthritis, lower back pain,

shoulder periarthritis, cervical-shoulder-wrist syndrome and inflammation linked to various conditions, including trauma, and surgery
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[8-10]. They typically have high bioavailability making them highly potent agents. Oxicams are extensively bound to plasma proteins (>

97%) due to their favorable amphiphilic properties leading to increased persistence in the body and a high duration of action.

These therapeutic agents are associated with a number of severe side effects such as (i) gastrointestinal (ulcers, bleeding, gastric
perforations), which constitute one-third of all adverse drug reactions [11]. For instance piroxicam (the first drug of the oxicam class)
although a highly potent oxicam was taken off the market in some countries because of its greater propensity to cause these severe
gastrointestinal side effects when compared to other oxicams, (ii) cardiovascular side effects such as myocardial infarction, heart burn,
stroke [12].

Recent efforts have focused on reducing the severe gastrointestinal effects through prodrug approach [13]. For example, the replacement
of piroxicam with piroxicam prodrugs (ampiroxicam, droxicam and piroxicam) has become an inevitable shift to reduce piroxicam-related
gastrointestinal adverse effects and maximize patient benefit [14]. Furthermore, scientists in an effort to circumvent the adverse effects of
these very potent therapeutic agents produced another class of anti-inflammatory and analgesic agents called selective COX-2 inhibitors
(Coxibs) such as celecoxib rofecoxib, valdecoxib, parecoxib, and lumiracoxib. Unfortunately, the expectations were short-lived because

almost all these selective COX-2 inhibitors were withdrawn from market globally due to their toxicities.

Extended plasma protein binding, oxicams may reduce the concentration of drug that is free to diffuse into tissues as well as cause drug
safety issues and adverse effects such as low clearance, drug-drug interactions, loss of efficacy and therefore calls for plasma concentration

measurement.

The measurement of plasma concentrations of oxicams given in therapy may be used to assess adherence to therapy, adjust the dose to
individual need and to minimize the risk of dose-related adverse effects. Such plasma concentration measurement will require accurate,

precise, sensitive, selective, and specific analytical techniques.

Purpose of the Study

The purpose of the study is to present the relevance of oxicams in the treatment of autoimmune diseases as well as other human
ailments despite severe adverse effects associated with some of the active agents. Furthermore, the study examined some physicochemical
properties of this class of therapeutic agents and different analytical techniques that have been used for their detections and quantifications

in biological matrices.

Discussion

Oxicams thatare of clinical importance are ampiroxicam, droxicam, isoxicam, lornoxicam, meloxicam, piroxicam, sudoxicam, tenoxicam.
However, due to severe adverse effects such as fatal skin reactions associated with isoxicam and gastrointestinal bleeding, perforation
and ulceration associated with piroxicam, both have been withdrawn from markets in some countries. Some of the physicochemical

properties of oxicams include:

a) Ampiroxicam (piroxicam prodrug): chemically defined as Ethyl 1-({2-methyl-1,1-dioxo-3-[(pyridin-2-yl)carbamoyl]-2H-
1lambda6,2-benzothiazin-4-yl}oxy)ethyl carbonate, the molecular formula is C, H, N.O.S, and molar mass of 447.46 g/mol.

200721
Practically insoluble in water and soluble in some organic solvents. The chemical structure is given below:
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Figure 1: Chemical structure ampiroxicam.

b) Droxicam (piroxicam produg), chemically defined as 5-Methyl-3-(pyridin-2-yl)benzo[5,6][1,2]thiazino[3,4-e][1,3]oxazine-
2,4(3H,5H)-dione 6,6-dioxide, the molecular formula is C,,H,,N.,0.S, and molar mass of 357.34 g/mol. The chemical structure is

given below:
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Figure 2: Chemical structure of droxicam.

c) Isoxicam, defined chemically as 4-hydroxy-2-methyl-N-(5-methyl-1,2-oxazol-3-yl)-1,1-dioxo-1A%2-benzothiazine-3-carboxamide,
the molecular formula C, ,H,,N,0.S and molar mass of 335.34 g/mol. It is practically insoluble in water but soluble in some organic

solvents. The chemical structure is given below:

OH O N-g

Figure 3: Chemical structure isoxicam.
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d) Lornoxicam, chemically defined as (3E)-6-chloro-3-[hydroxy(pyridin-2-ylamino)methylene]-2-methyl-2,3-dihydro-4H-
thieno[2,3-e][1,2]thiazin-4-one 1,1-dioxide, the molecular formulais C,,H, CIN,0,S,, and molar mass of 371.81 g/mol. The chemical

structure is given below:
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Figure 4: Chemical structure of lornoxicam.

)

e) Meloxicam, defined chemically as 4-hydroxy-2-methyl-N-(5-methyl-1,3-thiazol-2-y1)-2H-1,2 benzothiazine-3-carboxamide-
1,1-dioxide, the molecular formula is C,,H ,N.0,S, and molar mass of 351.40 g/mol. The drug is practically insoluble in water,
slightly soluble in acetone, soluble in dimethylformamide, very slightly soluble in ethanol and in methanol. The logarithm partition

coefficient and ionization constant (pKa) are 1.16 and 4.47 respectively [15]. The chemical structure is given below:

OH
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= ﬂNH—”\ “
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Figure 5: Chemical structure of meloxicam.

f) Piroxicam chemically defined as 1,2-benzothiazine-3-carboxamide-4-hydroxy-2-methyl-N-(2 pyridyl)-1,1-dioxide, the chemical

formula is C,;H,,N,0,S and molar mass of 331.35 g/mol. It is practically insoluble in water, soluble in methylene chloride, and

slightly soluble in ethanol. The logarithm partition coefficient, ionization constant (pKa) are 3.06 and 6.30 respectively [15]. The

DH{IZIJ

e
= SN N
\ H

87 CH,
o” o

chemical structure is given below:

Figure 6: Chemical structure of piroxicam.
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g) Sudoxicam chemically defined asN-(2-thiazolyl)-4-hyroxy-2-methyl-2H-1,2-benzothiazine-3-carboxamide 1,1-dioxide, the

chemical formula is C,,H,,N.0,S, and molar mass of 337.37 g/mol. The chemical structure is given below:
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Figure 7: Chemical structure of sudoxicam.

h) Tenoxicam chemically defined as 4-hydroxy-2-methyl-N-(pyridin-2-yl)-2H-thieno[2,3-e] [1,2] thiazine-3-carboxamide 1,1-dioxide,

its molecular formulais C;,H, N,0,S,, and molar mass of 337.37 g/mol. The drug is practically insoluble in water, sparingly soluble in

methylene chloride, very slightly soluble in ethanol, and soluble in solutions of acids and alkalis. The logarithm partition coefficient,

ionization constant (pKa) are 1.19 and 5.07 respectively [15]. The chemical structure is given below:
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Figure 8: Chemical structure of tenoxicam.

The analytical techniques for detections and quantifications of oxicams

Different analytical techniques namely chromatography [high-performance liquid chromatography-UV detector (HPLC-UV), high
performance liquid chromatography-fluorescence detector (HPLC-FD), high performance liquid chromatography-photo diode array
detector (HPLC-PDA), high performance liquid chromatography-mass spectrometry (HPLC-MS), high performance liquid chromatography-
tandem mass spectrometry (HPLC-MS/MS), ultra-high performance liquid chromatography-tandem mass spectrophotometry (UHPLC-
MS/MS), supercritical fluid chromatography (SFC), gas chromatography flame ionization detector (GC-FID), gas chromatography-mass
spectrometry (GC MS), gas chromatography-tandem mass spectrometry (GC-MS/MS), liquid chromatography-high resolution mass
spectrometry (LC-HRMS), and hydrophilic liquid chromatography (HILIC)]; capillary electrophoresis (capillary zone electrophoresis
and micellar electrokinetic capillary chromatography); electrochemical (potentiometric and voltammetric techniques); immunological
(enzyme-linked immunosorbent assay, immunochromatographic strip); spectrophotometry (spectrophotometric, fluorescence
spectrophotometric, flow injection spectrophotometric); and titrimetry (non-aqueous) techniques could be utilized to determine these

oxicams in pharmaceutical formulations and biological matrices [16-19].
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Due to the long-term side effects of oxicams that are associated with gastrointestinal and cardiovascular complications, their
determinations in biological matrices have gained increasing popularity [20]. Amongst the different analytical techniques enumerated,
chromatographic techniques are the most widely used in the detection and quantification of these therapeutic agents in biological

matrices. Such chromatographic techniques include:

(i) Non-hyphenated liquid chromatography:

(a) Plasma [21-25]; (b) urine: [26,27]; (c) bile: [28].

(i) Hyphenated liquid chromatography:

(a) Whole blood: [29]; (b) plasma: [29-31]; (c) serum: [32]; (d) saliva: [31]; (e) erythrocytes: [29].

In general, liquid chromatography (hyphenated or non-hyphenated) although expensive, but due to its accuracy, sensitivity specificity

is the analytical technique of interest to detect and quantify oxicams concentrations in biological matrices.

Conclusion

Oxicams are long-acting class of non-steroidal anti-inflammatory drugs (NSAIDs) with potent therapeutic effects against acute
and chronic pain syndromes of various origins, especially vertebrogenic and joint pain. The mechanisms of action involve inhibiting
the activity of cyclooxygenase enzymes involved in the synthesis of biological mediators in the cell, namely prostaglandins (involved in
inflammation), and thromboxanes (involved in blood clotting). Hyphenated liquid chromatographic technique is the analytical method of
interestin the detection and quantification of oxicams in biological matrices. Finally, the vast biological activities namely anti inflammatory,
antipyretic, analgesic, antitumour, as well as their widely utilization to alleviate debilitating conditions such as gout, rheumatoid arthritis,
osteoarthritis, migraines, menstrual irregularities, and postoperative complications make oxicams highly relevant in the management of

human diseases.
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