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ABSTRACT

A potential  non-steroidal  anti-inflammatory
medication (NSAID) for the prevention and
treatment of both acute and chronic pain is
meloxicam. Meloxicam has limited therapeutic
application because of its weak water solubility.
Furthermore, it is challenging to develop a suitable
NSAID-based delivery system that can pass
through the skin barrier for transdermal treatments
due to the skin's impermeability. Developed as
transdermal drug delivery systems,
hydrophilic/hydrophobic gels can significantly
enhance other drug administration methods (such
oral or intravenous) while preventing or reducing
negative effects. This study's main goal was to
highlight several gel formulations with improved
qualities that may be applied to the long-term
administration of meloxicam in a minimally
invasive way.

Keywords: NSAID, Anti-inflammatory, Non-
steroidal, Meloxican, Transdermal, Topical

l. INTRODUCTION

The pharmaceutical industry has shown a
lot of interest in transdermal drug delivery systems
because of its potential advantages over more
conventional techniques like injection or oral
delivery.  Small  molecules and lipophilic
medications can pass through the skin, whereas
hydrophilic medications or polymer chains cannot
[1,2]. The stratum corneum, which is the outermost
layer of the epidermis, can significantly restrict the
diffusion of drugs over the skin. In order to lessen
discomfort and hasten the healing of wounds,
regenerative medicine looks at the possibilities of
overcoming skin resistance. One of the main causes
of pain and tissue damage is ignoring

inflammation. Using non-steroidal anti-
inflammatory medicines (NSAIDSs) is one way to
get beyond these obstacles. When taken as directed,
medicine can greatly improve quality of life and
reduce suffering [3-5].

One of the substances in the enolic acid
class of nonsteroidal anti-inflammatory drugs
(NSAIDs) that preferentially inhibits the
cyclooxygenase-2 isoform (COX-2) over the
cyclooxygenase-1 isoform is meloxicam (MX).
Effective analgesic, antipyretic, and anti-
inflammatory qualities make MX stand out. With a
minimal therapeutic effective dose (less than that of
most NSAIDs) and few adverse effects, MX is an
active principle of pharmacological interest [6].
Despite MX's extremely low water solubility, a lot
of work has been done to integrate it into suitable
matrices because of its analgesic and anti-
inflammatory properties. For both humaN and
veterinary applications, several types of gels appear
to be appropriate ways to load and distribute this
active principle [7].

Physicochemical properties:

Meloxicam (MX), an active ingredient
with the structural formula C14H13N304S2 and
IUPAC nomenclature, is a member of the oxicam
class. 5-methyl-2-thiazolin 4-hydroxy-2-methyl-N-
Three-carboxamide-1,1-dioxide -2H-1,2-
benzothiazian [8]. Different tautomer forms of MX
exist, depending on the solvent's polarity and pH
levels.For instance, the anionic form predominates
at neutral pH. While non-polar solvents result in
enolic forms of MX, polar solvents typically
promote the development of the zwitterion form.
However, the creation of the cationic structure is
favored by the acidic pH [9-11].
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Figure 1: Chemical Structure of Meloxicam

MX has a minor solubility in liquid
paraffin or propylene glycol (PG), but it is
insoluble in water. Tween 20 and Span 20 are
examples of surfactants that improve MX
solubility.

MX increases the solubility of the active
ingredient under administration circumstances by
reacting with bases to produce salts. For instance, it
produces sodium and ammonium salts when
combined with sodium hydroxide or ammonia,
respectively [12]. Since MX is difficult to dissolve
in an aqueous or alcohol-based environment, an
acidic pH is not ideal for its integration.
Additionally, MX can be recrystallized from
tetrahydrofuran in its enolic state. MX dissolves in
an aqueous sodium hydroxide solution to produce
the zwitterion structural form, but at low pH, the
cationic structure is more prevalent [13].

Depending on how much of the active
ingredient is reabsorbed from the gastrointestinal
tract, unpleasant gastrointestinal responses can
develop due to the solubility of NSAIDs and the
ratio of ionized to non-ionized forms. The shift
from the non-ionized to the ionized form is favored
by a low pH, which reduces the solubility of the
active ingredient [14].The solubility of MX in
comparison to other NSAIDs, including piroxicam,
diclofenac sodium, ibuprofen, and acetyl salicylic
acid, was emphasized by the use of HPLC
techniques. Even in an acidic environment, acetyl
salicylic acid seems to be the most soluble NSAID,
based on this representation. The majority of its
molecules are in the non-ionized state, which might

have adverse consequences and readily pass
through the stomach membrane. In contrast, MX is
the most difficult NSAID in its class to disintegrate
[15].

Therapeutic efficiency:

NSAIDs' capacity to lower pain, fever,
and inflammation accounts for their therapeutic
effectiveness; they are recommended for
rheumatoid arthritis, osteoarthritis, postoperative
pain, osteochondrosis, and seronegative
spondyloarthritis. MX works well for a wide range
of ailments, particularly rheumatic, inflammatory,
and bone disorders. MX is recommended to lessen
chronic  condition-related pain. This active
ingredient can also be used to treat degenerative
joint illnesses, where pain is the primary cause of
discomfort, and a variety of inflammatory
conditions. Furthermore, because it encourages the
production of proteoglycans and is specifically
used to treat related symptoms including pain and
inflammation, MX is regarded as the preferred
active ingredient in osteoarthritis [16].

Lower back pain syndrome is another sign
of MX. However, the administration of NSAIDs is
linked to negative gastrointestinal side effects, like
gastropathy, which make patients less likely to stick
to their treatment plan [17].

Comparing MX's gastrointestinal toxicity
to that of other NSAIDs has been done. MX has
substantially less gastrointestinal effects than
naproxen, diclofenac, and piroxicam, according to
multiple studies with over 5600 individuals. MX is
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linked to less side effects, including diarrhea,
vomiting, nausea, dyspepsia, and abdominal
discomfort, than  diclofenac.  Furthermore,
compared to diclofenac, MX had a decreased rate
of thromboembolic side effects [18].

357 participants participated in a long-
term research in which they received 15 mg of MX
daily for 18 months. Thus, in terms of effectiveness
and tolerance, MX was contrasted with other
NSAIDs. Skin, respiratory, musculoskeletal, and
gastrointestinal problems were the most frequent
side effects. Additionally, MX is less likely to cause
gastrointestinal adverse effects than naproxen. In
general, people tolerate it better. Additionally,
individuals with comorbidities such as hepatic
cirrhosis, congestive heart failure, nephrosis, etc.,
as well as those with pre-existing gastrointestinal
disorders, should not use NSAIDs. NSAID use
increases the risk of acute renal failure in the last
group of patients. However, there was no
correlation between the deterioration of renal
function and the administration of MX at the
highest permitted doses [19-21].

Meloxicam and Other Active Substances’
Synergistic Effects:

To increasethe anti-inflammatory impact,
lessen  unpleasant  responses, or enhance
formulations and other therapeutic properties, the
interaction of MX with other active ingredients was
studied. Therefore, in order to increase the range of
action or lessen particular symptoms in particular
diseases, MX can be mixed with other active
substances, such as antibiotics, anesthetics,
antiseptics, and more. Additionally, to increase
MX's anti-inflammatory properties or lower the
dosage, it can be coupled with other plant-based
medicinal compounds. Thus, the minimal effective
concentration of MX is used to limit undesirable
responses. Conversely, plant active ingredients,
such as essential oils, can work as a phytocomplex
[22].

They can increase the bioavailability of
the active ingredient at the site of action by acting
through particular therapeutic characteristics.
Consequently, it is possible to view essential oils as
MX enhancers, which improve the therapeutic
impact by facilitating epithelial  crossing.
Eucalyptus essential oil (Eucalyptus globulus) is
one instance of this. Eucalyptol (1,8-cineole), the
active ingredient, has been shown to have analgesic
and  anti-inflammatory  effects.  Eucalyptol
improved therapeutic efficacy and bioavailability.
Cimetidine and antacids do not alter the

pharmacokinetic profile of MX. Furthermore, MX
had no effect on the pharmacokinetics of other
medications taken at the same time, including
methotrexate, digoxin, or furosemide. Because
NSAIDs can intensify the effects of this active
ingredient, warfarin should be administered
cautiously when taken with MX [23].

Gel compositions using meloxicam as an active
ingredient

Because of its physicochemical nature,
MX can be used in topical preparations. Therefore,
characteristics like low molecular weight (354.1 g),
high efficacy at low doses, ease of crossing the
lipid skin layer, and absence of skin toxicity make
MX suitable for skin administration [24]. However,
NSAIDs administered locally have the benefit of
avoiding hepatic metabolism and reducing adverse
effects on the gastrointestinal tract. When
addressing illnesses that call for localized anti-
inflammatory actions, MX may be a viable
treatment alternative. Because of MX's unique
insolubility in an aqueous environment,
incorporating it into various gels becomes difficult.
The way the drug molecules interact with the
vehicle affects the MX release profile.The release
rate, skin permeability, and gel viscosity all affect
how well active molecules are absorbed via the
skin [25].

Drugs with low water solubility can be
delivered utilizing in situ gelling systems that
contain active ingredients. Below the lower critical
solution temperature (LCST), these systems
behaved like liquids; at LCST, micelles with a
hydrophilic core and a hydrophobic shell
developed. The hydrophobic interactions cause a
dramatic sol—gel transition as the temperature and
polymer concentration rise [26]. The primary
obstacle to MX's integration into delivery vehicles
is its poor solubility in aquatic environments.
Numerous attempts have been focused on
appropriate methods to enhance MX transdermal
administration and encourage local analgesia while
reducing adverse effects [27].

I1.  CONCLUSION:

One active ingredient with great promise
as an analgesic and anti-inflammatory medication
is meloxicam. Over time, a number of drug
delivery gels were created to include this
hydrophobic medication, increase the duration of
MX release, and decrease the frequency of
administration, all of which improved patient safety
and compliance. Significant research has also been
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done to improve MX's skin penetration, and several
drug carriers for transdermal MX delivery have
been created, including liposomes, semi-solid gels,
nanostructures, and gels based on B-cyclodextrin.
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