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Two sensitive, simple, accurate, and rapid spectrophotometric methods have been developed for the
estimation of Meloxicam in bulk drug and tablet dosage forms. Method A involves the reaction of Meloxi-
cam with barbituric acid in a basic medium, followed by the addition of sodium nitrite to produce the cor-
responding primary aromatic amine, while Method B involves the azo-coupling reaction of Meloxicam with
8-hydroxyquinoline in the presence of sodium nitrite in a basic medium. Both methods exhibited excellent
linear absorption—concentration dependencies, with correlation coefficients of 0.9998 and 0.9995 for the
Method A and the Method B over the concentration ranges of 5.0-25.0 uyg/mL and 5.0-35.0 ug/mL, respec-
tively. Additionally, the molar absorptivity and Sandell sensitivity values were 0.94166-104 L/(mol-cm) and
6.37-10-3 pg/cm? for the Method A, and 1.326-104 L/(mol-cm) and 5.653-10-3 ug/cm? for the Method B, re-
spectively. The Method A demonstrated the recovery within the range of 99.33—-101.00 %, while the Method
B gave the results within the range of 99.25-101.00 %, with an LOQ of 0.250 ug/mL and 0.503 ug/mL, re-
spectively. These two methods demonstrated the ability to estimate Meloxicam in the pharmaceutical dos-
age form without interference from tablet additives, with an excellent agreement with the standard method.
These characteristics make the proposed methods appropriate for the quality control of Meloxicam in bulk
drug and tablet dosage forms.
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Pa3paboTaHbl ABa Y4yBCTBUTENbHbLIX, MPOCTbIX, TOYHBLIX M AKCMPECCHBLIX CNEKTPOMOTOMETPUYECKNX METO-
Aa KONMYEeCTBEHHOrO onpefeneHns Menokcmkama B hapmMaueBTmyeckon cybcTaHumm n TabneTmpoBaHHON
nekapcteeHHon hopme. MeTog A ocHOBaH Ha peakuuy menokcukama ¢ 6apbuTypoBoOI KMCMOTON B LLEMNoY-
HOW cpede ¢ nocregyowmnm obaBneHmem HUTpUTa HaTpus AN NONyYeHns COOTBETCTBYHOLLIETO NEPBUYHOIO
apomMaTyecKoro amunHa, B TO BpeMs Kak MeTof, B BkMovaeT peakumio a3ocoveTaHns Mernokcrkama ¢ 8-okcu-
XWHOMVHOM B NMPUCYTCTBUM HATPUTA HaTpus B LwenoyHon cpede. Oba metoga NpogeMOoHCTpMpoBanu OTnmy-
HYIO MMHENHYI0 3aBMCMMOCTb MOTMOLLEHNS OT KOHLEHTpauun ¢ koadduureHTamm koppensuum 0,9998 ans
metoga A n 0,9995 ona metoga B B ananasoHax koHueHTpaumn 5,0-25,0 mkr/mn n 5,0-35,0 mkr/mn cooT-
BETCTBEHHO. Kpome Toro, 3HayeHns MOnNApHOro KoadduLmMeHTa NormoLLeHNs 1 YyBCTBMTENbHOCTM No Cax-
genny coctasunu 0,94166-104 n/(monb-cm) n 6,37-10-2 mkr/cm? ans Metoga A, n 1,326-104 n/(monb-cm)
n 5,653:10-3 mkr/cm? ona Metoga B. Metog A xapakTepusyeTcsi CTEneHbld W3BMeYeHus B AManasoHe
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o1 99,33 oo 101,00 %, B TO Bpems, kak MeTtog b — B grnanasoxe ot 99,25 oo 101,00 % npu npegene konu-
YyecTBeHHoro onpegenexus (LOQ) 0,250 mkr/mn 1 0,503 mkr/mn cooTBeTcTBEHHO. Oba meToga noaTeepau-
N BO3MOXHOCTb OnpeferneHns Mernokcrkama B hapMaLeBTUYECKON fekapcTBeHHOW hopme 6e3 BNnsHMS
BCMOMOraTernbHbIX BELWECTB TabneTok npu OTIMYHOM COrNacoBaHUM CO CTaHAapTHbIM MeToAoM. [JaHHble
XapaKTePUCTUKN AenatT NpeasioXeHHble MeTodbl NOAXOAALWMMU ANt KOHTPONsA KadyecTBa Merokcukama
B papMavLeBTM4ecKon cybctaHumum n TabnetmpoBaHHou opme.

Knroyeenie crosa: cnekTpooToMeTpnYeckas xapakTepucrika, asokpacutenb, NekapCcTBEHHbIV npe-

napar Mernokcukam, nekapcTeeHHas gopma

INTRODUCTION

Meloxicam (MEL, Scheme 1) is a non-steroidal
anti-inflammatory drug (NSAID) that has a higher af-
finity for cyclooxygenase-2 (COX-2) enzymes and is
used for the treatment of various inflammatory di-
seases. Despite its medicinal importance, MEL has
low solubility at low pH, which may lead a gastroin-
testinal side effects. This emphasizes the need for
precise control of dosage forms [1-5].

/“\j\\o

Scheme 1. Chemical structure of the meloxicam drug

A range of analytical techniques have been pro-
posed for the estimation of MEL, such as spectro-
photometry [6—-13], high-performance liquid chroma-
tography (HPLC) and reversed-phase high-perfor-
mance liquid chromatography (RP-HPLC) [14-21],
flow injection analysis [22—25], electrochemical ana-
lysis [26, 27], voltammetry [28,29], polarography [30],
and several coupling reactions [31-33]. Although the
above-mentioned chromatographic techniques pro-
vide high accuracy, these techniques require expen-
sive instruments, skilled personnel, a large analysis
time, and organic solvents. Although some previous-
ly reported spectrophotometric methods are simple,
they typically involve complex steps, use organic sol-
vents, exhibit low sensitivity, and lack adequate vali-
dation, which restricts their applicability, especially in
resource-constrained environments [34, 35].

For this reason, there is a recognised need for
simpler, environmentally friendly, and more sensitive
spectrophotometric methods that operate in aqueous
or semi-aqueous systems, exhibit improved chromo-
phoric responses, and are fully validated for quali-
ty control purposes. In this investigation, this need is
met by developing two novel spectrophotometric
methods for meloxicam based on its diazotisation re-
action, followed by azo coupling with barbituric acid
and 8-hydroxyquinoline (oxyquinoline) as coupling
reagents [36].

Barbituric acid provides an activated methylene
group that allows for effective azo coupling through
electrophilic azo compounds, resulting in intense-

ly colored and stable azo dyes that have strong vis-
ible region absorption properties. In a similar way,
8-hydroxyquinoline reacts under alkaline conditions
to form anionic species that have increased electron
density at the coupling site, thus forming azo com-
pounds that have increased conjugation and molar
absorptivity properties. Compared with conventional
reagents such as sulfanilic acid, these compounds
exhibit greater sensitivity, stability, and signal-to-
noise ratio, thereby reducing background interfer-
ence [37, 38].

The current study has demonstrated, for the first
time, the application of barbituric acid and 8-hy-
droxyquinoline as a coupling agent for the estimation
of meloxicam. This method has better chromoge-
nic activity, greener chemistry, and comprehensive
method validation. The developed methods have
demonstrated greater accuracy, precision, speed,
and cost-effectiveness than existing methods. This
study offers greater practical applicability than exist-
ing methods, particularly for pharmaceutical quality
control laboratories without sophisticated chromato-
graphic equipment.

EXPERIMENTAL

All spectral measurements were recorded using a
Shimadzu UV-Vis Double Beam Spectrophotometer
(model 2450) calibrated with matching quartz cells.

Chemicals and reagents

All the chemicals used were of analytical reagent
grade, and double-distilled water was used in all ex-
periments. The purity of Meloxicam was established
by melting-point determination and infrared spec-
troscopy, which indicated the absence of impurities.
Meloxicam, with a purity of 99 %, was kindly provid-
ed by Awamedica Company for Drug Industries and
Medical Applications, Awa, Erbil, Irag. Sodium hy-
droxide, sodium nitrite, and hydrochloric acid were
purchased from Sigma, whereas barbituric acid,
8-hydroxyquinoline, and ethanol, which was of ana-
lytical grade, were purchased from Merck, England.
Pharmaceutical formulations were purchased from
local pharmacies.

Standard solutions

A standard stock solution of Meloxicam
(1.000 pg/mL) was prepared by dissolving 0.1 g of
the drug in 100 mL of distilled water in a conical flask.
Furthermore, 20 mL of 2.0 M sodium hydroxide was
added, and the mixture was heated in a boiling wa-
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ter bath for 30 minutes. The resulting solution was
cooled, and the pH was adjusted to 9 with 2.0 M hy-
drochloric acid. The solution was then transferred to
a 100 mL volumetric flask and diluted with distilled
water to obtain the standard stock solution.

Sample preparation

Ten tablets of Meloxicam were crushed and
made into a solution. A measured quantity of this
solution was placed in a 50 mL volumetric flask, and
40 mL of acetone was added. The mixture was shak-
en for 30 minutes using a water bath shaker, then di-
luted with acetone to volume. It was then filtered, and
25 mL of the solution was placed in a 100 mL coni-
cal flask and evaporated to dryness in a boiling water
bath. The concentration of Meloxicam was then cal-
culated according to the standard procedure for the
preparation of a stock solution [39].

Assay procedures:

Method A:

Standard solution of Meloxicam: For the prepa-
ration of a 100 pg/mL solution, an appropriate vol-
ume of the stock solution was diluted to 100 mL in
a calibrated volumetric flask. Aliquots of 2 mL each
were transferred into a 25 mL volumetric flask, and
5 mL of 0.1 % barbituric acid, 2.0 mL of 0.5 M sodium
hydroxide, 1.5 mL of 1.0 % sodium nitrite, and 0.5 mL
of 0.5 M hydrochloric acid were added. The volume
was then adjusted to the mark with distilled water.
The absorbance was read at 520 nm with a 1.0 cm
quartz cell. A blank solution was also prepared in the
same way without Meloxicam.

Method B:

Standard solution of Meloxicam: This entailed
preparing a 100 pg/mL solution from the stock solu-
tion by making up to 100 mL in a calibrated volumet-
ric flask. Two millilitres of this solution were then add-
ed to a 25 mL volumetric flask and mixed with 2.0 mL
of 0.5 M sodium hydroxide solution, 5 mL of 0.1%
solution of 8-hydroxyquinoline, 0.5 mL of 0.5 M hy-
drochloric acid solution, and 1.5 mL of 1.0% sodi-
um nitrite solution. The solution was then made up
to the mark with distilled water, and its absorbance at
360 nm in a 1.0 cm quartz cell was recorded in the
absence of Meloxicam.

Optimization of experimental parameters

Several factors that could influence the absor-
bance, stability, and sensitivity of the coloured dyes
were investigated. Because each spectrophotomet-
ric method has ideal conditions, parameters were in-
vestigated to identify the optimal conditions for mea-
surement.

RESULTS AND THEIR DISCUSSION
Absorption spectra

The absorption spectra of the azo compounds
and the blank are presented in Fig. 1 and 2. The
azo dyes had a peak absorbance of 520 nm for
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Method A and 360 nm for Method B, whereas the
blank had negligible absorption for the same wave-
lengths.
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Fig. 1. Absorption spectrum for Method A: (A) azo
compound against blank (distilled water)
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Fig. 2. Absorption spectra for Method B: (B) azo compound
against blank (distilled water)

Study the effect of sodium nitrite
concentration

The effect of different concentrations of so-
dium nitrite on the colour intensity of azo dyes was
evaluated by Methods A and B, as shown in Fig. 3.
Fixed amounts of drug samples reacted with var-
ious amounts of 0.1 % NaNO, solution. The reac-
tion was complete at 1.5 mL and 1.0 mL of 0.1%
NaNO, solution for Methods A and B, respectively,
where the absorbance was at its peak, as shown in

Fig. 4.
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Fig. 3. Effect of volume of 1.0% NaNO, solution on
absorption in Method A
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Fig.4. Effect of volume of hydrochloric acid solution on
color intensity in Method A and Method B
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The impact of the acid type

Various acids, including hydrochloric, acetic, sul-
fonic, and nitric acids, were studied for optimal ab-
sorption. The results of hydrochloric acid were su-
perior. As shown in Fig. 4, the colour intensity in-
creased with increasing HCI volume up to 1.0 mL,
and then decreased. Hence, 1.0 mL of 0.5 M hydro-
chloric acid was used in further experiments.

Study the effect of the basic solution

It is worth noting that azo dye formation is usual-
ly carried out under basic conditions. The influence
of different bases, such as 0.5 M KOH, NaOH, and
Na,CO,, on absorbance was studied. It was noted
that sodium hydroxide showed the best absorbance.
Consequently, the influence of sodium hydroxide
concentration on absorbance was studied by add-
ing different volumes of 0.5 M NaOH solution (0.25-
1.5 mL) to a known volume of the drug. It was noted
that maximum absorbance was achieved by adding
0.5 mL of NaOH solution for Method A and 1.0 mL
for Method B. These volumes were then used for fur-
ther study because they exhibited high colour inten-
sity with minimal absorbance in the blank solution.
Figure 5 illustrates the relationship between NaOH
concentration and colour intensity for both methods.
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Fig. 5. Effect of varying the volume of 0.5 M sodium
hydroxide solution on the absorbance in Methods
A and B, using 15 pyg/mL Meloxicam, 1 mL of 0.5 M
hydrochloric acid, and 1.5 mL of 0.1% sodium
nitrite solution
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Calibration Curves

For the proposed methods, the calibration curves
showed linearity in the concentration range of 5.0—
25.0 pg/mL for Method A and 5.0-35.0 pg/mL for
Method B. For the calibration curves of the proposed
methods, five concentrations were used, with four
replicates per concentration. The regression equa-
tions and optical properties of the proposed methods
are presented in Table 1.

Table 1
The optical characteristics of the proposed
Methods A and B

Parameters Method A Method B
A pao M 520 nm 360 nm
Beer’s law range (pg/ml) 5.0-25.0 5-35
Detection coefficient (R?) 0.9998 0.9995
Lo Pty 0.941x10¢ | 1.326x10¢
ﬁg}ﬁ;‘lﬁ sensitivity 6.3x10-2 5.653%10-
Detection of limits (ug/ml) 0.075 0.15
Intercept (a) 0.0007 0.0233
Slope 0.0362 0.0517

The stability of the dye over time

The stability of the dye was assessed by measur-
ing the absorbance of Meloxicam at three concentra-
tions (5.0, 10, and 20 pg/mL) at specified time inter-
vals using the proposed methods. The results showed
that the stability of the azo dyes was maintained for
at least 2 hours, with no significant change in the
analytical signal observed over 5-120 minutes after
reagent mixing. The stability of the dye was shown in
Method A and Method B, regardless of the concen-
tration of Meloxicam.

Limit of detection (LOD)
and limit of quantification (LOQ)

The Limit of Detection (LOD) and Limit of Quanti-
fication (LOQ) were determined according to IUPAC
guidelines [40] using the following formulas:

LOD—S—cs LOQ—m—C

S S

Here, o is the standard deviation of blank absor-
bance values, and S is the slope of the calibration
curve [41, 42]. The high molar absorptivity, along with
low S and LOD values, indicates the high sensitivity
of the proposed methods. The LOD values for Meth-
ods A and B are 0.075 pg/mL and 0.15 ug/mL, and
the LOQ values are 0.250 yg/mL and 0.503 pg/mL.
These values represent the lowest concentrations
that can be measured accurately and precisely by
analysing samples containing a known amount of
analyte.

The Precision and Accuracy

The accuracy and precision of the suggest-
ed methods were investigated by analyzing pure
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Table 2
Determination of accuracy and precision of the Method A on pure drug samples
Concentration of standard solution Concer_ltration of standard RE. % *Recovery, % RSD, %
taken (pg/ml) solution found (ug/ml)
5 5.05 1.00 101.00 1.25
10 9.95 0.50 99.5 1.33
15 14.90 0.60 99.33 0.95
*Each value is the mean of six observations
Table 3
Determination of accuracy and precision of the Method B on pure drug samples
Concentration of standard solution used Conceptration of standard RE, % “Recovery, % RSD. %
(pg/ml) solution found (ug/ml)
10 10.09 0.90 100.90 1.13
15 15.15 1.00 101.00 1.07
20 19.85 0.75 99.25 0.99

*Each value is the mean of six observations

meloxicam solution at different concentration levels
within the predetermined working range. Six rep-
licates of each concentration were performed for
each method: 5, 10, and 10 ug/mL for method A and
5, 15, and 20 pg/mL for method B. The accuracy of
the suggested methods was evaluated using rela-
tive error (% RE), whereas precision was evaluat-
ed using relative standard deviation (% RSD). The
mean values of accuracy and precision for method
A were 1.17 and 0.70 %, respectively, whereas for
method B, they were 1.13 and 0.88 %, respective-
ly. The recovery results were excellent for methods
A and B, with values ranging from 99.33 to 101.00 %
and 99.25 to 101.00 %, respectively (Tables 2 and 3),
indicating good accuracy and precision for the pro-
posed methods.

Interference

The effect of commonly used excipients on
method selectivity was also investigated through
measurement of absorbance for solutions contain-
ing 2 mL of each excipient at a concentration of
100 pg/mL, and 1 mL of drug at a concentration of
50 pyg/mL. The volume of each solution was made
up to 10 mL. The results showed that these excip-
ients have little effect on the intensity of the pro-
duced colored compound, thus confirming the se-
lectivity of the proposed methods.

Effect of Temperature

The effect of temperature on the intensity of dye
colour was also investigated at temperatures rang-
ing from 15-35 °C. According to the results, the op-
timal temperature for the highest colour intensity is
25 °C. Temperatures above 25 °C caused turbidity;
therefore, 25 °C was used in all experiments.

Stoichiometric ratio
for the formation-colored dyes

The stoichiometry of the product formed was in-
vestigated using the continuous variation method,
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commonly known as Job’s plot, to determine the
properties of the formed complex and the extent of
drug binding to the diazotized reagent [43]. As illus-
trated in Fig. 6, both reactions have a stoichiome-
try of 1:1 for the drug and reagent, thus confirming
the formation of mono-azo compounds for Methods
A and B. The mechanisms for the formation of the
dyes are illustrated in Schemes 2 and 3.
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Fig. 6. Continuous variation plots for the azo compounds in
Methods A and B

Application

The proposed methodologies were applied to
pharmaceutical formulations of Meloxicam, such as
Awamedica-Meloxicam Awa (Erbil, Iraq, 7.5 mg) and
Boehringer Ingelheim-Mobic (Germany, 15 mg), in
tablet form. The results of these analyses validate
the efficacy of these methodologies in drug estima-
tion. The analyses were performed at three concen-
trations, with six replicates at each concentration
(n = 6). The results are given in Tables 4 and 5 in
mean and standard deviation (99.10 £ 0.047) %. The
assay results indicate that these methodologies are
accurate and precise for drug estimation.

Comparison

The proposed methods have been compared with
the previously published analytical techniques, and
the major performance characteristics of the pro-
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Table 4
Results of applying Method A for quantifying meloxicam in a pharmaceutical formulation
Concentration ppm
Pharmaceuticals tablets PP *RE,% | *Recovery,% | *RSD,% Reference method (HPLC) [21]
Taken Found
Awamedica- 5 5.05 1.00 101.00 1.11
Meloxicam Awa, 10 9.95 0.50 99.50 0.95 % Assay + SD = (99.10 + 0.047)
Erbil, Iraq (7.5 mg) 15 15.05 0.33 100.33 1.05
RSD, % (0.06)
Soetringer Inaelh 5 4.98 1.40 101.40 1.33
oehringer Ingelheim
Mobic, Germany (15 mg) 10 9.99 1.00 99.90 0.75 RE, % (0.64)
15 15.05 0.47 100.46 1.00

*Average of six times
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Table 5
Results of applying Method B for quantify meloxicam in a pharmaceutical formulation
. Concentration ppm
Pharmaceuticals tablets *RE, % *Recovery, % *RSD, % Reference method (HPLC)
Taken Found
Awamedica- 5 5.03 0.60 100.60 1.05 ,
A +SD 47+0.012
Meloxicam Awa, 10 1010 | 1.00 101.00 112 % Assay + SD (99.470.012)
Erbil, Iraq (7.5 mg) 15 14.96 0.36 99.73 0.98 RSD, % (0.08)
5 5.07 1.40 101.40 1.22
. . 0
Boehringer Ingelheim 10 1007 | 0.70 100.70 0.99 RE,% (0.74)
Mobic, Germany (15 mg)
15 14.90 0.67 99.33 0.89
*Average of six times
Table 6
Comparison of suggested Methods A and B with other reported techniques
Linear range, o o » Literature
Methods Apae NM ug mk-" RSD, % Recovery, % LOD, ug ml method Ref.
Method A 520 5-25 1.25-0.95 101.00-99.33 0.075 -
Method B 360 5-35 1.13-0.99 101.00-99.25 0.15 -
Literature method 708 0.1-11 0.25-0.73 98.7-99.5 0.009 [44]
spectroscopy
Literature method FIA 530 10-160 1.2 97.00-104.00 6.00 [45]
Literature Method (HPLC) 355 0.5-20 0.45-0.80 99.20-100.30 0.02 [46]

posed and literature methods are listed in Table 6.
This comparison reveals that although the analytical
properties of previously published methods are com-
parable, the current spectrophotometric methods of-
fer considerable advantages in practical applicabili-
ty for quality control testing. Methods A and B have
been compared with conventional spectrophoto-
metry, flow injection analysis (FIA), and high-per-
formance liquid chromatography (HPLC). Both me-
thods exhibit high accuracy and precision for quanti-
tative analysis, with recoveries between 99.25 % and
101.00% and relative standard deviations (RSDs)
< 1.3%, confirming their suitability for quantitative
determinations.

Although conventional spectrophotometry is re-
latively easy, it has been shown that it sometimes
lacks sensitivity and may require several steps, as
well as organic solvents, which may be detrimental
to the efficiency of the analysis. Flow injection ana-
lysis offers a wide linear range but has a higher de-
tection limit and requires specialised equipment that
may not be readily available. High-performance li-
quid chromatography has the lowest detection limit,
but its routine use is limited by high operating costs,
specialised operating skills, and the large amounts of
organic solvent required.

In contrast, Methods A and B achieve the goals of
simplicity, environmental friendliness, cost-effective-
ness, and acceptable sensitivity via the use of con-
ventional UV-Vis spectrometry and predominantly
aqueous solvents. Method A shows increased sensi-
tivity (LOD = 0.075 pg-mL-*) and better colour stabil-
ity, making it applicable for low-level analyses, while
Method B offers a wider range of working concen-
trations (5-35 pg-mL-*), which is advantageous for
analyses involving high doses. Although Methods A
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and B do not achieve better sensitivity than HPLC,
a balance is achieved in terms of analytical power
and practical simplicity. Therefore, Methods A and
B are reliable, cost-effective, and environmental-
ly friendly, particularly for quality control analyses in
pharmaceutical settings where sophisticated chro-
matographic equipment is not readily available.

Evaluation of the Best Spectrophotometric
Method (A or B) for Meloxicam Determination
In this investigation, spectrophotometric methods
A and B were developed for the quantitative deter-
mination of meloxicam in tablet formulations. Both
methods were accurate, precise, and reproducible,
as indicated by recovery rates of 99.25%—-101.00 %
and relative standard deviations of less than 1.3 %.
Method A, which has a A_,, of 520 nm, produced in-
tensely colored azo compounds with high molar
absorption coefficients and good colour stability,
which greatly increased the sensitivity of the analy-
tical method. Method B, with a A, of 360 nm, ex-
hibits a wider linear dynamic concentration range of
5-35 pg/mL, thereby increasing the method’s versa-
tility for assaying higher drug concentrations.
Although it is a simple, quick, and cost-effective
technique, it is also environmentally safe. However,
Method A is more sensitive, with a lower detection
limit of 0.075 pg/mL, whereas Method B has a limit
of 0.15 pg/mL. In addition, the stability of the colored
complex of Method A minimizes errors that may oc-
cur as a result of photodegradation of the complex,
and therefore, it is more suitable for quality control
analysis of meloxicam at low concentration levels.
Although Method B has a wider linear dynamic
range, Method A offers the most favourable balance
of sensitivity, accuracy, and simplicity for the spectro-
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photometric determination of meloxicam in pharma-
ceutical formulations.

CONCLUSION

This study reports the successful development of
two new spectrophotometric methods, Methods Aand
B, for the quantitative determination of meloxicam via
the formation of an azo derivative. Both methods
were characterized as simple, sensitive, selective,
accurate, and rapid. In addition, Method A showed
linearity within a range of 5-25 ug/mL, and Method
B showed linearity within a range of 5-35 pg/mL.
Both methods also showed high correlation coeffi-
cients of 0.998 and 0.995, respectively. Additionally,
high molar absorptivity values were obtained for both
methods, namely 0.9416 x 104 L-mol-'-cm-" for Me-
thod A and 1.326 x 104 L-mol-'-cm-* for Method B. In
terms of sensitivity, Sandell’s sensitivity values were
obtained as 6.37 x 10-3 uyg-cm-2 and 5.653 x 10-3 re-
spectively, indicating high analytical sensitivity.

The limits of detection for the methods were
0.075 pg/mL for Method Aand 0.15 pg/mL for Method
B, demonstrating the ability of the proposed methods
to accurately detect low concentrations of meloxi-
cam. In the recovery studies, the results for Method A
ranged from 99.33 % to 101.00 %, whereas for Meth-
od B, the results were 99.25 %-101.00 %, thereby con-
firming excellent accuracy and precision in the pres-
ence of common pharmaceutical excipients.

The methods were successfully demonstrated
to be applicable to commercial pharmaceutical for-
mulations of meloxicam, and no interfering effect of
commonly used excipients was found. The results
confirm the robustness and versatility of the pro-
posed methods for quality control analyses in phar-
maceutical laboratories. In addition, spectrophoto-
metric methods are more environmentally friendly
compared to chromatography because of their use
of small amounts of solvents.

ACKNOWLEDGMENTS

We extend our gratitude to the University of Bas-
rah, College of Education for Pure Sciences, and the
Department of Chemistry for their assistance in com-
pleting this study

REFERENCES

1. British Pharmacopoeia Commission. British Pharmaco-
poeia 2020. London, The Stationery Office, 2020.

2. United States Pharmacopeia and National Formulary
(USP 43-NF 38). Rockville, United States Pharmacopeial
Convention, 2020.

3. MallaS. F, Hamza A.A., Elagamy S.H. Simultaneous
determination of meloxicam and bupivacaine via a novel
modified dual-wavelength method and an advanced che-
mometric approach. Sci. Rep., 2024, vol. 14, article 1893.
doi:10.1038/s41598-024-51885-z.

4. Benkhaya S., M'rabet S., El Harfi A. Classifications, prop-
erties, recent synthesis, and applications of azo dyes. Heliy-
on, 2020, vol. 6, no. 1, e03271. doi: 10.1016/j.heliyon. 2020.
e03271.

5. Ganna O. S, Tetyana S. T, Olga L. L, Olena V.S. Bio-
chemical confirmation of anti-inflammatory activity of oxi-
cam-based pharmaceutical compositions. J. Turkish
Chem. Soc. Sect. A, 2018, vol. 5, no. 3, pp.1407-1412.
doi:10.18596/jotcsa.463663.

6. Donchenko A, Vasyuk S, Nahorna N. (2023). Ex-
traction-free spectrophotometric determination of meloxicam
using bromothymol blue. J. Fak. Pharm. Ankara Univ., 2023,
vol. 47, no.3, pp. 752-760. doi: 10.33483/jfpau.1240900.

7. Selesovska R., Hlobenova F., Skopalova J., Cankar P,,
Janikova L., Chylkova J. Electrochemical oxidation of an-
ti-inflammatory drug meloxicam and its determination us-
ing a boron-doped diamond electrode. J Electroanal
Chem., 2020, vol. 858, article 113758. doi: 10.1016/j.jelech-
em.2019.113758.

8. Zobdeh F., Eremenko I., AkanA., Tarasov V., Chu-
barev N., Schiéth B., Mwinyi J. Pharmacogenetics and Pain
Treatment with a Focus on Non-Steroidal Anti-Inflammato-
ry Drugs (NSAIDs) and Antidepressants: A Systematic Re-
view. Pharmaceutics, 2022, vol. 14, no. 6, article 1190. doi:
10.3390/pharmaceutics14061190.

9. Saha R.K. Spectrophotometric Microdetermination of
Silver (1) using Meloxicam as a New Analytical Reagent.
Oriental J. Chem., 2016, vol. 32, no. 1, pp. 499-507.
doi:10.13005/0jc/320157.

10. Salade, D.A., Arote, K. S.; Patil, P.H.; Patil, P.S.; Pawar,
A.R. A Review on Pharmaceutical Cleaning Validation.
Asian J. Pharm. Anal., 2022, vol. 12, no. 3, pp. 197-202.
doi:10.52711/2231-5675.2022.00033.

11. Chaplenko A., Monogarova V., Oskolok V. Spectroscop-
ic and Colorimetric Determination of Meloxicam, Lornoxicam,
and Tenoxicam in Drugs. Int.J. Pharm. Biol. Arch., 2018,
vol. 9, no. 1, pp. 31-35. doi:10.22377/ijpba.v9i01.1565.

12.  Ndueche A., Ogbeide M., Okeri A. Colorimetric De-
termination of Meloxicam in Bulk and Tablet Dosage
Forms.J. Sci. Pract. Pharm., 2022, vol. 9, no. 1, pp. 465—
73. doi: 10.47227/jsppharm.v9i1.3.

13. Ydogmus Z., Alim F. Determination of meloxicam in
tablets by third derivative UV spectrophotometric meth-
od.J. Adv. Res. Heal. Sci., 2024, vol. 7, no. 1, pp. 61-67.
doi:10.26650/JARHS2024-1238611.

14. Chikanbanjar N., Semwal N., Jyakhwa U. Analytical
method validation of Meloxicam and Paracetamol tablet in
combination by HPLC method. Int.J. Pharm. Sci. Innov.,
2020, vol. 1, no. 1, pp. 84-94.

15. Ahmad R., Hailat M., Zakaraya Z., Al Meanazel O., Abu
Dayyih W. (). Development and validation of an HPLC meth-
od for the determination of meloxicam and pantoprazole in
a combined formulation. Anal., 2022, vol. 3, no. 2, pp. 161—
177. doi: 10.3390/analytica3020012.

16. Rani B., Deepti A. Stability indicating method devel-
opment of RP-UPLC, validation of simultaneous quantita-
tion of bupivacaine and meloxicam in pure and formulated.
RASAYAN J. Chem., 2023, vol. 16, no. 03, pp. 1359—1368.
doi:10.31788/RJC.2023.1638409.

17. Ivanova S., Todorova V., Dyankov S., Ivanov K. ().
High-performance thin-layer chromatography (HPTLC)
method for identification of meloxicam and piroxi-
cam. Processes, 2022, vol. 10, no. 2, article 394. doi:
10.3390/pr10020394.

18. Celik S., Bayrak B., Kadioglu Y. (2023). Development
and Validation of an HPLC-UV Method for Determining
Meloxicam in Tablet Dosage Formulation. Pharmata, 2023,
vol. 3, no. 3, pp. 59-63. doi: 10.5152/Pharmata.2023.23008.
19. Karpicarov D., Apostolova P., Arev M., Arsova Z., Gjor-
gjeska B. Development and validation of an HPLC meth-
od for the content determination of Meloxicam in injections.
KNOWLEDGE — Int. J., 2023, vol. 57, no. 4, pp. 517-22.

91



AHaMTVKA 1 KOHTPOSb. 2026. T. 30. Ne 1

20. Seles S., Padmavath S., Abdul Rahaman S., Azmi S.,
Grace S., Sahana A. Development and validation of a sta-
bility-indicating assay for the simultaneous determination
of bupivacaine and meloxicam in bulk and pharmaceuti-
cal formulations by using the RP-HPLC method. Int. J. Life
Sci. Pharma Res., 2022, vol. 12, no. 6, pp. 117-131. doi:
10.22376/ijpbs/Ipr.2022.12.6.

21. Sahoo K., Sahu M., RaoS., RaniS., DeviJ., and
Ghosh G. Validation of assay indication method develop-
ment of meloxicam in bulk and some of its tablet dosage
forms by RP-HPLC. Springerplus, 2014, vol. 3, article 9595.
doi: 10.1186/2193-1801-3-95.

22. Hadi H. Determination of Meloxicam Using Direct
and Indirect Flow Injection Spectrophotometry. Curr. Pharm.
Anal., 2021, vol. 17, no. 2, pp. 254-264. doi: 10.2174/1573
412916666200224103731.

23. Al-Momani F. Indirect flow-injection spectrophotometric
determination of meloxicam, tenoxicam, and piroxicam in
pharmaceutical formulations. Anal. Sci., 2021, vol. 22,
no. 12, pp. 1611-1614. doi: 10.2116/analsci.22.1611.

24. Zaman M., Murtaza H. (). Development and validation
of an RP-HPLC method for simultaneous estimation of tiza-
nidine HCI and meloxicam in bilayer mucoadhesive buccal
films. Acta Pol. Pharm.— Drug Res., 2018, vol. 75, no. 4,
pp. 851-859. doi:10.32383/appdr/80742.

25. Abed I., Hadi H. Determination of Meloxicam Using Di-
rect and Indirect Flow Injection Spectrophotometry. Curr.
Pharm. Anal., 2021, vol. 17, no. 2, pp. 254-264. doi: 10.21
74/1573412916666200224103731.

26. Radwan A.S. Magdy G., Belal F., Hadad G.M., Elk-
houdary M. M.,. Salim M. M. Carbon quantum dots as nano-
sensors for the spectrouorimetric determination of meloxi-
cam in biological uids and dosage forms: Greenness
assessment and application to content uniformity testing.
Sustain. Chem. Pharm., 2024, vol. 41, article 101691. doi:
10.1016/j.scp.2024.101691.

27. Zeynep A. Faruk A. Determination of Meloxicam in
Tablets by Third Derivative UV Spectrophotometric Meth-
od.J. Adv. Res. Health Sci., 2024, vol. 7, no. 1, pp. 61-66.
doi: 10.26650/JARHS2024-1238611.

28. Elshafie H.S., Sadeek S.A., Zordok W.A., Mo-
hamed A.A. Meloxicam and Study of Their Antimicrobial
Effects against Phyto- and Human Pathogens, Molecules,
2021, vol. 26, no. 5, article 1480. doi: 10.3390/mole-
cules26051480.

29. Salazar-Rojas D., Intilangelo A., Vignaduzzo E., Mag-
gio M. Development and validation of a green method for
dissolution monitoring of pharmaceutical combinations.
Meloxicam and Pridinol.J. Pharm. Biomed. Anal., 2019,
vol. 170, pp. 228-233. doi: 10.1016/j.jpba.2019.03.038.

30. Ceron-Pérez A., Juarez-Moreno G., Martinez M.,
Gonzalez-Leal M., Sosa-Dominguez A. Developing a volta-
metric method for meloxicam determination using a glassy
carbon electrode modified with multi-walled carbon nano-
tubes (GC/MWCNT). ECS Trans., 2021, vol. 101, no. 1,
pp. 57-67. doi: 10.1149/10101.0057ecst.

31. Simionato L.D., Petrone L., Baldut M., Bonafede S.L.,
and Segall A. Comparison between the dissolution profiles
of nine meloxicam Tablet brands commercially available in
Buenos Aires, Argentina, Saudi Pharm.J., 2018, vol. 26,
no. 4, pp. 578-584. doi: 10.1016/j.jsps.2018.01.015.

32. Parys W., Bober K., Pyka-Pajgk A., Dotowy M. (). The
application of TLC and densitometry for quantitative de-
termination of meloxicam in tablets. Current Pharm. Anal.,

92

2019, vol. 15, no. 7, pp. 785-794. doi:10.2174/1573412915
666190212155740.

33. BahgatA., Hashem H., Saleh H., Kamel B., & Eis-
sa M. S. Manipulation and processing of spectral signals
for the assay of the newly authorized mixture of bupiva-
caine/meloxicam using fully green solvents and a compar-
ative green evaluation supporting the greenness and sus-
tainability of the developed smart spectrophotometric
methods. J. AOAC Int., 2023, vol. 106, no. 4, pp. 1056—
1069. doi: 10.1093/jacacint/qsad029.

34. Christian G.D. Dasgupta P.H. (S.), Schug K.A. Analyti-
cal Chemistry, 7th Edition. Wiley, 2014. 826 p.

35. Rana S.A.,Nabeel S.O. Spectrophotometric determina-
tion of sulphacetamide sodium via diazotization and coupling
reaction. IOP Conf. Ser.: Mater. Sci. Eng., 2020, vol. 928, ar-
ticle 052017. doi: 10.1088/1757-899X/928/5/052017.

36. Skoog D.A., Holler F.J., Crouch S.R., Principles of In-
strumental Analysis, 6th Edition, Paperback, 2019. 447 p.
37. Assaf H.T., Bushra B.Q. A Novel Method of CFIA/Merg-
ing zones technique for assay of Doxycycline in Bulk and
Pharmaceutical preparation depending on Azo dye Forma-
tion. Res.J. Pharm. Tech., 2021, vol. 14, no. 1, pp. 67-74.
doi: 10.5958/0974-360X.2021.00013.5.

38. Shirwan B., Aveen J. Determination of Meloxicam in
Pharmaceutical Formulation by Azo-Coupling Reaction with
Sulphanilic Acid Using Both Batch and Flow-Injection Tech-
nique, Raf.J. Sci., 2011, vol. 22, no. 4, pp. 121-132. doi:
10.33899/rjs.2011.6798.

39. Abd-Alrassol1 K.S., Qasim Q.A., shari F.H., AL-Sal-
man H.N.K., Hussein H.H., The Spectrophotometric Deter-
mination of Antiepileptic Drug in Standard and Pharmaceu-
tical Formulations by Diazotization Coupling Reaction and
Some Metals Complexes. Sys. Rev. Pharm., 2020, vol. 11,
no. 3, pp. 247-260. doi: 10.5530/srp.2020.3.2.

40. Khawla A., Qutaiba Q., Maitham A. (2019). The devel-
opment of analytical methods to determine metoclopramide
hydrochloride in the standard raw material and its compar-
ison with pharmaceuticals, Int.J. Res. Pharm. Sci., vol. 10,
no. 4, pp.1-14. doi:10.26452/ijrps.v10i3.

41. Khalil Y., Aldosari F. Meloxicam. Profiles Drug Subst.
Excip. Relat. Methodol., 2020, vol. 45, pp. 159-197. doi:
10.1016/bs.podrm.2019.10.006.

42. Ali K.M., Khawla A., Qutaiba Q., AL-Salman H. A New
Spectra Method for Estimation and Evaluation of the Gab-
apentin Drug in Antiepileptic Pharmaceuticals. J. Reattach.
Therapy Dev. Diversi., 2022, vol. 5, no. 2s, pp. 239-248.
43. Khawla A., Qutaiba Q., Falah S, AL-Salman H., Hus-
sein H. (). The Spectrophotometric Determination of Antie-
pileptic Drugs in Standard and Pharmaceutical Formula-
tions by Diazotization Coupling Reaction and Some Metal
Complex Systems. Sys. Rev. Pharm., 2020, vol. 11, no. 3,
pp. 247-260. doi: 10.5530/srp.2020.3.28.

44. Mahood M., Najm H. Spectrophotometric estimation
of meloxicam using charge transfer complex. /OP Conf.
Ser. Mate.r Sci. Eng., 2019, vol. 571, no. 1, article 012081.
doi:10.1088/1757-899X/571/1/012081.

45.  Al-Momani |.F. Indirect flow-injection spectrophoto-
metric determination of meloxicam, tenoxicam and piroxi-
cam in pharmaceutical formulations. Anal. Sci., 2006, vol.
22, no. 12, pp. 1611-1614. doi: 10.2116/analsci.22.1611.
46. Bandarkar F.S., Vavia P.R. A Stability Indicating HPLC
Method for the Determination of Meloxicam in Bulk and
Commercial Formulations. Trop.J. Pharm. Res., 2009,
vol. 8, no. 3, pp. 257-264. doi: 10.4314/tjpr.v8i3.44543.



