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A chemometric method, partial least squares regression (PLS) was applied for the simultaneous determination 
of piroxicam (PIR), naproxen (NAP), diclofenac sodium (DIC), and mefenamic acid (MEF) in synthetic 
mixtures and commercial formulations. The proposed method is based on the use of spectrophotometric 
data coupled with PLS multivariate calibration. The Spectra of drugs were recorded at concentrations in the 
linear range of 1.0 - 10 µg mL-1 for NAP and from 1.0 - 20 µg mL-1 for PIR, DIC, and MEF. 34 sets of mixtures 
were used for calibration and 10 sets of mixtures were used for validation in the wavelength range of  
200 to 400 nm with the wavelength interval λ = 1 nm in methanol. This method has been used successfully 
to quantify drugs in pharmaceutical formulations with no interference from excipients. The proposed method 
is simple, quick, and can be used as an alternative analysis tool in drug and formulation quality control as 
well as process control.
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Introduction 
Nonsteroidal anti-inflammatory drugs (NSAIDs) 

are a class of drugs that are prescribed alone or in 
conjunction with other medications to treat a variety 
of clinical signs, including short and long-term pain 
states and a variety of musculoskeletal disorders 
[1]. Negative effects that are noticeable of NSAIDs 
include gastrointestinal bleeding, peptic ulcer disease, 
edema, renal insufficiency, and hypertension. Some 
NSAIDs have recently also been linked to a higher risk 
of myocardial infarction [2].

Piroxicam (PIR), is the first member of enolic acid 
class of NSAIDs which termed “oxicams” [3], chemically 
known as 4-Hydroxy-2-methyl-N-(pyridin-2-yl)-2H-
1,2-benzothiazine-3-carboxamide 1,1-dioxide [4], 
Figure 1a. It is used for acute and long-term therapy to 
treat osteoarthritis and rheumatoid arthritis symptoms. 
It has also been used to treat acute gout because of 
its uricosuric action [5].

Naproxen (NAP) is a derivative of propionic acid 
NSAID with analgesic and antipyretic properties that 
is structurally related to ibuprofen. It is used to treat, 
menstrual cramps, pain, inflammatory diseases such 
as gout, rheumatoid arthritis and fever [6].  Chemically, 
(2S)-2-(6-Methoxynaphthalen-2-yl) propanoic acid [4], 
Figure 1b.

Diclofenac sodium (DIC) is an effective 
nonsteroidal pain reliever, chemically known as 
sodium 2-[(2,6-Dichlorophenyl)amino]phenyl]acetate 
[4], Figure 1c. It is primarily prescribed for the 
treatment of ankylosing spondylitis and osteoarthritis. 

Contrary to other NSAIDs, diclofenac has a relatively 
high therapeutic index [7].

Mefenamic acid (MEF) is a derivative of anthranilic 
acid [8], chemically known as 2-[(2,3-Dimethylphenyl)
amino]benzoic acid [4], Figure 1d. Its uses are 
associated with low incidence of side effects without 
serious complications, and it has modest anti-
inflammatory activity. It is also characterized by its 
rapid absorption, metabolism, and excretion [9].

Several methods have been reported, including 
spectrophotometry, HPLC, flow injection analysis, 
potentiometric, and so forth for simultaneous or 
individual quantification of PIR [10-15], NAP [16-25], 
DIC [26-33] and MEF [34-42]. To our knowledge, only 
one published article reported RP-HPLC technique for 
the determination of quaternary mixture of PIR, NAP, 
DIC, and MEF in pure and pharmaceutical formulation 
[43], but till now no published literature covers the 
simultaneous determination of these drugs by PLS 
method.

In 1972, world introduced chemometrics. 
Chemometrics is defined as the chemical discipline 
that employs statistical techniques and mathematical 
methods to design experiments or choose the optimal 
measurement procedures. They are also used to 
providing the most chemical information possible 
through analyzing chemical data. The importance 
of chemometric methods in the chemistry field has 
increased in recent years due to the availability 
of modern analytical techniques that can produce 
multivariate responses and overflow data for each 
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analyzed sample. Additionally, multivariate data cannot 
be resolved using conventional univariate statistics. 
As a result, analytical chemists focus on multivariate 
data analysis techniques based on chemometrics 
to uncover important information from noisy flood 
data. In chemometrics-assisted spectrophotometric 
measurement, the calibration set must be used 
for calibration, while the test set can be used for 
determination or prediction. Calibration sets are 
objects used to create models using the multivariate 
calibration method, whereas test sets are objects of 
unknown samples that are subjected to prediction 
of their contents. Multivariate calibration methods 
come in at least three types: partial least square 
regression, principal component regression, and 
multiple linear regression [44-46]. This work presents 
PLS method for simultaneous spectrophotometric 
determination of PIR, NAP, DIC and MEF in pure form 
and pharmaceutical preparations. The benefit of using 
multi-component analysis with multivariate calibration 
is how quickly the components in a mixture can be 
determined, avoiding the need for a preliminary 
separation step.

Materials and Methods
Apparatus. A Schimadzu double beam UV-Visible 

spectrophotometer 1800 (Kyoto-Japan) equipped with 
10 mm quartz cell. The UV Probe Software version: 
2.42 was employed to acquire of the data.

Software. A set of calibration mixture was prepared 
using a Multilevel Categoric Design (create by Design-
Expert version:13) for the determination of PIR, NAP, 
DIC and MEF simultaneously, while (PLS) analysis 

was performed using the OriginPro 2021 software 
(version: 9.8).

Chemicals. The standard grade powders of 
Piroxicam, Naproxen, Diclofenac sodium and 
Mefenamic acid were provided as a gift in pure form 
(99.99 %) by the State Company for Drug Industries 
and Medical Appliances Samara-Iraq (SDI) for use in 
this work. Methanol 99.9 % (Scharlau, Turkey).

Commercial Pharmaceutical formulations of 
different brands analyzed in this investigation were 
obtained from local pharmacies; Piroxicam 20 mg 
/ capsule (India), Naproxen 500 mg / tablet (India), 
Epifenac 75 mg/3 mL ampoule (Egypt) and Mefenamic 
acid 250 mg / capsule (China).

NSAIDs standard solution. The standard solutions 
of PIR, NAP, DIC and MEF were prepared separately 
by dissolving 0.1 g in 100 mL methanol. The stock 
solutions were shielded from light and stored at 4ºC.

Procedures
Calibration. Multilevel categoric design (three 

levels for NAP and five levels for PIR, DIC and MEF) 
was employed in the construction of the training set. 
Thirty-four samples were prepared for calibration set.  
An aliquot of the four working solutions containing 
5-50 µg for NAP and 5-100 µg for PIR, DIC, and MEF 
were placed in and the volume made up to 5 mL with 
methanol. 

The UV absorption spectra in wavelength range 
200-400 nm were recorded against solvent blank, with 
a 10 nm sec-1 scan speed, bandwidth of 1 nm and the 
spectra data points were collected at 1 nm intervals.

Validation. A validation set of 10 samples were 
created to evaluate the effectiveness of PLS method.
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Figure 1. The structure formulas of four compounds: (a) Piroxicam, (b) Naproxen, (c) Diclofenac sodium and  
(d) Mefenamic acid.
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Analysis of PIR, NAP, DIC, and MEF in commercial 
preparations. Ten tablets for NAP and content of ten 
capsules for PIR and MEF were precisely weighed 
individually, and the weight average was determined. 
The tablets were grinded into a powdered form then 
mixed well. An amount of powder equal to 0.1454 
g, 0.012 g and 0.0451 g for PIR, MEF and NAP, 
respectively, was accurately weighed and dissolved 
in a small amount of methanol and stirred for 10 min 
to ensure that the drug was completely dissolved 
before being transferred into a 10 mL volumetric 
flask for PIR and MEF and 25 mL volumetric flask 
for NAP and diluted to the mark with methanol to get  
1000 µg mL-1. Before use, the solutions were filtered 
through Whatman filter paper No.41 to remove any 
suspended or undissolved material. While DIC was 
prepared from the injection ampoule (each 3 mL 
contains 75 mg of DIC). To make 1000 µg mL-1 DIC 
solution, an accurately measured volume of 0.4 mL 
was transferred into a 10 mL volumetric flask and 
diluted to the mark with methanol. Freshly prepared 
working solutions were analyzed using the suggested 
procedure.

Results and Discussion
Absorption spectra
The UV absorption spectra of PIR, NAP, DIC and 

MEF were recorded over the wavelength range of 
200-400 nm. As shown in Figure 2 there is a distinct 
overlap between the drugs, this spectral overlapping 
prevents resolving of the mixtures by univariate 
analysis methods. So, simultaneous multicomponent 
analysis via PLS method was used for this purpose. 

Individual calibrations 
In order to select a concentration range suitable 

for spectrophotometric measurements (for each 
individual compound), the linearity of the maximal 
signals was investigated. The absorption values were 
measured at λmax of 327, 231, 282 and 280 nm with 

different concentrations of the PIR, NAP, DIC and 
MEF, respectively. The linearity of each compound 
was determined by plotting absorbance values 
against drug concentrations and were found to be  
1.0 - 10 µg mL-1 for NAP and 1.0 - 20 µg mL-1 for PIR, 
DIC and MEF Figure 3. 

Selection the optimal number of factors for 
PLS method

A cross validation technique that eliminates one 
sample at a time [47] was applied to choose the 
optimum number of factors in PLS algorithm. This 
was accomplished by randomly excluding one sample 
at a time and allowing the software to estimate the 
residual error sum of squares value (PRESS = ∑(–)2) 
(where,  is known concentration and  is the predicted 
concentration of analyte) and use it to assess the 
suitability of model [48]. Figure 4, shows directly how 
the root mean PRESS is reached and stabilize at 7 
factors and then slightly change, indicating that 7 is 
the optimal number of factors.

Calibration and validation sets
A training set of 34 mixtures was created from 

spectrophotometric data by performing careful UV 
measurements on a set of known samples. This 
calibration set was used to build up PLS regression 
mode after organizing the data into a matrix that was 
divided into pairs. In other words, each absorbance 
matrix was paired with its respective concentration 
matrix using OriginPro 2021 software, Table 1 show the 
concentrations of the training set and their predictions. 
This set used to examine the predictive abilities of 
PLS model for simultaneous determination of PIR, 
NAP, DIC and MEF in every mixture. A validation set 
of ten quaternary mixtures were randomly selected 
and analyzed with the developed PLS method  
Table 2. The prediction error of a single component in 
the mixture was calculated using the relative standard 
error (R.S.E.) of the prediction concentration [49].
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Figure 2. The spectra of 10 μg.mL-1 of PIR, DIC, and MEF and 5 μg.mL-1 of NAP against their solvent blanks.
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Figure 3. Linear dynamic concentration (LDC) ranges for PIR, NAP, DIC and MEF.

Figure 4. Plot of Root Mean PRESS vs number of factors for 34 PIR, NAP, DIC and MEF mixtures.

Root mean PRESS: 1.18504
Optimal number of factors: 7

 

where, N is the number of samples, yi concentration of 
the component in the ith mixture and ŷi is the estimated 
concentration.

The root mean squares error of calibration (RMSEC) 
and root mean squares error of predictions (RMSEP) 
which were diagnostic test of the average error in the 
predicted concentrations for each component [50].

where, n and m are the number of samples in 
calibration set and test set, respectively.

Moreover, slop and correlation coefficient (r) 
between measured and predicted concentrations in 
calibration set and validation set are given in Table 3.
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Table 1. Concentrations of training set and their predictions by PLS model.

Mixture (µg mL-1) Prediction (µg mL-1) Recovery %

PIR NAP DIC MEF PIR NAP DIC MEF PIR NAP DIC MEF

1

10

10

10

1

10

5

10

5

1

15

10

1

5

1

20

5

1

10

1

1

15

15

20

5

1

10

5

5

10

15

15

20

1

1

1

10

5

10

10

5

10

1

1

1

10

1

5

5

10

5

1

5

1

10

5

5

1

1

1

1

10

5

10

1

10

1

1

10

1

5

10

1

10

5

10

1

1

1

20

1

20

5

10

10

20

5

5

10

5

15

1

5

15

10

10

5

15

15

15

20

1

1

1

10

10

1

5

20

10

1

10

1

10

1

5

5

10

5

1

5

1

10

5

15

1

5

1

10

10

10

10

15

15

20

20

1.02018

10.42963

9.99659

10.06819

0.86389

10.20707

4.95101

9.95063

4.53446

1.31412

15.03577

10.01515

0.6596

4.90093

0.83407

20.02678

5.21142

1.08388

10.36635

1.37904

1.08245

14.64471

14.86425

19.9583

4.87503

0.92721

9.69293

4.81138

5.23164

9.98117

14.946

15.03331

20.0574

1.04549

1.04976

1.04363

10.01696

4.97197

10.02426

10.02398

5.0062

10.00701

0.92128

0.88906

0.97071

9.96807

1.08202

5.08023

5.02123

10.02545

5.0345

0.92234

4.939

1.08717

9.92544

5.00561

5.00562

1.00435

0.92187

1.02431

0.98968

9.95383

4.94961

9.98159

1.03275

10.05715

0.973

1.09039

10.2594

1.16712

4.95153

10.3634

1.42248

10.00027

5.00068

9.86321

0.88735

1.19783

1.04073

19.97181

0.85806

19.99076

4.64053

10.13575

10.3223

19.91708

4.6844

4.87176

10.45361

4.39961

14.83115

1.33016

4.75578

14.96112

9.95096

9.46781

5.19091

14.82988

15.13309

15.15687

20.00797

0.98461

1.30968

1.49437

10.36305

9.74433

1.78474

4.46317

20.21162

9.93161

1.13165

9.22431

1.6777

10.24646

0.82538

5.01862

4.43895

9.74366

4.66849

1.06023

4.94457

0.78057

9.78325

5.2029

15.35057

0.53121

4.57075

1.39822

10.013

10.26184

9.80417

9.8664

15.22704

14.81539

19.85301

20.25908

102.018

104.2963

99.9659

100.6819

86.389

102.0707

99.0202

99.5063

90.6892

131.412

100.2385

100.1515

65.96

98.0186

83.407

100.1339

104.2284

108.388

103.6635

137.904

108.245

97.6314

99.095

99.7915

97.5006

92.721

96.9293

96.2276

104.6328

99.8117

99.64

100.2221

100.287

104.549

104.976

104.363

100.1696

99.4394

100.2426

100.2398

100.124

100.0701

92.128

88.906

97.071

99.6807

108.202

101.6046

100.4246

100.2545

100.69

92.234

98.78

108.717

99.2544

100.1122

100.1124

100.435

92.187

102.431

98.968

99.5383

98.9922

99.8159

103.275

100.5715

97.3

109.039

102.594

116.712

99.0306

103.634

142.248

100.0027

100.0136

98.6321

88.735

119.783

104.073

99.85905

85.806

99.9538

92.8106

101.3575

103.223

99.5854

93.688

97.4352

104.5361

87.9922

98.87433

133.016

95.1156

99.7408

99.5096

94.6781

103.8182

98.86587

100.8873

101.0458

100.0399

98.461

130.968

149.437

103.6305

97.4433

178.474

89.2634

101.0581

99.3161

113.165

92.2431

167.77

102.4646

82.538

100.3724

88.779

97.4366

93.3698

106.023

98.8914

78.057

97.8325

104.058

102.3371

53.121

91.415

139.822

100.13

102.6184

98.0417

98.664

101.5136

98.76927

99.26505

101.2954
Mean recovery 100.4537 100.0103 101.934 104.6936

RSE % 2.0433 0.8547 2.3038 3.6798
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Table 2. Concentrations of validation set and their predictions by PLS model.

Mixture (µg mL-1) Prediction (µg mL-1) Recovery %

PIR NAP DIC MEF PIR NAP DIC MEF PIR NAP DIC MEF

10

10

5

15

20

5

5

20

5

20

10

10

5

10

5

5

5

5

10

10

10

1

5

10

5

5

15

20

5

20

20

10

5

10

5

1

5

20

5

20

10.87487

9.86889

4.52999

14.75495

19.86321

5.05323

4.95517

20.69367

4.31242

20.74923

10.45173

9.73942

4.91894

10.16035

4.814

4.92734

4.97254

5.71189

9.81575

10.03824

10.66573

0.96439

4.72942

9.43707

4.12454

4.79335

15.42486

20.70975

4.79018

20.72885

18.94825

10.52665

4.6173

10.79007

4.50383

0.77114

5.44677

19.23137

5.34539

19.83457

108.7487

98.6889

90.5998

98.3663

99.31605

101.0646

99.1034

103.4684

86.2484

103.7462

104.5173

97.3942

98.3788

101.6035

96.28

98.5468

99.4508

114.2378

98.1575

100.3824

106.6573

96.439

94.5884

94.3707

82.4908

95.867

102.8324

103.5488

95.8036

103.6443

94.74125

105.2665

92.346

107.9007

90.0766

77.114

108.9354

96.15685

106.9078

99.17285
Mean recovery 98.93507 100.8949 97.62422 97.8618

RSE % 3.884112 3.76738 4.679148 4.75224

Table 3. Summary of the statistical parameter values of the developed PLS model.

Variable

Parameter PIR NAP DIC MEF

Spectral range (nm)
Conc. range (µg mL-1)

200-400
1-20

200-400
1-10

200-400
1-20

200-400
1-20

calibration set

RMSEC
Slope

Correlation coefficient (r)

0.204633
1

0.9995

0.051615
1

0.9999

0.244608
1

0.9992

0.354757
1

0.9982

validation set

RMSEP
Slope

Correlation coefficient (r)

0.510136
0.9563
0.9978

0.297838
0.9919
0.9932

0.538814
0.9394
0.9985

0.582222
1.0311
0.9970

As in Table 3, small values of RMSEC, the relating 
measure for model fit, were acquired. The slopes of 
the plots between true and predicted concentrations 
for the four drugs in the calibration set were found to 
be 1, which indicate that predicted concentrations did 
not deviate from true concentrations. Furthermore, 
the correlation coefficient (r) was greater than 0.999 
for PIR, NAP and DIC and greater than 0.998 for 
MEF, indicating a high correlation between real and 
predicted concentrations, Figure 5. the developed 
model ability to predict the test set, which was not 
included in the model construction, showed low values 
for the root mean square error of prediction (RMSEP). 
As in Figure 6, the slops of the four plots of true versus 

predicted concentrations in the validation set were 
closed to 1 and the correlation coefficients (r) were 
higher than 0.993. These results amply demonstrated 
how accurately the resulting model was able to predict 
new samples.

Accuracy and Precision
The accuracy and precision of the developed 

PLS model for the determination of PIR, NAP, DIC, 
and MEF simultaneously in quaternary mixtures were 
tested by using two different concentrations of each 
drug. The results in Table 4 show that the method 
has good accuracy and precision values for each 
concentration level. 
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Figure 5. Plots of predicted and actual concentration of calibration set: (A) Piroxicam, (B) Naproxen, (C) Diclofenac 
sodium and (D) Mefenamic acid.
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Figure 6. Plots of predicted and actual concentration of validation set: (A) Piroxicam, (B) Naproxen, (C) Diclofenac 
sodium and (D) Mefenamic acid.
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Table 4. Accuracy and precision of the suggested PLS method.
(µg mL-1)

Drug Taken Found Mean RE % RSD %

PIR
5 5.1315 5.0209 4.7345 4.9623 -0.7544 4.1292

10 10.2406 10.1811 10.2100 10.2106 2.1058 0.2914

NAP
5 5.1528 5.1449 5.1344 5.1440 2.8807 0.1793

10 10.1025 10.0469 10.1908 10.1134 1.1340 0.7176

DIC
5 5.1998 5.2642 5.1732 5.2124 4.2471 0.8976

10 10.2153 10.6445 10.6202 10.4933 4.9332 2.2978

MEF
5 4.8810 4.7532 4.7247 4.7863 -4.2743 1.7388

10 10.0038 10.3720 9.9205 10.0988 0.9877 2.3790

Application to pharmaceutical formulations
The proposed method was successfully applied in 

several pharmaceutical preparations (capsule, tablet, 
and ampoule) for the determination of the drugs. 

Table 5 shows the results of three replicate measu-
rements. The results show a good agreement between 
the estimated values and the manufacturer’s label 
claims in the formulation.

Conclusion
The present method was developed by combining 

electronic absorption measurements with PLS 
multivariate analysis. This method offers high sample 
throughput, suitable for routine quality control and 
doesn’t require complex sample treatments or time-
consuming separations. Moreover, the proposed 
method yielded high precision results, allowing for 
simple, economical, and accurate simultaneous 
determination of four nonsteroidal anti-inflammatory 
drugs (PIR, NAP, DIC and MEF) in their pure powder 
and pharmaceutical formulations.
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