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ABSTRACT

This study aims to create an easy method for simultaneously measuring nimesulide and flurbiprofen in pharmaceutical
formulations. This research provides insight into how variations in buffer concentration, pH levels, and acetonitrile
content influence the separation mechanism of two non-steroidal anti-inflammatory drugs (NSAIDs). The retention time
of two NSAIDs was increased with an increase of eluent pH value from 3 to 5.5. When acetonitrile content increased from
5% to 50%, the retention of two target drugs decreased, indicating hydrophobic and ionic interactions. The RP - HPLC
system with UV detection accomplished separation (250 x 4.60 mm, 130 A, and 5) using a C8 Hyper Clone BDS column.
The acetonitrile and acetate buffer mixture is used as the mobile phase gradient elution at a detection wavelength of
254 nm and a 1 mL/min flow rate. The linear ranges were 0.05-12.50 and 0.03-17.35 ug.ml~! for nimesulide and
flurbiprofen, respectively. LOD 0.030, 0.020 pg.ml~! and LOQ 0.091, 0.060 pg.ml~! for nimesulide and flurbiprofen,
respectively. The verification findings demonstrate the suitability of the proposed methods for quantifying NSAIDs in

pharmaceutical formulations.
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs)
have been employed with success for over 3500 years
to alleviate pain, fever, and inflammation.' Cur-
rently, NSAIDs are widely utilized as over-the-counter
medications globally, making up 5% of all prescribed
pharmaceuticals.? NSAIDs are primarily employed
in the therapy of patients suffering from pain and
inflammatory conditions, including arthritis and
various other rheumatic diseases.®* Additionally,
epidemiological research has demonstrated that
the extended use of NSAIDs decreases the chances
of developing Alzheimer’s disease and delays its
initiation.>® Long-term use of NSAIDs may lead
to the emergence of severe side effects, including
gastrointestinal bleeding and elevated cardiovascular
risks.” NSAIDs were traditionally classified based

on their chemical properties, wherein the majority
of NSAIDs are classified as significant derivatives
including acetic acid, salicylic acid, anthranilic acid,
enolic acid, or propionic acid.® Flurbiprofen (FBN)
is an NSAID and is distinguished by its considerable
anti-inflammatory, analgesic, and antipyretic effects
?? . It displays an effectiveness similar to that of
other NSAIDs, such as aspirin, ibuprofen, naproxen,
and diclofenac, which are commonly employed in
the treatment of rheumatoid arthritis. '° FBN exhibits
rapid and almost complete absorption when admin-
istered orally.'! Nimesulide (NIM) is an NSAID that
exhibits a selective inhibition of cyclooxygenase-2
(COX-2) with a promising choice for treating different
inflammatory conditions.'? The COX-2 selectivity of
this NSAID medication enhances its analgesic and
anti-inflammatory therapeutic properties without
the negative gastrointestinal and renal effects often
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associated with other NSAIDs such as indomethacin
or ibuprofen. > NIM is prescribed for the treatment
of rheumatoid arthritis and its antipyretic efficacy. '°

O ‘

HO F

1117

and all other chemicals were purchased from Merck
(Germany). Ultra-pure water is acquired by Purifying
deionized water using a Milli-Q system (Millipore,

Q—S—0O

Fig. 1. Chemical structure of Flurbiprofen and Nimesulide. '®

Today, HPLC is commonly used for separation and
purification in diverse fields, including pharmaceuti-
cals'’~'° environment,?°-?> and human plasma. %>~
Over the past decade, HPLC has established it-
self as the favored approach for analyzing a wide
range of compounds.?® Its primary advantage over
GC is the capacity to analyze analytes that are
not volatile, making HPLC a suitable choice for
analyzing macromolecules.?®> Numerous analytical
techniques have been employed for the analysis of
Flurbiprofen and Nimesulide, including spectropho-
tometric methods®’~2° and RP-HPLC, *°-3? have been
reported. The suggested technique has advantages: it
exhibits higher sensitivity than previously reported
techniques for both drugs. It is more eco-friendly
because it utilizes minimal ACN compared to these
methods. However, no analytical methods have been
published to elucidate the separation mechanism of
Flurbiprofen and Nimesulide on RP-HPLC. This study
addressed issues that have not been extensively in-
vestigated in previous methods by examining the
influence of factors such as pH, buffer concentration,
and the type of buffer on the separation mechanism
of two NSAID models. This investigation provides
a rapid, accurate, and simple RP-HPLC method for
quantifying Flurbiprofen and Nimesulide in phar-
maceutical formulations. The established method
successfully quantified the selected drugs in various
commercial dosage forms. This technique would be
helpful for simultaneously quantitating two NSAIDs
in pharmaceutical preparations.

Materials and methods
Chemicals and reagents

Flurbiprofen (98.5%) and nimesulide (98%) were
supplied by Sigma-Aldrich. Acetonitrile (HPLC grade)

USA). Flurbiprofen tablets were obtained from Bilim-
ilac Sanayii Ve Ticaret A. S (100 mg, Fortine, Turkey,
Sample 1), Drogsan ilaclari San .ve. Tic. A.S (100 mg,
Maximus, Turkey, Sample 2), and Deva Holding A.S
(100 mg, Zero-p, Turkey, Sample 3), respectively.
Nimesulide tablets were obtained from Deva Hold-
ing A.S Kapakli (100 mg, Nimelid, Turkey, Sample
1), Brawn Laboratories Limited (100 mg, Solide-p,
Indian, Sample 2), and Excel Biolife Pvt. Ltd (100 mg,
ECH-OFF, Indian, Sample 3), respectively.

Chromatographic conditions

The analysis was performed on a Merck-Hitachi
HPLC (Germany-Japan), which featured a T-6300
separation center with injection valves and a column
oven. This setup had an L-4200 UV/Vis detector and
an 16200 gradient pump. Data collection and analysis
were performed using the N2000 Photographic Data
Workstation Module Integrator. Chromatographic
separation of Flurbiprofen and Nimesulide was
performed on a C8 Hyper Clone BDS column
(250 x 4.60 mm, 130 .7\, and 5). UV absorbance
at 254 nm was employed to detect Flurbiprofen
and Nimesulide. The optimal wavelength for
determination of the two drugs was chosen based
on the British Pharmacopeia. several experiments
were carried out by increasing and decreasing the
wavelengths in the British States Pharmacopeia by
10-50 nm to identify the optimal wavelength. The
flow rate was established at 1 mL/min, and a 10 uL
injection volume was used. '°

Preparation of working standard solution
Stock standard solutions of flurbiprofen and

nimesulide (500 pg.ml™' and 100 pg.ml™!,
respectively) were prepared in ACN. To prepare
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working solutions, a series of dilutions were
performed on the individual stock standard
solutions using the mobile phase to achieve a
final concentration of 30 ug/ml and 10 ug/ml for
Flurbiprofen and Nimesulide, respectively. 3

Preparation of sample solution

Fourteen tablets were weighed, and the mean
weight was determined. The tablets were then
crushed, and the quantity of powder was equivalent
to a single tablet’s content. The finely powdered was
moved into a 50 mL volumetric flask with 15 mL of
ACN. The flask was then degassed for 10 minutes in
an ultrasonic bath and filtered through a 0.45 um
Millex® Syringe filter. Finally, the volumetric flask
was topped up to the mark with ACN.

Results and discussion

To get a closer view into the mechanisms of the
separation of pharmaceuticals, eluent conditions are
changed systematically by starting with a variation
of acetonitrile content, eluent ionic strength, and
eluent pH.

Influence of the acetonitrile content

Mobile phase compositions were changed system-
atically by varying the acetonitrile content from 5%
to 50% (v/v) with a constant concentration of the
buffer 0.01 M at pH 4.75 Fig. 2. The flurbiprofen and
nimesulide showed increased retention of choosing
NSAIDs with increasing aqueous phase (acetate
buffer). Reducing the polarity of the mobile phase
by increasing the proportion of the acetonitrile
enhances the hydrophobic interaction between the
stationary phase and solutes, hence facilitating solute
elution. The hydrophilicity of the chosen NSAIDs is
responsible for hydrophobic interaction. The values
of the NSAIDs are evident from the log Pow. Log Pow
flurbiprofen and nimesulide values explain this (4.42
and 6.7).

Influence of the eluent pH

As illustrated in Fig. 3, the retention factors for
nimesulide and flurbiprofen increased as the pH
value was increased. Simultaneously, the other
mobile phase composition was maintained at
50% acetonitrile and 50% acetate buffer 10 mM.
Nimesulide and flurbiprofen have a pKa range of
1.78-3.54 and were negatively charged, and the
negative charge increased as the eluent pH increased

BAGHDAD SCIENCE JOURNAL 2025;22(4):1116-1123
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Fig. 2. Effect of acetonitrile fraction used in the mobile phase.
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Fig. 3. Effect of the eluent pH used in the mobile phase.

from 3 to 5.5. Thus, NSAID model deprotonation
increased as the pH increased from 3 to 5.5,
increasing retention factors. >*

Influence of the eluent ionic strength

At the end of optimization conditions, the buffer
concentration was changed from 10 to 30 mM with a
constant ACN content of 50% at pH 4.75; therefore,
we found no significant alteration in Fig. 4.

Validation of the method

The method’s analytical validation parameters
were determined following the International coun-
cil on Harmonization (ICH) guidelines. > Calibration
curves were established by employing linear regres-
sion to analyze the relationship between the peak
area of the selected drugs and their concentrations,
Fig. 5. The correlation coefficients (r?) achieved for
the two NSAID drugs with values greater than 0.999
demonstrate excellent linearity. The statistical find-
ings for the calibration graphs of flurbiprofen and
nimesulide were acquired using the RP method and
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Fig. 4. Effect of the eluent ionic strength used in the mobile phase.
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Fig. 5. Calibration curve of flurbiprofen and nimesulide using C8
stationary phase.

Table 1. Linearity, regression equation, determination coefficient
(R2), LOD, and LOQ of flurbiprofen and nimesulide using C8 sta-
tionary phase.

Parameter Flurbiprofen Nimesulide

Y =a+b*x y = 548.67 +138.59*x Y = 893.84+180.10*x
Linearity ug/ml 0.03-17.35 0.05-12.50

R2 0.9997 0.9991

LOD pg/ml 0.020 0.030

LOQ pg/ml 0.060 0.091

are presented in Table 2. Table 3 illustrates the %RSD
and %recovery measurements assessed within the
same day(intra-day) and various days (inter-day).

System suitability

The obtained correlation coefficient values were
0.9997 for flurbiprofen and 0.9991 for nimesulide,
indicating a robust linear correlation between the
average area and different concentrations on the cali-
bration curve. The linear regression equations were
determined to be y = 548.67 + 138.59x for flur-
biprofen and Y = 893.84 + 180.10x for nimesulide.
Table 1 demonstrate the linear correlation between
concentration and response for the two NSAIDs.
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Detection limit and limit of quantification (LOD and
LOQ)

The LOD values for flurbiprofen and nimesulide
were determined to be 0.020 and 0.030 pg/mlL,
respectively. The LOQ values were 0.060 and
0.091 pg/mL for flurbiprofen and nimesulide, respec-
tively. These findings suggest that the values of LOD
and LOQ for flurbiprofen are lower than those for
nimesulide, suggesting that flurbiprofen can be deter-
mined at lower concentrations with greater accuracy.
Table 1 illustrates the LOD and LOQ values for flur-
biprofen and nimesulide.

Precision

A two-level precision analysis was performed
on each drug to evaluate the precision of the
proposed method. Repeatability was determined
by injecting five replicates of a standard preparation
containing 100 pg/mL of FLU and NIM. Intermediate
precision was evaluated by analyzing five replicates
of solutions at the identical concentration level
as in the repeatability tests. These solutions were
prepared on different days and by various analysts.
Table 2 illustrates the %RSD value on the same and
different days. These findings confirm the excellent
precision of the technique, as the RSD% values were
below 2%.

Optimization

The study focused on optimizing separation condi-
tions by examining the eluent concentration, elution
gradient, and detection wavelength. Different con-
centrations of the mobile phase components were
evaluated, and the study examined various pH lev-
els, ranging from 3 to 5.5, and buffer concentrations
from 10 to 30. The best conditions for separating
flurbiprofen and nimesulide were achieved using a
0.01 mM acetate buffer with a pH of 4.75, with a
mixture of ACN and acetate buffer in 30:70 ratios.
The ideal sensitivity for two NSAIDs was achieved
at 254 nm. Chromatographic separation was carried
out at a 1.0 mL/min flow rate. The suggested method
demonstrated high resolution, sensitivity, recovery,
stability, accuracy, and precision for the selected an-
alyte, with complete elution of two NSAIDs within
12 min, as illustrated in Fig. 6.

Determination of flurbiprofen and nimesulide in
pharmaceutical preparations

The suggested RP-HPLC technique was employed
to analyze flurbiprofen and nimesulide in three phar-
maceutical formulations. The quantification results
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Table 2. Accuracy and precision of proposed RP-HPLC technique for the determination of flurbipro-

fen and nimesulide.

Same-Day Analysisn = 5

Day-to-Day Analysis n = 5

Taken (ug ml~!)  Found (ug ml~!) % Rec. %RSD Found (ug ml~') % Rec. %RSD
Flurbiprofen

5.00 4.98 99.60 0.20 4.96 99.20 0.31
7.00 7.05 100.71 0.18 7.05 100.71 0.29
Nimesulide

5.00 5.03 100.60 0.55 5.05 101.00 0.44
7.00 6.95 99.28 0.36 6.93 99.00 0.27

Table 3. Determination of flurbiprofen and nimesulide in pharmaceutical for-

mulations using C8 stationary phase.

Formulations Present (mg) Get it (mg) %Rec %RSD
Flurbiprofen
Fortine-FBP 100 99.00 99.00 0.28
Zero-p-FBP 100 100.40 100.40 0.22
Maximus-FBP 100 98.00 98.00 1.55
Nimesulide
Nimelid 100 98.60 98.60 0.81
Solide-p 100 100.60 100.60 0.76
ECH-OFF 100 98.60 98.60 0.87

Table 4. The comparison of the proposed techniques with the reference method for flurbiprofen and nimesulide

analysis by using t-and F-statistical tests.

Applications RP method British Pharmacopeia method t-Test (theor.) F-Test (theor.)
Flurbiprofen
Fortine-FBP 99.00 100.50 0.7679 (2.7764) 0.4122 (19.000)
Zero-p-FBP 100.40 98.50
Maximus-FBP 98.00 99.26
Nimesulide
Nimelid 98.60 99.22 0.8711 (2.7764) 0.0780 (19.000)
Solide-p 100.60 98.78
ECH-OFF 98.60 99.44
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Fig. 6. The chromatogram shows the retention time of flurbiprofen
and nimesulide.

for flurbiprofen and nimesulide within their phar-
maceutical formulations provide evidence that the
novel developed and validated method is appropriate
for analyzing this analyte without any interference
caused by the excipients. The results are illustrated
in Table 3. The comparison method (British Pharma-
copeia) results were used to evaluate the competence
and effectiveness of the suggested RP-HPLC meth-
ods. ¢ Statistical analyses used t and F-test variance
ratios at 95% confidence. The t and F values obtained
do not exceed the theoretic value indicated in Table 4,
suggesting no significant difference in the accuracy
of determining FBN and NIM in the pharmaceutical
formulations between the two methods.
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Conclusion

A simple, sensitive, rapid HPLC approach has been
developed to simultaneously quantify two NSAIDs in
pharmaceutical preparations. The retention mecha-
nism was studied by altering the parameters affecting
chromatographic selectivity. The retention behavior
of both drugs on the reverse phase demonstrated
characteristic hydrophobic and ionic interactions.
The two NSAIDs were effectively separated and quan-
tified in a short duration (within 12 minutes) using a
minimal quantity of ACN (30%). The investigation’s
statistical results demonstrated exceptional linear-
ity, precision, accuracy, and specificity. As indicated,
the recommended approach’s satisfactory analytical
performance improves its suitability for standard
drug analysis in quality control laboratories. The
suggested methods were validated according to the
ICH guidelines, yielding acceptable results. Statisti-
cal comparisons between the suggested and reference
methods showed no significant variance. Therefore,
the suggested RP-HPLC approach can be used to eval-
uate NSAIDs in therapeutic dosages regularly.

Acknowledgment

The authors offer thanks and gratitude to Al-
Nahrain University, College of Science, Department
of Chemistry for their endless support and complete
this research.

Authors’ declaration

« Conflicts of Interest: None.

» We hereby confirm that all the Figures and Tables
in the manuscript are ours. Besides, the Figures
and Images, which are not ours, have been given
permission for re-publication attached with the
manuscript.

+ Al-Nahrain University.

» No animal studies are present in the manuscript.

* No potentially identified images or data are
present in the manuscript.

+ Ethical Clearance: The project was approved
by the local ethical committee at Al-Nahrain
University.

Authors’ contribution statement

B. A. A. and M. J. M. contributed to the design and
implementation of the research, to the analysis of the
results, and to the writing of the manuscript.

1121

References

1. Nawaz I, Tahir A, Igbal SM, Anjum F, Naseem M, Aslam
ML, et al. Anti-inflammatory, anti-nociceptive and anti-
pyretic activities of Cenchrus ciliaris L. J Ethnopharma-
col. 2023;309:116332. https://doi.org/10.1016/j.jep.2023.
116332.

2. Abdu N, Mosazghi A, Teweldemedhin S, Asfaha L, Teshale
M, Kibreab M, et al. Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs): Usage and co-prescription with other poten-
tially interacting drugs in elderly: A cross-sectional study.
PloS one. 2020;15(10):e0238868. https://doi.org/10.1371/
journal.pone.0238868.

3. Paglia MDG, Silva MT, Lopes LC, Barberato-Filho S,
Mazzei LG, Abe FC, et al. Use of corticoids and non-
steroidal anti-inflammatories in the treatment of rheuma-
toid arthritis: Systematic review and network meta-analysis.
PLoS One. 2021;16(4):e0248866. https://doi.org/10.1371/
journal.pone.0248866.

4. Akram M, Daniyal M, Sultana S, Owais A, Akhtar N, Za-
hid R, et al. Traditional and modern management strategies
for rheumatoid arthritis. Clin Chim Acta. 2021;512:142-55.
https://doi.org/10.1016/j.cca.2020.11.003.

5. Nguyen TNM, Chen L-J, Trares K, Stocker H, Holleczek B,
Beyreuther K, et al. Long-term low-dose acetylsalicylic use
shows protective potential for the development of both vas-
cular dementia and Alzheimer’s disease in patients with
coronary heart disease but not in other individuals from the
general population: Results from two large cohort studies.
Alzheimers Res Ther. 2022;14(1):75-88. https://doi.org/10.
1186/s13195-022-01017-4.

6. Ahmad M, Subhan M. Study Of pharmacology effects of
different nsaids on pathophysiology of Alzheimer’s disease.
J Pharm Neg Results. 2022;1996-2012. https://doi.org/10.
47750/pnr.2022.13.510.229.

7. Wang R, Li W, Chen Z. Solid phase microextraction with poly
(deep eutectic solvent) monolithic column online coupled to
HPLC for determination of non-steroidal anti-inflammatory
drugs. Anal Chim Acta. 2018;1018:111-8. https://doi.org/10.
1016/j.aca.2018.02.024.

8. Bindu S, Mazumder S, Bandyopadhyay U. Non-steroidal anti-
inflammatory drugs (NSAIDs) and organ damage: A current
perspective. Biochem Pharmacol. 2020;180:114147. https://
doi.org/10.1016/j.bcp.2020.114147.

9. Aswaissi H, Acar ET. Simultaneous determination of flurbipro-
fen and thiocolchicoside in pharmaceutical preparations by
a validated HPLC method. J Res Pharm. 2022;26(3):663-74.
https://doi.org/10.29228/jrp.163.

10. Sajeev C, Jadhav PR, RaviShankar D, Saha R. Determina-
tion of flurbiprofen in pharmaceutical formulations by UV
spectrophotometry and liquid chromatography. Anal Chim
Acta. 2002;463(2):207-17. https://doi.org/10.1016/S0003-
2670(02)00426-9.

11. Rashid A, Irfan M, Kamal Y, Asghar S, Khalid SH,
Hussain G, et al. In vitro and biological evaluation
of oral fast-disintegrating films containing ranitidine HCl
and syloid® 244FP-based ternary solid dispersion of flur-
biprofen. Pharmaceutics. 2024;16(2):164. https://doi.org/10.
3390/pharmaceutics16020164.

12. Kadu$evicius E. Novel applications of NSAIDs: Insight
and future perspectives in cardiovascular, neurodegenera-
tive, diabetes and cancer disease therapy. Int J Mol Sci.
2021;22(12):6637. https://doi.org/10.3390/ijms22126637.


https://doi.org/10.1016/j.jep.2023.116332
https://doi.org/10.1016/j.jep.2023.116332
https://doi.org/10.1371/journal.pone.0238868
https://doi.org/10.1371/journal.pone.0238868
https://doi.org/10.1371/journal.pone.0248866
https://doi.org/10.1371/journal.pone.0248866
https://doi.org/10.1016/j.cca.2020.11.003
https://doi.org/10.1186/s13195-022-01017-4
https://doi.org/10.1186/s13195-022-01017-4
https://doi.org/10.47750/pnr.2022.13.S10.229
https://doi.org/10.47750/pnr.2022.13.S10.229
https://doi.org/10.1016/j.aca.2018.02.024
https://doi.org/10.1016/j.aca.2018.02.024
https://doi.org/10.1016/j.bcp.2020.114147
https://doi.org/10.1016/j.bcp.2020.114147
https://doi.org/10.29228/jrp.163
https://doi.org/10.1016/S0003-2670(02)00426-9
https://doi.org/10.1016/S0003-2670(02)00426-9
https://doi.org/10.3390/pharmaceutics16020164
https://doi.org/10.3390/pharmaceutics16020164
https://doi.org/10.3390/ijms22126637

1122

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kolawole OR, Kashfi K. NSAIDs and cancer resolution:
new paradigms beyond cyclooxygenase. Int J Mol Sci.
2022;23(3):1432. https://doi.org/10.3390/ijms23031432.
Panchal NK, Sabina EP. Non-steroidal anti-inflammatory
drugs (NSAIDs): A current insight into its molecular
mechanism eliciting organ toxicities. Food Chem Tox-
icol. 2023;172:113598. https://doi.org/10.1016/j.fct.2022.
113598.

Solanki N, Gor A, Parmar B. Effectiveness and safety
assessment of fixed dose combination of non-steroidal
antiinflammatory drugs prescribed for orthopedic patients.
Diabetes. 2020;37:24.66. https://doi.org/10.22159/ijpps.
2020v12i2.35666.

British Pharmacopoeia. British pharmacopoeia commission-
the stationery office. 2022;1(4):2761.

Alsaqqa A, Hasian JA, Al-Laham AM. Simultaneous deter-
mination of piroxicam and codeine phosphate hemihydrate
in a pharmaceutical dosage form using validated HPLC
method. Baghdad Sci J. 2023;20(3):681-689. https://doi.org/
10.21123/bsj.2022.7340.

Elias KG, Hilal Y. Development and validation of a
simple and sensitive reverse-phase high performance lig-
uid chromatographic method for the determination of
ibuprofen in pharmaceutical suspensions. Baghdad Sci
J. 2023;20(2):550-559. https://doi.org/10.21123/bsj.2022.
6860.

Ahmed SS, Rasheed AS. Comparison of ZIC-HILIC columns
for the simultaneous analysis of antiviral drugs in dosage
forms by hydrophilic interaction liquid chromatography. Curr
Pharm Anal. 2023;19(8):652-61. https://doi.org/10.2174/
0115734129252205230920052737.

Qassim B, Motelica-Heino M, Morabito D. Uptake of three
pharmaceuticals by beans (phaseolus vulgaris L.) from con-
taminated soils. Baghdad Sci J. 2020;17(3):0733-742. https:
//doi.org/10.21123/bsj.2020.17.3.0733.

Qasim B, Razzak AA, Kamil GM, Motelica-Heino M, Domenico
M. Quantitative determination of fluoroquinolones in contam-
inated soils by HPLC with solid-phase extraction. Baghdad Sci
J. 2020;17(1):48-56. https://doi.org/10.21123/bsj.2020.17.
1.0048.

Shahriman MS, Mohamad S, Zain NNM, Alias Y, Chan-
drasekaram K, Raoov M. Based polymeric ionic liquid for
thin film micro extraction of sulfonamides in environmen-
tal water samples prior to HPLC-DAD analysis. Microchem
J. 2021;171:106798. https://doi.org/10.1016/j.microc.2021.
106798.

Rasheed AS, Qassim AW, Abdulrahman SK. Development
and validation of hydrophilic interaction chromatography
for determination of deoxyadenosine in human serum. Int J
Pharm Res. 2020;12(2):949-958. https://doi.org/10.31838/
ijpr/2020.SP2.050.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

BAGHDAD SCIENCE JOURNAL 2025;22(4):1116-1123

Hamed YAA-H, Rasheed AS. Zwitterionic ion chromatogra-
phy coupled with ultraviolet detection for the quantification
of 2-deoxyguanosine in human serum. Sys Rev Pharm.
2020;11(3):240-6.

Mahesh P, Haque MA, Salman BI, Belal TS, Ibrahim AE,
El Deeb S. Fast and sensitive bioanalytical method for
the determination of deucravacitinib in human plasma
using HPLC-MS/MS: Application and greenness evalua-
tion. Molecules. 2023;28(14):5471. https://doi.org/10.3390/
molecules28145471.

Ali AH. High-performance liquid chromatography (HPLC): A
review. Ann Adv Chem. 2022;6:010-20. https://doi.org/10.
29328/journal.aac.1001026.

Kormosh Z, Kormosh N, Lyushuk K, Semenyuk O, Kotsar V,
Osyp Y, et al. Spectrophotometric determination of flurbipro-
fen in application to pharmaceutical analysis. Pharm Chem
J. 2022;56(7):999-1003. https://doi.org/10.1007/s11094-
022-02740-w.

Ponnam C, Challa G, Yarraguntla S. Quantification
of flurbiprofen in eye drops by stability indicating
ultraviolet spectrophotometric method. Indian J Pharm
Sci. 2023;85(3):753-760. https://doi.org/10.36468/
pharmaceutical-sciences.1141.

Nikolaychuk PA. UV-spectrophotometric determination of the
active pharmaceutical ingredients meloxicam and nimesulide
in cleaning validation samples with sodium carbonate. J
Multidiscip Sci. 2023;6(2):248-66. https://doi.org/10.3390/
j6020019.

Yilmaz B, Bayrak B, Kadioglu Y. Development and validation
of HPLC method for the determination of flurbiprofen in phar-
maceutical preparations. Int J Pharm ATA. 2022;2(3):72-81.
Nathi R, Kowtharapu LP, Muchakayala SK, Konduru N. QbD-
based stability-indicating liquid chromatography (RP-HPLC)
method for the determination of flurbiprofen in cataplasm.
Biomed Chromatogr. 2023;37(4):e5580. https://doi.org/10.
1002/bmc.5580.

Patel Z, Tandel F, Tripathi RKP. Simultaneous estimation
of propyphenazone, flurbiprofen, and their mutual prodrug
by high-performance liquid chromatography method. Sep
Sci Plus. 2024;7(1):2300104. https://doi.org/10.1002/sscp.
202300104.

Waheb AA. Study the effect of zwitterionic hydrophilic
interaction for simultaneous determination of non-steroidal
anti-inflammatory drugs in dosage forms. J Chem Soc Pak.
2023;45(4):315-322. https://doi.org/10.52568/001286/
jesp/45.04.2023.

ChemAxon. Calculators and predictors
//chemaxon.com/calculators-and-predictors.
International conference on harmonization: Validation of an-
alytical procedures: text and methodology. Geneva; 2005.

2023. https:


https://doi.org/10.3390/ijms23031432
https://doi.org/10.1016/j.fct.2022.113598
https://doi.org/10.1016/j.fct.2022.113598
https://doi.org/10.22159/ijpps.2020v12i2.35666
https://doi.org/10.22159/ijpps.2020v12i2.35666
https://doi.org/10.21123/bsj.2022.7340
https://doi.org/10.21123/bsj.2022.7340
https://doi.org/10.21123/bsj.2022.6860
https://doi.org/10.21123/bsj.2022.6860
https://doi.org/10.2174/0115734129252205230920052737
https://doi.org/10.2174/0115734129252205230920052737
https://doi.org/10.21123/bsj.2020.17.3.0733
https://doi.org/10.21123/bsj.2020.17.3.0733
https://doi.org/10.21123/bsj.2020.17.1.0048
https://doi.org/10.21123/bsj.2020.17.1.0048
https://doi.org/10.1016/j.microc.2021.106798
https://doi.org/10.1016/j.microc.2021.106798
https://doi.org/10.31838/ijpr/2020.SP2.050
https://doi.org/10.31838/ijpr/2020.SP2.050
https://doi.org/10.3390/molecules28145471
https://doi.org/10.3390/molecules28145471
https://doi.org/10.29328/journal.aac.1001026
https://doi.org/10.29328/journal.aac.1001026
https://doi.org/10.1007/s11094-022-02740-w
https://doi.org/10.1007/s11094-022-02740-w
https://doi.org/10.36468/pharmaceutical-sciences.1141
https://doi.org/10.36468/pharmaceutical-sciences.1141
https://doi.org/10.3390/j6020019
https://doi.org/10.3390/j6020019
https://doi.org/10.1002/bmc.5580
https://doi.org/10.1002/bmc.5580
https://doi.org/10.1002/sscp.202300104
https://doi.org/10.1002/sscp.202300104
https://doi.org/10.52568/001286/jcsp/45.04.2023
https://doi.org/10.52568/001286/jcsp/45.04.2023
https://chemaxon.com/calculators-and-predictors
https://chemaxon.com/calculators-and-predictors

BAGHDAD SCIENCE JOURNAL 2025;22(4):1116-1123 1123

Alialy  Wlgamarill 9 Gfgomo sl Juad A caldsiud
GusSaall jghall g3 £l Ao Jilud) L) S 65 ga g S

2aaaa il Ahias Jjuad (e il

L'é‘)"“ ¢l cugjé_\n daals ‘HL.JI LS (el ?.uél
é\)a_“ ¢z c:t:é\‘).d\ daaall ¢ :%:\.\Jﬂ\ :\:\E sc\ﬂa:\sﬂ (a.uéz

-

AadAl)

oo A)EL AsYauall Gl juasiudl (b5 sl 5 A sunenl) 008 Aoy 48yl (L) ) Al all 38 Caags
4835 dgubus (RP - HPLC) (omSall shall 3 elaY) Mo S5l Uil 2 gigas S 585 chgidall Lo Vg cs_AY) il
A5 pshaiy Cpead (e 12 Ja OIS da i sl (6 sina s o(PH) Aodasendl (6 sine ¢ JUall eB ) 58 5 (e Gaadll | )
Aadinl MR (e Jeadll G LaS | a8 Loy gy e il (paliadd) oyl gl iy Juad a5 RP-HPLC
A ada ) glaf il ol g o i s (e g e pladiul &3,(250%4.6mm, 160A°,5)3xY) s> Hyper Clone BDS
O 50y s yibal) 4k ) AaiDle il iy By ABYa | hon Jimers iasili 2540 45 50 Jsh 2ie
A gl Dl pmatisall (A 5yt e SULERY Gaalial)

,2_3_\5}):\3‘» ):3:; th.@.'ﬂm 3aladll 373}&\.“ s w}SMn )}H\ }J 1Ayl ‘g\.c d:}l.u.“ L}S\_)G)E}A})S ;i:aaLl?uS\ Glalsly
Ax¥auall Gl juaniual) A suar (5 yu ) 518



	Exploration of the Separation Mechanism of Flurbiprofen and Nimesulide Utilizing RP-HPLC
	How to Cite this Article

	Exploration of the Separation Mechanism of Flurbiprofen and Nimesulide Utilizing RP-HPLC
	Introduction
	Materials and methods
	Chemicals and reagents
	Chromatographic conditions
	Preparation of working standard solution
	Preparation of sample solution
	Results and discussion
	Influence of the acetonitrile content
	Influence of the eluent pH
	Influence of the eluent ionic strength
	Validation of the method
	System suitability
	Detection limit and limit of quantification (LOD and LOQ)
	Precision
	Optimization
	Determination of flurbiprofen and nimesulide in pharmaceutical preparations
	Conclusion
	Acknowledgment
	Authors' declaration
	Authors' contribution statement
	References

