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Research Article

Determination of Naproxen using derivatization with MSTFA in pharmaceutical
preparations by GC-MS method

ABSTRACT

This work reports the using of N-methyl-N-(trimethylsilyl) trifluoroacetamide for the derivatization of naproxen
and the GC-MS method for naproxen detection in pharmaceutical preparations. The linearity of the GC-MS
technique was proven over the concentration range of 0.5-12 pug/mL. There was less than 1.20 and 1.73% for the
intra- and inter-day relative standard deviation, respectively. For the GC-MS technique, the limits of detection
and quantification were established at 0.05 and 0.15 pg/mL. The developed technique was used to analysis
tablets of a pharmaceutical preparation called Aleve. At the chosen assay conditions, tablet excipients did not
cause any interference.
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INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) such as naproxen (6-methoxy-a-methyl-2-naphthalene
acetic acid) are commonly used to treat a variety of illnesses by providing mild to moderate pain relief.
NSAIDs, such as naproxen, are frequently used to treat persistent inflammation, pain, and fever because
they can inhibit the cyclooxygenase (COX) enzymes, COX-1 and COX-2, which both produce prostaglandins.
These compounds serve a number of vital purposes, including promoting inflammation, pain, and fever.?
On the other hand, prostaglandins generated by the COX-1 enzyme can also promote blood coagulation,
platelet support, and stomach protection. Therefore, NSAIDs have the potential to induce stomach ulcers
and increase bleeding following surgery or trauma. Additionally, they are linked to a range of less serious
side effects including nausea, vomiting, diarrhea, constipation, decreased appetite, rash, dizziness,
headaches, and sleepiness, as well as potentially major adverse effects like kidney failure.?

Patients are exposed to anti-inflammatory medications for extended periods of time when they receive
chronic treatment, like in the case of rheumatoid arthritis. Potential abuse and unintentional consumption
of naproxen residues in food may put people at risk for health problems like nephrotoxicity, severe
gastrointestinal lesions, allergies, and changes in renal function.*

Naproxen has been determined using a variety of techniques in plasma, serum, and urine. These techniques
include high performance liquid chromatography (HPLC) using UV>'! or fluorescence detection,'>1¢ liquid
chromatography-tandem mass spectrometry (LC-MS/MS),**® gas chromatography-mass spectrometry
(GC-MS),**? and gas chromatography-flame ionization detection (GC-FID).2*%

In the event that the laboratory does not have access to the most recent, costly technique, GC-MS is now
an acceptable substitute for LC-MS/MS. High-resolution capillary GC-MS has not been employed as
frequently as LC-MS/MS 2428

Using LC-MS in full-scan MS mode, Sultan et al.'” and Miksa et al.’® presented two techniques to
simultaneously measure and identify naproxen and other NSAIDs in human plasma. Though their run times
were roughly 15 minutes and their LOQ values were relatively high at 2 pg/mL and 20 pg/mL, respectively,
both techniques were sturdy and dependable.

There is currently no method available in the literature for determining naproxen by GC-MS in
pharmaceutical formulations. Consequently, the O-silylation of naproxen's hydroxyl group is described in
this work utilizing N-methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) as the silylating reagent.
Linearity, stability, precision, accuracy, recovery, and sensitivity criteria were used to validate the devised
approach in accordance with International Conference on Harmonization (ICH) guidelines.?® Additionally, it
is offered here the naproxen determination using GC-MS technique in pharmaceutical compositions. As a
pharmaceutical preparation, Aleve tablets can be prepared with ease using the accurate, sensitive, and
exact procedure suggested in this study.

METHODS
Chemicals
Sigma (St. Louis, MO, USA) provided the acetonitrile, naproxen sodium, and N-methyl-N-(trimethylsilyl)
trifluoroacetamide (MSTFA). We purchased one Aleve tablet (220 mg naproxen sodium) from the

pharmacy in Erzurum, Turkey.
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Instrumentation

An Agilent 6890N gas chromatography system (Agilent
Technologies, Palo Alto, CA) outfitted with a 5973 series mass
selective detector, 7673 series autosampler, and Agilent
chemstation was used to perform the chromatographic study. For
separation, an HP-5 MS column (30 m x 0.25 mm I.D., USA) with a
film thickness of 0.25 pm was employed. Helium was employed as
the carrier gas, and splitless injection was performed, with a flow
rate of 1 mL/min. One pL was the injector volume. The MS
detector's settings included an electron energy of 70 eV, a solvent
delay of two minutes, and a transfer line temperature of 280 °C.

Preparation of the standard and quality control solutions
Naproxen stock solution was made with acetonitrile at a
concentration of 100 ug/mL and refrigerated at -20 °C. For GC-MS,
standard solutions of 0.5-12 pg/mL were produced. Aliquots of the
standard working naproxen solution were added to the quality
control (QC) solutions until the final concentrations for GC-MS were
3,5,and 9 pg/mL.

Procedure for pharmaceutical preparations

The mass of the Aleve (220 mg naproxen tablet, which contained
naproxen and a few excipients) capsules was used to compute the
average capsule mass. Following its fine grinding and
homogenization, a quantity of the powder was precisely weighed,
put into a 10 mL brown measuring flask, and diluted with
acetonitrile to the appropriate concentration. To speed up the
dissolving process, the mixture was sonicated for at least ten
minutes before being filtered through a Whatman 42 paper. To
ensure that the final solution's naproxen concentration was within
the working range, a suitable volume of filtrate was further diluted
with acetonitrile before being subjected to GC-MS analysis.

RESULTS

Method development and optimization

Since naproxen is a polar molecule, separation was achieved using
a capillary column covered with 95% dimethylpolysiloxane and 5%
phenyl. The temperatures of the injection port and detector were
set at 250 °C and 290 °C, respectively, during the development of
the GC-MS technique. In order to determine the ideal temperature
program, several temperature programs were examined. The first
temperature was 150 °C, which was held for one minute; it was
then raised to 180 °C at 40 °C/min and maintained for another
minute; ultimately, it was raised to 300 °C at 30 °C/min with a final
hold of 1.5 minutes. In split-less mode, the injector volume was one
microliter.

An efficient trimethylsilyl (TMS) donor is MSTFA. MSTFA is used to
prepare volatile and thermally stable derivatives for GC-MS by
reacting with a TMS group to substitute labile hydrogens on a
variety of polar molecules.?**> Naproxen was derivatized using
MSTFA in order to improve the performance of the gas
chromatographic separation (Fig. 1). The appropriate silyl (-O-TMS)
groups were formed by converting the hydroxy (-OH) groups. The
chemical was examined after the ideal reaction conditions were
determined.
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Investigations were conducted into how temperature and time
affected the reaction. Consequently, acetonitrile was used to
dissolve naproxen. After adding 100 pL of 2.0 pug/mL naproxen
solution and 100 pL of MSTFA solution, the mixture was allowed to
react for five, ten, and twenty minutes at room temperature, 50,
and 75 °C. The GC-MS technique was used to quantify the final
samples. Following a 10-minute standing period at room
temperature, the maximum peak areas were measured.

Validation of the method

Specificity

Interferences between naproxen and the excipients were observed
to examine the specificity of the two approaches. For the
quantitative measurement in GC-MS, electron impact mode with
selected ion monitoring (SIM) was utilized (m/z 185 for naproxen-
TMS). Fig. 1 displays the mass spectrum following the derivatization
of naproxen with MSTFA. Naproxen-TMS retention time for GC-MS
was around 6.4 with a well-defined peak (Fig. 2).

HsC

100

o
-
A

Q

X

80 ]
243
60

40

141 267

115 153 170

o | 2 ) d. ﬂ| 19 212 2@ | omg 272
T T I

20

|
1w tdo 2o 2o 2o o Zh I 3o

méz->

oLl

Fig. 1. MS spectrum of naproxen-TMS.
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Fig. 2. GC-MS chromatogram of naproxen-TMS (0.5, 1, 2, 4,
8and 12 pg/mL).

Linearity

The GC-MS technique revealed that the linearity range of naproxen
solution was 0.5-12 ug/mL. Their correlation coefficient was used
to assess the calibration curve that was built. The linearity of the
procedure was shown by the calibration equation derived from six
repeat trials. Table 1 provided the slope and intercept standard
deviations for the calibration curves.



Table 1. Linearity of naproxen

Parameter GC-MS
Linearity (ug/mL) 0.5-12
Regression equation? y=174.4x+5.19
Standard deviation of slope 2.58x103
Standard deviation of intercept 3.42
Correlation coefficient 0.9991
Standard deviation of correlation coefficient 1.25x103
Limit of detection (ug/mL) 0.05
Limit of quantification (ug/mL) 0.15

aBased on six calibration curves, y=peak area, x=concentration
of naproxen

Accuracy and precision

Repeatability (intra-day) and intermediate precision (inter-day)
were used to calculate the GC-MS method's precision.?® The study
assessed repeatability by subjecting quality control samples to six
daily analyses at three distinct doses. The same samples were
analyzed twice a day for three days to assess the intermediate
precision. The % relative error was used to evaluate the analytical
method's accuracy. Relative errors were <4.00 % and intra- and
inter-day RSD values were <1.73% for all concentrations examined.
Table 2 presented the findings.

Table 2. Precision and accuracy of naproxen

Limits of detection (LOD) and quantification (LOQ)

The lowest concentration of the analyte that the technique can
detect is known as the LOD. The lowest measurable concentration
is known as the LOQ. LOD and LOQ were determined by taking the
signal-to-noise ratios of 3:1 and 10:1, respectively. For GC-MS, the
LOD and LOQ were 0.05 and 0.15 pg/mL, respectively.

Stability

Standard solutions were made independently at concentrations
spanning the low, middle, and higher ranges of calibration curves
for various temperatures and timeframes to assess the stability of
naproxen. For 24 and 48 hours, these solutions were kept at
ambient temperature, chilled (4 °C), and frozen (-20 °C). For room
temperature, 4 and 20 °C refrigeration temperatures, the accuracy
of naproxen stability was found to be 99.8, 98.5, and 99.5%,
respectively. These fall between 90 and 110 percent of what is
acceptable. Table 3 presented the findings.

Recovery

Studies on recovery achieved by spiking various amounts of pure
drug within the analytical concentration range of the suggested
approach in tablet samples that had already been preanalyzed.
Using the aforesaid procedure, the additional dosages of each
medicine were estimated. The findings of the recovery experiments
were deemed adequate and are displayed in Table 4.

Intra-day Inter-day
Added Found * SD? Precision Accuracy® Found * SD? Precision Accuracy®
(ng/mL) (ng/mL) % RSDP (ng/mL) % RSDP
3 3.08 +0.037 1.20 2.67 3.12 + 0.054 1.73 4.00
5 5.02 £ 0.069 1.37 0.40 4.98 +0.034 0.68 -0.40
9 9.03+£0.143 1.58 0.33 9.01+£0.034 0.38 0.11

SD2: Standard deviation of six replicate determinations, RSDP: Relative standard deviation, Accuracy®: % relative error: (found-added)/addedx100

Table 3. Stability of naproxen in solution (n=6)

Intra-day Inter-day
Conc. Room temperature Refrigeratory Frozen Refrigeratory Frozen
(ng/mL) 24 h 4°C,24h -20°C,24h 4°C,48h -20°C,48h
0.5 99.4 +3.12 97.7 £4.97 99.6 £3.78 99.3+2.16 99.1+3.26
6 99.7 £2.08 98.6 +3.06 100.7 £ 3.15 99.5+1.41 99.8+2.19
12 100.6 +1.89 102.1£3.54 101.8 £2.76 100.4 + 2.56 100.6 +2.39
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Table 4. Recovery of naproxen in pharmaceutical preparation

Intra-day Inter-day
Pharmaceutical Added Found + SD? % Recovery Found + SD? % Recovery
preparation (ng/mL) (ng/mL) % RSDP (ng/mL) % RSDP
4 4.11 £ 0.049 102.8 (1.19) 4.16 £ 0.093 104.0 (2.24)
Aleve tablet
7 7.04 £ 0.079 100.6 (1.12) 7.09 £ 0.155 101.3 (2.19)
(2 ug/mL)
10 10.17 £ 0.078 101.7 (0.77) 10.22 £0.129 102.2 (1.26)

SD2: Standard deviation of six replicate determinations, RSDP: Relative standard deviation

Comparison of the methods

Nowadays, as analytical procedures for both quantitative and
qualitative analysis, GC-MS and HPLC methods are significant
and often utilized. High-resolution capillary GC-MS has superior
precision and accuracy with high sensitivity and strong resolving
power compared to HPLC.%®

The sensitivity of the GC-MS technique is insufficient to
determine naproxen. MSTFA is utilized to boost sensitivity as a
result. The derivatization procedure in this study is intended to
increase sensitivity, which has allowed for the option of
operating at low concentrations.

This method's sensitivity was determined to be sufficient for
pharmacokinetic research when used with plasma samples.
Compared to the reported approach, the current method has
the following advantages.” ' The current method's limit of
quantification (LOQ) was 0.15 pg/mL, while the reported
methods' LOQs were 2.0 pg/mL and 20 pyg/mL. The naproxen
calibration curve was linear over the 0.25-5.0 pg/mL
concentration range, which is on par with or better than that
found in earlier studies.>8121517,20-22

This study has a high naproxen recovery rate.'> *> 8 Another
benefit is the short retention duration.” % 12141718 20

DISCUSSION

This paper presents the development and validation of a novel
chromatographic method for routine measurement of
naproxen in pharmaceutical formulations. Proper linearity
range, accuracy, precision, LOD, and LOQ are appropriate for
naproxen quantification in pharmaceutical compositions. A
significant number of samples can be analyzed quickly because
of the 7-minute chromatographic run time. As a result, the
technique can also be used to analyze samples during expedited
stability investigations as well as regular formulation and raw
material analyses.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — B.Y., O.T.; Supervision — B.Y.;
Resources— B.Y., S.Y.; Materials — B.Y., YK; Data Collection and/or
Processing 0.7, B.Y., S.Y,; Analysis and/or Interpretation — o1,
B.Y., S.Y.; Writing Manuscript — B.Y., S.Y.; Critical Review — B.Y.

Conflict of Interest: The authors declare that they have no
competing interests.

NanoEra

Financial Disclosure: The authors declared that this study has
received no financial support.

REFERENCES

Boynton CS, Dick CF, Mayor GH. NSAIDs: An Overview. J
Clin Pharmacol. 1988;28(6):512-517. d0i:10.1002/j.1552-
4604.1988.tb03170.x

Sun Y, Zhang Z, Xi Z, Shi Z. Determination of naproxen in
human urine by high-performance liquid chromatography
with  direct electrogenerated chemiluminescence
detection. Talanta. 2009;79(3):676-680.
doi:10.1016/j.talanta.2009.04.048

Aresta A, Palmisano F, Zambonin CG. Determination of
naproxen in human urine by solid-phase microextraction
coupled to liquid chromatography. J Pharm Biomed Anal.
2005;39(3-4):643-647. d0i:10.1016/j.jpba.2005.04.017
Kovacevic L, Bernstein J, Valentini RP, Imam A, Gupta N,
Mattoo TK. Renal papillary necrosis induced by naproxen.
Pediatr Nephrol. 2003;18(8):826-829. d0i:10.1007/s00467-
003-1167-4

Van Loenhout JWA, Van Ginneken C a. M, Ketelaars HCJ,
Kimenai PM, Tan Y, Gribnau FWIJ. A High-Performance
Liqguid Chromatographic Method for the Quantitative
Determination of Naproxen and Des-Methyl-Naproxen in
Biological Samples. J Lig Chromatogr. 1982;5(3):549-561.
doi:10.1080/01483918208066913

Zakeri-Milani P, Barzegar-Jalali M, Tajerzadeh H, Azarmi Y,
Valizadeh H. Simultaneous determination of naproxen,
ketoprofen and phenol red in samples from rat intestinal
permeability studies: HPLC method development and
validation. J Pharm Biomed Anal. 2005;39(3-4):624-630.
doi:10.1016/j.jpba.2005.04.008

Slattery JT, Levy G. Determination of naproxen and its
desmethyl metabolite in human plasma or serum by high
performance liquid chromatography. Clin Biochem.
1979;12(3):100-103. d0i:10.1016/s0009-9120(79)80075-2
Satterwhite JH, Boudinot FD. High-performance liquid
chromatographic determination of ketoprofen and
naproxen in rat plasma. J Chromatogr B. 1988;431:444-
449. doi:10.1016/s0378-4347(00)83116-3

Upton RA, Buskin JN, Guentert TW, Williams RL, Riegelman
S. Convenient and sensitive high-performance liquid
chromatography assay for ketoprofen, naproxen and other
allied drugs in plasma or urine. J Chromatogr A.



10.

11.

12,

13.

14,

15.

16.

17.

18.

19.

20.

1980;190(1):119-128. doi:10.1016/s0021-9673(00)85518-
1

Vree TB, Van Den Biggelaar-Martea M, Verwey-van Wissen
CPWGM. Determination of naproxen and its metabolite O-
desmethylnaproxen with their acyl glucuronides in human
plasma and urine by means of direct gradient high-
performance liquid chromatography. J Chromatography B.
1992;578(2):239-249. doi:10.1016/0378-4347(92)80422-
m

Hirai T, Matsumoto S, Kishi I. Simultaneous analysis of
several non-steroidal anti-inflammatory drugs in human
urine by high-performance liquid chromatography with
normal solid-phase extraction. J Chromatography B.
1997;692(2):375-388. do0i:10.1016/s0378-4347(96)00509-
9

Shimek JL, Rao NGS, Wahba Khalil K. An isocratic high-
pressure liquid chromatographic determination of
naproxen and desmethylnaproxen in human plasma. J
Pharm Sci. 1982;71(4):436-439.
doi:10.1002/jps.2600710415

Burgoyne RF, Brown PR, Kaplan SR. The simultaneous assay
of naproxen and salicylic acid in serum using high pressure
liquid chromatography. J Lig Chromatogr. 1980;3(1):101-
111. doi:10.1080/01483918008060157

Westerlund D, Theodorsen A, Jaksch Y. Bioanalysis of
Naproxen by High Performance Reversed Phase Liquid
Chromatography with Photometric and Fluorimetric
Detection. J Lig Chromatogr. 1979;2(7):969-1001.
doi:10.1080/01483917908060119

Tashtoush, B.M., Al-Taani B.M.; HPLC determination of
naproxen in plasma, Pharmazie, (2003);58:614-615.
Mikami E, Goto T, Ohno T, Matsumoto H, Nishida M.
Simultaneous analysis of naproxen, nabumetone and its
major metabolite 6-methoxy-2-naphthylacetic acid in
pharmaceuticals and human urine by high-performance
liqguid chromatography. J Pharm Biomed Anal.
2000;23(5):917-925. d0i:10.1016/s0731-7085(00)00365-4
Sultan M, Stecher G, Stoggl W, et al. Sample pretreatment
and determination of non steroidal anti-inflammatory
drugs (NSAIDs) in pharmaceutical formulations and
biological samples (blood, plasma, erythrocytes) by HPLC-
UV-MS and HPLC. Curr Med Chem. 2005;12(5):573-588.
doi:10.2174/0929867310504050573

Miksa IR, Cummings MR, Poppenga RH. Multi-residue
determination of anti-inflammatory analgesics in sera by
liquid chromatography-mass spectrometry. J Anal Toxicol.
2005;29(2):95-104. doi:10.1093/jat/29.2.95

Larsen NE, Marinelli K. Mass fragmentographic
quantification of naproxen in human plasma. J

Chromatography B. 1981;222(3):482-485.
doi:10.1016/s0378-4347(00)84151-1
Wan  SH, Matin  SB. Quantitative  gas-liquid

chromatographic analysis of naproxen, 6-O-desmethyl-
naproxen and their conjugates in urine. J Chromatography
A. 1979;170(2):473-478. doi:10.1016/s0021-
9673(00)95480-3

21.

22,

23.

24.

25.

26.

27.

28.

Weber SS, Bankhurst AD, Mroszczak E, Ding TL. Effect of
mylanta® on naproxen bioavailability. Ther Drug Monit.
1981;3(1):75-84. doi:10.1097/00007691-198101000-
00010

Desager JP, Vanderbist M, Harvengt C. Naproxen plasma
levels in volunteers after single-dose administration by oral
and rectal routes. J Clin Pharmacol. 1976;16(4):189-193.
doi:10.1002/j.1552-4604.1976.tb01516.x

Bouchafra H, Orche AE, Khabbaz CE, Cheikh A, Faouzi MEA,
Cherrah Y, Zarayby L, Hirr A. Determination and validation
of tiaprofenic acid in human plasma: A detailed LC-MS/MS-
based analysis following ICH M10 guidelines and the
accuracy profile approach. Research Square. 2024;1-16.
doi: https://doi.org/10.21203/rs.3.rs-3848449/v1

Yilmaz B, Arslan S, Akba V. Gas chromatography—mass
spectrometry method for determination of metoprolol in
the patients with hypertension. Talanta. 2009;80(1):346-
351. doi:10.1016/j.talanta.2009.06.079

Yilmaz B. GC-MS determination of diclofenac in human
plasma. Chromatographia. 2010;71(5-6):549-551.
doi:10.1365/s10337-010-1479-z

Yilmaz B. Determination of Atenolol in Pharmaceutical
Preparations by Gas Chromatography with Flame
lonization and Mass Spectrometric Detection. Anal Lett.
2010;43(15):2311-2317. doi:
10.1080/00032711003717414

Way BA, Wilhite TR, Smith CH, Landt M. Measurement of
plasma ibuprofen by gas chromatography-mass
spectrometry. J Clin Lab Anal. 1997;11(6):336-339.
http://dx.doi.org/10.1002/(sici)1098-
2825(1997)11:6<336::aid-jcla4>3.0.co;2-3

Sebdk A, Vasanits-Zsigrai A, Palké Gy, Zaray Gy, Molnar-
Perl I. Identification and quantification of ibuprofen,
naproxen, ketoprofen and diclofenac present in waste-
waters, as their trimethylsilyl derivatives, by gas
chromatography mass spectrometry. Talanta.
2008;76(3):642-650. doi:10.1016/j.talanta.2008.04.008

NanoEra


https://doi.org/10.21203/rs.3.rs-3848449/v1

