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bstract

Nimesulide, a Cox-2 inhibitor anti-inflammatory drug, is a light sensitive compound and its biological activity is decreased upon photodegradation.
he photodegradation kinetic of nimesulide was investigated spectrophotometrically using multivariate curve resolution analysis to overcome
pectral overlapping of reactant and degradation products. The absorbance spectra of the nimesulide methanolic solution, exposed to daily sunlight,
ere recorded at different times. Three absorbing chemical species, coexisted in the reaction system, were detected by application of factor analysis

o the absorbance data matrix. The soft-modeling multivariate curve resolution-alternative least square (MCR-ALS) analysis of the evolutionary
bsorbance data revealed that nimesulide undergoes photodegradation through a two-step consecutive manner, where both steps obey first-order

inetic. By application of the kinetic hard model constraint to the MCR-ALS analysis, an excellent agreement was obtained between the fitted
oncentration profiles and those obtained by soft method. The first-order rate constants of the first and second degradation products were calculated
s 0.052 (±0.007) and 0.009 (±0.001) h−1, respectively. Finally, the pure spectra of the resolved chemical species were calculated, where that of
imesulide was the same as that obtained experimentally.
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. Introduction

The pharmacological effects of non-steroidal anti-
nflammatory drugs (NSAIDs) are due to inhibition of a

embrane enzyme called cyclooxygenase (COX), which is
nvolved in the prostaglandin biosynthesis and existed as two
soforms, COX-1 and COX-2 [1–3]. Nimesulide, N-(4-nitro-2-
henoxiphenyl)methane sulfonamide (Scheme 1), is one of the
rst NSAIDs marketed, with a preferential COX-2 inhibition
rofile [4]. Nimesulide is widely used for the treatment of
heumatoid arthritis and other antipyretic properties [5–7]. It is

light yellow crystalline powder, which is practically odorless.

Drug stability research is critical in pharmaceutical studies
s the increased degradation decreases the potency of the drug
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nd can create compounds with undesirable pharmacological
ffects [7]. An increasing number of drugs belonging to differ-
nt therapeutic classes (calcium channel blockers, non-steroidal
nti-inflammatory drugs, chemotherapeutic agents, diuretics,
enzodiazepines, beta-blockers, etc.) were found to be photola-
ile, consequently light protection is prescribed for their storage
y the pharmacopoeias [8]. Information about the stability of
he drug substance is an integral part of the systematic approach
n the stability evaluation. Therefore, investigating the influ-
nce of light on the stability of drugs has gained more and more
mportance in recent years [9].

The analytical methods for analysis of nimesulide include dif-
erent chromatographic methods [10–12] and differential pulse
oltammetry using modified carbon electrode [13]. Although
ertain information about the photo stability of some NSAID’s

as been reported [14–17], reports about the photo stability of
imesulide as a modern agent with different structure are rare.
ecently, Kovarikova et al. studied the photochemical stability
f nimesulide and described a sensitive analytical method using

mailto:hemmatb@sums.ac.ir
dx.doi.org/10.1016/j.jpba.2008.01.040


626 B. Hemmateenejad et al. / Journal of Pharmaceutical and Biomedical Analysis 47 (2008) 625–630

eme 1

H
o
o
p
T

b
t
g
c
p
o
e
r
c
p
a

m
s
m
h
m
a
t
r
t
a

t
s
i
m

2

2

p

o
t

2

m
a
p
7
s

2

o
i
t
o
i
r
t
t
w
4
w
u
i
d

2

e
Here, a brief description of the methodology we used is given. If
Sch

PLC and TLC for determination of nimesulide in the presence
f its degradation products [17]. The major degradation pathway
f nimesulide is hydrolysis of methyl sulfonamide group and
roducing 2-phenoxy-4-nitroaniline and methanesulfonic acid.
hey also found an unknown photodecomposition product.

The aim of this study was to develop a simple chemometrics-
ased spectrophotometric method for monitoring the pho-
odegradation of nimesulide. Spectroscopic methods are in
eneral simple, sensitive and very suitable for studying chemi-
al reactions in solutions. The spectral overlapping, as the major
roblem in almost all of the spectrochemical methods, can be
vercome utilizing different chemometrics methods [18]. For
xample, spectral curve deconvolution or multivariate curve
esolution (MCR) methods are chemometrics techniques con-
erning with the extraction of the pure spectra and concentration
rofiles of the components in a chemical reaction preceded in
n evolutionary process [19–24].

In MCR methods, data analysis can be achieved by hard-
odeling method (when a chemical model is available) or

oft-modeling method (when there is no robust idea about the
odel of the chemical reaction) [19–24]. Recently, attentions

ave been directed toward the combination of hard- and soft-
odeling methods to have the advantages of both methods

nd therefore to obtain more reliable results [25–27]. Among
he different available MCR methods, the multivariate curve
esolution-alternative least square (MCR-ALS) has been found
he major popularity, especially in the case of combining hard
nd soft modeling methods [28,29].

Since, there are no prior evidences about the pho-
odegradation mechanism of nimesulide, we employed first a
oft-modeling method and then a combined hard–soft model-
ng method to give a more deep insight about the degradation

echanism of nimesulide.

. Experimental
.1. Chemical and reagents

The 100.0 �g/mL stock solution of nimesulide (Sigma) was
repared by dissolving appropriate amounts of the pure powder

t
a
L
c

.

f drug in spectroscopic grade methanol (Merck) and was used
o prepare daily solutions.

.2. Apparatus and software

The UV–vis absorbance spectra were recorded by a Shi-
adzu spectrophotometer equipped with a 10.0 mm quartz cell

nd a water-thermostated cell holder. The computations were
erformed in MATLAB environment (Mathwork Inc., version
) utilizing a personal computer with Windows XP operating
ystem.

.3. Procedure

Natural sunlight was used for photodegradation monitoring
f nimesulide. The photodegradation was monitored by expos-
ng a 50.0 mL 8.0 × 10−5 M methanolic solution of nimesulide
o sunlight in the sequential sunny days in the time duration
f 10:00 a.m. till 4:00 p.m. At the end of each day, the result-
ng solution was protected by aluminum foil and stored in the
efrigerator to prevent further degradation. In the new day, its
emperature was raised to room temperature and then subjected
o sunlight. The absorbance spectra of the irradiated solutions
ere recorded in the wavelength interval of 230–400 nm at
:00 p.m. in each day. Therefore, each absorbance measurement
as performed after 6 h lighting. The experiment was contin-
ed for 30 days. The resulted absorbance spectra were digitized
n 1.0 nm intervals and collected in a data matrix of (30 × 172)
imension.

.4. Combined-hard model MCR-ALS analysis

The theory of MCR-ALS and its combination with hard mod-
ling has been developed by de Juan and coworkers [28,29].
here are k absorbing species in the reaction system, the recorded
bsorbance at each wavelength (dj(λ)), according to the Beer-
ambert law, is assumed to be the sum of contributions of all
omponents:
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absence of a clear and narrow isosbestic point suggests that
the reaction may proceed in more than one step. As it was
reported previously by Kovarikova et al. [17], nimesulide is
B. Hemmateenejad et al. / Journal of Pharmac

j(λ) =
k∑

i=1

si(λ)cij (j = 1 : m) (1)

here dj(λ) is the spectrum of sample j, si(λ) the molar absorp-
ivity of component i, cij the concentration of component i in
ample j and m is the number of samples. Eq. (1) can be written
n a matrix notation as Eq. (2), which is the basis of multivariate
urve resolution analyses.

= C S + E (2)

here D (m × n) is the original raw data matrix with the mixed
xperimental information of all absorbing chemical species
oexisted in the reaction system, the columns in C (m × k) and
he rows in S (k × n) contain the pure response profiles of the

mixture components associated with the row direction and
he column direction of D, respectively, and E (m × n) is the
rror-related matrix. MCR-ALS is an iterative curve resolution
ethod applicable to data sets formed by one or more data
atrices (two- or three-way data sets), respectively [25–29]. The

nitial estimate of the concentration profiles can be obtained by
volving factor analysis (EFA) process [31].

In the hard model-combined MCR-ALS, the initial estimate
f the concentration profile of reactants and products obtained by
FA was used to calculate the pure spectra of these chemicals
s S = C+D, where the superscript ‘+’ denotes matrix pseudo
nverse. Then, another estimate of concentration profile was
btained using the calculated pure spectra as C = DS+. The itera-
ive calculation of C and S was continued till the lack of fit error
etween the experimental D and that calculated by Eq. (2) was
inimized or reached to a predefined value. The applied con-

traints through MCR-ALS analysis were non-negativity to pure
pectra and non-negativity, unimodality and closure to concen-
ration profiles. After convergence, the resulted concentration
rofile was fitted to a predefined kinetic model. Here, since fac-
or analysis detected the presence of three coexisting chemical
omponents, two-step consecutive kinetic models of the form of
→ B → C with the respective rate constants of k1 and k2 for

he first and second steps of photodegradation reaction were con-
idered. The differences in the considered kinetic models were
ased on the reaction orders of the first and second steps. Exam-
les of the considered reaction orders are zero–zero, zero–first,
rst–first, first–zero and so on. It should be noted that in the
ase of each kinetic model a separate MCR-ALS analysis was
un.

Once the resulted concentration profile by MCR-ALS was
tted to a kinetic model and rate constants were calculated, a
ew estimated of concentration profile was calculated based on
hese rate constants, and then it was used as initial estimate
f a new MCR-ALS analysis. This operation was iteratively

erformed till no significant improvement in the lack of fit error
as obtained. Among the examined kinetics model, one of them

hat reproduced the most reasonable results (with the aspects of
he shape of the concentration and spectral profiles) and also
esulted in the least lack of fit error was selected as the kinetic
odel for the photodegradation of nimesulide.
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. Results and discussion

The photodegradation of drugs is highly dependent on the
rradiation source. For MCR study, a stable irradiation source,
hich induced a detectable degradation, should be employed.
sually, the photodegradation of a chemical compound is caused
y oxidation or by the breakdown of certain weak chemical bond,
here both phenomena are energy related and consequently they

hould be preceded by photons with specified wavelengths. On
he other hand, the rate of photodegradation reaction is depen-
ent on light intensity so that the higher light intensity, the
aster reaction rate. We firstly examined a 200 W tungsten lamp
nd then a 254 nm UV lamp. No significant degradation was
bserved in the presence of both irradiation sources even for
ome days. However, remarkable changes in the absorbance
pectra of nimesulide were observed when it was exposed to nat-
ral sunlight. Thus, the latter was used as the irradiation source
or monitoring nimesulide photodegradation.

The changes in the absorbance spectra of the methanolic solu-
ion of nimesulide (8 × 10−5 M) upon exposure to sunlight at
ifferent lighting time are represented in Fig. 1. As it is observed,
he nimesulide spectrum possess two absorbance maxima at 300
nd 330 nm, whereas upon lighting the absorbance intensity is
ecreased at both peak maxima, accompanied with a shift of
he former to lower wavelengths. In addition, an increase in the
bsorbance is observed at wavelengths lower than 280 nm. These
hanges in the absorbance spectra of nimesulide can be attributed
o conversion of nimesulide to its degradation product(s). The
ig. 1. Absorbance spectra of the 8 × 10−5 M methanolic solution of nimesulide
xposure to sunlight in 30 h lighting time intervals: (1) before lighting and (7)
fter 180 h lighting.
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egraded to 2-phenoxy4-nitroaniline and methanesolfunic acid,
here the latter dose not have significant absorbance at the wave-

ength intervals depicted in Fig. 1. The authors also detected an
nknown degradation product.

To investigate the number of independent chemical absorb-
ng species created through photodegradation of nimesulide, the
ata matrix of the recorded absorbance at different lighting times
ere subjected to factor analysis (FA) [30]. The variation in the

igen-values (EV) of the covariance data matrix as a function
f number of factor is represented in Fig. 2A for the first 10
actors. As it is observed, there is a relatively large separation
etween the third and fourth eigen-values. The three first fac-
ors, which could explain about 99% of total variances in the
bsorbance data, contained the systematic variances and the rest
f factors can be considered as noisy factors. The number of
ignificant factors was also investigated by loadings plot as it
s represented in Fig. 2B. Obviously, the first three ladings rep-
esent the systematic variations and the fourth one represents
noisy distribution. Therefore, both eigen-value and loading

lots indicate the presence of three absorbing coexisting chemi-
al species in the reaction system. This result was confirmed by
volving factor analysis (EFA) [31]. As it is shown in Fig. 3A,
he forward and backward EFA plots represent a large separation
etween the first three eigen-values and the rest of ones. This is
nother confirmation of the presence of three chemical species
n photodegradation reaction of the studied drug.

The detected chemical species by FA results can be attributed

o the pure drug and its photodegradation products. This means
hat the photodegradation of nimesulide in the experimental con-
itions employed in this work may be preceded in a two-step
anner. The calculated initial estimate of the concentration pro-

ig. 2. FA results for determining the number of absorbing chemical species.
A) Variation of the logarithm of eigen-values as a function of the number of
actors. (B) The normalized loadings plot for the first four factors. The numbers
n the plot indicate factor’s number.
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ig. 3. Results of EFA: (A) plots of the logarithm of eigen-values as function
f lighting time for forward (solid lines) and backward (dashed lines) analyses
nd (B) initial estimate of concentration profile.

le of the reactant and products by EFA is shown in Fig. 3B.
he plotted concentration profiles are more likely to a con-
ecutive two-step reaction of the form of A → B → C, where

is pure nimesulide and B and C are the intermediate and
nal products, respectively. According to the previous study
17], the first step of photodegradation can be attributed to the
–S bond cleavage, and formation of methanesolfunic acid and
-phenoxy-4-nitroaniline (see Scheme 1). The second step of
hotodegradation reaction can be related to further degradation
f 2-phenoxy-4-nitroaniline, which can be proceeded by two
ifferent reactions: (1) oxidation of –NH2 to nitroso or nitro
nd (2) C–O bond cleavage and formation of 4-nitroaniline and
henol. It should be noted that in both reactions, the number
f identified chemical species by FA is 3. In the second case,
here two products are formed in the second step, the system is

ank deficient and both products should be considered as a single
bsorbing species. Therefore, irrespective to the reaction course
onsidered, the overall reaction mechanism can be considered
s A → B → C.

To resolve the optimum concentration profile and pure spec-
ra of A, B and C species, and to find the reaction orders of
he first and second steps, at the first, soft-modeling MCR-
LS without hard-model constraint was employed. The resulted
ptimum concentration profiles, shown in Fig. 4A, are more
ikely to exponential decay for both reaction steps. This indi-
ates that the reaction orders are first order with respect to
imesulide in the first step and 2-phenoxy-4-nitroaniline in the

econd step. To be insure about this hypothesis, the concentra-
ion profiles were fitted to different kinetic models considering
he following reaction orders: zero–zero, first–zero, zero–first,
rst–first, zero–second, second–zero, first–second, second–first
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Fig. 4. Concentration profiles of the nimesulide and its degradation products as
a function of lighting time calculated by (A) soft-modeling MCR-ALS and (B)
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nimesulide has not significant effect on its absorbance spec-
trum. On the other hand, the resolved pure spectrum of the final
degradation products exhibited significant differences from that
ombined hard–soft modeling MCR-ALS. The error bars shown in part B are the
5% confidence intervals of the concentrations calculated from three replicate
easurements.

nd second–second, where the words before and after ‘–’ denotes
he reaction order for the first and second reaction step, respec-
ively. Among the different considered kinetic models, when
oth reaction steps were considered as first-order, the least fitting
rror was obtained.

Due to the rotational ambiguity, we found a considerable
ifference between the fitted concentration profiles and those
esolved by soft-modeling MCR-ALS analysis. Therefore, to
btain more accurate results, the hard model constraint was
pplied. The fitted concentration profile was used as the ini-
ial estimate of MCR-ALS and it was optimized again. This
rocedure was run many times till the least root mean square
rror was obtained between the optimized concentration pro-
le resulted by MCR-ALS and the fitted one. The results are
epresented in Fig. 4B. Obviously, there is a close agreement
etween the fitted concentration profiles and those resolved by
CR-ALS. The following rate equations were used for fitting

he resulted concentration profiles by MCR-ALS:

A]t = [A]0e−k1t (3)

B]t = [A]0k1 [e−k1t − e−k2t] (4)

k2 − k1

C]t = [A]0 + [A]0

k1 − k2
[k2 e−k1t − k1 e−k2t] (5) F

u

l and Biomedical Analysis 47 (2008) 625–630 629

In the above equations, [A]0 is the analytical concentration
f drug before exposing to sunlight and [A]t, [B]t and [C]t

re time-dependent equilibrium concentration of nimesulide,
nd its intermediate (2-phenoxy-4-nitroaniline) and final pho-
odegradation products, respectively. The respective first-order
ate constants are denoted by k1 and k2, and t denotes lighting
ime. The calculated first-order rate constants of the first and sec-
nd reaction steps were 0.052 (±0.007) and 0.009 (±0.001) h−1,
espectively. The kinetic profiles shown in Fig. 4B and the calcu-
ated rate constants suggest that the first photodegradation step
f nimesulide is faster than the second one. The error bars shown
n Fig. 4B are the confidence intervals in the concentrations cal-
ulated from three replicate samples. The low values of the error
ars explain the reproducibility of the data collection as well as
he MCR-ALS calculations.

An important application of MCR-based methods is calculat-
ng the pure spectra of the reaction products, especially unstable
ntermediate products. Once the concentration profile of the
bsorbing species coexisted in the reaction system was obtained,
he pure spectra of these components can be easily calculated
y pre-multiplication of experimental absorbance data matrix
ith the pseudo-inverse of concentration profile data matrix.
he results are represented in Fig. 5. The resolved spectrum
f nimesulide is the same as that obtained experimentally (see
pectrum #1 of Fig. 1). The pure spectrum of the intermediate
egradation product (i.e., 2-phenoxy-4-nitroaniline) is similar to
hat of nimesulide. The slight differences are the decreased and
ncreased absorbencies at wavelengths higher and lower than
94 nm, respectively. This implies that N–S bond cleavage in
ig. 5. The calculated pure spectra of nimesulide (A) and its degradation prod-
cts: (B) intermediate product and (C) final product.
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f both nimesulide and the intermediate product so that the peak
axima of nimesulide at 300 nm was shifted to 288 nm in the
nal degradation product.

As it was noted previously, the chromatographic-based pho-
odegradation study of nimesulide has been previously reported
y Kovarikova et al. [17], where the authors could separate the
hotodegradation products of nimesulide after a long time expo-
ure (i.e., 80 h) of drug to 254 nm UV radiation. However, no
inetic study was conducted in that work. The proposed method
n this article is the first kinetic report on the photodegradation of
imesulide. Besides, we employed UV–vis spectrophotometer,
s an alternative to chromatographic method, for monitoring of
imesulide photodegradation.

cknowledgement

Financial support of this project by the Research Council of
hiraz University of Medical Sciences is acknowledged.

eferences

[1] C. Michaux, C. Charlier, F. Julemont, X. de Leval, J.M. Dogne, B. Pirotte,
F. Durant, Eur. J. Med. Chem. 40 (2005) 1316–1324.

[2] J.J. Dubost, M. Soubrier, B. Sauvezie, Rev. Med. Int. 20 (1999) 171–178.
[3] D.A. Kujubu, B.S. Fletcher, B.C. Varnum, R.W. Lim, H.R. Herschman, J.

Biol. Chem. 266 (1991) 12866–12872.
[4] J.P. Famaey, Inflamm. Res. 46 (1997) 437–446.
[5] H.S. Mahal, M.C. Rath, T. Mukherjee, Res. Chem. Intermed. 5 (2003)

503–522.
[6] J.E.F. Reynolds (Ed.), Martindale: The Extra Pharmacopoeia, 29th ed.,

Pharm. Press, London, 1989, p. 31.
[7] G. Ragno, G. Ioele, M. De Luca, A. Garofalo, F. Grande, A. Risoli, J.
Pharm. Biom. Anal. 42 (2006) 39–45.
[8] M.L. Calabro, S. Tommasini, D. Raneri, P. Donato, P. Ficarra, R. Ficarra,

J. Chromatogr. B 800 (2004) 245–251.
[9] J. Mielcarek, I. Khmelinskii, M. Sikorski, H. Stefaniak, J. Photochem.

Photobiol. A: Chem. 192 (2007) 197–203.

[
[

[

l and Biomedical Analysis 47 (2008) 625–630

10] P.D. Tzanavaras, D.G. Themelis, J. Pharm. Biomed. Anal. 43 (2007)
1483–1487.

11] P. Ptacek, J. Macek, J. Klima, J. Chromatogr. B Biomed. Sci. Appl. 758
(2001) 183–188.

12] M. Carini, G. Aldi, R. Stefani, C. Marinello, J. Pharm. Biomed. Anal. 18
(1998) 201–211.

13] C. Wang, X. Shao, Q. Liu, Q. Qu, G. Yang, X. Hu, J. Pharm. Biomed. Anal.
42 (2006) 237–244.

14] A. Singh, P. Singh, V.K. Kapoor, in: A. Singh, P. Singh, V.K. Kapoor
(Eds.), Analytical Profiles of Drug Substances and Excipients, vol. 28, part
Nimesulide, Academic Press, New Jersey, 2001, pp. 198–249.

15] S.P. Puthi, P.R. Varia, J. Pharm. Biomed. Anal. 22 (2000) 672–677.
16] H. Bartsh, A. Epier, H. Kopelent-Frank, J. Pharm. Biomed. Anal. 20 (1999)

531–541.
17] P. Kovarikova, M. Mokry, J. Klimes, J. Pharm. Biomed. Anal. 31 (2003)

827–832.
18] R.G. Brereton, Chemometrics: Data Analysis for the Laboratory and Chem-

ical Plant, John Wiley & Sons, New York, 2003.
19] A. de Juan, R. Tauler, Crit. Rev. Anal. Chem. 36 (2006) 63–176.
20] S. Norman, M. Maeder, Crit. Rev. Anal. Chem. 36 (2006) 199–209.
21] M. Maeder, Y.-M. Neuhold, G. Puxty, P. Gemperline, Chemometr. Intell.

Lab. Syst. 82 (2006) 75–82.
22] M. Shamsipur, B. Hemmateenejad, M. Akhond, K. Javidnia, R. Miri, J.

Pharm. Biomed. Anal. 31 (2003) 1013–1019.
23] K. Javidnia, B. Hemmateenejad, R. Miri, M. Saeidi-Boroujeni, J. Pharm.

Biomed. Anal. 46 (2008) 597–602.
24] M. Shamsipur, B. Hemmateenejad, M. Akhond, J. Sol. Chem. 32 (2003)

819–829.
25] A. de Juan, M. Maeder, M. Martı́nez, R. Tauler, Chemometr. Intell. Lab.

Syst. 54 (2000) 123–141.
26] J.M. Amigo, A. de Juan, J. Coello, S. Maspoch, Anal. Chim. Acta 567

(2006) 245–254.
27] L. Blanchet, A. Mezzetti, C. Ruckebusch, J.-P. Huvenne, A. de Juan, Anal.

Bioanal. Chem. 387 (2007) 1863–1873.
28] J.C.G. Esteves Da Silva, R. Tauler, Appl. Spectrosc. 60 (2006) 1315–

1321.

29] A. de Juan, R. Tauler, Crit. Rev. Anal. Chem. 36 (2006) 163–176.
30] E.R. Malinowski, Factor Analysis in Chemistry, Wiley, New York,

2002.
31] H. Gampp, M. Maeder, C.J. Meyer, A.D. Zuberbuhler, Talanta 32 (1985)

1133–1139.


	Spectrophotometric monitoring of nimesulide photodegradation by a combined hard-soft multivariate curve resolution-alternative least square method
	Introduction
	Experimental
	Chemical and reagents
	Apparatus and software
	Procedure
	Combined-hard model MCR-ALS analysis

	Results and discussion
	Acknowledgement
	References


