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The degradation products of diclofenac in aqueous dosage form in accelerated storage conditions were characterized by
onization–ion trap mass spectrometry (ESI–MS). Liquid chromatography (LC)–MS analyses revealed the presence of three d
roducts. ESI–MSn spectra were used to study diclofenac fragmentation in detail and to characterize the structures of degradation
previously described degradation product, formed by a cyclization reaction of diclofenac producing the indolinone derivative, w
s any hydroxylated product was found, no oxidation seems to occur in the dosage form used. On the contrary, two degradate
etected and identified, leading to a primary alcohol structure or an aldehyde function in place of the acetate group of diclofenac.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Diclofenac, 2-[(2,6-dichlorophenyl)amino]benzeneacetic
cid, sodium salt, is a synthetic non steroidal anti-

nflammatory drug. This drug is well known and commer-
ially available on the market in various pharmaceutical
orms (enteric coated oral tablets, sustained releases oral
ablets, topical preparations, ophthalmics, injections,. . .).
tability studies of the dosage form have shown the pres-
nce of degradation products. Drug degradation in dosage

orms is a very complex and often unpredictable process
nd its mechanism varies from compound to compound.
epending on the structure of the drug molecule, degrada-

ion process may be influenced by temperature, humidity,
ight, containers and occurs from oxidation processes (air,
ight and metal ions traces), hydrolysis, dehydration, adduct
ormation, dimerization, rearrangement, excipient reaction,
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and often from the combination of these processes. D
the past decade, the LC–MS system has become one
most powerful techniques for the identification of degra
tion products in dosage formulations[1–3]. For the deter
mination of diclofenac and its metabolites or degrada
products, various analytical methods have been used in
ing LC/UV [4–8], LC/APCI–MS[9], LC/ICP–MS/TOF–MS
[10], LC/ICP–MS[11], LC/ESI–MS in negative mode[12],
HPTLC [13], GC/MS[14] and CE[5]. In the present work
LC/ESI–MS in a positive mode and ion-trap MSn experi-
ments were used to characterize the degradation produ
diclofenac in aqueous solution.

2. Experimental

2.1. Reagents and chemicals

Diclofenac, 2-[(2,6-dichlorophenyl)amino]benzeneac
acid, sodium salt, was supplied by Thea Laborato
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(Clermont-Ferrand, France). 1-(2,6-Dichlorophenyl)indolin-
2-one was purchased from European Pharmacopoeia
(Strasbourg, France), [2-[(2,6-dichlorophenyl)amino]phen-
yl]methanol and 2-[(2,6-dichlorophenyl)amino] benzalde-
hyde were from LGC Promochem (Molsheim, France).
HPLC grade methanol was purchased from SDS (Peypin,
France) and formic acid from Sigma (Saint-Quentin Fallavier,
France). Pharmaceutical ophthalmic solutions of diclofenac
sodium at 1 mg mL−1 were manufactured by Thea labora-
tories. The main excipient of this formulation was a poly-
oxyethylated castor oil (Cremophor® EL–BASF AG., Lud-
wigshafen, Germany) and the final buffered aqueous solution
was at neutral pH.

2.2. Analytical methods

A HP 1100 (Agilent, Palo Alto, CA, USA) liquid chro-
matograph equipped with a 500�m× 150 mm Kromasil C18
capillary column, particle size 5�m (AIT, Le Mesnil le Roi,
France) was used in the separation of diclofenac and its degra-
dation products. The mobile phase, a mixture of methanol
and 0.1% aqueous formic acid pH 2.5 (80:20, v/v), was
degassed and filtered through a 0.45�m filter (Millipore,
Saint-Quentin en Yvelines, France). LC separations were per-
formed at room temperature at a flow rate of 0.4 mL min−1.
The eluent flow from the LC pump was split 1:100 with a LC-
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ated testing conditions for 9 weeks at 60◦C prior to analysis.
No degraded samples were stored at room temperature.

3. Results and discussion

Diclofenac degradation products were separated by
high performance liquid chromatography (HPLC) and
characterized by on-line electrospray ionization–ion trap
mass spectrometry (ESI–MS). The comparison of chro-
matograms obtained with degraded samples and non de-
graded samples revealed the presence of three additional
peaks in the degraded samples: DP1 at 17.5 min (m/z
278/280), DP2 at 21 min (m/z 268/270) and DP3 at 27 min
(m/z 266/268).Fig. 1(a) shows EIC chromatograms and
Fig. 1(b) the ESI–MS2 mass spectra of diclofenac and
degradates.

3.1. Diclofenac fragmentation pattern

The characteristic pattern of diclofenac fragmentation was
used to characterize the degradation products of diclofenac
and MS and MS2 spectra are shown inFig. 2. The presence
of chlorine and its characteristic isotopic species (35Cl and
37Cl) in diclofenac allowed to follow the diclofenac degra-
dation products (DP). Indeed, isotopic peaks at M, M + 2 and
M ter-
i ed in
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ackings (Dionex, France) pre-column splitter. Detectio
ompounds was performed using a UV detector at 25
nd on-line mass spectrometry.

Mass spectrometric experiments were performed in a
tive ion mode on an Esquire-LC ion trap (Bruker, Brem
ermany) mass spectrometer equipped with an ESI so

he end plate voltage was set at−3.5 kV, the capillary a
4 kV, the capillary exit at 30 V and the skimmer at 10 V. T

amples, diluted 1/30 in methanol/water (1:1, v/v) contai
.1% formic acid, were introduced by injection with a Rh
yne injector with a 5�L sample loop. Nitrogen was used

he drying (300◦C, 5 L min−1) and nebulizing (17 psi) ga
he mass range scanned in MS and MSn runs wasm/z50–500
ach MS spectrum was recorded by averaging 10 spectr

ailed fragmentation studies of diclofenac sodium and sp
ed degradation products were performed by ESI–MS d
nfusion into the spectrometer at a flow of 2�L min−1 using a

icrosyringe pump (Harvard Apparatus, USA). MS analy
ere performed using total ion current (TIC) chromatogra
pecific compounds (m/zcorresponding to diclofenac and
pecified degradation products) were detected using extr
on current (EIC) chromatograms. Electron ionization
pectra were obtained by direct introduction using a
989 A mass engine (Hewlett Packard/Agilent, Palo A
A, USA).

.3. Samples preparation

Pharmaceutical ophthalmic solutions of diclofe
odium at 1 mg mL−1 were stored in glass vials under acce
+ 4 with relative intensities in a ratio 9:6:1 are charac
stics of the presence of two chlorine atoms as observ
he protonated diclofenac mass spectrum (ions 296/298/
n the following discussion, only the most abundant
opes are considered, which leads to a proportion of 3:

and M + 2. The compound ion spectrum atm/z 278/280
rom protonated diclofenac [M + H]+ is due to the loss o
8 u and corresponds to dehydration (Scheme 1). The frag-
entation of ionsm/z 278/280 (ratio 3:2) [M + H− H2O]+

hows the loss of a neutral CO (28 u) producing cat
tm/z 250/252 (3:2) [M + H− H2O− CO]+. Further cleav
ge of chlorine radical leads to the radical ionsm/z215/217
3:1) [M + H− H2O− CO− •Cl]•+. The MS3 fragmentation
f m/z 215/217 shows the loss of a second chlorine

cal producing the cation atm/z 180 [MH− H2O− CO−
•Cl]+.

Interestingly, the formation of a radical ion from
ation is observed in the ion trap MSn fragmentation, o
he contrary with classical mechanisms of electron im
ragmentation in which this secondary fragmentation
ation leading to a radical-cation) is considered as hi
mprobable. This was confirmed by acquiring the m
pectra of diclofenac in EI mode and the series of
as 295/297 [M]•+ → 277/279 [M− H2O]•+ → 242/244

M − H2O− •Cl]+ → 214/216 [M− H2O− •Cl − CO]+.
he ion atm/z 214 is the base peak in the EI spectr
nd its high stability can be explained by the exten
harge delocalization and stabilization as a result from
ormation of a quaternary ammonium ion as observed
/z215/217 in ESI–MS (Scheme 1).
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Fig. 1. LC–MS analysis of a diclofenac pharmaceutical aqueous formulation stored for 9 weeks at 60◦C: (a) extracted ion current (EIC) chromatograms of
diclofenac and its degraded products at [M] and [M + 2] for each compound, with regard to the isotopics species of chlorine (35Cl and37Cl): m/z278 and 280
for DP1 at 17.5 min,m/z268/270 for DP2 at 21 min,m/z296/298 for diclofenac at 23.2 min andm/z266/268 for DP3 at 27.0 min. (b) LC–ESI–MS2 spectra of
the chlorinated ions.

3.2. Diclofenac degradation product 1

After isolation and fragmentation of the precursor ion at
m/z 278/280 (ratio 3:2) of the DP1 peak, fragment ions at
243/245 (3:1) and 215/217 (3:1) are obtained. The differ-

ence of 18 u between DP1 and diclofenac is consistent with
a dehydration of diclofenac by an intramolecular cycliza-
tion leading to the 1-(2,6-dichlorophenyl)indolin-2-one. This
compound is generally described as a synthesis intermediate
of diclofenac (impurity A of the European pharmacopoeia)



M.-J. Galmier et al. / Journal of Pharmaceutical and Biomedical Analysis 38 (2005) 790–796 793

Fig. 2. ESI mass spectra of diclofenac reference standard. MS spectrum (top), MS2 spectrum ofm/z 296/298 (middle) and MS3 spectrum ofm/z 215/217
(bottom).



794 M.-J. Galmier et al. / Journal of Pharmaceutical and Biomedical Analysis 38 (2005) 790–796

Scheme 1. Proposed fragmentation mechanism for protoned diclofenac.

F
(

ig. 3. Analysis of [1-(2,6-dichlorophenyl)indolin-2-one] standard (a) ESI–M2 s
b) LC–MS analysis of the same solution. UV was measured at 254 nm. The
Spectrum obtained by fragmentation of the [M + H]+ ion by direct infusion.
shift between UV and MS elution time is due to the on-line analysis.
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Scheme 2. Proposed fragmentation mechanism for protoned DP1.

[15] but also appears after heating[16–19]or light exposure
[8] and was already described as a degradation product in top-
ical emulgel[7]. The fragmentation pattern of the correspond-
ing standard was determined by direct analysis andFig. 3(a)
shows the following series of MS2 product ions: 278/280,
250/252, 243/245, 215/217 and 208. A MS3 experiment dis-
played in fact two different pathways (Scheme 2). The first
one is characterized by an initial CO loss fromm/z278/280
[M + H] + leading tom/z 250/252 (ratio 3:2) [M + H− CO]+

and the second pathway is an initial loss of a chlorine radical
leading tom/z243/245 (ratio 3:1) [M + H− •Cl]•+. The frag-
mentation ofm/z243/245 shows the loss of a second chlorine
radical leading tom/z 208 followed by the loss of a neutral
CO leading tom/z 180. Fig. 3(b) shows the measured UV
chromatogram, the ESI–MS–TIC and the ESI–MS–EICm/z
278. As retention time of reference is similar to those of the
DP1, this degraded product of diclofenac in the dosage form is
therefore confirmed as being 1-(2,6-dichlorophenyl)indolin-
2-one.

3.3. Diclofenac degradation product 2

The mass spectrum of protonated DP2 shows ions atm/z
268/270 in a ratio 3:2 characteristic of two chlorine atoms.
The difference of 28 mass units between diclofenac and DP2
s f the
a m of
p
m on
a ions
m
s
1 ruc-
t ma-
c ce

product of impurity C confirmed the identity of DP2 as [2-
[(2,6-dichlorophenyl)amino]phenyl]methanol.

3.4. Diclofenac degradation product 3

The mass spectrum of protonated DP3 shows ions atm/z
266/268 in a ratio 3:2 (two chlorine atoms). The difference
of 30 mass units between diclofenac and DP3 suggests an
aldehyde structure in DP3 instead of the acetate group of di-
clofenac. The MS2 fragmentation of protonated DP3 leads
to m/z 248/250 by loss of 18 u by dehydration inFig. 1(b).
The structure of DP3 seems to be in keeping with the impu-
rity B structure described for diclofenac in European Phar-
macopoeia[15]. After direct infusion of this standard, the
MS2 analysis leads tom/z248/250 as for DP3. The dehydra-
tion leads to a quaternary ammonium structure with a higher

2.
uggests a primary alcohol structure in DP2 instead o
cetate group of diclofenac. The product ions spectru
rotonated DP2 inFig. 1(b), produced by an MS2 experi-
ent, shows the ionsm/z250/252 (3:2) due to a dehydrati
nd the subsequent loss of a chlorine radical producing
/z 215/217 (3:1). The MS3 fragmentation ofm/z 215/217
hows the loss of a second chlorine radical leading tom/z
80 (Scheme 3). These results are consistent with the st

ure of the impurity C described in the European Phar
opoeia[15]. Further HPLC experiment with the referen
 Scheme 3. Proposed fragmentation mechanism for protoned DP
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Scheme 4. Proposed fragmentation mechanism for protoned DP 3.

degree of conjugation than inm/z 250/252 observed in di-
clofenac, DP1 and DP2. Moreover, any subsequent fragmen-
tation was observed by using MS3 analysis for DP3 as for
impurity B (Scheme 4). Further HPLC showed the concor-
dance in the retention times and confirmed the identity of
DP3 as 2-[(2,6-dichlorophenyl)amino]benzaldehyde.

4. Conclusion

Ion trap with MSn spectra analysis has been shown to be a
very powerful tool in the characterization of the degradation
products of diclofenac. The method is based on comparison
of the fragmentation pathways of parent molecule and degra-
dation products. The degradate formed by an intramolecular
cyclization with loss of water has been previously described
[19]. Two other degradation products have been found in
accelerated storage conditions (9 weeks at 60◦C). In the
contrary with attempted results with regard to hydroxylated
compounds described after UV/H2O2 and ozone exposure
[20], no advanced oxidation was found. DP2 and DP3 degra-
dates, identified as the impurities B and C of diclofenac in the
European Pharmacopeia monograph, seem to proceed in a re
ductive way which might be related with the Chremophor®

EL based vehicle, a surfactant agent used to improve the sol-
ubility of the drug substance. At last, these products B and C,

known to be synthesis impurities, have never been described
as degradation products in a dosage form.
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