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“In-source” fragmentation of an isobaric impurity of lamotrigine for its
measurement by liquid chromatography tandem mass spectrometry after
pre-concentration using solid phase extraction
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1. Introduction
Lamotrigine ((3,5-diamino-6-(2,3-dichlorophenyl)-1,2,4-tria-
zine) is the active pharmaceutical ingredient in Lamictal®, which is
a novel antiepileptic that has a membrane-stabilising mechanism
via blockade of voltage-dependent sodium channels and inhibition
of glutamate release [1,2]. 14W80 ((Z)-2-(2,3-dichlorophenyl)-2-
guanidinylimino)acetonitrile is a synthetic intermediate in some
routes of synthesis for lamotrigine (refer to Fig. 1 for structures).
Since 14W80 is an intermediate in some synthetic routes, it is a
route indicative impurity. To determine the route of synthesis, it
is necessary to monitor for its presence/absence in final drug sub-
stance and drug products. In this paper we describe an LC–MS/MS
method using in-source fragmentation with Atmospheric Pres-
sure Chemical Ionisation (APCI) followed by multiple reaction
monitoring (MRM).

The major difficulty with analysing 14W80 is that it is iso-
baric with lamotrigine (Fig. 1). As it is more hydrophobic than
lamotrigine, it elutes with a longer retention time using reverse
phase chromatography. A high concentration of lamotrigine (drug
substance or drug product) is required to be introduced into the
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en developed for trace analysis (i.e. sub-ppm levels) of a key syn-
2-(2,3-dichlorophenyl)-2-(guanidinylimino)acetonitrile) in lamotrigine
enyl)-1,2,4-triazine). 14W80 is isobaric with lamotrigine, which gives an

determination and the various problems associated with development of
e discussed in this work. Ultimately, a liquid chromatography tandem mass
hod using in-source fragmentation with Atmospheric Pressure Chemical
ultiple reaction monitoring (MRM) has been found to provide adequate

tection limit of 25 ppb mass fraction relative to lamotrigine was achieved
ase extraction (SPE) enhanced the detection limit to 2 ppb mass fraction
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chromatographic system in order to detect 14W80 at trace level
(sub-ppm mass fraction levels relative to lamotrigine). Even with
good chromatographic separation, a method based on single mass
alone such as Single Ion Monitoring would be unsuitable for detec-
tion of 14W80, as tailing from the lamotrigine peak would mask

detection of low levels of 14W80. In addition, the similarity of
structures and thus polarity for lamotrigine and 14W80 makes
development of a sample preparation technique complex. In pre-
viously published work [3], solvent extraction with normal phase
chromatography followed by reverse phase chromatography was
used to achieve a detection limit for 14W80 in lamotrigine of
50–100 ppb mass fraction. In this work, we have looked at both
mass spectrometric and sample preparation techniques, to develop
a simpler method, with improved detection limits over the previ-
ously reported work [3].

In atmospheric pressure ion sources, e.g. APCI or electrospray
ionisation (ESI), fragmentation of ions can occur in the ion source
(in-source fragmentation) before ions reach the analyser. Although
this method of fragmentation is less selective than tandem mass
spectrometry, as all ions in the source will be fragmented simul-
taneously, it has been used by several research groups [4–8]. The
most common method employed to achieve best specificity, selec-
tivity and sensitivity in LC–MS/MS is MRM [9–12]. In this work, we
combine the usage of in-source fragmentation with MRM to over-
come the challenges posed by the fact that 14W80 is isobaric with
lamotrigine.
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Fig. 1. MS/MS and structures for lamotrigine (C9H7Cl2N5) and 14W80 (C9H7Cl2N5).
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To achieve better detection limits, solid phase extraction (SPE)
[13–19] can be used to enrich trace analytes of interest. Ana-
lytes which show hydrophobic characteristics can be retained and
enriched on non-polar stationary phases such as a C18 phase, whilst
analytes, which show hydrophilic characteristics, can be washed
off. To achieve the sensitivity required (sub-ppm mass fraction
levels) for the measurement of 14W80 in lamotrigine, this sam-
ple preparation technique has been combined with LC–MS/MS
employing in-source fragmentation followed by MRM. The assay
developed was designed as a presence/absence test so that only
semi-quantitative results were reported. Only limited validation
was carried out because the method was developed as a limit
test.

2. Experimental

2.1. Reagents, solvents and standard solutions

14W80 and lamotrigine were supplied by GlaxoSmithKline,
Barnard Castle, UK. HPLC grade Acetonitrile (MeCN), Ammonium
acetate, Phosphoric acid was purchased from Fisher Scientific
UK (Loughborough, Leicestershire, UK). Distilled deionised water
(18.2 �M) was obtained using an Elga Maxima Purification System.

2.2. LC–MS/MS

An Agilent 1100 HPLC (Agilent, Stockport, UK) coupled to an
API4000 triple quadrupole mass spectrometer (Applied Biosys-
tems/MDS Sciex, Concord, Ontario, Canada) was used for this
analysis using MRM detection. A gradient profile using Acetonitrile
(MeCN) (eluent A), and 0.05 M ammonium acetate pH unadjusted
(eluent B) was used to give sufficient separation between lamotrig-
ine and 14W80. The HPLC gradient was set to 15/85 A/B volume
fraction for 10 min with linear gradient up to 95/5 A/B volume
fraction over 10 min. A Luna C18 (2) 50 mm × 2 mm, 3.5 �m (Phe-
nomenex, Macclesfield, UK) with a flow rate of 0.4 mL/min was used
for this analysis.

The API4000 was operated in positive APCI mode. The source
temperature was set to 600 ◦C. The declustering potential was set
to 80 V for fragmentation of 14W80 in the ion source. Ion Spray
voltage was 4.5 kV. The collision energy used for MRM analysis was
17 eV.

14W80 ([M+H]+ = 256) was fragmented in-source after optimi-

sation of the declustering potential to give a fragment ion at m/z
229. For MRM, the transition monitored were m/z 229–187 and m/z
229–152. The transition m/z 229–187 is the most abundant, but m/z
229–152 is used for confirmatory purposes.

2.3. Sample preparation

Samples were either supplied as bulk lamotrigine (drug
substance) or tablets containing lamotrigine. Lamotrigine drug sub-
stance, labelled A–E for proprietary reasons, was obtained from
different sources. The drug products, in form of tablets, and labelled
F–H, were from different sources, too.

Lamotrigine samples were prepared in [15/85 MeCN/water] + 1%
phosphoric acid volume fraction at a mass concentration of
20 mg/mL. For lamotrigine containing tablets, a pestle and mor-
tar was used to crush tablets. The powder was then weighed
and diluted in 1 mL to give an equivalent mass concentration (i.e.
amount of crushed tablet weighed adjusted accordingly to tablet
weight and dosage) of lamotrigine (20 mg/mL). The solution was
then centrifuged at 15,000 rpm for 5 min, and the supernatant was
pipetted into a HPLC vial for analysis. Due to low percentage of
Biomedical Analysis 47 (2008) 731–737 733

organic solvent in the diluent, a high injection volume (100 �L)
could be used without chromatographic peak deterioration.

For SPE analysis, a Mega Bond Elute (1 g) C18 Cartridge was
used with a negative vacuum using a flow rate of approximately
1 mL/min through the cartridge. A 10 mL solution of lamotrig-
ine in [15/85 MeCN/water] + 1% phosphoric acid volume fraction
at 20 mg/mL was prepared. This solution was passed through a
pre-conditioned SPE cartridge. Lamotrigine was washed off the
cartridge with 15/85 MeCN/water +1% phosphoric acid volume frac-
tion. Retained 14W80, was then collected from the cartridge by
eluting with MeCN. The solution was evaporated to dryness and
the residue was reconstituted in 1 mL of diluent.

2.4. Method validation

Limited validation was carried out. Full validation was not
required since the method was only developed as a limit test for
14W80.

Linearity of the method for measurement of 14W80 in the
presence of lamotrigine was performed. 14W80 was spiked into
lamotrigine at six mass fractions (0.2, 0.8, 2, 4, 10 and 20 ppm).
External standards for 14W80 were prepared at 2 ppm mass frac-
tion without lamotrigine present to calculate recovery of 14W80
in lamotrigine. Six replicate injections of 14W80 in the presence of
lamotrigine were performed to calculate repeatability [20].

3. Results and discussion

3.1. Mass spectrometry method development

Fig. 1 shows the tandem mass spectrometry spectra obtained
from the protonated molecule (m/z 256) for both lamotrigine and
14W80. Although, on initial inspection the two MS/MS appear quite
different, there is no product ion in the MS/MS spectrum for 14W80
which is not observed in the spectrum obtained for lamotrigine.
Thus, there is no transition, which is not interfered by lamotrig-
ine, that can be used to develop a selected or multiple reaction
monitoring (SRM or MRM) assay for 14W80 in lamotrigine. This is
detrimental to the detection limits obtained for 14W80 as it elutes
after lamotrigine under all the reverse phase chromatographic
conditions investigated as part of this work. The only literature
reference found where 14W80 elutes prior to lamotrigine is the
work by Ashton et al. [3], which uses preparative normal phase

chromatography. This suggests that normal phase chromatography
is required to change the elution order. However, normal phase
chromatography is not well suited for atmospheric pressure ion-
isation mass spectrometry. A possible approach would be to use a
Hilic phase for LC [21]. However, this was not investigated during
development of this method.

In order to improve selectivity, in-source fragmentation was
investigated, since lamotrigine is a more stable molecule than
14W80, which is reflected in its MS/MS spectrum (Fig. 1). Indeed,
higher collision energy is needed to fragment lamotrigine com-
pared to 14W80, i.e. 35 eV versus 20 eV (Fig. 1). Fig. 2 shows the
in-source fragmentation spectra obtained for both compounds. The
major product ion in the MS/MS of 14W80, i.e. m/z 229, can easily be
obtained in the ion source by adjusting the declustering potential.
This ion is not observed in the corresponding in-source fragmen-
tation spectrum for lamotrigine (Fig. 2). The declustering potential
was optimised so as to yield the maximum ion abundance for m/z
229 in the MS spectrum of 14W80 without yielding the ion in the
lamotrigine spectrum. A value of 80 V was found to give the best
result. MS/MS was then carried out on m/z 229 for 14W80 and two
significant product ions at m/z 187 and m/z 152 were observed.
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Fig. 2. In-source fragmentation MS spectra for lamotrigine and 14W80 (inset zoomed view of noise in region of 229 m/z).
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Fig. 3. Fragmentation pa

Fig. 3 shows a potential fragmentation pathway for the generation
of both the in-source and MS/MS product ions for 14W80.

The two MS/MS product ions (m/z 187 and m/z 152) can be used
to develop an MRM assay for 14W80. As m/z 229 was not generated
in-source for lamotrigine no peak for these two transitions was

Fig. 4. MRM ion chromatogram (transition
thway for 14W80.

observed during the assay development for lamotrigine itself. Fig. 4
shows the transition m/z 229–187 for a sample of lamotrigine at a
mass concentration of 20 mg/mL. Lamotrigine has a retention time
of 8 min, and clearly no peak can be seen at that retention time.
Two transitions were used to increase confidence in the detection of

m/z 229–187) for lamotrigine sample.
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ass fr
Fig. 5. MRM ion chromatogram (transition m/z 229–187) for 50 ppb m

14W80, using m/z 229–187 for semi-quantitation and m/z 229–152
being the qualifier transition.

Using this methodology the detection limit for 14W80 was
25 ppb mass fraction relative to lamotrigine. Hence, without any
sample pre-treatment such as preparative normal phase chro-
matography, an improvement of the detection limit with respect to
the work by Ashton et al. [3] was achieved. This is greatly due to the
fact that the usage of in-source fragmentation of 14W80 is specific
and has significantly reduced/removed the interference from lam-

otrigine. In-source fragmentation of 14W80 permits its analysis by
reverse phase chromatography without the removal of lamotrigine.

3.2. Limited validation

Good linearity was shown over two orders of magnitude for
14W80 (0.2–20 ppm mass fraction) in lamotrigine. The correlation
coefficient was calculated to be 0.998. Coefficient of variation for
six injections of 14W80 in lamotrigine was calculated to be 6%.
Recovery of 14W80 in lamotrigine was found to be above 70% for
all mass fractions (0.2–20 ppm). All calculations were carried out
in accordance with ICH guidelines on validation [20].

3.3. Pre-concentration of 14W80 using solid phase extraction

For some samples better detection limits were required, and the
use of SPE was investigated. 14W80 is more hydrophobic than lam-
otrigine, therefore it is possible to develop a method where 14W80
can be retained on the SPE cartridge and lamotrigine, which is more
hydrophilic, washed off. A series of cartridges and eluent conditions
were investigated. The conditions described in the experimental

Table 1
Semi-quantitative results for the measurement of 14W80 in drug substance and drug pro

Sample description Approximate mass fraction of 14

Drug substance A–E Not detected
Drug product F 30 ppb, both transitions observe
Drug product G 600 ppb, both transitions observ
Drug product H 100 ppb, both transitions observ
action 14W80 in lamotrigine using SPE as sample pre-concentration.

section were found to give the best results. Recovery for 14W80
from the SPE cartridge was calculated to be between 80 and 100%
and a 10-fold increase in sensitivity for 14W80 was observed from
this approach. Thus, the detection limit was calculated to be approx-
imately 2 ppb mass fraction. Fig. 5 shows the extracted MRM ion
chromatogram for the transition m/z 229–187, for 50 ppb mass frac-
tion of 14W80 (retention time 15.5 min) in lamotrigine (retention
time 8 min) using SPE. No response is observed for lamotrigine at
8 min. The other peaks in the chromatogram are due to impuri-

ties with [M+H]+ 229 and which give a product ion at m/z 187,
too. The qualifier transition m/z 229–152 is monitored in parallel.
For samples, where 14W80 is present at a mass fraction close to
the detection limit, the reduced sensitivity for the transition m/z
229–152 means that no peak be observed for this transition. In this
case, a 14W80 standard and a spiking experiment of samples sus-
pected to contain 14W80 are used to confirm the presence/absence
of 14W80.

Although SPE gives a significant improvement in detection limits
(at least one order of magnitude better than previously published
methodology [3]), it was not possible to eliminate all the lamot-
rigine in the samples to be analysed, because such high levels of
material were used in the preparation of the samples. Thus, the
in-source fragmentation step in the methodology was required to
reduce/avoid interference.

3.4. Analysis of lamotrigine drug substance and drug product
samples

The methodology described above (combining in-source frag-
mentation with SPE when and if required) was used to screen both

duct

W80 relative to lamotrigine With/without SPE

With
d With
ed Without
ed Without



cal and
D.J. Carrier et al. / Journal of Pharmaceuti

drug substance and drug product for presence/absence of 14W80,
to understand the route of synthesis of the samples. A series of
samples, both drug substance and drug products (tablets), were
analysed first only using in-source fragmentation. If 14W80 was not
detected in the samples or close to the detection limit, i.e. 25 ppb
mass fraction relative to lamotrigine, SPE, which is more labour
intensive was used. Using this approach 14W80 was detected in
some tablets at varying levels between 30 and 600 ppb mass frac-
tion relative to lamotrigine. In the drug substances analysed, 14W80
was below detection limit, i.e. 2 ppb mass fraction relative to lam-

otrigine. Results are summarised in Table 1. The results shown are
semi-quantitative since the aim of the assay was to test samples
for absence/presence of 14W80. However, the limited validation
carried out on the method shows it is fit for purpose.

4. Conclusion

It can be clearly seen that the methodology developed can be
used to measure low levels (i.e. sub-ppm or even sub-ppb mass
fraction relative to lamotrigine) of 14W80 in both drug product and
drug substance. Depending on the levels present different levels
of complexity of the methodology can be used. The final method
developed met the original aim of this work of providing a simpler
method with an enhanced detection limit, i.e. at least one order of
magnitude better, over the previously published method [3].

This work demonstrated the importance of investigating pos-
sible approaches for improving detection limits when trace level
analysis is required. In this example, in-source fragmentation gives
improved specificity and the selection of appropriate sample prepa-
ration techniques—SPE was able to provide a detection limit of
2 ppb mass fraction for 14W80 relative to lamotrigine.
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