
A

l
r
a
w
o
L
s
i
m
i
a

i
n
©

K

1

g
i
s
(
n
t
r
r
u

f

0
d

Available online at www.sciencedirect.com

Journal of Pharmaceutical and Biomedical Analysis 46 (2008) 520–527

Strategy for identification of leachables in packaged
pharmaceutical liquid formulations

Changkang Pan ∗, Ferris Harmon ∗, Karen Toscano, Frances Liu, Richard Vivilecchia
Pharmaceutical and Analytical Development, Novartis Pharmaceuticals Corporation, One Health Plaza, East Hanover, NJ 07936, USA

Received 21 September 2007; received in revised form 19 November 2007; accepted 20 November 2007
Available online 26 November 2007

bstract

Drug stability is one of the key properties to be monitored in pharmaceutical drug development. Drug degradation products, impurities and/or
eachables from the drug product and packages may have significant impacts on drug efficacy, safety profile and storage conditions. In the
egistration stability samples of an ophthalmic pharmaceutical drug product, an unknown compound was found at a level of 0.19% by HPLC
nalysis. Subsequent liquid chromatography/mass spectrometry (LC/MS) analysis with electrospray ionization (ESI) indicated that the unknown
as not related to the drug substance and was most likely a leachable. Identification of this unknown leachable was needed to evaluate the impact
n drug safety. Through systematic extraction of various components or component combination of the packaging materials, and subsequently
C/MS analysis, the unknown was found to be a leachable coming from the varnish applied to the label. In general, using LC/MS alone is not
ufficient to elucidate the structure of a complete unknown. Gas chromatography/mass spectrometry (GC/MS) was then conducted with a chemical
onization (CI) source to determine the retention time and mass of the compound of interest. Both CI and ESI sources generated the same protonated

olecular ion [M + H] and similar fragmentation ions, which provides a good correlation of the unknown eluted in the liquid chromatogram and
n the gas chromatogram. GC/MS with electron impact (EI) was then conducted to obtain the EI mass spectrum of this unknown. It was identified

s monomethyl derivative of mephenesin through the NIST library search.

The identification strategy utilized electrospray LC/MS and GC/MS with chemical and electron ionization sources which provided complimentary
nformation for structure elucidation of this unknown compound. This combination approach in conjunction with systematic extraction was
ecessary for the determination of the source of this unknown in the pharmaceutical drug stability studies.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Hyphenated analytical techniques in which a chromato-
raphic separation is coupled online with one or more
nformation-rich detectors, such as liquid chromatography/mass
pectrometry (LC/MS), gas chromatography/mass spectrometry
GC/MS) and liquid chromatography nuclear magnetic reso-
ance (LC/NMR), have quickly become powerful tools for
he identification or confirmation of low or trace level impu-

ities. These techniques have complementary selectivity that
equire analysis by all to completely define an unknown molec-
lar structure. The LC/MS technique has been widely used
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n the pharmaceutical industries due to its high sensitivity,
electivity, dynamic range and ruggedness [1–5]. The tech-
ique has excellent sensitivity for the detection of trace level
mpurities and degradation products observed in pharmaceutical
rug development and manufacturing process. Mass spectrom-
try techniques are commonly used to identify leachables in
variety of pharmaceutical products. A leachable from adhe-

ives used in pharmaceutical products was identified using
ata-dependant LC/tandem mass spectrometry [6]. A leach-
ble from rubber closure was identified by HPLC, UV and
S detectors [7]. GC/MS was also used to study leachables

rom disposable syringes [8]. However, in some complicated
ituations LC/MS technique by itself cannot come up with

he final structures. In these cases, a strategy that combines
C/MS and GC/MS with NIST library search can provide addi-

ional information for complete structural elucidation of an
nknown.
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This investigation involved the identification of an unknown
eachable found in a registration stability sample of an oph-
halmic solution stored in a semi-permeable low density
olyethylene (LDPE) bottle. Initial LC/MS/MS analysis of the
nknown indicated that the unknown was not structurally related
o the active ingredient. Hence, the unknown was identified as a
eachable from plastics or labels on the semi-permeable bottles.
ll packaging for human use must be suitable per FDA guidance
n packaging for human drugs [9,10]. The unknown impurity
as detected in the final market container when the product

abel was changed shortly before the start of registration stabil-
ty program. After 6 months at 40 ◦C/20%RH test station, an
nknown impurity was found above the identification threshold
f 0.1% from two separate samples. An investigation was initi-
ted to determine both the source of the unknown impurity and
ts identification followed by an assessment of the maximum
aily exposure. Controlled extraction studies were conducted to
etermine the source of this impurity using reverse phase HPLC
radient. LC/MS/MS and GC/MS experiments were performed
o determine the identity of this unknown in the controlled
xtraction samples of the all packaging components and in the
tability samples.

. Experimental

.1. Chemicals and reagents

Chemicals and reagents used in this study are listed below:

Methanol (HPLC-grade, Fisher, Fair Lawn, NJ, USA).
Acetonitrile (HPLC-grade, Fisher, Fair Lawn, NJ, USA).
Trifluoroacetic acid (ACS-grade, Sigma–Aldrich, St. Louis,
MO, USA).
Ethyl acetate (ACS-grade, Sigma–Aldrich, St. Louis, MO,
USA).

.2. Liquid chromatography tandem mass spectrometry
nstrumentation and condition

.2.1. Mass spectrometry
All LC/MS mass spectral data were collected using an

CQDeca Ion Trap Mass Spectrometer (ThermoElectron, San
ose, CA, USA) equipped with an electrospray ionization (ESI)
ource. The mass range acquired was from 100 to 800 amu in a
ositive ion mode. ESI conditions: capillary temperature 300 ◦C,
apillary voltage 3 V, sheath gas 80 (arbitrary units), auxiliary
as 20 (arbitrary units).

.2.2. Liquid chromatography
A 2690 Alliance HPLC system (Waters, Milford, MA, USA)

as used in this study. The separation was achieved using a
aters SymmetryTM C18, 4.6 mm × 150 mm column with par-

icle size of 3.5 �m (Waters, Milford, USA). Mobile phases A

nd B contained water and acetonitrile in a volume ratio of
0:10 and 10:90, respectively. Both mobile phases also con-
ained 0.05% trifluoroacetic acid. The following HPLC gradient
rogram was applied at a flow rate of 1.0 ml/min: 10% B at

t
c
a
a
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min, increased to 100% B at 30.0 min, changed to 10% B
t 30.1 min and held at 10% B for 10 min before injection of
ext sample; column temperature 30 ◦C; injection size ranged
rom 100 to 250 �l, sample solvent was water–acetonitrile in

volume ratio of 60:40. A UV6000 LP PDA diode array
etector (ThermoElectron, San Jose, CA, USA) was used to
onitor the UV–vis signals at either 220 nm or 190–500 nm

ange.

.3. Gas chromatography tandem mass spectrometry
nstrumentation and condition

The gas chromatograph utilized was TRACE GC-2000 (Ther-
oElectron, San Jose, CA, USA). The capillary column used
as a HP-5MS, 30 m × 0.25 mm i.d. × 0.1 �m film thickness

Agilent Technologies, Wilmington, DE, USA). The carrier gas
as high purity helium (99.999%, Welding Supply Co., Inc.,
J, USA) under a constant column flow rate of 1 ml/min. A
as purifier (VICI, Fisher, PN 05730-2) and a moisture trap
VICI, Fisher, PN 05-730-9) were connected in series on the
elium line to remove hydrocarbon impurities and trace water
n the helium gas. The oven column temperature was initi-
ted at 40 ◦C, held for 1 min, raised to 200 ◦C at 10 ◦C/min,
nd held at that temperature for 5 min. The injector tempera-
ure was 320 ◦C and the injector was operated in the splitless
ode with 1 �l injection. The purge flow was set at 50 ml/min

nd the purge time was set at 1 min. The GC/MS interface
emperature was 300 ◦C. DSQ single quadruple mass spec-
rometer (ThermoElectron, San Jose, CA, USA) was equipped
ith both electron impact and chemical ionization sources.
he EI mode operated with ionization energy of 70 eV was
sed to acquire EI mass spectrum for structure elucidation.
hemical ionization source with methane (UN1971, Ultra high
urity, AGL Welding Supply Co., Inc., NJ, USA) was oper-
ted at a flow rate of 2 ml/min to determine the protonated
olecular ion [M + H] for the compound of interest. The
ass spectral scans were carried out continuously from 50 to

00 amu during GC analyses with an ion source temperature at
20 ◦C.

.4. Sample preparation

The following sample and packaging components were
xtracted and/or analyzed:

drug stability sample (40 ◦C/20% relative humidity, 6 months);
LDPE bottle, plug and cap;
label with ink and varnish;
label: Avery GEXPBE (rainbow);
varnish: EC001245 Film III 16Y5;
label ink (Orange): QY001645 Film III 16Y5.

Controlled extraction studies were performed to investigate

he source of the substance in the packaging materials which
ould be leached into the drug product solution. The pack-
ging components in various combinations were extracted by

50 ml mixture of water and methanol (1:1). The extrac-
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Fig. 1. HPLC chromatogram of the stability sa

ion solution was heated in an oven at 50 ◦C for 3 days. The
ethanol used in the extraction was then removed using a
urboVap II (Zymark, Hopkinton, MA, USA). Ethyl acetate
as then added to extract trace organic components from

he aqueous portion. The collected organic portion was evap-

rated using a TurboVap. The residues were dissolved in
bout 0.5 ml of methanol prior to LC/MS and GC/MS analy-
es.

s
u
t

Fig. 2. HPLC chromatograms of two extractions: (Top) extract
solution stored at 40 ◦C/20%RH for 6 months.

. Results and discussion

.1. Liquid chromatography/mass spectrometry

Fig. 1 shows the chromatogram of a drug stability sample

tored at 40 ◦C and 20% relative humidity for 6 months. An
nknown peak was found at 9.2 min in the chromatogram and
he unknown peak had a protonated molecular ion [M + H] of

ion of bottle, plug and cap; (Bottom): extraction of label.
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Fig. 3. Mass spectra of the peaks at 9.2 min for (Top): stability sample; (Bottom): extraction of label.

Fig. 4. UV–vis spectra of the peaks at 9.2 min for (Top): stability sample; (Bottom): extraction of label.
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Fig. 5. LC/MS/MS mass spectra of the peaks at 9.2 m
97. Based on the mass spectrum and the UV–vis spectrum, this
nknown compound is not structurally related to the drug sub-
tance. The unknown leachable was confirmed in two separate
amples at the same condition by the HPLC method. In addi-
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ig. 6. (Top): Total ion chromatogram of varnish extraction detected by GC/MS wit
he peak at 15.6 min.
(Top): stability sample; (Bottom): varnish extraction.
ion, the unknown leachable from the label extraction procedure
as confirmed against the ophthalmic stability solution which

ontained at the contents of 5 separate bottles. In order to under-
tand the source of the unknown, a systematic solvent extraction

h chemical ionization (CI) mass spectrometry; (Bottom): CI mass spectrum of
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ig. 7. (Top): Total ion chromatograms of Varnish extraction detected by GC/M
eak at 15.6 min.

f various packaging components was conducted using a mix-

ure of water and methanol in a ratio of 1:1. One extraction was
erformed on the combined polyethylene bottle, plug and cap,
ut no label. The other extraction was performed on the bottle
abel (rainbow label) only. Fig. 2 indicates that the extraction
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Fig. 8. Proposed ion fragmentation pathw
th electron impact (EI) mass spectrometry; (Bottom): EI mass spectrum of the

olution of bottle, plug and cap does not have a clear peak at

round 9.2 min in the chromatogram. The retention time might
ary since samples were measured at different dates during sev-
ral weeks of investigation. The retention time deviation of
.06 min (9.23–9.17 = 0.06 min) is acceptable in LC analysis.

ay and fragment ion substructures.
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(1) the unknown was most likely a leachable as it was not related
26 C. Pan et al. / Journal of Pharmaceutica

small “peak” at 9.27 min appeared only in an extraction solu-
ion, Fig. 2. However, LC/MS results indicate that this is not the
eak of interest based upon both retention time and mass spec-
ral result. If a peak in an extract has the same retention time
s the unknown but does not have the “right” mass, the peak is
iscarded as not being the unknown peak of interest. In contrast,
he unknown peak observed in the stability sample also appeared
n the chromatogram of the label extraction solution. The com-
ound that eluted at around 9.2 min in the chromatogram of the
abel extraction is the same unknown compound found in the
tability sample since they have the same retention time, similar
ass spectra with an [M + H] ion of 197, and have similar UV

pectra. See Figs. 3 and 4. The unknown has a molecular weight
f 196 Da. The results confirm the unknown was leaching from
he bottle label.

As the bottle label contains label adhesive, label ink, and
arnish, further experiments were conducted to investigate the
dhesive, ink, and varnish separately. No apparent peak was
ound in the extraction of label adhesive paper, indicating that
he unknown was not coming from the adhesive. Further exper-
ments were conducted to investigate the label ink and varnish
eparately. One drop of the label ink and one drop of varnish were
issolved in methanol to form solutions prior to LC/MS analysis.
oth sample solutions showed the peaks at the same retention

ime as the unknown peak in the stability sample, but their UV
pectra were different. The varnish matched the MS spectrum of
he unknown in the stability sample while the orange ink did not

atch the unknown spectrum. Fig. 5 shows the MS/MS spectra
f the protonated molecular ion (m/z 197) for the compound elut-
ng at 9.2 min in the stability sample and in the varnish solution.
he ion fragmentation patterns match well in these two samples,

ndicating that the component in the varnish solution is the same
ompound found in the stability sample. The resulting fragmen-
ation pattern could be also used as a reference in the GC/MS
hemical ionization mass spectral analysis (see discussion in the
ext section). The summary of the LC/MS results indicate that
he unknown in the stability samples came from the varnish used
oat the labels.

.2. Gas chromatography/mass spectrometry

Although LC/MS provides the molecular weight and frag-
entation information, it was still not enough for structure

lucidation. In order to obtain further molecular information,
C/MS with chemical ionization was used to detect the com-
ound with the same protonated molecular ion [M + H] of m/z
97 as the unknown in the stability samples. As shown in Fig. 6,
C/MS studies reveal that the compound eluting at 15.6 min in

he gas chromatogram has an [M + H] ion of 197. The compound
as several unique fragments (m/z 89, 109, 135, 179) in the CI
ass spectrum, Fig. 6. These fragments were also observed in the
S/MS spectrum of the unknown during LC/MS studies, Fig. 5.

he same protonated molecular ion [M + H] and the similar frag-

entation ions between GC/MS and LC/MS indicate that the

eak observed at 15.6 min in the gas chromatogram corresponds
o the unknown peak observed at 9.2 min in the liquid chro-
atogram. Even though chemical ionization in the gas phase

(
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nd electrospray ionization in the liquid phase are two different
onization processes, they both generate the same protonated

olecular ions [M + H]. These identical protonated molecular
ons established a peak correlation between gas chromatograms
nd liquid chromatograms.

Based on chemical ionization results, election impact ion-
zation was used to generate the EI mass fragmentation of the
eak at 15.6 min. The EI mass fragmentation results from the
ompound could be identified by the NIST Library (Version 2)
earch. Fig. 7 shows the EI mass spectral data, where the peak
luting at 15. 6 min has an “odd electron” ion at m/z 196 (a
adical M•+ ion, not a protonated [M + H] ion). This observa-
ion further confirms that the compound eluting at 15.6 min in
he gas chromatogram has a molecular weight of 196 Da. The
bove EI and CI mass spectral data are fully complementary to
ach other in the molecular weight determination. Based on the
I mass spectrum obtained, the unknown in the stability samples
as identified as monomethyl derivative of mephenesin through

he NIST library search with a good matching factor of RSI 807.
ts structure is shown below:

The above structure is consistent with the fragmentation pat-
ern observed in the LC/MS/MS spectra in Fig. 5. The compound
as a neutral loss of water (197 → 179), indicating that one
ydroxyl group is present in the structure. The substructures
f this molecule matches well with the fragmentation pathway,
s illustrated in Fig. 8.

. Conclusion

The combination of LC/MS/MS and GC/MS was applied
o the investigation and identification of an unknown leachable
n an ophthalmic solution stability sample (40 ◦C/20% rela-
ive humidity for 6 months). This combination approach for
nknown identification avoided peak isolation, which could be
ery time-consuming and labor-intensive for this low level of
mpurity. In addition, the use of GC/MS with CI provided the
bility to identify the same unknown compound observed in
C/MS while GC/MS with EI provided straight-forward struc-

ural identification.
This approach in conjunction with a systematic data analyses

rovided the following conclusions:
to the drug substance based on LC/MS/MS results;
2) the exact source of the unknown was identified by LC/MS

analysis as the varnish through systematic extraction of each
packaging component;
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3) CI GC/MS provided the information to identify the reten-
tion time of the unknown in the GC chromatogram through
correlation of the unknown’s mass with the mass observed
in the LC/MS analysis;

4) the unknown was identified by comparing its EI mass
spectrum with a standard reference spectrum in the NIST
database;

5) the substructures of this compound were consistent with its
ion fragmentation pattern observed in the LC/MS/MS;

6) thus the identified compound in the varnish penetrates the
label ink, label, label adhesive, and polyethylene bottle to
reach the sample solution during storage.
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