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The comparison of batches of pharmaceutical product or raw
active pharmaceutical ingredients (API) for product release can be
time consuming and tedious process. It often requires long analysis
times and potentially several liquid chromatography-tandem mass
spectrometry (LC-MS-MS) analytical runs to determine the identity
of the impurities and their relationship to the active
pharmaceutical ingredient. The combination of a high resolution
(sub 2 pm porous particle) LC coupled to exact mass MS, principal
components analysis (PCA) allowed for the rapid classification of
batches of Simvastatin tablets according to their impurity profile.
Evaluating the ultra-performance LC-MS exact mass data with PCA
allowed for the impurities of Simvastatin to be easily detected and
identified. This approach to impurity batch analysis should be
applicable to many other forms of batch analysis, fermentation
broths, food production, and APl manufacturing.

Introduction

The production of pharmaceutical bulk raw materials and fin-
ished product is a high value, capital-intense process. With
batches of material valued at hundreds of thousands of dollars,
any delay in the delivery of raw materials to production, and of
pharmaceutical medicine to distributors can be extremely costly.
Hence, the ability to accurately measure the impurity profile of
an active pharmaceutical ingredients (API) or product is critical
to the manufacturing process. It is a regulatory requirement for
a pharmaceutical manufacturer to have a specific, accurate, reli-
able assay for the acceptance of raw materials and the testing of
a finished product (1). This is often achieved by the use of tech-
niques such as high-performance liquid chromatography
(HPLC) with UV detection. These assays are often slow and mon-
itor only the known impurities/degradents. The impurity profile
of a finished product is regularly used to check for counterfeit
products, this is often achieved by the combination of liquid
chromatography with mass spectrometry (MS), especially
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MS-MS (2). The small, minor impurities present in the sample
are diagnostic of the route of synthesis employed in the manu-
facture of the API and thus can be used to monitor for likeness to
the innovator’s process and identify illegally copies of valuable
products. The data reduction and analysis process is normally
achieved by employing time consuming manual analysis of the
data and comparison to authentic standards, which requires the
synthesis of these standards. Therefore the comparison of sam-
ples from different batches of production requires a significant
amount of manual analysis, tabulation, and quantitation and is
limited by the fact that it only addresses known impurities (3).

Reversed-phase LC with UV or photodiode array detection has
become the technique of choice for this operation, due to its
compatibility with the samples, resolution, specificity, and sensi-
tivity. The need to comprehensively separate all of the impurities
in the sample often results in relatively long analysis times, typ-
ically 30-50 min (3). This is due to the moderate resolution
developed by the traditional 3.5 and 5 pm particles used in the
separation process. More recently, the introduction of sub-2 ym
porous LC packing materials (4) has allowed for extremely high
resolution chromatograms to be generated in just a few minutes,
allowing analysis times for impurity analysis to be significantly
reduced (5). The extra resolution and sensitivity of these sub-2
pm chromatography particles has attracted interest of
researchers faced with the analysis of complex samples. Nielen et
al. (6) employed the combination of ultra-performance LC
(UPLC) and hybrid quadrupole TOF MS (Q-TOF) for the detec-
tion of designer steroids in urine samples; Wren and Tchelitcheff
(7) employed these small particles with MS detection for the
detection of a series of beta blockers, reducing the analysis time
from 10 min to just 3.5 min; and Haynes et al. showed how anal-
ysis times and sensitivity could be significantly improved in bio-
analysis LC-MS-MS by utilizing the enhanced chromatographic
performance of the sub-2 pm chromatography (8).

The rapid evaluation of batches for product is essential to the
timely release of product. The acceptance or rejection of batches
relies on the comparison of the batch under test with a known
set of parameters or acceptance criteria. The evaluation of phar-
maceutical product is usually achieved by the comparison of the
batch under test with a control standard against a standard oper-
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ating procedure driven acceptance level for impurities. This
approach, however, is limited to the detection of components
that are visible by the current detection methodology, and thus
the presence of a new impurity that is not visible, by UV for
instance, would be missed.

The statistical analysis of complex biological data sets using
proton nuclear magnetic resonance (9), HPLC-MS (10), and
UPLC-MS (11) has been employed in metabonomic studies to
detect and visualize the differences between mammalian sam-
ples either following the administration of a candidate pharma-
ceutical (12) or as a result of disease state progression. This is
achieved by employing simple, unbiased, statistical tools, such as
principal components analysis (PCA) and partial least squares
(PLS) analysis or more powerful applications such as partial least
squares discriminat analysis (PLS-DA) or more advanced tech-
niques such as statistical total correlation spectroscopy (13),
which allow large data sets to be visualized and the cross corre-
lation of data to be achieved. In this paper, we present the use of
a rapid high resolution LC-MS screening approach combined
with simple statistical analysis, to classify Simvastatin tablets
from different manufactures and identify the impurities in each
batch of sample.

Experimental

Chemicals

Ammonium acetate and acetic acid were obtained from
Sigma-Aldrich Chemicals (St. Louis, MO). Acetonitrile was
obtained from Fisher Scientific (ThermoFisher, Waltham, MA),
and the distilled water was produced in-house using a Millipore
MilliQ system (MilliPore, Billerica, MA). The Simvastatin (S)
standard compound was purchased from the United States
Pharmacopoeia (Rockville, MD), and the Simvastatin tablets
were obtained from four different manufactures (Lupin Limited
Mumbai India, Merck Sharp & Dohme Pty Limited, Granville
NSW, Australia, USV Limited Mumbai India, Merck & Co Inc.,
Rahway, NJ).

Chromatography

The chromatographic separations were performed on a Waters
ACQUITY BEH C18 column (2.1 x 100 mm, 1.7 pm) (Waters
Corporation, Milford, MA), the column was operated at 40°C and
eluted with a linear gradient of 50-100% acetonitrile versus
ammonium acetate (pH 5) over 5 min followed by a hold at 100%
acetonitrile for 0.5 min before returning to original starting con-
ditions over 0.1 min. The separations were performed on Waters
ACQUITY Ultra Performance LC system with a mobile phase flow
rate of 800 pL/min, generating a column back-pressure of up to
10,500 psi.

Mass spectrometry

MS was performed on a Waters Q-TOF Premier (Waters MS
Technologies, Manchester, UK) orthogonal acceleration time of
flight mass spectrometer operating in positive ion mode. The
nebulization gas was set to 800 L/h at a temperature of 350°C,
the cone gas was set to 10 L/h, and the source temperature set to
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120°C. A capillary voltage and a cone voltage were set to 3200 V
and 60 V, respectively. The Q-TOF Premier was operated in V
optics mode with 10,000 resolution (FWHM). The data acquisi-
tion rate was set to 0.095 s, with a 0.05 s inter-scan delay. Data
were collected for 10 min, using alternating collision energies of
5 eV and 25 eV to provide precursor and fragment ion informa-
tion. All analyses were acquired using the lockspray to introduce
a reference compound via an indexed auxillary sprayer to ensure
accuracy and reproducibility; leucine-enkephalin was used as the
lock mass (m/z 556.2771) at a concentration of 300 pg/uL and
flow rate of 30 pL/min. Data was collected in centroid mode from
100-1000 m/z with a lockspray frequency of 11 s, and data aver-
aging over 10 scans. The instrument is operated in a wide band
rf mode in which alternating parallel scans are utilized. The low
energy scan provided intact m/z information, while the high-
energy scan provided fragment ion information allowing for the
comprehensive generation of mass spectrometry data in one
analysis. Following data collection, the data were processed in
many different ways to reveal common precursor ions, common
fragment ions, and constant neutral loss data without the need
to perform additional experiments to obtain the requisite data.
The first quadrupole is operated in a wide band rf-mode for both
the precursor and fragment ions collected in accurate mode.
This facilitates the determination of the elemental composition
of the fragment ions during structural elucidation.

The statistical analysis was performed using the Waters
MassLynx software and MarkerLynx application manager. The
peaks were detected and integrated with the ApexTrak software;
the data was then aligned using the proprietary algorithm within
the software to produce an aligned data table. This table was then
automatically reintegration to ensure all detected peaks were
correctly assigned in each sample. The data were then subjected
to PCA analysis with mean centering and pareto scaling.

Results and Discussion

Liquid chromatography has long been the technique of choice
for impurity profiling and product analysis in the pharmaceu-
tical industry. This technique relies on the complete resolution
of the known products in a reliable reproducible manner. The
ability to resolve all of the components in the sample relies on
efficiency of the chromatographic column, the duration of the
analysis and the selectivity of the mobile phase/stationary phase
combination. The efficiency of the chromatography column is
dependent upon the efficiency of the column packing and in turn
the particle size. Chromatographic theory dictates that smaller
particles generate higher resolution separation, but also
demand/require higher mobile phase linear velocities (flow
rates) for optimal performance (14). Thus, conveniently, with
smaller particles superior performance is also accompanied by
faster analysis. The only drawbacks to the use of these smaller
particles for liquid chromatography are there requirement for
higher operating pressures and LC systems with low delay vol-
umes, both of these have been addressed by modern instrument
design (15). The data displayed in Figure 1 shows the positive ion
LC-MS analysis of a standard solution of Simvastatin at a con-
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centration of 10 pg/mL. The column was eluted under gradient
conditions from 50% to 100% acetonitrile over 5 min with
ammonium acetate as the aqueous modifier. The data generated
shows a high resolution chromatogram with major peak eluting
at 3.13 min, the mass spectra of this peak corresponded to that of
Simvastatin with a m/z value of 419. The chromatography
system demonstrated excellent retention time and peak shape
reproducible over the duration of the study.

Samples from 4 separate batches of Simvastatin tablets were
analyzed using the LC-MS system, previous with-in batch anal-
ysis revealed no significant differences between tablets for each
manufacturer. An example of the chromatograms obtained from
two separate batches of Simvastatin tablets is shown in Figure 2.
A careful review of the TIC obtained for both systems showed sig-
nificant differences between the two samples, with the sample in
chromatogram B exhibiting extra peaks with retention times of
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Figure 1. Positive ion electrospray TIC LC-MS trace from the gradient elution
of Simvastatin standard.
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Figure 2. Representative positive ion LC-MS trace from samples | and II.

3.70, 3.99, and 4.13 min compared with those obtained in the
sample illustrated in chromatogram A. The accurate mass MS
and MS-MS data allowed the two peaks eluting with a retention
time of 3.99 and 4.13 to be identified as the Simvastatin-acetate
and anhydro-Simvastatin impurities, respectively. The
Simvastatin acetate impurity MS spectrum showed a dominant
ion with a mass of 401.2648, corresponding to an elemental
composition of CosH370, for the MH+ ion, with a mass accuracy
of 3 ppm. The fragment ion generated from this peak gave a diag-
nostic fragment ions of m/z = 285 and 199, suggesting that the
lower part of the molecule remained unchanged, which in turn
suggested that the change in structure occurred in the upper
section of the molecule. The reduction in mass of 18 compared
to the Simvastatin molecule suggested the loss of water, this
information combined with the fragmentation pattern allowed
this molecule to be identified as a Simvastatin anhydro impurity.
The peak, eluting with a retention time of 3.99 min, produced a
MH+ ion with an m/z value of 461.2917. This m/z = 461 ion gen-
erated an isotope fit value of 1.5 for the elemental composition
Cy7H4104. This information, combined with the fragmentation
ions 423, 307, and 199 produced in the MS-MS analysis allowed
the analyte to be identified as the Simvastatin acetate impurity.
A simple way to compare the data from each manufactur’s
tablets would be to compare the ratio of the peaks of interest; the
data in Table I shows the ratio of the major impurities as a per-
centage of the major peak intensity. We can see from this data
that this approach does not really give the scientist any useful
insight into the relative impurity levels of the samples. Many
researchers have reported the successful use of LC-MS with

Table I. Relative Intensities of the Acid, Anhydro, and
Acetate Impurities in the Simvastatin Tablet Samples I,
I, 11, and IV

Simvastatin Simvastatin Simvastatin
Acid Acetate Anhydro
Sample 1 0.86 1.57 1.74
Sample 2 0.94 1.64 2.0
Sample 3 1.36 3.38 5.10
Sample 4 1.91 1.22 2.66
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Figure 3. PCA scores plot for the positive ion LC-MS data showing P1 vs. P2.
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statistical analysis to facilitate the identification of groups and
classes in metabolomics/metabonomics studies (16-18). In these
studies, the researchers have employed simple non-biased statis-
tical analysis such as PCA and PLS as well as more complex anal-
ysis such as PLS-DA to group samples in similar and dis-similar
clusters and identify the analytes responsible for the observed
clustering. The positive ion data collected from the six replicate
injections of each of the four samples was evaluated by principle
components analysis, using mean centering and pareto scaling.
The P1/P2 PCA score plot produced is displayed in Figure 3. Here
we can see that the PCA analysis grouped the samples into four
discrete clusters. The loadings plot, which indicated the peaks
contributing most significantly to the variation observed in the
data, for the 4 Simvastatin tablets groups is shown in Figure 4.
For simplicity only, the m/z value is given, although the peaks
are actually described by a mass retention time pair. In this data,
we can see that there is a strong signal from the Simvastatin
moiety (m/z = 419).

The data was also simplified using the MarkerLynx software
such that the Simvastatin signal and any fragment ions relating
to a particular impurity were removed, prior to further PCA sta-
tistical analysis (Figure 5). The data was further simplified by
employing a mass deficiency filter of =50 mDa to +20 mDa
below/above the accurate mass of Simvastatin. The resulting
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Figure 4. PCA loadings plot of P1 vs. P2 with Simvastatin signal included.
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Figure 5. PCA loadings plot of P1 vs. P2 with the Simvastatin signal excluded;
the overlaid PCA scores plot positions for samples [-IV.
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PCA data generated then contained only the peaks related to the
Simvastatin molecule. This eliminated the effects of tablet excip-
ient differences between the batches of tablets; whilst these may
be an important difference to the efficacy of a tablet formulation
effecting its dissolution rate and hence overall bioavailability, it is
not the purpose of this paper to illustrate the effect of these com-
ponents. In Figure 5, we can see that the major ions contributing
to the positioning of the Sample I tables are the m/z = 441 and
m/z = 457 ion. The ions that contribute to the variance observed
in the data are summarized in Table II. The data in Table II illus-
trates that sample 2 has the greatest number of impurity peaks
contributing to its position in statistical space. This fact can be
illustrated by the comparison of representative base peak inten-
sity (BPI) chromatogram for samples 1 and 3 (Figure 6). Here we
can see that there are significantly more impurity peaks in the
sample 3 (Figure 6A) chromatogram compared to the sample 1
chromatogram (Figure 6B), thus giving confirmatory evidence
to the information generated in the PCA analysis.

The low collision energy MS data was used to provide pre-
cursor ion data from which the elemental composition data

Table I1. Impurities Responsible for the Relative Position

of the Samples in the PCA Plot

lons Contributing ~ Sample !~ Sample Il Sample Il Sample IV

to clustering
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Figure 6. Comparison of positive ion TIC LC-MS traces for sample | (trace B)
and sample Il (trace A).
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could be obtained for each peak. The simultaneously acquired
high collision energy data was used to provide fragment infor-
mation and accurate mass data on each peak produced. This
approach has previously been reported by Bateman et al. (19) for
the analysis of peptides also by Johnson and Plumb (20) for the
analysis of acetaminophen metabolites and by Wrona et al. (21)
for the analysis of in vitro metabolites. This approach was uti-
lized to confirm the identity of the impurities detected in this
study and those contributing to the observed group clustering.
The impurity identification data was used to annotate the PCA
loadings plot, highlighting which impurity was responsible for
the position of the individual samples on the PCA scores plot
(Figure 7). As can be seen from this plot, the sample II tablets
contained considerably more impurities than the other samples.
The impurities identified were consistent with those already
reported (22). These impurities differences are most likely due
subtle differences in the manufacturing process or the solvents
used in the process. It is not the purpose of this communication
to identify the reasons why these batches are different, this
example has been used to illustrate the power of this technique
to evaluate the similarities or differences between batches and
samples.

Conclusion

The results given in this study demonstrate how the combina-
tion of a fast LC-MS methodology with simple unbiased statis-
tical analysis can be used to identify the differences between
individual batches of pharmaceutical products. The statistical
analysis allowed the rapid facile analysis of the samples allowing
them to be grouped into similar and dissimilar groups. The sta-
tistical process facilitated the detection of all of the drug sub-
stance impurities responsible for the observed group clustering.
The use of a hybrid-quadrupole TOF-MS facilitated the collection
of accurate mass LC-MS data, allowing the information to be
simplified using a mass deficiency filter; constraining the statis-
tical processing to only those signals relating to the impurities of
the active drug product. The simultaneous acquisition of the low
and high collision energy data allowed for the confirmation of
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Figure 7. PCA loadings plot P1 vs P2 with the impurity peaks labeled.

the identity of the impurities via the accurate mass value of the
intact molecule and the fragmentation pattern produced in the
high collision energy experiment.

Whilst in this example we employed LC-MS and PCA to deter-
mine and illustrate the differences between tablets made by dif-
ferent manufactures, it could also be used to identify the
differences between batches of samples produced by the same
manufacturer. This approach would allow for a simple batch con-
trol process to be developed, without the need to identify every
peak in the sample allowing for a rapid decision to be made on
product quality and batch release. There is a further advantage to
this process compared to traditional impurity monitoring, where
known impurities are monitored and unknown impurities may
be ignored as it takes into account all detected analytes in the
sample. As these “new” analytes/impurities could, potentially be,
more toxic than those already known, thus this approach allows
a more comprehensive, faster approach to the monitoring of
pharmaceutical products.
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