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Extending the Limits of Mass Spectrometry

|dentification of Pharmaceutical Impurities by UPLC and a

Fast Scanning Quadrupole MS
Ming GU

The escalating need for impurity analysis in pharmaceuticals provides the basis for

evaluating fast, simple, and reliable methods of analysis. UPLC provides the speed and

resolving power to develop rapid separation methods. A new breed of fast scanning

guadrupole MS instruments are robust, reliable, easy-to-use, moderately priced, and well

matched to the demand for measuring the narrow UPLC peaks in real-time but

traditionally have not been considered as tools for reliable formula ID. By combining

these systems with a new calibration avail abl
search, these systems can now become reliable workhorse systems for impurity

determination.

Introduction m/z values like conventional mass calibration does,

Qut also performs mass spectral peak shape calibration
such that the calibrated spectral peak shape is symmet-
rical and can be described by a mathematical function.
As a result, the isotope interference of unit mass reso-
éu(gipn spectra can be mathematically removed and the

Pharmaceutical impurities are unwanted component
which may come from the processes of organic syn-
thesis, formulation, and storage of pharmaceuticals.
Identification of these impurities is of great concern

for regulatory agencies because even small amount : :
g yag center of the monoisotope peak, i.e., the accurate

impurities in pharmaceuticals can significantly com- .
promise the efficacy of drug products or cause adve gss, can be measn_Jred accurately. More importantly,
drug reactions. To identify the molecular structures € same mathemaﬂcal peak funct_|ons generated from
these impurities, it is critical to determine their ele- € call_bratlon apply to both experlmen.tal spectra and
mental composition. This is usually achieved by accaheor_etmally calculated spectra of possible formula .
rate mass measurements with high resolution mass candidates, such that exact isotope pattern compari-
spectrometers such as gTOF-FER, and Orbitrap. sons can be made between the expe_rlmental spectra
With the recent advent of innovative mass spectrom(‘:il-nd the calculated spectra to d.e‘e”“”.‘e mmecu'ar for-
mula (Spectral Accuracy). In this application note, we

try calibration technolog{1-3), high mass accuracy . .
and elemental composition determination (ECD) canWIII demonstrate that a Wate_rs single quadrupole sys-
be obtained with a unit mass resolution quadrupole tem (Waters Corporation, Milford, MA USA) coupled

mass spectrometer, W|th a Waters l_JPLC can pe us_ed for impurity |de_nt|f|-
cation by applying this calibration technology which
This unique calibration technology not only calibrate$ s avail able in MassWor ks
bury, CT USA) software.
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Experimental and Spectral Accuracy.

Simvastatin is a hypolipidemic drug belongingT he MassWor ksd cal i bratio
to the class of pharmaceuticals called "statins". It is molecular formula of the calibration standards instead
used to control hypercholesterolemia (elevated choleg-m/z values as in the classical mass only calibration.
terol levels) and to prevent cardiovascular disease. For example, the entire isotope profile of the calibra-
Simvastatin is a synthetic derivative of a fermentatiotion standard simvastatia highlighted in gray and se-
product of Aspergillus terreus and was used in this lected for mass and peak shape calibration based on
study. The simvastatin was obtained from a commerthe exact m/z value and theoretical isotope distribution
cial source (USP) and the impurities normally found provided by the molecular formula of C25H3905
in simvastatin were then separated by ultra high pregFigure 2). After the calibration, not only the m/z
sure liquid chromatography (UPLC) (Waters, Milfordyalue is corrected, but also the peak shape (Figure 3,
MA) and detected by a Waters Acquity SQD single calibrated spectra in red) is calibrated to a symmetrical
guadrupole mass spectrometer (Waters, Milford, MAAnd mathematically defined function. The calibration
All mass spectral data were acquired in profile modeperformance is measured by both mass accuracy and
with a scan rate of 1000 amu/s and a mass range fr@pectral Accuracy. Relative mass accuracy is less than
380 to 520. The mass spectral data files in MassLyn% ppm for all three calibration standards. The Spectral
format were read directly by MassWorks software Accuracy of 98% or better is also achieved, suggesting
(Cerno Bioscience, Danbury) for accurate mass cali-a good match between the calibrated spectra and the
bration and formula identification. theoretically calculated spectra of the standards. This
high Spectral Accuracy attained from this calibration
allows highly reliable and accurate isotope pattern

Mass spectra acquired at unit mass resolutiorsearch for ECD.
by definition have overlaps among the adjacent mass
spectral isotope peaks. To obtain high mass accuracy  This calibration is then applied to the entire
and ECD, it is necessary to mathematically decon- | c/Ms data file of the impurities of simvastatin fol-
volve the peaks and accurately determine their centggS,eq by averaging the calibrated spectra across each

Theoretical treatment o E{thg&(orﬂa?oaréphi@p%a%f&r fimllia sbafen.t N @

convulotion is beyond the scope of this discussion b ithout applying particular constrains, all the formula
demonstrated here are the practical procedures of pplying p ’

Cernot6s patented mass s peaEnParametersin thiswork are surgmarizedngfigy
sults of formula identification for the impurities from Ure 4. Thg seargh employed a comprehenswg set Of
the pharmaceutical compound simvastatin. elements including C, H, N, O, K, CI, and S with their

L ) lower limits set to zero and upper limits set very high.
Due to the significant resolving power of . PP yhg
Prior results showed the

UPLC, the separation of impurities of simvastatin was : .
obtained in agninute chrompatographic analysis. Thet,o be better than 10mDa using the MassWorks calibra-
parent drug simvastatin appears at retention time of tion and as such a value of 10 me for mass tolerance
4.4 minute as the most abundant peak while the ming/@s used for the formula search. Since the mass spec-
peaks that show up before or after simvastatinaretfer a of most i mpurities ar
impurities related to simvastatin (Figure 1). As showspectra having three different ion formations such as

in Figure 2, simvastatin is ionized in three formationgM+H] *, [M+NH,4]*, and [M+K]’, only the most

as the protonated [M+FH]ammonium adducts abundant ions of either [M+Nf or [M+H]" were se-
[M+NH,]*, and potassium adducts [M+Kpns and  |ected for formula search.

observed at nominal m/z 419, 436, and 457 respec-
tively. Since the elemental composition for the three

) s K h b q tandards t As summarized in Table 1, the results show
Ions 1S known, the€y can be Used as standards 10 pery, . ¢ of impurities were identified as the number
form an internal calibration for the best mass accura

.c[yor 2 hit and have Spectral Accuracy better than

Results and Discussion
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Figure 2. The calibration ions from parent drug simvastatin
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97.2% except for the ions at m/z of 422 eluted atwith the highest Spectral Accuracy is most likely
Rt = 4.0 min due to poor signti-noise ratio. It is the correct formula for the unknown ion of inter-
evident that using Spectral Accuracy can effec- est.

tively distinguish correctly the molecule formula

from many possible candidates derived from ma3#e results from this LC/MS analysis also demon-
accuracy alone. As a new concept, Spectral Accatrate that formula identification by the combina-
racy simply means how closely the isotope distrition of mass accuracy and Spectral Accuracy is
bution of calibrated mass spectra matches that afore effective than by mass accuracy alone. For
theoretically calculated ones. It is well known thagéxample, simvastatin acid, one of the impurities
the isotope pattern of molecules is a fingerprint aff simvastatin, was identified as the top hit from
the molecules and has been used to help identif#9 possible candidates with a mass accuracy of 4
unknown compounds for a long time. For exam- ppm and Spectral Accuracy of 99.4% (Table 2a).
ple, the'*C/*°C ratios are used for determining thé his high Spectral Accuracy of 99.4% allowed
number of carbons in small organic molecules ankle calibrated spectrum of simvastatin acid to be
the (M+2)/M peak ratio of 0.33 characterizes a matched and visually overlaid almost perfectly
compound containing a single element of chlorin@ith the theoretically calculated spectrum, leading
(4). With Cernods c¢ o mpacenfidemnt identificatiomod thesconppaueddy thea
calibration, this manual and primitive isotope patexcellent match (Figure 5). On the other hand,
tern matching is dramatically enhanced by accu-with the same search parameters simvastatin acid
rate peak shape which can be used to quantitawas ranked only number 9 based on mass accu-
tively evaluate search results by Spectral Accu- racy alone (Table 2b).

racy.

Conclusion

Spectral accuracy can be conveniently expressed . Most Qf the. Impurities of simvas-
atin were correctly identified as the top one or

as define below where a perfect match should ap- " .~ ~.
o wo hits with excellent mass accuracy and Spec-
proach 100.00%, tral Accuracy. These results demonstrate that high
mass accuracy and formula identification can be
achieved with a single quadrupole instrument

coupled with UPLC.

SA= [1_ M] %100 Spectral accuracy is proved to be effective
[Ir [ to distinguish correct formula from numerous
possibilities. The accurate isotope pattern recogni-
tion for formula identification by MassWorks is
eis the fitting residual vector,is the calibrated  attributed to the novel calibration technology that
isotope profile vector, and}|represents the-2 provides the same peak shape functions for both
norm (or square root of the sums of squares of atlalibrated and theoretical spectra. With the mathe-
elements) of a vector. This Spectral Accuracy matically known functions, there is no need to
metric will be used to evaluate all possible formumake an assumption for the peak shape to gener-
las whose exact monoisotope masses come wittfife theoretical spectra, an error prone step in con-
a mass tolerance window of the reported accuraiéentional isotope pattern comparison.
mass obtained off the actual monoisotope peak In addition, the high dynamic range of a quadru-
and whose elemental compositions satisfy the pole mass spectrometer reliably allows for gener-
given chemistry constraints. The one formula ating an accurate isotope distribution that accu-
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Figure 3. The calibration report summary and overlay of the uncalibrated raw data (Black)
and the accurate mass and peak shape calibrated data (Red). Note the substantial improvement
in signatto-noise as well.

Figure 4. The formula search parameters
used for all impurity searches.




