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It is a regulatory submission requirement to fully characterize UPLC/MS/MS Analysis Exact Mass The data derived from the identification of the known impurities and the information .
the impurities of the active pharmaceutical to ensure that — provided in the fragmentation pathway allowed for a preliminary structure for the R B
sufficient toxicological coverage is obtained during the safety Materials: o 1 new-unknown impurity peak to be postulated. The MS fragmentation data showed a .
evaluation process [1,2]. The FDA require the following: United States Pharmacopoeia Simvastatin RS (Rockville, MD). +2 mass units shift in the mass fragments of the impurity The data below illustrates
7 that it is most likely simvastatin related (Figure 5).

Pharmaceuticals dosed at levels greater than 1 g/day[3]: Reagents: Acetonitrile Optima; Fisher Scientific (Fairlawn, NJ); é‘—o-wo} 2
Impurities > 0.1% of the API must be reported Lot#050580. Ammonium Acetate and acetic acid; Sigma-Aldrich (St. Chemical Structure Probosals 6

> 0.5% must be identified Louis, MO). 2 ST

> 0.2% must be quantified T ; Either Case Should have ;
For dosing levels up to 1 g/day: UPLC Conditions | | “ 4 UV absorbance!! There are two potential impurities op- °
Impurities > 0.05% must be reported Instrument: Waters® ACQUITY UPLC® | \ M N V‘\ | — h tions... .

> 1% or 5 ug must be identified Column: ACQUITY UPLC BEH C18 et T e e+ ianaaatt - L] IR L e HO\O/ 1. Oxidation of the ketone group on a0 ok o5 050 | oBon | -ois0 | 0400 | 080 | 0oo 0050 | 0100 | odso | a0 | oo

> 0.5% or more must be quantified Dimensions: 100 x 2.1 mm, 1.7 ym Compound [M+H]  Result ppm/mDa i . simvastatin to form the hydroxyl

Mobile Phase: Al: 15 mM Ammonium acetate 1) Simvastatin 419.2797 419.2787  2.4/1 Hac@gkg : mpurity Loadings: Component 1 - Component 2
Liquid chromatography coupled to mass spectrometry is the pH 4.5 2) Simvastaitn Acid ~ 437.2903 437.2889  3.2/1.4 ag’% 2. Or saturation of the double bond Simvastatin methyl ether
primary technique used for the identification of impurities B1l: Acetonitrile 3) Simvastatin Acetate 461.2903 461.2902  0.2/0.1 o, O ° He™ on the simvastatin acid 0200 ;A&iz,,o // 50132
[4-5]. This normally requires more than one analytical run to Gradient: 25 - 50%B over 6 minutes 4) Anhydrosimvastatin 401.2692 401.2683  2.2/0.9 oo \Cf /' sty b 02003 ; Y _— Simvastatin Acid
obtain the necessary precursor (full scan MS) and product ion 50 - 95%B from 6-9 minutes 5) Lovastatin 405.2641  N/A N/A Hc%o | Impurity option T | Simvgstatir /45937 ybeds
i i i i i i . i 3 : methylester 43380 .|, %0 ___—— lLovastatin
information (targeted MS/MS) required to identify the chemical Flow Rate: 0.80 mL/min 6) Anhydrosimvastatin 405.2641 N/A N/A Mo cHs . . o 02009RES g 7729 PP
structure of the impurities. This combined with the long Temperature: 65 °C acid | o CL 5 % P S vastatn
analytical run times makes this a time consuming process. Injection Volume: 3 pL 7) Simvastatin Dimer 837.5517  837.5539  2.6/2.2 e Cm e on 2 000 ., —
Detection: ACQUITY UPLC PDA @ 238 nm 205198 ba % o 8 o100 B T anhydro simvastatin

Bateman et al. described a new approach to this problem of Figure 2. UPLC/MS separation of Simvastatin impurities Simastatin Fragmentation | el v [, ' 55/ 1 498257 4“‘@%%% T Simvastatin acetate
acquiring MS and MS/MS data using alternating high-low MS Conditions 0.20 g, K adducts of 7 o
collision energy acquisition using a hybrid quadrupole TOF Instrument: Waters SYNAPT™ MS HSC\Anhydro JCs 3mvastatlnAcetate 73,40 < Na, Kradductso Anhydro Simvastatin acid
instrument to provide both precursor and product ion Software: MassLynx™ 4.1 MSE and the Identification of Common Fragments Simvastatin Acid ‘ Impurity option II ‘ BEAARSS RS A Aanas aamAs T oo * Component 1
information in one analytical run [6]. This approach was o A New +2 impurity

utilized for the analysis of drug metabolites in urine and in
vitro samples providing rapid accurate identification of drug
metabolites by generating accurate mass precursor and
product ion data in one analytical run [7-8].

Here we describe the use of sub-2 um porous particle LC
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Figure 5. Potential structures for unknown impurity

However the LC/UV information obtained from the forced degradation studies
showed there was no UV signal at the retention time corresponding unknown MS
peak. The earlier proposed structures would have shown absorption in the UV region

Figure 7. PCA scores and loadings plot for analysis of four manufacturers’

batches of Simvastatin tablets

CONCLUSION

coupled with hybrid quadrupole time of flight mass Extraction Cone: 4.5V [ o . based on the conjugated bonds within the ring structure. Below is a new proposed
spectrometry for profiling and identification of the impurities of Desolvation Temp: 350 °C Low Collision Energy  High Collision Energy o structure that would be more representative of the data observed (Figure 6).  Impurity profiling requires a high-resolution high-sensitivity
the cholesterol-lowering medicine Simvastatin (20 mg tablet). Source Temp: 120 °C f : analytical technique to ensure the detection and
The combination of UV-MS data obtained from the forced Cone Flow: 0.0 L/Hr ~or iz characterization of the samples.
degradation studies, exact mass data, and MSF (high/low Desolvation Flow: 800 L/Hr sy 5 - L ‘L e s s W Uy 238nm
collision energies) was used to provided a rapid comprehensive Oé’ %020 Tio is0 10 200 330 340 30 0 o 340 3e0 580 wn ww - e New modern high resolution LC systems enable the rapid
approach to the detection and identification of the impurities Tof Settings I - complete profiling of impurity samples.
and allows for the facile structural elucidation of an unknown Acquisition Range: 100 - 800 Da l 1| e o
impurity. Scan Time: 0.095 s St data for the simvastatmdim’;r’;ugpo‘;ez b“;e’l‘ér:enq:al““ ) ? e Combining these system with hyphenated quadrupole TOF
_ o _ Interscan delay: 0.005 s ' T MS instrumentation ensure the correct peak assignments
We also describe how the use of Principal Components Analysis "o ] based on the MS spectra.
(PCA) of the LC/MS data allowed for the simple comparison of Lock mass: 300 pg/pL leucine/enkephalin @ Figure 3. UPLC/MS identification of the dimer impurity of Simvastatin oMW % w1 0 0SS s 6 0 0 o
the impurities from different manufacturers’ batches of 30 pL/min o o e The application of MS/MS and exact mass using MSF allows
Simvastatin tablets. Unknown Impurity Determination . U 200106] MS TIC for the facile identification of the impurities of interest.
E -
MS" Settings - . o S _— ’ ]
.. . LR OB TR rars T HOM R SRS nrER T T -4 H3C;(><t? H 15c108 ° Th f PC A d t | H ” d f th f |
Low collision energy: 5eV CHs = euseo ata analysis allowed for the racile
HO _’..-EI High collision energy: 25 eV - 5 10a0% separation of different batches of Simvastatin tablets based
HsC = .. . .
= / e . eS| on their impurity profile.
iti’ow,w,uos 649 (7.198) Cm (647:653-(661:665+634:643)) 2 dronlislesia 4 - o o FW: 420.5821
1] Simvastatin 2.2 pom o0 Ref
RESULTS T Rl T C *Exact mass accuracy: 1.4ppm N e A A s R
4444444 e || ﬁm%;\” o P R L e me N Vinutes 1. Impurities in New Drug Substances (CPMP/ICH/2737/99, ICHQ3A(R))
+ The sub-2 ym particle LC operated at elevated flow rates allowed for | | = . T T T _ 2 ew Prug Substances, February 2003 N\CDSDZONOERGUIDWISAMIAO o
. . . . . . . .| |1250608 1430716 | e 330.4810 . , . ’ ,
HyC 0H the complete separation of all of the impurities in just 10 minutes SR b Figure 6. UPLC/UV and MS chromatogram and new proposed structure. I GUIDANG\Sa22 A doe T Tes In Brug Substances, January
Figure 2). By using the approach of alternating collision energies, it - _ _ _ 4. Nicolas EC, Scholz TH. J Pharm Biomed Anal. 1998 (5):825-36.
HyC \(Nag ossi)ble);o obtgain bot%pthe FecuUrsor intac% ion informatic?n and e YU The comparison of batches of pharmaceutical products can be a complicated and 5. Denk OM, Skellern GG, Watson DG. J Pharm Pharmacol. 2002 4(1):87-98.
P P # 2\ | = 0" : time consuming. The ability to rapidly screen and compare batches would yield 6. Bateman Ril, Carruthers R, Hoyes 18, Jones C, Langridge 11,
the fragment ion information under exact mass conditions in one : L +2 % : g-h yh hp Y | q P : . dy h Millar A, Vissers JP. J Am Soc Mass Spectrom. 2002;13(7):792-803. éé»ﬁé
: _ : o e M e information on changes in the chemical process or identify counterfeit products. The 7. Johnson KA, Plumb R. J Pharm Biomed Anal. 2005;39(3-4):805-10. A =
analytical run. Despite the narrow LC peaks the high data acquisition e g oy | UPLC/MS method was used to screen 4 batches of Simvastatin tablets from different g e K e e [—Y
rate of the mass spectrometer allowed for the collection of high quality \ e s : _ O'Connor, D. Rapid Comm. Mass Spec. 2005, 19, 2597-2602
B, C accurate mass data. The common fragment ions produce in high - manufacturers, the resulting data was analyzed by PCA data reduction and the
collision energy data was used to identify all drug related impurities o _ _ — —— __ __ resulting scores and loading plots are displayed in Figure 7. The loadings plot
(Figure 3). The fragment ion information and accurate mass data was revealed that the different samples of tablets were separated in the scores plot due

to the relative concentration ratios of the Simvastatin impurities.

Figure 1. Structure of Simvastatin used to confirm the identities of the impurities (Figure 4).

Figure 4. UPLC/MS data for unknown impurity
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