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Unknown Impurity Determination  

...Looking back at the Forced Degradation study  
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INTRODUCTION 

 During the drug development process it is a regulatory 
requirement to fully characterize the impurity profile of the active 
pharmaceutical to ensure that sufficient toxicological coverage is 
obtained during the safety evaluation process [1,2].  The FDA 
guidelines for impurity analysis states that for pharmaceuticals dosed at 
levels greater than 1g/day any impurity greater than 0.1% of the API 
must be reported, those greater than 0.5% must be identified and any 
greater than 0.2% must be quantified [3].  For compounds dosed at a 
level up to 1g/day impurities that are present at levels in excess of 
0.05% must be reported, those present at levels greater than 1% or 
5µg must be identified and those present at 0.5% must be quantified.   

 Mass spectrometry is the primary technique used for the 
identification of impurities, with quadrupole, tandem quadrupole and 
ion trap mass spectrometer being particularly popular for the task of 
impurity analysis [4-5].  The analytical procedure usually required more 
than one analytical run to obtain the precursor and product ion 
information required to identify the chemical structure of the impurities.  
The first analytical run is carried out in full scan mode to obtain parent 
ion information, followed by a second analytical run in MS/MS mode to 
obtain fragment ion information.  With the long analytical run times 
used in impurity analysis this can be a time consuming process.   This 
process was streamlined even further by Bateman et-al in 2002 with 
the development of the use of alternating high-low collision energy in a 
hybrid quadrupole TOF instrument to provide both precursor and 
product ion information in one analytical run [6].  This approach was 
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]. 

 In this paper we describe the use of sub 2µm porous particle LC 
coupled with hybrid quadrupole time of flight mass spectrometry for 
profiling and identification of the impurities of the cholesterol- lowering 
medicine Simvastatin (20mg tablet).  The combination of UV-MS data 
obtained from the forced degradation studies, exact mass data, and 
MSE (high/low collision energies) will show how this technique provides 
a rapid comprehensive approach to the detection and identification of 
the impurities of the statin and allows for the facile structural 
elucidation of an unknown impurity. 
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EXPERIMENTAL 

Materials:  
United States Pharmacopoeia Simvastatin RS (Rockville, MD);  
 
Reagents: Acetonitrile Optima; Fisher Scientific (Fairlawn, NJ); 
Lot#050580. Ammonium Acetate and acetic acid; Sigma-Aldrich 
(St. Louis, MO); . 

MS Conditions 
Instrument:   Waters® Q-Tof Premier™ 

Software:    Masslynx™ 4.1 
 
Tune Page Parameters:  
Source:   ES+ 
Capillary (V):  3.2 
Sample Cone (V):  35 for reference 
           60 for analyte 
Extraction Cone (V):   4.5 
Desolvation Temp (0C):  350.0 
Source Temp (0C):   120.0 
Cone Flow (L/Hr):   0.0 
Desolvation Flow (L/Hr):  800.0 
 
Tof Settings 
Acquisition Range:  100 - 800Da 
Scan Time:   0.095s 
Interscan delay:  0.005s 
Lock mass:    300pg/µL leucine/enkephalin @ 30µL/min 
 
MSE settings 
Low collision energy:  5eV 
High collision energy: 25eV  

UPLC Conditions 
Instrument:      ACQUITY UPLC® 
Column:   ACQUITY UPLC® BEH C18 
Dimensions:  100 x 2.1mm, 1.7µm  
Mobile Phase:  A1: 15mM Ammonium acetate pH 4.5  
   B1:  Acetonitrile 
Gradient:  25-50%B over 6 minutes 
   50-95%B from 6-9 minutes 
Flow Rate:  0.80 mL/min 
Temperature:  650C 
Injection Volume: 3 µL; PLUNO injection mode 
Detection:  ACQUITY PDA @ 238 nm    
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There are two potential impurities op-
tions... 
 

1. Oxidation of the ketone group on 
simvastatin to form the hydroxyl 
impurity 

 
2. Or saturation of the double bond 

on the simvastatin acid 
 

Either Case Should have 
UV  absorbance!! 

Exact Mass  

CONCLUSIONS 

• Impurity profiling requires a high resolution high sensitivity 
analytical technique to ensure the detection and 
characterization of the samples  

• New modern high resolution LC systems enable the rapid 
complete profiling of impurity samples. 

• Combining these system with quadrupole MS 
instrumentation ensure the correct peak assignments based 
on the MS spectra 

• The application of MS/MS and exact mass using MSE allows 
for the facile identification of the impurities of interest 

• Beneficial to have orthogonal data sets such as UV(and/or 
NMR)  in conjunction with MS to best confirm structural 
identity for unknown peaks 
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Confirmation of the known impurities and identification of common 
fragment ions allowed for fragmenting confidence in the data set and 
preliminary structural assumptions for the unknown impurity peak.  
The data below illustrates that it is most likely simvastatin related. 
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The analysis of the sample in negative ion ESi should result in an increased 
signal for an acid containing compound.  A Hydroxyl containing compound 
should show a comparatively reduced signal in negative ion mode.  Negative 
ion data confirmed the impurity as the hydroxylated form 

Based on the information obtained 
from the forced degradation data and 
impurity profile data,  there is no UV  
peak for the corresponding unknown 
MS peak.  The earlier proposed 
structures would have absorbed in 
the UV region based on the conju-
gated bonds within the ring struc-
ture.  Below is a new proposed struc-
ture that would be more representa-
tive of the data observed. 

MSE and the Identification of Common Fragments  
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By using the approach of alternating collision energies, it was 
possible to obtain both the precursor intact ion information 
and the fragment ion information under exact mass condi-
tions.  
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MSE data for the simvastatin dimer supported by elemental composition 
results for the given low/high spectra performed by one run 

Low Collision EnergyLow Collision Energy  High Collision EnergyHigh Collision Energy  

Simvastatin DimerSimvastatin Dimer  

Compound  [M+H]  Result  ppm/mDa 

1)  Simvastatin 419.2797 419.2787 2.4/1 

2)  Simvastaitn Acid 437.2903 437.2889 3.2/1.4 

3)  Simvastatin Acetate 461.2903 461.2902 0.2/0.1 

4)  Anhydrosimvastatin 401.2692 401.2683 2.2/0.9 

5)  Lovastatin 405.2641 N/A N/A 

6)  Anhydrosimvastatin acid 405.2641 N/A N/A 

7)  Simvastatin Dimer 837.5517 837.5539 2.6/2.2 
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*Exact mass accuracy: 1.4ppm 
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