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Extractables are chemical entities that are released when 

stressing a pharmaceuticals’ packaging or delivery system to 

determine what compounds might contaminate the drug product 

under atypical storage conditions.1 When testing a product for 

extractables, the packaging or delivery system is stressed using 

a range of solvents, temperatures, agitation, etc to exaggerate 

extraction of potential compounds to assess what can be 

produced rather than what is likely to be produced under normal 

usage.    

Leachables on the other hand are present in the packaged drug 

product due to the interaction between the packaging/delivery 

system and the drug product itself.1 This testing is done solely 

on the drug product, to screen and quantify known compounds 

that are likely to be released under more typical storage 

conditions.   

The reason that extractable or leachable studies are necessary 

is to regulate and monitor these compounds, and to determine a 

safe and acceptable level for humans. Allowable levels are often 

related to the size of the dose as well as the longevity of the 

administration, from short term to chronic usage.  

Extractable and leachable testing therefore needs to be sensitive 

and comprehensive and must deliver accurate and consistent  

quantitative and qualitative results to ensure that potentially 

harmful components are not missed. It is well known that 

thousands of extractable and leachable compounds have been 

characterized by LC-MS/MS in the past. However, a small group 

of these compounds has been selected to showcase the 

workflows on the X500R QTOF System, using SWATH® 

Acquisition and SCIEX OS Software for extractable and 

leachable analysis. 

Key features of the SCIEX X500R QTOF 
System for Extractables and Leachables 
analysis 

• SWATH® Acquisition provides both quantitative and 

qualitative data for all detectable precursor ions within a 

single sample injection   

• The SCIEX X500R System provides high mass accuracy 

and accurate isotopic patterns which provides confidence for 

the identification of a large number of compounds  

• SCIEX OS Software provides an efficient and accessible 

platform for processing the complex data from extractable 

and leachable studies (Figure 1)   

• High quality MS/MS spectra combined with library searching 

allows for easy targeted screening for known extractable 

and leachable compounds 

• Formula Finder with ChemSpider allows for tentative 

identification of a precursor ion based on its MS/MS spectra, 

allowing for a rapid narrowing of candidates for unknown 

screening applications, which can be crucial in extractable 

studies  

 

 

Figure 1. Extractables and Leachables workflow diagram. From a 
single injection using SWATH Acquisition, 3 different processing 
workflows can be used for extractable and leachable studies to 
provide both quantitative and qualitative data. 
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• Accurate quantification of identified compounds from MS or 

MS/MS data using a targeted quantification workflow 

Methods 

Standard preparation: Compounds were dissolved in various 

solvents depending on solubility. These stock solutions were 

then diluted to create mixed standard solutions between 0.1 and 

100 ng/mL in methanol to test the various workflows. 

Compounds analyzed are shown in Table 1. 

Chromatography: Chromatographic separation was performed 

using the ExionLC™ AD System. The column used was a 

Phenomenex Kinetex C18 1.7µm, 100 x 2.1mm which provided 

good resolution of the compounds selected (Figure 2). Details 

are outlined in the Supplementary Information.4 

Mass spectrometry: These experiments were performed using 

the SCIEX X500R System. Data was collected using SWATH 

Acquisition, to obtain both quantitative and qualitative data. Data 

was acquired using SCIEX OS Software. Details are outlined in 

the Supplementary Information.4 

Data processing: Data was processed using SCIEX OS 

Software and a curated extractable and leachable library created 

using the standard data collected. 

 

Targeted screening using the library search 

feature  

With any high-resolution analysis, high levels of mass accuracy 

(MS and MS/MS) are necessary to correctly identify compounds 

of interest. Ongoing discussion within the industry is leading to a 

criterion of 5 ppm mass accuracy for high resolution analysis 

being expected for both MS and MS/MS. In Table 1, the mass 

accuracy values achieved for all of the compounds analyzed are 

outlined. This is shown for both the precursor ion as well as a 

fragment ion from the MS/MS in the SWATH Acquisition data. 

Because SWATH Acquisition data contains both MS and MS/MS 

data, it can be easily processed by the library searching strategy. 

Using a curated extractable and leachable library, matches are 

determined between the raw data and previously acquired 

MS/MS data then, using a set of criteria, are assigned a fit score. 

Utilizing this feature does not impact quantification. Both features 

can be used in a single injection, meaning that all necessary 

data is collected together for both library matching and traditional 

quantitative analysis. Therefore, it is possible to both identify the 

compound of interest and calculate the amount of this compound 

within the sample solution. See Figures 3 and 4 for more on the 

library search feature.  

 

 

Figure 2. Chromatography of 29 extractable and leachable compounds in both positive and negative mode.  Data was collected using SWATH 

Acquisition which is a data independent acquisition (DIA) technique that allows comprehensive acquisition of MS and MS/MS data on every detectable 

compound in a sample. It is an extremely powerful acquisition mode that provides a great amount of confidence in both qualitative and quantitative 

applications. Chromatography was optimized to have good separation of the selected compounds. 
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Table 1. Example mass error (ppm) values for both the precursor and fragment ion of each compound. The SCIEX X500R QTOF System 

provides high levels of mass accuracy for extractable and leachable analysis. This accurate precursor mass in combination with full scan MS/MS 

acquired using SWATH Acquisition provides high confidence in identification and quantification of the compound in a single injection.  

Compound name 
Expected precursor 

mass (Da) 
Precursor mass 

error (ppm) 
Expected fragment 

ion mass (Da) 
Fragment ion mass 

error (ppm) 

Antioxidant 425 367.2643 -1.3 253.2169 1.8 

Chimassorb 81 327.1955 1.0 284.2944 0.0 

Cyanox 1790 (ISTD) 771.4586 0.9 191.1427 1.9 

Diethyl Phalate 223.0965 0.1 65.0386 -2.9 

Dephenyl Phalate 319.0965 -2.6 225.0548 -0.7 

Irganox 1010 1194.8179 1.2 563.2273 2.7 

Irganox 1076 548.5037 -0.9 419.3512 -1.4 

Irganox 1330 792.6289 0.2 219.1749 -3.9 

Irganox 3114 801.5525 0.9 219.174 0.2 

Irganox PS 800 515.4129 0.6 207.1017 0.1 

Lowilite 36 659.4068 -0.4 336.2027 3.6 

Methylparaben 141.0410 0.2 92.0269 1.8 

Phthalic acid benzyl n-butyl ester 313.1434 0.2 253.1442 -2.9 

Phthalic acid bis(2-methoxyethyl) ester 283.1176 -0.7 207.0659 0.3 

Phthalic acid di(2-ethylhexyl) ester 391.2843 -0.2 167.0034 3.2 

Phthalic acid dicyclohexyl ester 331.1904 -0.5 298.3463 0.9 

Phthalic acid diisobutyl ester 279.1591 0.6 91.0541 0.6 

Phthalic acid di-n-amylester 307.1904 -0.1 298.3461 1.6 

Phthalic acid di-n-butyl ester 279.1591 0.6 91.0541 0.6 

Phthalic acid di-n-hexyl ester 335.2217 0.1 303.2169 0.1 

Phthalic acid di-n-octyl ester 391.2843 -0.2 167.0334 3.2 

Phthalic acid dipropyl ester 251.1278 -1.0 191.0704 -2.8 

Tinuvin 234 448.2383 0.0 279.1584 -0.5 

Tinuvin 326 316.1211 -0.7 284.2943 1.5 

Tinuvin 328 352.2383 0.7 282.1598 -2.7 

Tinuvin 770 481.4000 0.5 343.0153 2.3 

Tinuvin P 226.0975 0.6 105.0697 2.7 

Uvinul 3040 / Lowilite 20 229.0859 0.5 151.0396 1.5 
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Figure 4. Typical results table when using the library search feature. SCIEX OS Software allows for easy evaluation of the data as can be seen in 
the top of the figure by the four green tick symbols. This indicates a strong match between the unknown compounds in the sample and the library, here 
good matches are obtained for all 4 criteria for Lowilite 36, yielding a library score of 100. (Bottom) The raw data can then be visualized, here the MS XIC, 
the MS data and the MS/MS data matched to the library spectrum is shown. 

Figure 3. Excerpt from an extractable and leachable library. Within each library entry, it is possible to include a large amount of useful information 
such as .mol files, CAS numbers and multiple MS/MS spectra across a range of acquisition settings such as collision energies. 
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Non-targeted screening utilizing ChemSpider 
integrated with SCIEX OS Software 

While many compounds can be easily identified using a library 

search approach, additional extractables in the sample that were 

not in the curated library will have to be found by a second 

approach, namely non-targeted screening. It is important to have 

powerful software for this approach as it can be a challenging 

task to identify compounds of interest.  

SCIEX OS Software offers an integrated two-step approach. 

First, Formula Finder is used to propose potential chemical 

formulas for features found in the sample from a non-targeted 

peak finder, using molecular weight, isotope pattern and MS/MS 

information (Figure 5). Next, these chemical formulas are used to 

interrogate the vast ChemSpider chemical library. The 

ChemSpider information is brought back into the software for 

manual assessment to determine which is most likely to be the 

compound of interest (Figure 6). Using the chemical structures 

returned from ChemSpider, the user can interrogate the results 

by matching the proposed fragment ions with the observed 

fragment ions in the SWATH Acquisition data. This can save 

time by giving the user an interactive tool for identifying the 

unknown compound.  

 

  

 

 

Figure 5. Formula Finder in SCIEX OS Software. First, a non-targeted peak finder is used to extract the MS and corresponding MS/MS data from the 
SWATH Acquisition data. Then Formula Finder is used to predict possible formulas based on precursor molecular weight and mass accuracy, the 
isotope pattern and the MS/MS fragmentation pattern. This provides a narrowed list of possibilities that can be further evaluated with ChemSpider. 

 

 

 

Figure 6. ChemSpider search. For each compounds returned from the 
ChemSpider search, the user can interrogate using the structural 
information to determine the most likely compound. The molecule is 
broken into most likely fragments then compared to the MS/MS spectra 
collected. 
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Quantitative analysis 

Now that the compounds in the extractable or leachable sample 

have been identified, they can now be quantified with high levels 

of precision and accuracy. These analytical attributes, along with 

sensitivity, are paramount to achieving a robust and repeatable 

method of analysis. The quantitative detection limits for the 

selected compounds were determined and are shown in Table 2. 

The precision (%CV) at the LLOQ and at 10x higher 

concentration over the LLOQ is also shown. AutoPeak 

integration algorithm was used which provides reproducible peak 

integration with minimal manual integration. 

As well as sensitivity and precision, linearity and accuracy are 

also important when performing quantitative analysis. The results 

for selected compounds are shown in Figure 8 and include 

linearity, %CV and accuracy values at each point of the 

calibration curve analyzed.  

Ion ratio criteria, in addition to the other quantitative criteria that 

have been outlined, are also important in determining whether 

the correct peak is being integrated. It can also serve as an 

indicator of matrix effects in real samples. Within SCIEX OS 

Software, ion ratios across the dataset are automatically 

determined and can be rapidly evaluated. In Figure 7, it can be 

seen how SCIEX OS Software incorporates ion ratio information 

into the results table by using symbols and colors so that 

evaluation can be quickly and efficiently performed. Tolerances 

can be set in the processing method. The ion ratio shown has 

been based upon the ratio between precursor ion area and a 

determined fragment ion area.  

 

  

Lowilite 36 

 
 
Tinuvin 234 

 
 
Irganox 3114 

 

Figure 8.  Linearity, %CV and accuracy of calibration curves. 
Example data from three of the compounds is shown. The statistics 
table shows the precision and accuracy of each point in the 
calibration curve. The plot of the calibration curve provides an easy 
visualization of the curve linearity. 

 

 

Figure 7. Ion ratio information in SCIEX OS Software. Ion ratio 
tolerances are set in the processing method, then used during data 
processing to increase confidence in detection.  
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Table 2. LOQ and %CV values for all compounds analyzed. Most of the compounds were visible most prominently in positive ion mode. It is noted 
that the Irganox compounds specifically responded well to being analyzed as a [M+NH4]+ adduct rather than [M+H]+ ion which is facilitated by the 
addition of ammonium formate to the eluent system. Using SCIEX OS Software, comparing different adducts is straightforward, and with SWATH 
Acquisition, adducts that provide a response are collected and can be evaluated at a later time. 

Compound name LLOQ (ng/mL) %CV at LLOQ %CV at 10x LLOQ Polarity 

Antioxidant 425 0.5 9.83 1.18 Negative 

Chimassorb 81 0.1 1.44 2.09 Positive 

Cyanox 1790 (ISTD) 0.5 6.79 1.81 Positive 

Diethyl Phalate 0.1 17.65 8.93 Positive 

Dephenyl Phalate 0.1 2.69 6.94 Positive 

Irganox 1010 0.1 3.90 2.34 Positive 

Irganox 1076 0.1 1.54 1.86 Positive 

Irganox 1330 0.1 9.40 2.66 Positive 

Irganox 3114 0.1 5.77 5.65 Positive 

Irganox PS 800 0.1 4.84 2.17 Positive 

Lowilite 36 0.1 10.44 5.05 Positive 

Methylparaben 1.0 8.56 3.34 Negative 

Phthalic acid benzyl n-butyl ester 0.1 5.27 5.57 Positive 

Phthalic acid bis(2-methoxyethyl) ester 1.0 12.15 0.75 Positive 

Phthalic acid di(2-ethylhexyl) ester 0.1 3.75 4.50 Positive 

Phthalic acid dicyclohexyl ester 0.1 5.68 2.90 Positive 

Phthalic acid diisobutyl ester 0.1 3.11 1.88 Positive 

Phthalic acid di-n-amylester 0.5 13.52 4.03 Positive 

Phthalic acid di-n-butyl ester 0.1 3.11 1.88 Positive 

Phthalic acid di-n-hexyl ester 0.5 4.19 0.38 Positive 

Phthalic acid di-n-octyl ester 0.1 7.64 1.78 Positive 

Phthalic acid dipropyl ester 1.0 7.64 5.13 Positive 

Tinuvin 234 0.1 14.63 1.03 Positive 

Tinuvin 326 1.0 3.37 9.17 Positive 

Tinuvin 328 0.1 13.43 4.11 Positive 

Tinuvin 770 1.0 5.34 6.94 Positive 

Tinuvin P 10.0 1.09 4.99 Positive 

Uvinul 3040 / Lowilite 20 0.1 12.98 4.05 Positive 
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Conclusions 

This study has shown that the SCIEX X500R QTOF System 

delivers high-quality quantitative and qualitative data for 

extractable and leachable analysis.   

• Data is acquired using SWATH Acquisition, to obtain both 

quantitative and qualitative data in a single injection without 

compromising data quality 

• Very high mass accuracy was observed which is very 

helpful for screening workflows 

• Very good linearity, reproducibility and sensitivity was 

observed from the quantitative experiments 

Data processing has also become much more efficient and 

accessible due to the design and usability of the SCIEX OS 

Software.  

• For targeted screening, library searching is performed using 

a curated extractable and leachable library, to identify 

known compounds easily 

• For non-targeted screening, ChemSpider integration with 

SCIEX OS Software provides a much more streamlined 

approach to this more difficult analysis, and can save the 

user a vast amount of time and effort in tentatively 

identifying unknown compounds with a high level of 

accuracy 

• Identified compounds can then be quantified using a 

targeted strategy with very good sensitivity and 

reproducibility 

• Results are intuitively displayed for fast and easy 

interpretation 

In summary, SWATH Acquisition on the SCIEX X500R System 

combined with data processing using SCIEX OS Software 

provides a flexible and streamlined solution for extractable and 

leachable studies. 
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