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E&L research in pharma industry has 
emerged in recent years. Following 
USP <1663> <1664> , EMEA 
regulations and PORI guidelines, E&L 
analysis should be applied to different 
formulations, especially with high risk 
matrices and complex administration , 
such as inhalation aerosols and 
injections. Compounds that may be 
extracted from component materials or 
leached into drugs need to be identified 
if a Safety Concern Threshold is 
surpassed.

For most E&L study, GCMS is the first 
option according to detection 
sensitivity and qualification ability by 
NIST library search. However, most 
extractables are median to high 
polarity with larger molecular weight, 
which are adapted to LC-MS analysis. 
But even with a HRMS system, dealing 
with hundreds and thousands detected 
peaks would be a time consuming  and 
labored work, indicating a dedicated 
database/library should be used for 
E&L analysis.

In this case, we demonstrate a 
extractables identification workflow for 
heart stem material, coupled with  
HPLC-HRMS and dedicated 
database/library, which could 
dramatically accelerate E&L studies.

Introduction Experimental

Sample Preparation

Heart stem material is from a local 
customer in China. Sample was sonic 
extracted with water and ethanol for 
30min separately, then the extraction 
solvent   were centrifuged, and injected 
directly into the LC/Q-Tof system.

Agilent 1290 InfinityⅡ UHPLC System

Column
Agilent Eclipse  Plus   C18  
(3.0x150mm, 1.8μm)

Column temperature 45 °C

Injection volume 1 μL

Autosampler temp 4 °C

Mobile phase

A) Water(4.5mM NH4Formate + 
0.5mM NH4F + 0.1% formic acid)

B) 50%MeOH + 50% IPA (4.5mM 
NH4Formate + 0.5mM NH4F + 
0.1% formic acid)

Flow rate 0.4 mL/min

stop time 18min

Agilent 6545 LC/Q-Tof System

Drying gas 
temperature

325 °C

Drying gas flow 8 L/min

Sheath gas 
temperature

350 °C

Sheath gas flow 12 L/min

Nebulizer pressure 45 psi

Capillary voltage 4000 V(pos)/3500V(neg)

Nozzle voltage 0 V (pos)/500V(neg)

Acquisition Rate
3 spectrums/s for MS；
3 spectrums/s for MS/MS

Mass Range
100~1000 m/z (Positive); 
100~1100 m/z (Negative)

Polarity: Positive/Negative

Agilent Extractables and Leachables Database/Library

Content list 1006 compounds

Compounds with MS/MS 
Spectrum 350 compounds

Version B.07.00
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Results and Discussion

Identification workflow with E&L
database/library

For comprehensive analysis and 
accurate library matching, DDA 
acquisition was chosen. Following the 
identification workflow (fig.1), three 
groups of compound were obtained. 
Group Ⅰ was qualified by MS/MS 
spectrum from E&L library with mirror 
plot, which indicated Score(lib) for 
identification confidence. Group Ⅱ was 
matched by E&L MS level database 
without MS/MS spectrum, but could be 
confirmed from several isomer 
candidates by MSC (Agilent fragment 
interpretation software). Group Ⅲ had 
higher response in 
chromatogram(TIC), but didn’t 
collected in the database, to which we 
applied manual spectrum extraction, 
formula generation and on-line 
fragment confirmation. From mass 
spectrometry aspect, the confidence of 
identification is Group Ⅰ>Group 
Ⅱ>Group Ⅲ .

Figure 1. Identification workflow with E&L
database and library

Compound list investigation

Hundreds of compounds could be 
detected in extractables (fig.2), some 
typical compounds were identified and 
summarized as below(table.1)

Figure 2. EIC for extractables(Positive mode)

Antioxidant Phthalate

Irganox 1010 Diethyl phthalate

Diester of Irganox 1010 Diethyl terephthalate

Triester of Irganox 1010 Dioctyl phthalate

Irgafos 168 Phosphate Dibutyl phthalate

Irgafos 168 Didecyl phthalate

Cyanox LTDP Dinonyl phthalate

Irganox 1076 Cyclic silicone

Slip Agent Triacontamethylcyclopentadecasiloxane 

Palmitamide Hexatriacontamethylcyclooctadecasiloxane

Oleamide Dotriacontamethylcyclohexadecasiloxane

Erucamide Tetratriacontamethylcycloheptadecasiloxane 

Stearamide Octatriacontamethylcyclononadecasiloxane 

Table.1 Typical extractables in heart stem

Above these compounds, four of most 
abundant peaks were not matched in 
E&L database(star marked), and formula 
were generated as C12H23NO, 
C24H46N2O2, C36H69H3O3 and C48H92N4O4
respectively. From MS/MS spectrum 
analysis, we identified these as Nylon 12 
and its polymers， which were used for
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Results and Discussion

Conclusions

Statistics analysis for different
extraction solvent

Extraction solvent was a critical point 
for extractable study. The pH value, 
solvent polarity, etc., could be 
variables, which impacted the final 
experimental result. According to this 
fact , water and ethanol were applied 
for extraction of heart stem material. In 
general, ethanol was a better solvent 
for antioxidant and slip agent 
extraction, while phthalate could be 
inclined to dissolve in water.
Statistical analysis was also applied to 
compare these two solvents, with a 
abundance filter (fold change>2) in 
Mass Profiler software. Significant 
difference could be observed in fig.3, 
indicating ethanol was a much 
stronger solvent dissolving more 
compounds with higher concentration.

Figure 3. Comparison of different extraction solvent

packing material in the medical fields, 
and prepared as sheets and sintered 
powder for coating metals.

We demonstrated in this study a 
regular workflow with a 
commercialized database/library for 
E&L industry. With DDA acquisition and 
MS/MS library match, a series of 
compounds could be easily found and 
identified. If a classification study for 
E&L compounds were required, the 
database/library could be arbitrarily 
edited depending on the different 
materials. However for heart stem 
material in this case, four of the most 
abundant peaks could not be matched 
in database, so formula generation and 
fragment interpretation were 
conducted. These forward and 
backward algorithms and workflows 
should always be applied in E&L study, 
although the commercialized database 
could be a convenient tool.
Following this workflow, hundreds of
compound were detected and some
typical components were listed. Two
different solvents for extraction were
also considered through statistical
analysis.
For further studies, a Safety Concern 
Threshold(SCT) or Analytical 
Evaluation Threshold(AET) should be 
applied based on the existing 
compound list. Using standard 
substances, quantitation or semi-
quantitation can be furthermore 
explored.
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