
INTRODUCTION
Screening of the final packaging components of human drug products for extractables
and leachables has become commonplace in the 16 years since the FDA released their
recommendations for Container Closure Systems for Packaging Human Drugs and
Biologics. Due to the wide variety of components, and the conditions under which they
are used, there is no recommended standard method to perform extractables or
leachables analysis. General chapter <1663> in the USP lists several extraction
methods: maceration, reflux, soxhlet, sealed vessel (autoclave), automated instrument
based extraction, and sonication. However, a common method of extraction performed
on container closure systems utilizes reflux of the component(s) in polar, non-polar
and/or mixed polarity solvents. Papers by D. Jenke and K. Ashley have used both
sonication and reflux in analysis of extractables, but with differing solvents,
temperatures, and time that have not directly compared the two techniques. The current
study examines the extractables profiles generated over a time-course from stoppers
mechanically extracted by sonication or reflux.

CONCLUSION
 No additional extractable compounds are seen in the 2 hours extracts that are not also observed in the 0.25 hours

extracts.
 Longer extraction timepoints moderately increase the concentrations of extractables.
 Concentrations of extractables continue to increase up to 6 hours of extraction; in previous laboratory studies, many of the new peaks

observed after 6 hours of extraction have been identified as degradation or reaction products.
 Extractions of container closure components should consider the time required to generate a meaningful extractables profile while

limiting extraction time to minimize degradation of the packaging components or extractables themselves.

 Sonication is an effective technique for evaluating extractables profiles of container closure components.
 The five most abundant extractables were detected in extracts from both extraction methods.
 Concentrations of major organic extractable compounds were similar between sonication and reflux.

 Sonication is a more effective extraction method for trace metals than reflux.
 For all detected elements, the concentrations in the sonication extracts were greater than in the reflux extracts.
 Several elements were detected in the sonication extracts but not in the reflux extracts.

METHODOLOGY
Two different extraction methods were used to compare the
extractables profiles of Teflon coated chlorobutyl stoppers.
Stoppers were extracted in water and isopropanol (IPA) by
reflux (B.P. 100 ºC for water; B.P. 82.6 ºC for IPA) or sonication
(40 kHz at 50 ºC). Samples from both extraction methods were
collected at 0.25 hours, 0.5 hours, 1 hour, 2 hours, and 6 hours.
The resulting extracts were tested by Perkin-Elmer Optima
5300 DV ICP-OES to evaluate the presence of trace elements
and by gradient HPLC using an Agilent 6200 series LC/MS-
Time of Flight (TOF) equipped with a multimode source
(electrospray and atmospheric pressure chemical ionization)
using positive ionization (MMP), negative ionization (MMN), and
UV detection (PDA 190-500 nm) to monitor for the presence of
nonvolatile organic compounds.

Assessing the Impact of Mode of 
Extraction on the Generation of 
Extractables Profiles from Stoppers

EXTRACTION TIME
The extractables profiles generated by sonication and reflux with IPA and water were compared to evaluate the relative extraction efficiency of the two
methods and their ability to generate comparable profiles. As can be seen in Table 1, no additional extractable compounds were observed at 2 hours that
were not also observed after 0.25 hours of extraction for both sonication and reflux, although the concentration of extractables does increase with time.

Table 1 details the tentative identifications and concentrations of extractable compounds observed. After 6 hours of extraction, oleic acid (a breakdown
product of stearic acid), Irganox degradant 1, and two unknown ions were detected in the reflux extract but not in the sonication extract, while one unknown
ion was detected in the sonication extract at 10x the level detected in the reflux extract. Due to the time of exposure to heat and the extraction solvents,
compounds that are a result of reaction with or degradation of other extractable compounds are typically observed after longer extractions.

EXTRACTABLES PROFILE
The concentrations of BHT, palmitic acid, stearic acid, and 3,5-di-tert-Butylbenzoic Acid were slightly greater at each timepoint in the reflux extract than in the
sonication extract, while the concentration of Cyanox 2246 was slightly greater at each timepoint in the sonication extract than in the reflux extract. However,
the differences in concentrations of all of these extractables were minimal between extraction methods.

The water extract was assayed for 40 metals by ICP-OES analysis. Mg, Sn, K were detected above the 0.1 µg/mL reporting limit for the sonication extracts
but not for the reflux extracts. Na, Si, and Ca were detected with both extraction methods, but at greater concentrations in the sonication extracts than in the
reflux extracts. Representative data for Mg and Si are shown in Table 1.
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4.2 Irganox Degradant 1 
(Ion 293.1790) - - - - - Irganox Degradant 1

(Ion 293.1777) - - - - 0.1

5.5 Cyanox 2246 0.2 0.2 0.2 0.4 0.3 Cyanox 2246 0.1 0.1 0.1 0.1 0.1

5.7 3,5-di-tert-Butylbenzoic Acid 
(Ion 233.1561) 0.07 0.09 0.12 0.21 0.22 3,5-di-tert-Butylbenzoic Acid 

(Ion 233.1561) 0.1 0.2 0.2 0.2 0.3

6.5 BHT 0.2 0.2 0.3 0.5 1.0 BHT 0.2 0.3 0.5 0.7 1.4

6.7 Palmitic Acid 0.1 0.1 0.1 0.1 0.6 Palmitic Acid 0.1 0.1 0.3 0.3 0.6

6.8 Ion 461.3782 (C28H50N2O3) 0.02 0.02 0.02 0.02 0.19 Ion 461.3782 (C28H50N2O3) 0.01 0.01 0.01 0.01 0.01

6.8 Oleic Acid - - - - - Oleic Acid - - - - 0.1

7.2 Stearic Acid 0.1 0.1 0.1 0.2 1.1 Stearic Acid 0.3 0.4 0.7 1.0 1.5

9.0 Ion 271.1065 (C12H18NO6) - - - - - Ion 271.1065 (C12H18NO6) 0.04 0.05 0.09 0.10 0.11

10.5 Ion 449.2771(C25H40NO6) 0.02 0.02 0.03 0.04 0.08 Ion 449.2789 (C25H40NO6) 0.05 0.05 0.06 0.08 0.12
ICP Magnesium 0.08 0.2 0.1 0.2 0.5 Magnesium  0.05 0.06 0.06 0.07 0.07
ICP Silicon 15.8 16.5 17.7 18.3 19.7 Silicon <0.1 <0.1 <0.1 <0.1 1.2
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Table 1. Tentative identifications of extractable compounds from stoppers in IPA by sonication or reflux. For simplicity, only negative ionization mode data is shown . Concentrations of Mg and Si detected by ICP-OES in the water extracts 
of the stoppers.


