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Introduction

USP class VI materials are commonly used in medical devices, biopharmaceutical
manufacturing process equipment, pharmaceutical packaging, and direct patient-

contact applications. For these intended uses, class VI materials need to undergo
extractables testing to meet regulatory requirements.
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In this study, comprehensive extractables analysis of USP class VI O-rings was
conducted using Thermo Scientific™ Q Exactive™ Plus MS and Thermo Scientific™
iCAP™Q ICP-MS for trace element analysis. Thermo Scientific™ software SIEVE™,
Mass Frontier™, and mzCloud™ spectral database were used for data processing.

LCMS Analyses

Sample Preparation

~

Four different types of medical grade O-rings, A, B, C, and D, were extracted using
both water for injection (WFI) and IPA by reflux extraction. For each extraction, 5g of
O-ring material and 50 ml of solvent were refluxed for 4 hours. The extracts solutions
were analyzed directly by LCMS.

Liquid Chromatography

LC separations were carried out on the Thermo Scientific™ Ultimate™ 3000 RS
UHPLC system consisting of: DGP-3000RS pump, WPS-3000RS sampler, TCC-
3000RS column compartment and DAD-3000RS UV detector.

Column: Thermo Scientific™ Hypersil™ C18, 2.1x150 mm 1.9 ul Column Temp: 50 °C

LC Mobile phase: A: H,0/0.1% formic acid B: ACN/0.1% Formic acid
Gradient:

Time (min) 0 3 35 40 401 45
B% 10 20 90 90 10 10
Flow rate (ul/min): 400 Injection volume (ul): 10

Mass Spectrometry

MS analyses were carried out on the Thermo Scientific™ Q Exactive™ Plus mass
spectrometer using electrospray ionization (ESI) and external calibration. High
resolution full scan MS and data dependant top 3 MS/MS data were collected with
polarity switching. The resolving power was 70,000 and 17,500 (FWHM m/z200)

respectively for full scan and ms/ms . The scan range is 125-1700 amu. HCD stepped

normalized collision energy was 25, 35, and 45.

Im\_ Source Conditions:

lonization mode: ESI pos/neg switching
Sheath gas flow rate: 50

Auxiliary gas flow rate: 10

Spray voltage (KV): (+) 3.5 pos / 2.5(-) neg
Capillary temp (°C): 300

S-lens RF level: 55.0

Probe heater temp (°C): 430

Thermo Scientific™ Q Exactive™ Plus
mass spectrometer with a Thermo
Scientifc™ UltiMate™ 3000 RS UHPLC
system

Q Exactive Plus MS HRAM Data Acquisition

The High Resolution Accurate Mass (HRAM) data acquisition on Q Exactive Plus MS
using full scan/top3 ms/ms with polarity switching generated high quality data,
ensuring the detection of structurally diversified compounds at all levels. Figure 1
shows high mass accuracy for pos/neg switching on the fly and the fine isotope
pattern of A2. The Amass1.9954 between A0 and A2 indicate one sulfur present.

FIGURE 1.

High Mass Accurate and Fine Isotope Pattern for Pos/Neg Switching
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FIGURE 2. Base Peak Chromatographs of Full Scan WFI Extraction (ESI+)
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FIGURE 3. Base Peak Chromatographs of Full Scan IPA Extraction (ESI+)
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SIEVE software for Component Extraction and Database Search

The data was processed using SIEVE 2.2 software for component extraction and
differential analysis. The extracted components were filtered using the versatile and
customizable filters and then searched against ChemSpider™ database for structure
identification .

Component Identification and Structure Elucidation

ChemSpider database searching generated multiple structures for each extracted
components. HRAM data with 3 ppm threshold setting reduced the possible
structures. To determine the correct structure(s), ms/ms fragments library search was
carried out using “Mass Frontier” software, a small molecule structure analysis
software. The “HighChem Fragmentation Library” in Mass Frontier software 7.0 has
extensive published literature references. For each proposed structure, the
“Fragments and Mechanisms” feature in Mass Frontier software was used to
generate predicted “fragments and mechanisms” through HighChem Fragmentation
Library search, see figure 4. A high degree of correlation between predicted and
experimental fragments confirms the proposed structure. Mass Frontier software
then automatically annotates the matching fragments based on library search results.
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Figure 4. Fragment and Mechanism for Structure Elucidation

Pz

o

. o so
oo g [T,
on ¢

Cast 78-51-3
FW 398.24334

3 m/z (+) 399.25062

§ Tris(2-butoxyethyl) phosphate

£o
1550 mgan

+ 0
niJion

o 2001660

T T

CcCLOUD

mzCloud High Resolution Spectral Database Searching

A search was conducted with “mzCloud”. Figure 5 A and B show
identification using the ms/ms spectrum search feature.

mzCloud™ is a freely searchable high resolution spectral database at
www.mzcloud.org. mzCLoud provides several search criteria for small molecule
structure identification using tandem mass spectra, including spectra, fragments,
precursor ions, etc, all of which can be very useful for unknown structure elucidation.

FIGURE 5-A. Copy MS/MS Spectrum to mzCloud for Substructure Identification
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FIGURE 6. Base Peak Chromatogram of WFI Extraction of Sample A
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TABLE 1. Components Identified from WFI Reflux of Sample-A (Partial List)

Calculated Elemental Error
Peak ID| RT |Measured (M+H)* (M+H)+ Composition (PPM) |

1 1.0 127.0733 127.0723 IC3HENG

2.0 133.0763 133.0761 ICBH8N2 21
3 21 133.0763 133.0761 ICBH8N2 21
4 3.7 179.0639 179.0638 IC9H10N2S 0.8
5 3.8 179.0639 179.0638 IC9H10N2S 0.8
6 4.9 193.0798 193.0794 IC1OH12N2S 2
7 5.0 193.0798 193.0794 IC10H12N2S 19
8 5.1 221.0747 221.0743 IC11H120N2S 1.6
9 52 237.1058 237.1056 IC12H160N2S 0.7
10 53 251.1214 2511213 IC13H180N2S 0.6
11 5.5 149.0713 149.0709 ICBH8ON2 21
12 5.6 165.0484 165.0481 ICBH8N2S1 19
13 57 165.0484 165.0481 IC8H8N2S1 19
14 6.0 251.1214 251.1213 IC13H180N2S 0.7
15 6.6 251.1218 251.1213 IC13H180N2S 1.5
16 6.7 163.1331 163.1329 IC8H1803 0.97
17 6.9 221.1110 221.1107 IC12H16N2S 13
18 85 235.1267 235.1264 IC13H18N2S 1.6
19 10.0 265.1372 265.1369 IC14H200N2S 11
20 10.2 265.1372 265.1369 |C14H200N2S 12
21 10.7 219.1958 219.1955 IC12H2603 15
22 113 249.1698 249.1697 IC12H2405 1
23 16.0 233.1751 233.1747 IC12H2504 15
24 16.4 277.2011 277.2010 IC14H2805 0.2
25 20.7 261.2064 261.2060 IC14H2804 0.4
26 20.9 305.2324 305.2324 IC16H3205 0.1
27 21.6 325.1433 325.1434 |C20H2004 0.1
28 22.0 325.1438 325.1434 |C20H2004 0.3
29 23.7 399.2511 399.2506 |C18H4007P 14




TABLE 2. Proposed Structures for WFI Reflex of Sample A (Partial List)

\4/\\\4 NH q S,
e (% S DS o
o T O O, Cong
NH
'

o
S g OO A

P N
\ )
CO e T, lemj%\ ?
N on - P8 — ’
‘> W\NW\/K P29 ‘g

Cong

P8 (M+H)* 221.0743

WOV\O O o C[ %\
[
= [r2]

o o OH
NN OH SN NN
\/\/\/\'r 0 /\/\H/ o

o o s>
P23 P25 NN

i
0. OH o
NN o A~ O o
\/\/\/\/\U/ VW \/\D P17 (M+H)* 221.1110
o

P24
P22

ICPMS Analyses

The samples were prepared by placing the O-rings in 25 ml DI water and 25 ml 2%
nitric acid and soaked at RT for 24 hours. The analyses were conducted on Thermo
Scientific iICAP Q ICP-MS with He KED (Kinetic Energy Discrimination) interference
reduction mode setting. The instrument was standardized at 10 ppb.

To determine if trace and potentially toxic metals were leached from the O-rings, the
USP<232> Class1 & 2 elements and additional elements which are commonly
analyzed by ICP-MS were determined.

The analyses results for the four types of O-rings showed that they are clean of all
Class 1 & 2 elements, see Figure 7 for the ICPMS results for sample 1A and B.
The system control software Qtegra provides full 21CFR Part 11 tool set to operate
under compliant environments.

www.thermofisher.com
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FIGURE 7. ICPMS Results for O-Rings Sample A and B (C & D not shown)
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This study demonstrated a workflow for rubber O-ring extractable analysis using
HRAM data acquisition, data-process software, and database search.

The UHPLC/ HRAM full MS/HCD MS? with polarity switching data acquisition on Q
Exactive Plus MS, coupled with effective process software and database search
using SIEVE, Mass Frontier, and mzCloud, significantly increased the confidence
and throughput of routine extractable analysis, particularly for unknown components
identification and structure characterization.

WFI and IPA extraction profiles of the four types of medical grade O-rings were
quickly established by using this workflow. Data not show for sample B, C, and D.

The ICPMS results show that the four samples have none or very low level trace
element present. GCMS analysis was carried out but the data has not been reported.
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