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Introduction
Drug Containers And Modern Drug Delivery Systems

Drug containers and modern drug delivery systems meant to protect a
drug from environmental contamination but they are actually themselves a
source of contamination
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Plastic Materials: Source of Contamination

Sources of extractables are plastic and elastomeric components
(monomers, polymeric initiators, plasticizers, etc.) ink and adhesives
(label) and degradation products (processing, storage, sterilization)

_ Packaging
Monomer Polymer Masterbatcher ~ Molding Containers/
Synthesis Manufacturing Shop Device

(Converter)  Components
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Catalysis Stabilizers -

Bulk Chemicals Stabilizers Antioxidants Lubricants

Storage Stabilizers  Antioxidants Processing aids Colorants e
Processing aids  Antistatic
Others Others

Cindy Zweiben, Pfizer, Inc., Characterization of Extractables and Leachable in Parenteral Drug Products
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Compounds Identified as Extractables/Leachables

Vulcanizing Agents

R
s st

Antioxida

Toxic
ﬁ Elements (Hg,
(CH,),——C —O0——C,.H, Cd, Pb, As, Cr,
W, Tl, Os, Ba)

Monomers, Lubricants,
Dimers,
Oligomers

Fatty Aci;is
and Esters

Wide variety of Chemical Classes, Polarity, Molecular Weights, Properties
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Various Analytical Technologies Required

Agilent delivers the most comprehensive analytical solutions portfolio

Objective: To detect a wide class of known and unknown organic/inorganic compounds that
maybe present in container closure systems at levels links to risk assessment threshold levels

Toxic elements/ Heavy metals

Volatile Residues

Non-volatile residues
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W
Defining Extractables, Leachables, Migrants

Extractable

Chemical compounds that can be extracted out of

packaging component

* Analyze packaging component at
Extractables Leachables * High-temperatures: to obtain the worst case
(Packaging) (Drug) leachable profile

« Solvent extraction: polar and non-polar
solvent to mimic similar properties as drug

Potential Actual product
Compound Compound
Migration Migration Leachable

* Chemical compounds from packaging component
that leach into the drug product
* Analyze drug product at

Extractables Extractables .
* Normal conditions
Leachables/ « Simulate extended storage conditions
Migrants Leachables
Migrants
Leachables are New Leachables may be <+ Crossed the primary packaging material barrier
often a subset of identified from secondary and tertiary packaging,

observed as extractables
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FDA Regulation For Container Closure Systems (CCS)

U.S. FDA 21 CFR 211.94(a) statement (April 2015)

“(a) Drug product containers and closures shall not be reactive, additive, or
absorptive so as to alter the safety, identity, strength, quality, or purity of the
drug beyond the official or established requirements.

...(d) Standards or specifications, methods of testing, and, where indicated,
methods of cleaning, sterilizing, and processing to remove pyrogenic properties
shall be written and followed for drug product containers and closures.”

http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=211.94

=) U.S. Food and Drug Administration
m Protecting and Promoting Your Health
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Why Worry about Extractables/Leachables ?

2014: FDA Drug Recalls Surges over 836 in 2014!

2014: FDA data shows the last two years have seen almost as many recalls
(2,061) as the previous nine years combined (2,217)—and that's only counting the
first seven months of 2014. Ref: raps.org August 2014

August 2015: FDA warns against use of Becton-Dickinson (BD) 3 ml and 5 ml
Syringes: http://www.fda.gov/Safety/MedW atch/Safetylnformation/SafetyAlertsforHumanMedicalProducts/ucm458955.htm

Sodium Valproate Zentiva 500mg Gastro-resistant Tablets, PL 17780/0454, Zentiva
Livery

Batch Number Expiry date Pack Size First Distributed
J601 Aug 2016 1 x 100 01 Oct 2014

We have been made aware of an unusual odour associated with the above batches of Epilim / Sodium
Valproate Gastro-resistant tablets. The odour has variously been described as ‘fishy’, ‘sweaty armpits’
and ‘cannabis’. An investigation by Sanofi has identified the root cause as the aluminium foil used in
the packaging of affected batches. No impact on the quality or efficacy of the tablets has been detected.
Sanofi has now ceased using this foil supplier.

https://assets.digital.cabinet-office.gov.uk/media/55191d6fe5274a142e000069/EL__ 15 A 02.pdf
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http://www.fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/ucm458955.htm
http://www.fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/ucm458955.htm

USP Chapters dealing with E&L USE

<87> Biological
Reactivity In Vitro

<88> Biological
Reactivity In Vivo

USP <1665>

Leachables Toxicological
specifications in

Assessment

Ref: Denise R. Jenke, Daniel L. Norwood, and Desmond G Hunt

individual Monographs

Agilent Technologies
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Guidelines Delivered By Pharma Industry Expert
Working Groups

Cnrm:nhm

Product Quality Research Institute

ICH

harmonisation for better health

PORI (Product Quality Research

o
Institute) is a working group )
established to developed regulatory

guidance for Extractable/Leachable
analysis, which is also recognized by ELS l E

th e F DA Extractables and Leachables
Safety Information Exchange

Agilent Technologies




PQRI guidance for OINDP

(Orally inhaled and nasal drug products)

PQRI issued guidance for OINDP:
“Safety thresholds and best practices for extractables and leachables in orally inhaled and nasal drug products

(OINDP) also Applicable to parenteral and injectable products (PODP)

PQRI established safety thresholds for leachables:

« Safety Concern Threshold (SCT) < 0.15 pg/day patient exposure which species represent no risk

« Qualification Threshold (QT) < 5 pg/day patient exposure which a leachable is not considered for safety
gualification. Lower threshold applies to PAH’s, nitrosamines, and 2-mercaptobenzothiazole

« Estimated Analytical Evaluation Threshold (AET) (ug/g) = (SCT x total labeled doses) / (Doses per day x

mass of component)
“Best practices” include controlled extraction studies and leachables studies.

Compliance Road Show E/L 2015
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Inorganic Impurities

New USP general chapters <232> and <233> for elemental impurities

. Reagents, Ligands, Catalysts
. Manufacturing Aids
. Inks and Dyes

USP<232> defines the analyte limits, while USP<233> defines sample preparation
options including closed vessel microwave digestion, and recommends the use of
modern instrumentation, such as multi-element ICP-MS and ICP-OES techniques.
Analytical equipment qualification under USP<233> is based on performance testing,
and includes requirements to demonstrate accuracy, repeatability, and the unequivocal
identification of analytes.

Compliance Road Show E/L 2015
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Special Concerns About E&L Effects on Biologics

Even contaminations at trace levels with reactive E&L impurities can be deleterious
for protein based drugs and will cause severe harm for the patient’s health
(immunogenic reaction)

1gG1 antibody

Small molecule Biologic medicine
21 atoms > 20,000 atoms
1
3 5
E&L compound  #:?

as Impurity

Contact materials are: plastics/elastomers, glass and stainless steel surfaces

Agilent Technologies




Sources of E&Ls as contaminants in biological drugs

d

a

Plastics / Elastomers
» Crosslinking agents, volatile organic E&LSs

Glass surfaces

> Al®Y Fe®" Ca®;Ba®;Mn?;Zn*
Stainless steel surfaces

> W 6+/4+; Fe 3+/2+; CI‘ 3+/2+; Ni 2+

Sterile filtration processes are often a source of contamination

Sterilization processes (steam autoclaving / gamma radiation) of drug
containers will affect the concentration of leachables within the drug
product

Complexing agents (EDTA) facilitate migration of metal ions

Compliance Road Show E/L 2015
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E&Ls may affect protein drug products by:

« Aggregation

* Increase in particulates*

« Oxidation

« Unfolding

« Formation of clipped variants
« Formation of Protein Adducts
» Post translational events during fermentation (glycosylation)
« Altered protein translation

* See also new USP monograph <787> PARTICULATE MATTER IN
THERAPEUTIC INJECTIONS

Ref: Ingrid Markovic, CBER Presentation USP/PQRI E/L Workshop April 2014
https://www.usp.org/sites/default/files/usp pdf/EN/meetings/09 markovich presentation.pdf

Agilent Technologies



https://www.usp.org/sites/default/files/usp_pdf/EN/meetings/09_markovich_presentation.pdf
https://www.usp.org/sites/default/files/usp_pdf/EN/meetings/09_markovich_presentation.pdf

Critical Quality Attributes & Testing Methods for mAbs

. Disulfide RP
Aggregate Analysis of Shuffling
Monoclonal Antibody
e 2 Q . Pyro-
ol .#@f?i 3&’?‘ SEC w l Glutamate IEC
2y K &y ﬁ < Aggregation s

€74 ¥ & .
Column: Agilent AdvanceBio SEC 3004, 2.7 pm, 7.8 x -

{p/n PL1180-5301)

Deamldatlon IE
\ 1 /Oxidation
\

Flow rate: 1 mU/min G|y008y|atlon
Mobile phase: 150 mM phosphate buffer, pH 7.0
Wavdlongth 20m ,, (GO, G1, G2) ~.  Fragmentation
Te‘rnpl‘arature: ambient H I L I C \
Injection volume: 5L (H I nge) R P
Sample: 19G
mau, Truncation |EC
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Key Principles of an E&L Study
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Step 1. Evaluating Interactions And Risks

Likelihood of interaction between packaging component and dosage form

Degree of concern
associated with High Medium Low
Route of Administration

Sterile powders
Injection powders
Inhalation powders

Inhalation aerosols and solution

Highest N . .
Injections and injectable suspensions

Ophthalmic solutions and suspensions
High Transdermal ointments and patches
Nasal aerosols and sprays

Topical solutions and suspensions . Oral tablets
: . Topical powders
Low Topical and lingual aerosols Oral hard capsules
. . Oral powders .
Oral solutions and suspensions Oral soft gelatin capsules

Adapted from Guidance for Industry; Container Closure Systems for Packaging Human Drug and Biologics, US Department of Health and
Human Services, Food and Drug Administration, Rockville, MD, May 1999

« What contributes to the high-risk in pharmaceutical packaging?
» Prefilled syringe containing an injectable drug suspension
 Interacts with multiple components in the packaging material
(plastic barrel, rubber plunger, metal needle) with direct delivery
to the bloodstream

Compliance Road Show E/L 2015
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Step 2: Extraction Procedures

Parenteral and Ophthalmic Drug Products (PODP)

Solvents should cover a wide range of polarity

Vigorous conditions

)\

No sample dissolving solvents |
No material deformation
Temp Hot extraction techniques

Solvents should mimic drug product formulation
A

[

Thermal N-%Qe Isopropanol | Isopropanol/ Agueous Agqueous
Water pH 2.5 pH 9.5
Headspace X
Reflux X X PC/PVC only
Soxhlet X X
Sealed Vessel 55°C for 3d 121°C for 1hr | 121°C for 1hr
Sonication X X

Autoclave conditions: (121°C for 1hr)

Detection of additives in LDPE (Example)

Solvent Polarity/Drug Product Similarity

Sonication successfully detects erucamide,
but no other anticipated additives

Solvents with different polarity provide better

Known Sonication | Sonication | Sealed Vessel
Additives pH 2.5 pH 9.5 IPA/Water
Irganox 1010 X
BHT X
Erucamide X X X

understanding of the material

PQRI: Threshold and Best Practices for Parenteral and Ophthalmic Drug Product (PODP)

' Agilent Technologies
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Step 2 : Threshold Levels and Actions

Extractable Level in Component Assignment Category™
> 100 pg/sg Structure Confirmed
20 - 100 pg/s Confident
< 20 ug/s Tentative

“Assignment category:

Structure confirmed: identification categories A, B (or C), and D (or E) (see
Table 2) are positive.

Confident: sufficient data to preclude all but the most closely related
structures.

Tentative: data is consistent with a class of molecule only.

Idz::;z;;;:au Typical Identification Data

A Mass spectrometric fragmentation behavior

B Confirmation of molecular weight

C Confirmation of elemental composition

D Mass spectrum matches automated library or
literature spectrum

E Mass spectrum and chromatographic retention
index match authentic specimen

Ref. ITFG/IPAC-RS Collaboration Response to FDA MDI Guidance on 2001

Compliance Road Show E/L 2015
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Step 3: Toxicological Assessment & Thresholds
(PQRI guidelines for OINDP)

» Based on Toxicological Thresholds of Concern (TTC) levels from to Kroes et al. (2004)
http://foodcontactmaterials.com/links/ttc.pdf

= Safety Concern Threshold: (SCT) 0.15 ug per day, which is defined as the threshold below which an
individual leachable would have a dose so low as to present negligible safety concerns from carcinogenic
and non-carcinogenic toxic effects.

= Qualification Threshold: (QT) 5 ug per day: Threshold below which a given leachable is not considered
for safety qualification (toxicological assessments) unless the leachable presents structure-activity
relationship (SAR) concerns.

= Analytical Evaluation Threshold: (AET) is determined by
consideration of the SCT and the specific drug product
delivery configuration (number of doses in a Drug Product vs
single dose)

D. Norwood, L.M. Nagao, C.L.M.Stults; J. Pharma Sci and Tech., (2013) 67(5), 413-429

Compliance Road Show E/L 2015
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AET. How much sensitivity is required ?

» 0.05 ug of a genotoxic contaminant was extracted from a drug container
* Weight ophtalmic solution container =1 g

0.05 container

: —— = (0.05 pg/g container material
1g material/container

« Safety Concern Threshold (SCT) for the contaminant = 0.15 g /d

« Applied Dose = 3 opththalmic solution containers/day
« Content = 3 mL/container

» Analytical requirements to detect leachables within the formulation

Leachables: AET = 21>h9/day 4 dose _ 0.05ug/container

3 doses/day container

AET = _2%RI/AY  _ 17 g/mL

3 ml/container

Compliance Road Show E/L 2015
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Step #4 Leachables Study:

] Detection of leachables within the formulation

« Different technigues of sample prep are required
« Extraction procedures to reduce the matrix content
 Liquid/Liquid extraction
« SPE
« Extraction of solids with different solvents
« Headspace analysis

* Recovery studies are required for quantitative analysis

Threshold levels for leachables in drug products

* Reported above 1 PPM (corresponding to 1pg /mL sample solution)
« Identified tentatively above 10 ppm
«  Structure confirmation at 20 ppm

http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/UCM301045.pdf

Agilent Technologies



http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/UCM301045.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/UCM301045.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/UCM301045.pdf

Section #2

Application Examples: analysis of elemental E&Ls by ICP-MS

Application Examples: analysis of volatile E&Ls by GC-MS

Application Examples: analysis of non volatile E&Ls by LC-MS

Appendix / References




Analytical Workflows: Sample Preparation

Test Articles
o Polyvinylchloride (PVC) Thermal Analys|s
¢  Rubber Elastomers (RE) (Headspace GC)
« L D itiy Polyethyl
(,_OSVPE)EHSI v Folyethylene > Volatiles
. * Polycarbonate (PC)
Extraction - Cyclic Olefin Copolymer (COC) Add Surrogate
\l/ < Extraction Standard
Agueous Extract Aqueous Extract IPA/Water 50/50 IPA Extract N-Hexane Extract
PH 2.5 PH9.5
Sealed Vessel || Sonication Sealed Vessel Sonication Reflux Sealed Vessel Reflux Sonication Reflux Reflux
121°C 121°C 3 hours 55°C / 3d 3 hours 24 hrs 3 hours 3 hours
\% W/ \% \ \%
Add Surrogate
\ / Process Standard
EXtraCt Back-Extraction
Processi ng Methylene Chloride
(2x) 2
¢ Concentrate
| Combine, dry and concentrate StAdg Ir:jjelction
extracts andard Irganox
: Injection Solutions
T™S Inject
Instrumental derivatization underivatized / \
v \
GC/MS LC/MS
. M LC/M
Elemental Analysis ggﬂg L(é//U\S/ / GCIFID LC/UV
Mainly by ICP-MS Semi-Volatiles Non-Volatiles Semi-Volatiles Non-Volatiles

Compliance Road Show E/L May 2015
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Analysis of Inorganic Extractables & Leachables by ICP - MS

° [ ] °
[ ] [ ]
0%
ce9® @ o+ Proposed new ICH and USP methods for
..... elemental impurities: The application of
L 8 ICP-MS and ICP-0ES for pharmaceutical

. analysis

White paper

Authors

Amir Liba, Ed McCurdy and
Ross Ashdown

Agilent Technologies

s 3

Agilent 7800 / 7900 Series ICP-MS Alstenct

The United States Pharmacopeial Convention (USP), in parallel with the
International Conference on Harmonisation (ICH), is developing new

thods for i ic impurities in ph icals and their ingredi
The current USP method, <231> “heavy metals limit test”, is acknowledged
to be inadequate and is due to be replaced with new General Chapters
USP<232> (Limits) and <233> (Procedures) in December 2015. The new
methods will address the limitations of the current method, extending the
list of analytes, reducing maximum permitted exposure limits and taking
account of the route of exposure. The new methods will also introduce the
use of closed vessel sample digestion and modern instrumental techniques
to ensure the accurate recovery and determination of individual analyte
concentrations. This White Paper discusses the development of the new
USP General Chapters and the ICH Guideline for Elemental Impurities (Q3D)
and how Agilent’s 7900 ICP-MS and 5100 ICP-OES address the requirements
of the proposed new methods.

n

: Agilent Technologies

pub 5990-9382EN, 2014

Compliance Road Show E/L 2015
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Published Application Notes

Authors

Mizo Jing. Yingping Ni, Yanping
Wang and Zhixu Zhang

Agilent Technologies, China

Determination of Chromium in Gelatin
Capsules using an Agilent 7700x ICP-MS

Application note

Pharmaceutical

Introduction

Many medications that are ad d orally are d within L

Frequently both hard-shelled and soft-shelled capsules are made from edible
animal protein (gelatin) which is prepared from various animal by-products
such as bone and skin. The Pharmacopoeia of the People’s Republic of
China (2010 version) sets a clear standard for the grade of gelatin that
can be used for drug capsule production and requires that ph: ical
ies only purch from facturers that are licensed
[1]. There have been recent reports that some companies in eastern China
have been making and selling capsules made from cheaper industrial
gelatin prepared from discarded leather [2]. Chromium, which is a known
carcinogen, and can be toxic if ingestad in large quantities, is used in the
leather tanning process. Consequently, 20 to 90 times more Cr is typically
found in the leather-derived gelatin than in pharmaceutical/edible grade
gelatin. As a result, there is a need for a routine, highly sensitive method to

“2Z Agilent Technologies

pub 5991-1531EN, 2012

Authors

Samina Hussain

Exova
USA

Amir Liba and Ed McCurdy

Agilent Technologies
USA

Validating the Agilent 7700x ICP-M$S

for the determination of elemental
impurities in pharmaceutical ingredients
according to draft USP general chapters
<232>/<233>

Application note

Pharmaceutical

Abstract

The United States Pharmacopeia (USP) is developing new General Chapters
relating to the determination of elemental impurities in pharmaceutical
products and ingredients. USP<232> defines the analyte limits, while
USP<233> defines sample preparation options including closed vessel
microwave digestion, and recommends the use of modern instrumentation,
such as multi-element ICP-MS and ICP-OES techniques. Analytical
equipment qualification under USP<233> is based on performance testing,
and includes requi to di accuracy, repeatability, and

the unequivocal identification of analytes. In this paper we present data

to illustrate the successful validation of the Agilent 7700x ICP-MS for the
measurement of elemental impurities in gelatine capsule samples, according
to USP<232>/<233>.

Agilent Technologies

pub 5990-9365EN, 2015
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Analysis of Volatile & Semi-Volatile E&Ls by GC-M

7697A Headspace Sampler

:

7200 Q-TOF

Agilent Technologies




Investigations of Pharmaceutical Products by

» Headspace-GC-MS
» MMI - GC-MS (Multi Mode Injection)

The following pharmaceutical products have been analyzed

* Intravenous (IV) Bag Set & PVC Tubings
 Transdermal Patch

 Liquid Drug Product

* Pressurized Metered-Dose Inhalers (pMDI)

Agilent Technologies




Please read the full story......

Analysis of Extractable/Leachable
Compounds From Plastic Intravenous
Bag Sets Using GC/MSD Systems

Application Note

Pharmaceuticals

Abstract

Two Agilent 5977A Series GC/MSD Systems were used for the analysis of

and in plastic IV bag sets. Two types of IV bags
were investigated: 150-mL dexirose bag (expired) and 1-L sodium chloride bag
(warmed). Potentially toxic additives, such as phthalate plasticizers, were shown to

Analysis of Extractable/Leachahle

Analysis of Extractable/Leachable

.

Compounds_from Transdermal Compounds from Generic Liquid WL
Patches Using GC/MSD Systems Drug Formulations Using GC/MSD '-...'
Systems ce0® Qe
()
] [ ]

. . . 9 @
Application Note Application Note o
Pharmaceutical
Abstract Abstract
A lidocaine adhesive patch and film release liner were used to i ) ical liquid ions are y stored in plastic containers at all
and leachable compounds in transdermal drug delivery systems using two Agilent risk ies. A was used as model for investigating Authors
59774 Series GC/MSD Systems. Plastic and adhesive additives were identified in ace- compound migration from packaging material. Two Agilent 59774 Series GG/MSD Diana M. L Firor

tone, dichloromethane, and hexane extracts using the large volume liquid injection

have migrated from the IV bag to its infusion solution using the of
headspace sampling and liquid injection techniques. High temperature analysis was
accomplished using the 7687A Headspace and a 78904 GC coupled with a 59774
MED. Solvent extracts were analyzed using the MMI 78904 GC coupled with a
54774 MSD. Single ion monitoring (SIM) was used to confirm compound migration.

. Agilent Technologies

. P identified using high temperature
headspace and liguid sampling techniques.

Introduction

Particular interest has been given to extraction technigues in container closure sys-
tems (CCS) used in the pharmaceutical industry. Regulators have become increas-
ingly aware of the need to understand whether chemical species can be extracted
from the primary packaging material (package with direct contact to the drug prod-
uct). as well as whether the extracted species (from the package) will appear as
leachable species in the drug product. Extractables analysis involves extracting
compound from the packaging material using elevated temperatures and solvents
related to the packaging composition. Leachables analysis involves identifying
compounds in the drug formulation that may have leached from the primary
packaging material.

The major source of extractables and leachables are additives that provide physical
and protective properties to packaging material, such as flexibility, rigidity, stability,
and barrier. Extractables include plastic and elastomeric components, inks and
adhesives from coating. and degradation products during processing. storage, and
sterilization. Leachables are usually a subset of extractables, however new
compounds can form from the interaction between drugs and packaging material.

- Agilent Technologies

Analysis of Extractable Compounds
from a Pressurized Metered-Dose
Inhaler (pMDI) Using GC/MSD
Systems

Application Note

Agient Technlogies, Inc.
Wimington, DE, USA

Systems were used. Fatty acid plasticizers were identified using the 76974
Headspace Sampler and a 7890A GC coupled with a 5877A MSD. Phthalate plasti-
cizers were found using the MMI 7880A GC coupled with a 5977A MSD. Single ion
moenitoring (SIM) confirmed the identification of these plasticizers.

David Weil
Agilent Tachnologias, Inc.
Schaumburg I USA

Agilent Technologies

Pharmaceuticals

Abstract

A dosa inhaler (DI} s an inhalation davica developed for the
direct delivery of active Pl for

the reatment of raspiratory conditions. ubber and plastic components i the pMDI

are potantialsources of extractablas by the AP propellant. Therefore, voatie and
I i

wa 5AT7 GC/MSD systams This application
bles in the pMO! using the complementation of headspace GC/MS end MMI
GO/MS.

: " Agilent Technologies

5991-5616EN

5991-5605EN

5991-5632EN

. Agilent Technologies

5991-6142EN
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Agilent Application Note
In press.....Agilent Publication Number 5991-6688EN

Differential Analysis in Screening Assays for an E&L Study
Using an Agilent 7200 GC/Q-TOF System Combined with Data

Mining Software

Agilent Technologies



Why TOF Technology?

The Relationship of Mass Accuracy to the
Number of Possible Molecular Formulas by Mass

Possible formulas

1000

100

=
)

*

0.1

0.05

0.01

Mass Accuracy (amu)

0.005 0.001 0.0005 0.0001

—+— 176
—0— 386
—h— 882
1347
—x— 1672
= 5687

TOF — Mass accuracy

Agilent Technologies
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Analytical Workflow

Acquisition Agilent 7200A GC/QTOF System

Library Agilent Unknowns Analysis Software
search

Compare Agilent Mass Profiler Professional
data Software

 Accurate Mass Chemical

Confirmation/ lonization Acquisition
Expansion . PCDL

Semi- MassHunter

IEnicuel Quantitative
Analysis software

Compliance Road Show E/L 2015
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TIC chromatograms in El mode

Control

x10 8]
1.54

Unheated Formulation 125

Leachable Sample 0-072:

0.25-
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00, 45.00 ?.0.00 .
Acquisition Time (min)

Leachable

x10 8]
1.25
Heated Formulation 1-

Leachable Sample e

0.25

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00, 45.00 ?.0.00 .
Acquisition Time (min)
Extractable

x10 8|
1.251

11
Container Extract 0.751

Extractable Sample oo

Counts

Counts

%)
a
c
=]
o
@)

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00, 45.00 .00, .
Acquisition Time (min
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Library search by MassHunter Unknown Analysis Software

Benzene, 1,3-bis(1,1-dimethéllethyl)- confirmed by EI NIST 14.0

ATl
€ o
g x10 6 B ~
o) - © 0
O 55 0
Lo
<
13.00 14.00 15.00 16.00  17.00  .18.00_ .
B: lon Peaks Acquisition Time (min)

Component RT: 15.1579 Component RT: 15.1579

£ x106) TIC "
3 = x10 1. 175.1485
8 s § C(A): Experimental
4.5 O 4 57.0703 spectra
. 3
2
3 1 910542 147 0659
25/ 0 ‘H‘ ‘w” i "’H ;‘c ;;;“ W Iy -
2,
, -1 147.0
1.5 .
1 | 2 91.0 C(B):
o5l / 3 Library
NN i 57.0 175.0 spectra
' . ' I I I L I LI I I W I I I
Rl 0 25 50 75 100 125 150 175 200 225 250
cquisition Time (min)

Mass-to-Charge (m/z)
Di-Isobutylbenzene is potentially used for polymeric packaging
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Comparing Datasets to Detect Compounds
Mass Profiler Professional Software

i Fold change (Step 2 of 4) X

Pairing Options
Select conditions to be compared and the statistical test to be performed.
Fold change wil be calculated as "Condition 17 / "Condition 27,
To toggle Condition 1 and Condition 2 for any pair, highlight the pair by dicking on it and then use the button on the right to toggle.

Select pairing option :  |Pairs of conditions E]

Condition Pairs

Select Condition 1 Condition 2

[Hexane_extractable] [Blank]

[ << Back H Mext == ] Finish

« Traditional blank subtraction could delete an extractable compound by
mistake as it might be also present in the solvent, but in lower concentration

« Afold change analysis between the extractable and a blank sample helps to
increase the confidence in results

Compliance Road Show E/L 2015
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W
Results: Compounds Found in Different Samples

Leachables
In Heated

: Extractable
Formulation

Total 31
compounds

129 compounds

: :
« Benzene, 1,3-bis(1,1-dimethylethyl), 8.75|0ctane, 3,5-dimethyl up
15.16|Benzene, 1,3-bis(1,1-dimethylethyl)- |UP
and Other Compounds were aISO 15.75|Dodecane, 4,6-dimethyl up
found in the non-heated leachable 16.19[Tridecane up
.. 16.20|Nonadecane UP
Sample' The Orlgln Of these 16.87|Cyclohexasiloxane, dodecamethyl- UpP
compounds are most likely from the 19.92[Sulfurous acid, pentyl undecyl ester _|UP
20.53|Cycloheptasiloxane, tetradecamethyl- |UP

container closure system.
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Ambiguity of Results

Eurrpunerl‘:s - X-.
Component RT Compound Name + Match Factor Best Hit Formula File Mame =
. . 16.2395 | Dodecane, 4,5-dimethyl- 89.8 C14H30  |CE2cD
N IST lerary matCh Of dlethyl phthalate 15.7427 | Dodecans. 4.6-dimethyl- 853 C14H30  |CE2:D
Component RT- 22,4051 14.7119 | Dodecane, 4,5-dimethyl- 867 C14H30  |CE2cD
2 %102 16.0637 | Dodecane, 4.6dimethyl- 91.0 C14H30  |CE2:D
§ 1] 149.1314 13.8455 | Dodecane 505 C12H26  |CEZcD
O 224051 G 074 I C12H1404 |CE2cD
081 . ; late Add/Remove Columns...
Experlmental 28.0820 | Dibutyl phthalat A o C16H2204 |CE2cD
0.6 28.8504 | Dibutyl phthalate C16H2204 |CE2eD
’ SpeCtra 8.8540 | Cyclotetrasioxane, octametinyl- — C8H2404... |CE2cD
0.4 12.8274 | Cyclopentasiloxane, decamethyl- G Show Alternate Hits... 300... |CE2e.D
02 177.1640 23.8058 | Cyclooctasiloxane, hexadecamethy Delete Hits Del C16H480... |CE2c.D
“ 65.0389 105.0704 H 16.8685 | Cyclohexasiloxane. dodecametiyl- Restore All Hits C12H360... |CEZeD
0 —— I - ; ‘ 25.4033 | Cyclohexane, undecyl- 4 . — C17HM  |CE2eD
15.0 50.0 ‘7&0 ‘10“5_0‘ “ 194.0 222.0 235054 | Cyclohexane, decyl- / —— C16H32 CE2c.D
0.2 1790 205230 | Cycioheptasioxane, tetradecafleth Export. C14H420_. |CE2cD
04 ' Library 13,6585 | Cyclodecane. methyi- /| Print. ClH22  |CE2eD
S eCtra 26.8156 | Carbonic acid, odadecyi/nyi ester | & Print Preview... C21H4003 |CEZc.D
-0.6 Y 18.5970 | Carboric acid, eicosyl iyl ester [ 860 [V |C23H4403 |CE26D
-0.8 ‘ N
-1 145.0 Compound Name Match Factor + CASH Formula
\ I I \ I I \ AT A I T T T I Digthyl Phthalate C12H1404
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 \
Mass-to-Charge (m/z) D1E.‘th}"| Phthalate 5271 | B4-B8-2 C12H1404
Diethyl Phthalate 5237 | B4-86-2 C12H1404
Diethy Phthalate 51.17 | B4-86-2 C12H1404
Many other compounds also can give Dictyl Phihaite 8981 | 84662 claH1s08
the ame eCtra Wlth matChln faCtor Phthalic acid, ethyl isopompyl ester 81.29 | 1000314-55-6 C13H1604
S Sp g Phthalic acid, 2-chloropropy ethyl ester 80.23 | 1000356-82-2 C13H15CI04
>80 Phthalic acid, cyclobuty ethyl ester 7543 | 10003154141 C14H1604
Phthalic acid, ethyd hex-24m-4- ester 7517 | 1000315150 \ C16H1804
Phthalic acid, ethyl penty ester 78.57 | 1000308-53-6 C15H2{Dal/




— b

Eliminati Igul | zat]
minating Ambiguity by Chemical lonization (Cl)
Extractables Mass |[Formula PPM
.alpha.-Cubebene 204.188/C15 H24 3.52
1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester 278.152|C16 H22 04 4.18
1-Decanol, 2-hexyl- 242.261/C16 H34 0 3.67
2-Methyltetracosane 352.407|C25 H52 -0.6
9H-Fluorene, 9-methylene- 178.078|C14 H10 4.8
Benzene, (1-butylheptyl)- 232.219|C17 H28 3.59
Benzene, (1-butylhexyl)- 218.203|C16 H26 0.07
Benzene, (1-butyloctyl)- 246.235(C18 H30 4.56
Benzene, 1,2,4-trimethyl- 120.094|C9 H12 3.53
Benzene, 1,3-bis(1,1-dimethylethyl)- 190.172/C14 H22 1.44 : .
Benzene, 1,3-dimethyl- 106.078/C8 H10 00s Diethyl Phthalate (RT 22.4 min)
Benzene, 1-ethyl-3,5-dimethyl- 134.11|C10 H14 3.55 103
Benzophenone 182.073|C13 H100 3.71 X
Cyclopentasiloxane, decamethyl- 370.094/C10 H30 O5 Si5 285 3% e
Diethyl Phthalate 222.089/C12 H14 04 0.8 3 3
Dodecane, 4,6-dimethyl-A 198.235|C14 H30 4.14 NG
Hexadecanal, 2-methyl- 254.261/C17 H34 O 611 > o
Naphthalene, 1,6,7-trimethyl- 170.11|/C13 H14 5.91 2 ’%‘
Naphthalene, 2-methyl- 142.078/C11 H10 2.03 . © §
(E)-Hex-3-enyl (E)-2-methylbut-2-enoate 182.131/C11 H18 02 4,99 E gf
11 g%
0.54 %
]

140 160 180 200 220 240 260 280 300
Counts vs. Mass-to-Charge (m/z)
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Eliminating Ambiguity by Collision Induced Dissociation
Fragments & accurate mass for unambiguous compound confirmation

Diethyl phthalate “;’: - CIMS
Sl
o >c 25] s
m/z 223.0937 S .
~_-CHs %] 2
15 87
o g
(C1oH140,.)+H)* 1 Rz
0.5/ 5}
o 0 |

i Il
140 160 180 200 220 240 260 280 300
Counts vs. Mass-to-Charge (m/z)

OH R
m/z 167.0278 X12; . Cl MS/MS
OH : g
ﬂ O (CgHeO,)+H)* is)
I >
+ 25 -
m/z 149.0239 OH | :
I o8
(CgH,05)+H)* g '§
Cl MS/MS spectra can be stored in PCDL software to  *°| &

built a custom library. b

100 150 200 = 250 00
Counts vs. Mass-to-Charge (m/z

0
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Creation of libraries from CI-MS/MS data

Database creation

B MassHunter PCDL Manager - DMassHunter\PCDLADER.cdb
File  Edit PCOL  Links  Help
P Find Compounds & | () 5 o= ' @

Wiew

= e ksl

SrcleSeach | BalchSeach | Baich Summay £t Compounds Speotial Search BiowsoSpectia | EdiSpectia
Mass Moleule: | Stiucture | MOL Tes,
(WHE Fomu a
Mass tolerance: 100 Hame:
Notes:
Retention time.
[] Requie UPAL:
A toiance: 01 min
as
lon search mode. ChemS pider
nclude neuals
Notes: =
nclude anions
nciude cations: n I | - tl t
—
< Send Spectra ta PCOL N
[ Piint/Copy in S umma: 1 hit for |
i A% N B = Initate Quanstation
Compound Name Formula Mass Anion M Cas Chems pider IURAC Name Spectia MS Spectnm Reasts
DEF; Diethyl Prihalate CizH04 [22208%1 | [ |pese2 |26 1.2Berzenediatbomic acid, 1 2-dethylester |0 o
; 3 ror N
o
35 |
3 | s st
. . o
25 3 H Copy to User Spectrs
o |
@ \ i
2 s X Desete
15 2 Q‘
[ MassHunter PCOL Manager - D\MassHunter\P CDL\DEP.cdb =3 E=RE & o g Asign Random Colors
2 - - s g
File Edit View PCDL Links Help 1 e = w 5 § 5 § B R E § § 8 R B choos efines cotor
. g S g X ¢ ®8 5 |g 888 R {8
P Find Compounds & ] | ) 5 | @ Pl @ 05 b = e 3 o = § b ga g @ < vo|<d Copyto Chpbomd CoteC
g% 5 & g |& § %88 : Bay.
Single Seaich ‘ Batch Geaich | Batch Summaty Edit Campounds Spectral Search Browse Spectia | Edit Spectra 0 - — 2 v
Mess veecter [Soecmme Tvolran 20 40 60 80 100 120 140 160 180 200 220 240 260 280 309 320 34Q 17 . 520 540 560 580 600 620 640 6
Neural ) [MH] Fomua a ounks —
Mass tolerance: 100 pom O mDa Name.
Notes
Rtartion time
[ Reauire i
AT tolerance: 01 min
a5
lon search mode. ChemS pider
Imelude neutrals
Motes:
Include anions

Include cations

[7] Print/Capy in Summary Format

Single Search Results: 1 hit for

‘ Compound Name: Formula

Mass

brion Cation

oas ChemSpider

IUPAC Name:

/ soecnn

DEP; Diethyl Phihalats

ciHuod 2zt © | O

[sacs2 [226

1.2 Berzenedicatonylic acid, 1,2 diethyl este

E
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Semi-quantitative Determination of Impurities

=0.002667 * x +0.001951 Retentio estima

8 y e ead able eated sa ple 0
2, R”"2 =0.99692334 -
8 26 Type:Linear, Origin:lgnore, Weight:None 6.03 Cyclotrisiloxane, hexamethyl- 88
g ; 9.06 Nonane, 2,6-dimethyl- 96
o Sulfurous acid, 2-ethyl hexyl undecyl
S 9.12 ester 200
‘;E 1 11.42 Octane 5 ethyl 2 methyl 83
o . 13.85 Dodecane 123
y Diethyl phthalate calibration curve from 15.17 Benzene, 1,3-bis(1,1-dimethylethyl)- 383
0. 10 ppb to 1000 ppb 16.54 3-Eicosene, (E)- 128
Y R ——————— 16.79 Tetradecane 58
-50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10001050 16 87 C Clohexas"oxane dodecameth |_ 127
Relative Concentration : Y : Y
18.40 Heptadecane, 2,6,10,15-tetramethyl 177
19.31 Dodecane, 2,6,10-trimethyl 44
e Quantification threshold: 5 ug/day 19.92 Sulfurous acid, pentyl undecyl ester 80
« Structure confirmed tentatively : 1ppm 20.75 Phenol, 2,5-bis(1,1-dimethylethyl)- 177
« Structure elucidation: 20 ppm 20.98 1-Decanol, 2-hexyl 87
23.89 Heptadecane, 2,6,10,15-tetramethyl 66

« Semi quantitation: 0.1 ppm to 100 ppm

« The concentration of Benzene, 1,3-bis(1,1-dimethylethyl)- is ~ 0.4 ppm.
Based on the daily dosage the consumption (of 9 mL solution/d) is below the
quantitation threshold of 5 pg/day.

Compliance Road Show E/L 2015
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Analysis of Non-Volatile E&Ls by LC-MS

To be published soon

Detection and ldentification of non volatile E&Ls in an ophthalmic solution by
LC-QTOF-MS and MassHunter MassProfiler data mining software

AR

1290 Infinity I UHPLC+ 6500 Series
QTOF System

1nil




Extractable/Leachable LC-QTOF Workflow

Semi-Volatile and
Non-volatile Residues

m
x
—
-
QD
O
=2
o
-
wn

()]
Q
3
=2
@ >
S
% )
© <
) 0,
Q )
=,
-

eleq JayunH Ssen

Samples Chromatography lonization Sources MS-Instrument
-Standards Columns: C18/C8/C3 Jet Stream (ESI), 6530 / 6545 / 6550
-Extracts Drug Containers Organic Mobile Phase: APCI, Multimode
-Extracts Drug Product ACN, MeOH, ACN/IPA,

MeOH/IPA

Varied Buffers: None,

0.1% Formic Acid, 2mM &

4mM NH,Acetate
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Comparing C3, C8, C18 Separations Using Same Buffers

Base Peak Chromatograms

x10 6 +ESI BPC(300.0000-1800.0000) Scan Frag=175.0V 100 ppm 838 Ammonium Formate Lower Frag FA0001.d
1 1

5 C3

A 7
0,
x10 7 +ESI BPC(300.0000-1800.0000) Scan Frag=360.0V 100x2 Polaris C8 Ether 100ppm 838 Ammonium Formate Lower Frag FA MS.d
111 1

08 C8

0.6

0.4+

0.2+

N
0,
%10 6 +ESI BPC(300.0000-1800.0000) Scan Frag=170.0V 100x2 300 SB C18 100ppm 838 Ammonium Formate Lower Frag FA MS.d
11 1

3.5
3

25 C18

1.5+

0.5 A
0.5 1 1.5 2 25 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 95 10 105 11 115 12 125 13 13.5 14 145 15
Counts vs. Acquisition Time (min)

Results: C3 Column Optimum for Higher Mass Extractables
Create orthogonality by using multiple chemistries

Future Directions of Extractable Leachable Analysis David
Weil Oct 2015
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lonization Modes: APCI vs Jet Stream ESI

Examples: Irganox and Irgacure Mixture

x10 7 |Cpd 4:11.019 588.3905652: C33 H56 N4 O 52 Irganox b65: +ESI EIC(286.196771. 286.698276. 295 202053, 295.703559 .. ) Scan Frag=125.0¥ Irganox Mix-r001.d Smooth

2.3

221 Irganox 1035

211 Irgacure 369 =] | 1=
2

s
184 . HIV\NV\/\NMI

INAANANNNANNANNANS

1.7

1.6

Irganox 1076

1.4

1.3
1.2
] e Irganox 1093

N
0.9
C,H,oPO,
0.7

0.6

w1  Red = APCI Irganox 1330

] Blue = Jet Stream C3sH7SO; |L
. a A ﬂ ,mu J

T T T T T T T T T T T T T T T T
6.5 7 7.5 & i) 9 .5 o 105 11 115 12 125 13 13.5 14
ou i

E/L 2015 Europe
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Method developoment for an ophthalmic drug product
System Suitability Test Mix For Method Development

A list of plasticizers has been compiled after literature investigation.
The listed compounds have been selected according to their polarity.

Empirical Monoisotopic

Formula Mass
Ethyl paraben 120-47-8 C,H,,0, 166.063
Irgacure 184 947-19-3 Ci3H.60, 204.115
Irgacure 651 24650-2-8 CieH1605 256.1099
Dipropyl phthalate 131-16-8 C,,H.:0, 250.1205
4-n-Octyl phenol 1806-26-4 C.,H,,0 206.1671
Diethyl hexyl phthalate | 117-81-7 C,,H::0, 390.277
Irganox 1010 6683-19-8 C5H105012 1176.7841
Irganox 1076 2028-79-3 Cy5He,0, 530.4699
Iragafos 168 31570-04-4 | C,,H.0,P 646.4515

Compliance Road Show E/L 2015

Agilent Technologies

53



Can | Detect All My Compounds ?
Applying Positive & Negative ES lonization Mode and UV Absorption

System suitability mix (at 50 ppb level)

T 1 234 5 67859 X1321[B] 2 3,4 «o),[C] 1 5, 78 1
0.8 0.8 .
0.6 0.6 X
0.2 02 TIC P D
0 0 \ L—Jp
12 3R4‘1) SUMG(%)VSAS 9T10(1 12 12 3 ém(%)qu B Ta(m) 112 1 2 3 ém(%)qu 2 Tg(-]g) 112
UV absorption ESI pos; TIC & EIC ESI neg: TIC & EIC
x102
1,
Positive mode
: 0.8
Ophthalmic bottle extract T
Overlay of positive & negative TIC o8 Negative mode
Data acquisition in MS/MS mode 0.4
0.2M
0,
1 2 3 4Countg (%) vsf.s Acquigition Ti%ne (mir?) 10 " 12
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MassHunter Software Tools
Why intelligent data mining software matters....

Data mining is an essential step of the analytical workflow and as important as
a successful chromatographic separation and detection of organic compounds

*Focused *Mass Profiler

Library Detabases and 31115120122 B +MP Professional Lty

Libraries . e Structure

Searches +NIST, Wiley, Analysis 'Ertl‘atisu'?al Correlator
(E&L PCD) Ll L

MassHunter Quant for Targeted Quantitation

Compliance Road Show E/L 2015
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IR RN GRS e BT, RN
Mass Profiler SW: Database Search & Formula Generation

]| MS SpectrumResuls % ||} 1l M5 Peaks One: + MFE Spectrum (1: 9.758 min) X ||} & Structure Viewer: Irganox 1076 X
‘e e 3Q[ \ jdeqtfy All Feslures Pesk § Mhund # Abrd% @ Awd[lom) ® Maxdbuid ® mz BZ8 Ll % Speces ® Cuuter 5o ]| Smcwre [WoLTed|
P P ———————— pe M1 27044318 | 100 04316 | 5485038 | 1 | hganow 107 | (MebH4)s |1
A0% (Cpd 5 lgarcw T07E; : G5 + MFE Spectun (it 8758 i 7 |2 | a5 109782 | 435068 | 1 MR [1
3 3 9T |82 EEEAEER [MeHH4s |1
28 T [ WEF 1M 28057 5515069 | 1 (MeHHds |1
;i 5 \E | 015 ] EGIHE [MeHHds |1
22
2 @ e
e
18 £ R T It
16 - = VNN g
14 5435068 -
(C35 HE2 03)<NH4 izt
12 acfea
1 " =51
08
06 5505064
04 (35 HE2 03)shiH4e o515
02 (IE35 HE2 D3}sNH4):
i Il L
585 53 G5 S0 05 S SIS 2 WS
Counts va. Massto-Charge (m/z)
All M5 Spectium Resuts | Spectral Diference Resuls | <[ I i
: (63 Compound List X
Cpd ¥R Lsbl T8  MNeme TV Fomus V8 Scoe 78 Mass 75 Avghass 78 StdDev 78 Mass(DB) P8 Mass(MFG] ¥ Dif (MFG, pom) 75 Dif [MFG, nDa) 75 BassPask 78 miz 75 Polarty 70 Mas2 ¥ MinZ 78 Stat 78 RT R End 7+ AT DBJ
1| Cpd1:rDOP..| nDOP:Chissocize.| C20H3804) 3233 390277 127 30277 161 063 Psiive 1 1 8597 Il
56| Cpd56: lsono.| lsoncw 123, Yanow.,| CI0HAE02 21| 4BHE 438,348 4BHE 04 019 Posiive 1 1 765 i
27 Cpd 27 Irgan..  Irganox degiadate C17H2403 8BB4 2761714 217 2161725 419 118 Pasitive 1 1 1
Cpd 5 015 1 1
Best ¥+ Name V8 Fomus V4 Scoe® V4 Mass VE  Mass(0B) 78 Hass (MFG) T+ Diffpom) ¥+ Diffabs pom) ¥ Dif (nDa) 7 T ¥+ AT Avalable (DB) 7 RT(DB) ¥+ ATDIf 74 1D Souce V4 Scoe(DB] T Scoe MFG) T+
=l | ligancx .| C35HE2 03] 73tz 547 530463 530453 015 015 08| 975 ] | | DBSechi.| 5864 4781
Species T8 lonFomula T4 m/z 78 Heght 78 Score (FG] 7 Score (M5) V4 Score (mass) T4 Score o sbund] 78 Score fiso. spacing) 74
g \ [M+NH4]+| CI5HERN na| 548 50l \ 2732572| 4751\ aeea\ saes| aanﬁ\ 9572\
| m/s ¥R wlCak) TR D fpom) Y8 Dil[1Ds) V8 Heihl ¥R Heighi (Cal) T Height % 78 Height % (Calc] T HeightSun % ¥, HeightSunk (Cao) 7=
| s 5435037 414 01 ez 273572 100 100 667 674
5950, 5435071 05 03 10972 1069265 06 EX 271 %3
5050, 05102 3% 18] 21978 20045 82 81 55 54
EEAEEE 115 64 07 3638 1 12 07 08
55260 25162 a1 5 36 336 01 01 01 01
J ‘ Bock a1 Mame P4 Fomuds @0 Groe T 48 basce T4 bace MR 4 M,T MER] 748 il fnem] 48 Nilf [zhe roml 48 N mhal 48 BT 748 AT Auslshs MR 748 BT naR1 w8 BT NH 78 N Cica 748 Gone MBLT 8 Coma MER] 748 %
‘ 1 »

Mass Profiler Software has been used to identify compounds by PCDL comparison
Unknown compounds have been identified by Molecular Structure Correlator Software
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MassHunter Mass Profiler Software (Rev. 7.0
Differential analysis between the sample and the solvent blank

52 features

Feature Summary Opthalmic Exractable(3) Salvent blank(3)
D Formula Name CAS RT SD Mass SD Abundance RSD Freq. Sat. Mare RT Mass Abundance RSD Freq. RT Mass Abundance RSD Freq
1 30|c23H48 08 Tridecyl aloshel tetra{axyethyiene) sthancl 7.800| D051 437.3669 | D.0042 28469 122 4 [ 7.775 | 437.3690 28469 0.03 3| 7.877| 437.3607 620 173
2 3|C12 H27 03 P 52 Thiophosphate 5444 0002] 331.1433| D.0D01 404558 0.00 3 [ 5444 | 3311433 404558 0.0 3 [
3 18 |C18 H34 NaO2 | Sodium Ricinoleate 5323955 1284 0.009 | 243.2210| 0.0010 57651 0.04 6 =] 1.291 | 3433218 57651 0.00 3 1.277 | 3432202 1761 0.06
4 4 |CS HEO2 PPD 579077 5.438 0.005 | 1480517 | 0.0010 280418 0.08 6 = 5.444 | 1480525 280418 0.01 3 5.431 | 148.0508 244 0.12
5| 37|cesH43N Inganax 5057 15721-785 | 7.765| 0.030| 393.3406| 0.0025 21085 004 6 [ 7.777 | 3933426 21085 003 3| 7.753| 393.3387 1248 0.05
6 40 |[C18H2103P Ethyl(2.4. i) 84434-11-7 2130 0.002 | 333.1490 | 0.0001 18460 0.02 3 = 2.190 | 333.1430 18460 0.03 3 o
7| 2|C18H1805 Ethanol, -, 120568 5444 0.004 | 2141174 | 0.0006 625441 o 6 = 5.444 | 2141174 625441 0.00 3 5443 2141172 1682 0.15
8 5|C7HIZN Cyclohexane, 831:533 2760| 0.003| 148.0529 | 0.0001 273503 a.01 3 [ 2760 | 148.0529 273503 a.01 3 [
9| 9 |CEH14 N305 0.817 0.009 | 208.0348 | 0.0012 135663 012 6 = 0.822 | 208.0937 135663 0.00 3 0.811| 208.0958 2647 017
10 10 |C15 H31 N2O4 1382 0.008 | 387.2466 | 0.0007 114227 0.02 6 =] 1.385 | 387.2471 114227 0.00 3 1.379 | 3872461 1584 0.02
m 11 |C8 H21 N4 06 0.827 0.005| 269.1459 | 0.0009 99120 0.15 6 = 0.830 | 269.1459 99120 0.02 3 0.824 | 265.1459 961 o1
12 12|C36 H32 N3 O 5444| 0.002| 650.2138[ 0.0001 57335 0.00 3 [ 5.444 | 650.2138 97335 .00 3 [
13/ 13 |C21 H43 NBOT 1725 0.005| 519.3239| 0.0020 72831 0.07 6 =] 1.726 | 519.3257 72831 0.01 3 1723 | 5193222 719 0.10
[ i — ] ]
Plot made Graph data Colored by Visibility criterion
(@ Avg.feature () Indiv. samples | Al samples Featurs Nore -

[Mass vs. RT | Log2 Ratio vs. RT | Log/Log Abund. | Unique to Opthalmic Extractable | Unique to Solvent blank |

Opthalmic Extractable vs. Solvent blank

20 -
1sé
16;
14-2
12-5

10

Log2 Abundance - Opthalmic Extractable

IS

T T
7 8 9 10 11 12 13 14
Log2 Abundance - Solvent blank

Mass Profiler Software supports the statistical comparison of data sets.

After applying a cut off filter of >3,000 and a >4-fold change (abundance by height) and
abundance, 66 compounds (positive and negative ionization modes) have been displayed
for the bottle extract

Compliance Road Show E/L May 2015
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Molecular Structure Correlator (MSC) Workflow

Fqi
-
L=

=

MS/MS spectra in

CEF file
Satideai
Confirmation of structure based
on LC or GC MS/MS data—
Structures from PCDI/L or !‘llghe:r_cor_lfldepce
ChemSpider, PubChem, etc identifications!

4.2 Agilent Technologies




Results: List of identified compounds by PCDL

diethylene glycol dibenzoate Diisononyl phthalate
tridecyl alcohol Dioctyl phthalate

sodium ricinoleate Phthalic anhydride
irganox 5057 Methyl-2-benzoylbenzoate
ethyl(2,4,6-trimethylbenzoyl)-phenylphosphinate Irgacure 907

isocyano cyclohexane Hexyl Amine

degradant of irganox lonox 100

hexadecanoic palmitic acid Erucamide

Dioctyl Adipate Glycerol dilaurate
Methyl-2-benzoylbenzoate Diisodecyl Phthalate
Irgacure 907 Myristyl dimethylamine oxide
Erucamide Acetic acid, propyl ester

Diisononyl phthalate
Dioctyl phthalate
Phthalic anhydride
Hexyl Amine

lonox 100

Glycerol dilaurate

Diisodecyl Phthalate
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Semi-quantitative compound determination

Required sensitivity for compound quantification

o1 DAD1-EWC:Sig=220,4 Ref=360,8 BHT 10ng+001.d

x1
11.33
746,
Compound_3 - 10 Levels, 9 Levels Used, 31 Paints, 28 Points Used, 0 OCs 24
L ox107 | y=188179102" % + 10552.484528
4 1 R°2 = 093976366 .
E 0_09:_ Type:Linear, Qrigin:Blank offset, WeightNone 101 DAD1-EWC:Sig=220,4 Ref=360,8 BHT 1ng-1001.d
0.5 131 *11.33
a4 N 7.404
(.75
0.74 .
054 DAD1-EWC:Sig=220,4 Ref=360,8 BHT 500pg+001.d
. * Fh34
0.6 9/
(.55
054 8
0.454
0.44 DAD1-EWC:Sig=220,4 Ref=360,8 BHT 100pg+002.d
0.354 91 “11.34
0.2d 851 1,142
0.254 3
0.24
0154 DAD1-EWC:Sig=220,4 Ref=360,8 BHT 50pg-1002.d
01 94 ~1134
01.054
8.59 0.282
o
005 81

2500 D 2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 30000 32500 35000 37600 40000 42500 45000 47500 50000 52500 " 111 115 112 1125 113 11.35 114 1145 115 1155 116 11.65
Cancentration [pg/ul] mAU vs_ Acquisition Time (min)

Quantitation of DEHP C,,H;50, UV Detection of BHT
1 pg/uL to 50 ng/uL by Jet Stream ESI (Butylated Hydroxy Toluene)
at 220 nm limit around 50 ppb
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Results : Semi-Quantification of identified E&Ls

Leachables ppm £30%

Sansocizer DINP

N-DOP

Phthalic anhydride
Methyl-2-benzoylbenzoate
Irgacure 907

Hexyl Amine

lonox 100

Erucamide

Glycerol dilaurate

1.41 +£0.43
2.48 +0.74
0.14 +0.04
0.11 +0.03
0.02 + 0.005
0.04 +0.01
0.03 +0.01
1.68 £ 0.50

0.08 + 0.02

1,2-Benzenedicarboxylic acid, 1,2-bis(8-methylnonyl)ester 0.16 + 0.05

Myristyl dimethylamine oxide

Acetic acid, propyl ester

0.0009 + 0.0003
0.10+0.03

3. Agilent Technologies
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Extractahle/I'eachable Compound Analysis in Pharmaceutical Packég ng Using GC/MSD System

Diana Wong; Jessica Westland, and Roger Firar; Agilent Technologies, 2850 Centerville Road. Wilmington, DE 19808 USA ASMS 2015 Agilent Technologies
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Background Transdermal Patches IV Bag System
Extractables are chemical compounds hat can be WS FDA ranked drug delivery types in several iisk categories Transdermal drug deiivery is 3 MMI GL/MS - Headspace GC/MS ' PVC bags contain &n average of 20-80% DEHP to impart flexibiity. DEHP is  potentally taxic plasticizer with the potental to lezch to cantact
extracied out of packaging material when exposed 0 Risk associated with various construct types technology used 1 incorporate solution when hezted or 2gitated. The infusion form of the drug, cyclosparine contzins a large 2mount of nan-ionic surfactant, Koliphar EL that

high-temperatures or approgriste sohents. Sources of
extraciables include additves, impurities, pohymer
companen: and degradation praducts during precessing,
starage, and steilization.

the active drug ingredient inta  Different plasticizers were identiid by extraction Plasticizars were iderufied using high. T2 Cause the stipging of DEHP from IV bags. In this sudy. extractables and leachables were investigated in an sxpired IV bag, heated IV b3y,

the circulatory systam through  with different sobvents. DEHP and phthalates were tempersture  headspace  sampling  Poor  2nd IV solutions used in medical facilities.

the skin. Parches are desiral examples of eacwebles  characerized by chromatographic peformance of ldocaine and Esxcpired IV Bag Set [MMI GL/MS) w

because drug dosage can be dichloromethane (DCM) extraction. Terephthalates imactive ingredient may be amributed w the

contralled through the skin over  were identified using hexane extraction. concentration and column pverdoad. DEHA znd DEHF were two compounds shown 1o have migrated due  DEHP and benzophenane were two potentially txic additives identified.
of time. In this study, o extended storage and further investigated by SIM GC/MS 1

. | P s Dasna g

g (Headspare GC/MS)

Leachables are chemical compounds from packeging
material that migrate inco the drug preduct under ypical

process or accelerzted storage conditions. el IS T m:‘:::‘:m
o ~ smzmaenera | oo e
Compound migration invohees the COMEIZEon OF  atwie um Subsien tr imtmtn: Costioer Consw Sovwms or Sackageg e S |
are Biiegen. U5 Digareustcf -anih and Haras Sanens 7268 1o Drug Lo igiams |

earactables to lzachables. Racktie. M. My TE

in a Bidocaine patch that was . 3
manufactured 2 leading

phamaceutical campary

)

Industry guidelines and work-group assessments provide

basis for the amalysis of earactable/leachable testing in

drug delivery and medical devices L -

+ USP<ifbds” Assessman of Swrscmbls  Associamd  with ¥, ST e
Pharmaceutical Packagng/ Dafivary Systams {“Ravised) bastunisiie e,

+ US<iBid>* Astezsment of Drug Product Leachsblar Associated

with Pharmacautical Packsging./Delivary Systams (Revizad)]

150109% Biological Evalustion of Madical Davices

Matarial Test USP<#81>, USF <881.1>, JP<61>, EP 3121

Eastomar Test EFQ2E, USP<081>, JP<88> 150 887141

Heated IV Bag Set and Effects of Kolliphor EL (MMI GC/MS)
Leachahles

i i f 1 A = Phthalzte migrsion was observed due to extended hear Kallighor
1 | . enhanced leaching of Kodaflex and phihalates with similar fragmentztion
2 ! pattem az DEHP. G0,/ OTOF anafysis is necessary for confirmation.

Leschales s Mew leachasles mey be
generally 3 zubset  identified due 0 the

] : | i | e
of extractables ;'""::“Ez‘:'““‘“ sreduct POAI Farentiral and Cghthalmic Dnug Frosect (PODP| and sshers 8 . S 1 i ; E ; i
Analtical Technelogies S ol i Y P . - L
a = - i . it reai ey . i
Experimental The complementation of ssversl snalysical tachnolagies is 3 : =
Tiwa 5577 Series GC/MSD systems were utilized i e o e Liquid Drug Formulation | .
Heaispace Sampling GL/MS. Packzging material were In this study, leachables were MMI GE/MS Meadspace GC/MS D : .
cut ineo 1.0-cm? pieces, placed into 10.mL headspace vial, i in 3 generic drug DEMA and DPPP were idendified from liquid | f E .
m purged .W";'n M m'!aﬁi{'&’\ﬁ';-o 2% '-z'é'{f“ﬂ i atamar fon ion _provided  for extracts using SCANJNISTIAAMDIS2 T2jand SIM Plasticizars and pharmareutical products idsnified in 2 ! -~
ﬂsggfiﬂ"!s"“@ igated were &5, 100, 150, al 223 aeeash sl compued kel resme testing.  Compounds  of methods. Companents in drug suspension. | =3 -
S ol e e imterest for investigation were _ ] | Minrra
he fallowing: B — [T, o
= e Lo rereas s crgneds hos cpean woe B EE i
- | S b e | i ! i eeenes T 1 o
il
e e i et | Bttt
I ket :
Multimode Inlet (MNI) GC/MS configured in sobvent i I | { e T (el 7 e
wemsmode, Pachaging materilor quid diug product ware i1
atractsd with sowent by zonicatian for 5.3 hre. Tha References |
solvents utilized were dichloromethane (DCM), hexane, 10, W 4 R, Firor “Enalysis of BraceblesLezchabl
ethanol, and acetone. Organic layer was anahzed . Wong and R. Firor “Analysis o ctzhle./Leachzble R M e -
EES rgar _“.m pRr e S e - I. — GC./MS for extragtables/leachables testing IV bags, Transdermal patches, and Drug formalation
™ [pp——— Systems” Agilent Technolagies Publication: 5531-661 The complementatian f headspace GC/AMS and Plasticizers and patentially todc additves [such as DEHP) were leachables idendfied in
. y . . MBIl GL/MES allowed for the i plastic medical devices. The limit of detection is ome of the biggest topics in
o el it bt (e 3158 J1E2 0. Wong and R. Firor “Amalysis of Extractable//Lezchable b ¥ I e . =
e e S E}mmds A et e L e i analysis of and leachables_in leachables anziysis. The Product Quakty Ressarch Instiute (PORI) is a

Compound Identification. Compounds were identfied Systems” Agilent Technchogies Publication: 5591561
;i}ing M30 Chemstzton Data Analysis FO1.01. AN

[
phamacerticzl  pack working graug recognized by the FOA that idantity tha limit of
oIS m‘l;l: ?aielv
2, and MazsKurter Unknowns E.07.00.  Compounds EZ] 0. Wong and R. Firor “Analysis of Extractable./Leachable
0

aging  systems. e rovided definicons o
advantages of using !headspal:z GL/MS s wa ation. The Concern Thr!smlrr[sﬂlnfhalw 015 ug./day is a leachables
minimal sample preparation and a3 close threzhold that would present negligible ==fety concem from possible tarcinogenic to nan-

identified using MMI GC/MS

! : . A - i . . o comtrolled environment. MMI GC/MS in solvent carcinogenic taxic effects. Althowgh manufacturer stted that devices are DEHP-free and
with @ mazs spectral match = &0 with the NISTI4 Library  Compounds ™ From  Generic  Ligwd Drug  Formulation  Using Irganox 1010 is 2 lamge r went mode allows far the identficatan of lovr PUT.free, this 3 i i

5 n . e I X gest that levels of DEHP are below SCT ar shemative plasticizers were
wiere considered. GL/MSD Systems” Agilent Technologies Fublication 5591.5632 E?‘fgﬁ'ﬁé":ﬁ.ﬂf“ suriatie | | |l S level leachables by [2rge volume injsctions. Uilized. BL/MS & the st stap. Accurate mass & nacessary for confirmatian.
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Enhanced Detection of Oligomers. Polymers and Additives Using lon Mnhllty Mass Spectrometry and new D ta Mmmg and Differential Analysis Tools

David A. Weil 1 ; Caroline S. Chu?

! Agilent Technologies, Schaumburg, IL: 2 Agilent Technologies, Inc.; Santa Clara, CA

ASMS 2015

- Agilent Technologies

ThP 630

The analysis of pokymeric./cligomer materials using mass
spectrametry has been around since the early 805 uzing
meihats such a5 Field Descrption {FO), Leser Descrption
(LD}, Mamiz-Assisted Laser Desorpdon lonization {MALDY)
and LC/MS interfaced with 2 various APl methods (APCI.
EEIl, DESI, ASAP). The compbex nature of these materizls:
{potydispers, multiple monomers, end groups, degree of
branching, MW ranges); challenges determining what
stationary and mobile phase, gradients o use. In additon,
tha r mass spaceral data with overdapping series af
ikt g gl b i Rt
data analysis especially challenging. The low eleciic field
ion mability mass spectrometer (IM3) wilizing separation in
the fourth dimension provided @ means to simpiify the
analysis of several classes of structural poymers and also
enhanced the detection pobymer additives and dyes
extracted fram a complex mixture. In cambinatian with 3
new 40 data mining algorithm and diferental analysis
software to find unique components present in “GOOD" and
‘BAD" groups of samples. |on mobility provides a novel
means to identfy degradation, exractable, leachable
imparities in pharmaceutical and consumer products.

Structural Information from Drift

lon mokility mass spectrometry provides insight into the
confimation of metsholites, prateins, givean, ligids and
carbohydrates. For polymers, the adducts uzed for ionization
{H IIH., Ma, Cs), chain length and degree of branching can
e2d 10 confimztian «changes as reported by many research
groups™ Star shaped pnl;r[ethyim! aglyeol) PEG pokymers
are the simplest class of branched polymers with a general
structure consisting of several linear chains connected m a
central core.  These compounds have unigue meoln;cal
properties that make them useful in da'm’;
themoplastics and biologics. Polymer stand mnqu
terminated PEG 2K dam and 10¥ S-arm {Figure 1) and
Phenyl T and MQ Siloxzne resins were anakzed in this
study. Confirmation changes were observed as a function of
chain length and adducts for these szndards.

e ‘

Figure 1: Strectures of the &-arm and 8-arm PEG standards

The extractzble/leachable packaging materials extacts
samples  were ared using  THF  sobvent  The
Beclomethasone dipropionate impurity profiling sample was
obtzined from 2 commercizl source withour additianal
sample preparation.

Experimental Conditions

The Agilent 6560 wniform low field ion mobility mass
spectrometer [diift ion schematic, Figure 2 interfaced with
an Agilent 1290 high pressure liquid :nmmamgraph was
used for all experiments. Reverse phase separzbons

carniad out using Agilent Stable. Eﬂnd.CS and [§F= 21 mm
x 160 m, 1.2 pm columns. The mohile phases of water and
acetonitrile with 0.1% formic acid was used st@ming at 1.0%
B and ramping to 33% B in 15.0 min with 2 5 min final hold
time. The fiow rates were varied from 0.450 to 1.0 mL/min.
The thermally assisted electrospray ionizztion saurce
opersted in positiveion mode was used for all the
experiments. Far comparizan, dat was collected in both
OTOF znd IM mades.

—%;E

Paolymer Trend Lines

A major abjective in mass spectrometry of chigomeric and
pobymer materials is determining the chemical compositicns
of the monomers and end-groups, in addition abtining
information on chain length and molecular weight
Indusstrial grade materials are rarely “Fure” but npically
complex mistures with manomers, end groups, structures
linear, branched. cyclicl. As John Mclean's research
group® and many others have shown that blomolecules of
similar class with follow drift time trend lines. Pobymers
and cligomers of the same charge state, adduce, and.graup
composition also follow the srend lines 2nd mass spectral
dat@ can be exracied along the wend lines and urique
regions using IM Browser software a5 shawn in Figure 3.

ure ez Aa E
and extracted manually sleag trend line.

Structure/Confirmation Examples

lon mability drift hest map 8-arm PEG samgle in Figure 4
cleasty shows changes in drift ime (bends) s a function of
malecular weight and chain length. lne Icm malecular
weight singly chamge finear PEG (show specum
cleay separates from the higher malecular we|ght a
+ charge states branched species (show on rightl.

Differential Analysis Mass Profiler

For Extractable Leachable experiments and many cthers the
challenge is 1o reliably find differences between “Good™ and
“Bad” lots of samyle, at lowr concentration, with minimum falkse
r:snme and negative differences. The new 40 molecular

sture finding software is inteqrated into 3 two sample graup
compaiizan with post-aligament fiter setings inclufing 2

Figurs 4: Dift Hest Mop sbowing chenge in confrssion e 3 humction of
chorge atmtz ard malccuiar weight ] arm PED asrmale

Data Analysis 4D Feature Finding

Mznual extraction of mass speciral datz {with drift tme) is
useful but clearly is very time consuming, not automated,
lead to biased reporting and not applicable to
applications like proteomics, metbolomics and impuity
profiling. A new d.linmsunnalJ‘leJ unsupenvised data
mining algarithm was developed that is has!ﬂ on the 30
Malecular Feature Extraction als nm:hm which separates
ions a= a function of masz/chamge, retendion time,
abundance and drift ime’. lons from the same isotope
distributian are grouped together and while the adducts are
growped separately with dift time. More details about the
algarithm iz found in Poster MP1GE”. Resuks from LCMS
separatian ofthe 4 am PEQ samgle is shown in Figure 5

lity scare and an abundance reti filtzr
Either Add Silicane Example showing mutiple drf fimes

Graphical Display Drift Data

lon Mobilizy data can be displayed using the Mass Profiler
program by: Figure 7 A) my'z versus AT, B) Diift Time versus

n\. 'z and C) Orift Time versus RT. For 4.Am PEG we diearly see

‘the presence of minor impurites and drift tme changes around
B minutes and m7 G00.1000

Betractable Leachable Bamples

A major challenge in Extractzble Leachsble analbysis is to
idencify the presence of low level poentially toic polymer
addrowes, impuribes and dyes in the presence of oligameric
surfactants and palymers. Pokymess of similar charge state,
adducts, end-greups and composition will follow the same
rend fines and mass spectral dat2 can be extracted along
these mend lines but addidves will be single companents
and will have different drift times. Mass Profiler was used
10 identify unique dyes and additves exvacted from fwa
different packing materials. & custom accurate mass
Extractable Leachable accurste mass database was used
@ ideniity copper phthalocyznine CrzbreliCu.

Figure 7: Sparatisn of Possible Copper Phthalseyanine
from ather extractable using drift and m/z

Figure & Saparstion of FEG surfsctane and Dend Gallzne
antasidant exaractable from expired Claritan medicaton.

lon Mobilicy in combinatien with high reselution accurate
mass, and isotope fidelity using UNPLC zzparation and data
mining with a new 4-D molecular feature exwaction {MFE)
provides enhanced detection and identification of pokymers,
oligomers and additwes (dves, antinadants, pigments| from
cemplex miztures. Resobved cverlzpping isotopic parems.

Agilent Technologies

Imparity Profiling Example
Impurity profiling experiments generslly refy on extensive
LC methed development and/or 20 LC 10 w!lmz! l1le
separation of low concentration degradation

the Active Pharmaceutical Ingredsent (APl Llslrlg Inn
Mobility mass specirometry, twa degradztion products of
Beclomethasane diproprionzte {CuHCIO), that averlap
chromatographically 2nd have averlapging isowpe patiems

and 21 Dehydra Beclomethazane [CaftaCI0) previ
not detecied using standards LCMS conditions Figure 5.
; —

Figare & Separation of Beclmethasone (CyHaCl), 3nd 21-
Dehyra Beclmathasone [CuHiCh;) by drift ime

Figure 10: LC/MS3 Co-elution of degradztion products of
Claritzn CoyHzMa0:01 and CoHnMa 0501

David Clammear ot att Anai Cham., 2008, 80, pp WFHS&
James H. Sorivans et ak Anal Cham. 2008, 45 47.

Scott I, Grayson atal Macromoleculas. 2011, HWSDIE—WE
Es\mnDamen;J J.ﬂuf Cham, 3414 86 (1%, pp BA3-2700
Jobes A. MeLoan i Chom., 218, 96 po 272116
Frank Kuhlmann n:l nsMs 2014 Foster ThP BET

Frank Kuhlmann ctal ASMS 205 Poster MP 158

Srividya Kaiazam at al. ASMS 2075 Paster ThP 183
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of Extractables and Leachables
8. Kailasam, 5:5. Lateef!, 5. Khera?

Agilent Technologies

Introduction

Drug substances and products cam be contaminated by
chemitals migrating from primary and secondary packaging

materials. Due to the potentizl impact of these impuriies on
patient health, the US FDA has issued guidance to the
industry on comtziner closure systems for packaging human
drugs and biclogics. Profiling compounds that can be
extracted from the packaging matenals. or that have
leached [E&L compounds) inta a drug subssance or product
is a complex task due to-

Wide range of materials used for the construction of
primary and secondary containers

Diversity of physico-chemical properties of the extracted
and leached impurities

Varying concentration of compounds in samples ranging
+rom ng o pg amounts

Challenges associared with the detection of these
compounds in a wide range of different matrices

To overcome some of these analytical challenges, a
sensitive high resolution LC/MS method operating in bath
positive and negative mode has been developed. In addition
we have used a statistical approach to detecing and
identifying E&L compounds. In this study. a generic method
was developed for detecting a set of analytes belonging to
different classes of compounds such as plasticizers, photo.
imitiators, stabilizers, antioxidants, and others. This method
was then used for the analysis of EAL compounds in an
ophthaimic drug preparation and data processed using &
rigorous statistical approach.

Workflow:

Al lans MS/MS for]
= M3 (and/or]
Datn ME/MS

~

+ MaszHuntor Peafindss Softwam

* Tarpetod e sming “Fied oy
Tamule algarthen

+ Untargeted anelysis using *Recursin

molecsdar featere extraction”

Mass Profiar Scéowere: Individual cr ™)
eoplicates of two sampls grosss
* 10 Browser: Formuls genesgtion and

Staiationl databese search
prormem Sl - Moleculsr Structur Cormalstor
identification -]

Figure 1. Data processing workflow using Agilent
MassHunter Acquisition, Profinder, Mass Frofler and

Malecular Srructure Comelator Sofware.

gilent Technologies India Pvt. Ltd, Bangalore, India. 2. Agilent Technologies Inc, Santa Clara, USA

Mathods
Stock solutions of the standards; Eﬂ\ araben(1), irgacure
B[], wgacure sswm dl%mp{ alated), ‘n-octyl
i aw|s| Jmanai 100(7),
irganax. 10 in prepared in
isopropancl. A mix of = swck sohmons Sued m water
containing 10 mM ammonium acetate t produce an
agueaus mixure containing 1 pg/ml of each anahyte. The
reverse phase UHPLC “method and mass spectral
parameters  werz imzed g
chromatographic separation and sensitive analyte detection.

Extractable sample

An ughthalmic medicine bottle, purchase in Bangalare, was
washed with water and filled with extraction solvent 1-1
methanolwater. This was incubated in an oven 2t 55 °C for
72 hours. An aliguot (200 pL) was taken for analysis. The
blank used in this study was the extraction solvent.

Spiked sample for method development and system
gerfwmawce st

ul e standard spike solution (1 ug/mL) was added
10130 L of the exsracsed sample.

Leachable stressed sample

The ophthalmic dru fnrmulatinn akong with its botle, was
heated as is at 60°C for 24 hrs and anakhzed as iz. The
control in this study was the aphthalmic drug formulation
bette stored at recommended conditions (non.stressed|.

Instrumentation-

jilent 1250 Infinity Binary LC m and an Agilent Q.TOF
R& n}h 3 ?].Ia\ Spl"'a’s:'g.lm Stream Source was
used. 'I'he lI: and M$ conditions used in these analyses
are shown in Table 1. The source conditions were

imzed to enable sensitive detection of extractable and
leachable compounds. The LC/MS znalysis was performed
in both positve and negative mades.

Table 1: LC and MS instrumen:
1L condmons

Colunn. ‘Bgilurs ZUREAX F=HD Echpas Plua G, 10X
180 men, 1.8 wm ./ S5ETSE-306)
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180 a1 v s eatata i westar
et

0k miimi
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Tioma frsin) % Meshanol
[]
T Tor
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Sep i1 min
Fear T8 e
(W5 eandiors
Duel Spray AIS E51
g G 1 L' 8150
ET
Shwsth goa 11 L'k 820 ¢
Capilary veltige 3500V
[Memhvelisgs  [3mv
Fragmasar Y

Results and Discussion

Analysis of Standards

A spiked sample was used for method development and system suitability test Figure 2 shows the extracted jon chromatogram
from the spiked sample, a5 detected at UM 220 nm 24, positive 2B and negative 2C M3 ionization made. Many standards were
found in positive made, although a few showed beter response in negative mode. The L analysis with UV detection was
performed for performance evaluation, however the M3 daw are discussed due to requirement for anakytical specificity and
selectivity.

1L 1 132 3 §78 3 -

jfLL_L N “'\L’r

IEERENSEREEE] T3 315378 mnn
Siapcrm Lisen (5] e Acpiton Trea (i) Contn v Accpbnion T i

= BE8EE

I Iiiiiiune
G (i ot i

Figure 2. Performance suftability mix analysis using UV at 220 nm [A), accurate mass positive mode (B) and accurate mass|

negative mode (€. The standards numbering are listed in the method section.

Extractables

The chromasogram from the high resohution LC/MS extractable sample analysis is shown in Figure 3. The total compound
chromatogram (TCC) of the sample in both positive and negative modes are also shown. The chemical features in the acquired
data were extracted, aligned, and integrated using MassHunter Profinder Software [Figure 4). Any features that failed to
integrate can be manually integrated. A total of 175 feanmes from both positive and negative acquisition modes were processed
in this manner.

5 T b
£ Spectea
= b
—_— Sampie

T LT
Figure 3. Extractable sample total compound
chromatogram  overlay i positve  and

Figure 4. MassHunter Profinder software used for
extraction, alignment and inteqration of data.

nagative modes
Extractsale vs. Slank

i 5 B

H =

H

£ 1o

H : X

T 8 0 1 12z 13 4
Lo Acacace - Gl

Figura 6. Mass Profiler cutpet showing 4= sbundance log plot of sampls verses
blank for the exmcteble study

Figure 5. Mass Profiler Software enabled the statistical comparison of data sets. A »4.fold change (abundance by height) and
abundance cut off filzer of 3,000, displays 65 features [positive and negative icnization modes) for exracted samples

Results and Discussion

Analysis of Leachables

The control and heated ophthalmic formulation samples m leachable stdy were compared using Mass Profiler sofoware.
Statistical comparizan wsing PCA plots is shown in Figure 6. The leachable stressed repbcates [red dots) are found @ cluster
together and distinet from non.stiessed replicates (blue dots| These results confirm the significant difference between the non.
smessed and stressed leachable samples. Mass Profiler was alse used w compare two different set of samples, the extractables
2nd leachables to determine commen and significantly different features [see Figure 7).

* T
Figure 7: Extractable and leachable sample comparison
N - to identy common compounds and their distribution. A
Figure 6: Principal Component Analysis of heated [red) total of 61 compounds were common to Both sample
and leachabie non stressed study samples (alug] |types 2nd 2 fold diFierent with each other,

;

o™

— Figure 8: Molecular structure comelator software for
Figure 8 Mass Profiler resuits showing identfied confirmation of compounds which were not found m
ompounds for diethylene glycal dibenzoate. | the library.

The 1D Browser functionality within Mass Profiler helped idemtity compounds using high resolution accurate mass database
searching and formula generation from a set of 1,580 compaunds (Figure 8). Some of the compounds identied were, tridecyl
alcohol [oxyethylene) ethanol. sodium nonoleste. irganox 5057. ethyl{24.6-tnmethylbenzoyl)- phenylphesphinate. isocyano
cyclohexane, degradant of irganox, and hexadecanaic palmitic aci. Library LC/MS-MS specsa matching provided additional
compound canfimation Howsver standards may not avaitzble for many extractable and leachable compounds to built a custom
library. Therefore, Agilent Melecular Structure Comelator (MSC) sofiware was used to aid their identification. MSC software
proposes possible compound matches by comelating accurate mass/formuta of MS/MS fragments with possible in silico
fragment ions from proposed stucture. Some of the compounds matched with MSC sofoware in leachable sample were: Methyl
2.benzoylbenzoate, Ingacure 307, Erucamide, dioctyl adipate, dihydroehtythuranone. MSC helps o provide tentative estimation of
the compound identity better than 3 database search

The analysis of a standard mix of nine plasticizers showed that the use high resolution accurate mass in both posiive and
negative ionization are required to ensure comprehensive LC/MS analysis of diverse classes of extractable and leachable
compounds.

Integration and zlignment verification of samples was performed using Agient MassHunter Profinder Software, and
subsequently samples were compared using Agilent MassHunter Mass Profiler Sofoware

The Mass Profiler database search using PCOL and molecular formula generation feamm ‘was used 1 identfy compounds.
Additionzl, data anakysis of high resolution MS/MS was performed wsing Molecular Structure Comelator sofaware ta

the identification of compounds.

The results of this swudy show that 65 compounds, including an antiaxidant additive, for example, irganox and skin irritants
such as ricinaleate were significantly present at significant concentration in the extractable samples.

This high resolution and software processing methodology can further be extended 1 quantification and can zlso be used for
the analysis of samples from drug container closure systems for vendor qualification studies.
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Abbreviations

AET = Analytical Evaluation Threshold

SCT = Safety Concern Threshold

TDI = Total Dally Intake

TTC= Threshold of Toxicological Concern
DP = Drug Product

OINDP = Orally Inhaled and Nasal Drug Product
MDI = Metered Dose Inhaler

QT = Qualification Threshold

SAR = Structure-Activity-Relationship
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