
INTRODUCTION

Due to the complexity of biopharmaceutical products, vast arrays of methods are 
utilized to fully characterize these complex molecules and their impurities - a 
significantly more difficult task than for typical small molecules. Some impurities 
are related to the drug product, while others are introduced during bioprocessing. 
Leachables are compounds that leach into the drug product formulation from 
disposables utilized in bioprocessing; whereas, residuals are introduced during 
bioprocessing. It is imperative that processes are validated to demonstrate 
clearance of these impurities and ensure product safety.  Mass spectrometry 
plays a key role in providing data to understand, develop, and validate the 
process.  This poster will cover experiences and capabilities supporting the 
safety testing of biopharmaceuticals. 

BACKGROUND
Extractables are compounds that can be extracted from a component under 
exaggerated conditions such as in the presence of harsh solvents and/or at 
elevated temperatures.  These compounds have the potential to contaminate the 
drug product and must be controlled to the extent that the components used are 
appropriate. 

Leachables are compounds that leach into the drug product formulation from the 
component as a result of direct contact with the formulation under normal 
conditions or accelerated storage conditions.  These compounds are typically a 
subset of extractables and must be controlled so that drug products are not 
adulterated.

Bioprocess Impurities are compounds that are inherent and/or added during the 
manufacturing of biopharmaceutical products.  They fall into three broad areas -

Host cell/source-derived: proteins and nucleic acids (DNA/RNA) 
Cell culture–related: inducers, antibiotics, media components 
Downstream-derived: resins, residual solvents, surfactants, leachables
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DISCUSSION/RESULTS

Safety of Biopharmaceutical Products - Analysis of BioProcess Impurities: 
Residuals, Leachables & Extractables

Single-Use Products for BioProcessing:
Potential Sources of Extractables/Leachables

Most extractables will be eliminated as part of the drug 
purification process; however

 Potential to become a leachable increases as the drug becomes 
closer to final formulation steps

 If the source of the extractables is the final bulk storage container or 
used close to this stage and no further purification occurs, the risk 
increases

 Leachables may interfere with drug product assays

 May increase the impurity level of drug product to an unacceptable 
level

 May react with one or more of the drug product components

 May cause inactivation of ingredients, precipitation, absorption, pH 
shift, and/or discoloration 

 May increase toxicity of drug product

Extractables & Leachables Concerns

Plastic Films and Extractables

Stabilizers and Related Compounds
Parent Compound: Irgafos 168
 Tris(2,4-ditertbutylphenyl)phosphite MW: 646.93

Sometimes do not observe this

but observe these 

Related Derivatives and Degradation Products
 Phenol, 2,4-bis(1,1-dimethylethyl)phosphite (2:1) MW: 475.33

 2,4-ditertbutylphenol MW: 206.33

 1,3-bis(1,1-dimethylethyl)benzene MW: 190.32

MW is Molecular Weight as observed by Mass Spectrometry

Extractables & Leachables Studies Stages 

Fermentation

Harvest

Polishing

Formulation

Fill/Finish

Capture

(Fraction)

Chromatography

Potential Additives

EDTA
Glycol
TRIS
Chloride
Acetate
Metals
Sulfate
Citrate
Calcium
Histidine
Sugars

Bioprocess Residual Impurities

Potential Additives

Glycerol
Antibiotics
Vitamins
Amino Acid Cocktail
IPTG
DTT
HEPES
Urea
Guanidine
Antifoaming Agents
SDS

 Matrix variety and complexity 

The target residual may be one of many components that can 
interfere with sample preparation and residual detection.

 Removal of the protein component may be necessary to recover the target 
residual effectively. 

 The sensitivity required (PPM/PPB/PPT levels) will determine the analytical 
technique. 

 Can matrix interferences be suppressed without dilution of the target? 

 Limit tests are plausible alternatives to low level quantitation if 
product development  is in early phase.

 Many residuals do not have chromophores

 Increased sensitivity may result in increased noise and residual 
background signal.

 Method controls and blank criteria become paramount to accurate 
residual testing.

Analytical Challenges

Scope:
 During the fermentation stages of production, antibiotics are 

commonly used

 Demonstration of subsequent process clearance is critical to safety 
of product

Challenges: 
 Acceptable recovery of the antibiotic from all potential process   

matrices

 Interferences from all potential process matrices

 Lack of chromophores

Chromatographic separation and detection using traditional 
techniques

Solution:                       LC/MS/MS MRM 

Determination of Kanamycin

in Bioprocess Stream

 Samples spiked with Internal Standard (Amikacin)

 Protein removal by Acetonitrile Precipitation followed by molecular 
weight cut-off filtration

 Supernatant analyzed using ion-pairing HPLC 

 Detection by MS/MS Multiple Reaction Monitoring Mode (MRM)

Analytical Approach
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Extractables Database
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 Film additives are used to improve functionality

 Additives can be extracted from films due to contact with certain 
liquids during normal use

 Concentration of these extractables is usually very low and most 
can normally be identified and quantified

 Common additives include

 Anti-Oxidants

 Anti-Statics

 Heat Stabilizers

 Colorants

 UV Light Stabilizers

 Plasticizers

 Lubricants

Custom Database Aids in Identifying Extractables
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Dimethoxane 2,6-Dimethyl-1,3-dioxan-4-ol acetate, cis and trans 828-00-2 174.2

BHA 4-hydroxy-3-tert-butylanisole 121-00-6 180

benzophenone benzophenone 119-91-9 182.2

DHPAP 2',4'-Dihydroxy-3'-propylacetophenone 40786-69-4 194.2

lauryl acid dodecanoic acid 143-07-7 200

DCHAP 3.5-Dichloro-2'-hydroxyacetophenone 3321-92-4 205

2,4-Di-tert-butylphenol 2,4-Di-tert-butylphenol 96-76-4 206.3

DHB 2,4-Dihydroxybenzophenone 131-56-6 214.2

BHT 2,6-di-tert-butyl-p-cresol 128-37-0 220.4

Tinuvin P 2-(2'-hydroxy-5'-methyphenyl)benzotriazole 2440-22-4 225.2

Seesorb 101 2-hydroxy-4-methyoxybenzophenone or (oxybenzone) 131-57-7 228.2

Bisphenol A 4,4'-(1-methylethylidene)bis-phenol 80-05-7 228.3

Myristic acid tetradecanoic acid 544-63-8 228.4

Noclizer M-17 2,6-di-tert-butyl-4-ethylphenol 4130-42-1 234

Ionox 100 4-hydroxymethyl-2,6-di-tert-butylphenol 88-26-6 236.4

Cyasorb UV-24 2,2'-dihydroxy-4-methoxybenzophenone or (Dioxybenzone) 131-53-3 244.2

Hexaethyldisiloxane hexaethyldisiloxane 994-49-0 246.5

http://en.wikipedia.org/wiki/File:Amikacin.svg


CONCLUSIONS
Characterization of bioprocess impurities, including residuals and leachables, is 
a critical aspect of process development and a regulatory requirement.  Methods 
need to be developed and qualified to identify and quantify these impurities with 
a high degree of precision, specificity and accuracy.

Challenges include 

Wide variety of in-process sample matrices 
Range of potential impurities
Lack of chromophores
Need for extremely sensitive methods

Analytical tools such as mass spectrometry are required to overcome these 
challenges.

RELEVANT GUIDANCE DOCUMENTS

ICH: Q3A(R) Impurities in New Drug Substances 
ICH: Q3B(R) Impurities in New Drug Products 
ICH: Q3C(R) Impurities: Guideline for Residual Solvents 
FDA: Guidance for Industry - Genotoxic and Carcinogenic Impurities in Drug 
Substances and Products: Recommended Approaches 
(www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/G 
uidances/ucm079235.pdf)
EMA: Guideline on the Limits of Genotoxic Impurities 
(www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/ 
09/WC500002903.pdf)
FDA: Guidance for Industry: Container Closures Systems for Packaging 
Human Drugs and Biologics 
(www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/G 
uidances/UCM070551.pdf)
BPSA: Recommendation for Testing and Evaluation of Extractables from 
Single-Use Process Equipment (www.bpsallinace.org)
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