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A
nalytical scientists in the pharmaceutical industry 

are tasked with ensuring the high-performance liquid 

chromatography (HPLC) purity methods that they develop and 

validate provide complete separation of compounds, and this 

work can yield unexpected findings that lead to improvements 

in methods and manufacturing processes.

In the following case study, peak spectral analysis was used 

as an analytical tool to determine the cause of peak purity 

failure during HPLC method validation. This analysis resulted in the 

separation and identification of a previously unknown impurity, and 

the development and validation of a new HPLC method that allowed 

this impurity to be separated and independently determined.

Case study

Early phase HPLC purity/assay validations typically include 

the following components, based on International Council for 

Harmonization (ICH) Q2(R1) guidelines (1): 

• Specificity—the ability of a method to separate the analyte, 

or compound of interest, from other components expected to be 

present in the sample 

• Linearity—the ability of a method to provide results within a 

specified concentration range that are directly proportional to 

concentration of the analyte 

• Accuracy—the ability of a method to produce assay results near 

the true value 

• Precision—the ability of a method to give consistently 

reproducible results 

• Detection limit—the lowest concentration of analyte that can be 

detected 

• Quantitation limit—the lowest concentration of analyte that can 

be consistently measured 

Daniel N. Hayes is 

associate principal scientist 

at Cambrex High Point 

Analytical Research and 

Development.

Utilizing Spectral 

Analysis in HPLC Diode 

Array to Discover Impurities
Investigation of peak purity failure during HPLC method validation led to 

discovery of a co-eluting impurity under the main peak. Spectral analysis, 

including three-dimensional modelling, was used to characterize the peak, 

leading to the development of a new HPLC method for analysing impurity content.

• Forced degradation—exposing 

the drug substance to severe 

environmental and chemical 

stresses to rapidly evaluate 

material stability. 

This final component is 

performed according to the ICH 

guideline Q1A(R2), Section 2.1.2, 

and will demonstrate that a method 

is stability-indicating (2).

During a recent validation on an 

API that was being manufactured 

for a client, forced degradation 

studies were performed on the API 

using the client-supplied method. 

During the study, the HPLC-diode 

array detector (DAD) peak purity 

analysis of the analyte peak failed 

for all conditions, including the 

control. Failure was not observed 

during pre-validation exercises, 

which were performed on a 

different, previous batch of API. 

This indicated that a new, unknown 

impurity could be co-eluting with 

the analyte peak.

Using Chemstation software 

(Agilent), the ultraviolet (UV) 

spectra of the analyte peak 

collected by the diode array are 

analysed for spectral purity, giving 

the purity factor. A purity factor 

of ≥990 generally indicates a peak 

is pure and suggests no other 

peaks co-elute.

Peak purity analysis results for 

an older lot are shown in Figure 1, 

where the upper-left quadrant 

shows the chromatogram, with 

its baseline enlarged for detail. 

The green bar under the peak 

indicates the peak has a purity 

factor above the threshold of 990, 

with an observed result of 999.433, 

which is shown in the upper-right 

quadrant. The lower-right quadrant 

shows the analysis of spectral 

purity within the peak, as indicated 

by the wide line that remains within 

the green bar, and the lower-left 

quadrant includes the peak spectral 

results taken from five points 

across the peak. 

The results in Figure 2 show 

the new, failing, lot of API, which 

has a purity factor of 835.895. The 

wide line beneath the peak in the 

lower-right quadrant indicates the 

presence of a spectral impurity on 

the tail of the peak. A careful review 
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Impurity Analysis

of the spectra in the lower-left quadrant indicates that 

one of the spectral plots differs from the others, as 

it is shifted to the right, and this corresponds to the 

co-eluting impurity. This shift pattern would be useful 

in developing a method for the new impurity, as it 

implied that the impurity responded better than the 

analyte at a wavelength of about 290 nm.

The three-dimensional spectral results of the 

analyte peak were also modelled, and the area around 

the baseline enlarged for detail. The spectral map 

of the pure analyte peak obtained from the older 

lot is shown in Figure 3, which plots wavelengths 

between 240 and 310 nm against time (11.6 minutes 

to 10.9 minutes, right to left). Note that the peak is 

reversed from the normal chromatogram to allow the 

spectral details to be observed. The spectral map of 

analyte peak from the impure lot is shown in Figure 4 

(using the same axis scale), and the impurity shows up 

as a ‘bulge’ on the main peak.

The method that was being validated was performed 

at a wavelength of 260 nm, but when the impure 

analyte peak was evaluated at 290 nm, it became clear 

that there were two distinct compounds. Overlays 

of the impure analyte peak at 260 nm and 290 nm 

wavelengths were created, as shown in Figure 5. The 

later peak (right, red, 290 nm) shows the location of 

the bulge in the three-dimensional model in Figure 4.

The information from Figure 5 indicated that it 

might be possible to separate the later-eluting new 

compound from the analyte, based on the differences 

in properties of the two molecules. As the identity 

of the new impurity was unknown, data from the 

manufacturing campaign of the impure batch were 

reviewed to check for information that might point 

to the source of the impurity. HPLC data from the 

manufacturing batch record indicated that the 

impurity was introduced early in the manufacturing. 

The data also revealed that the method used for 

in-process checks was able to separate out the 

impurity from an intermediate material with the use of 

a different column and mobile phase.

Isolated intermediate material from the 

manufacturing campaign that produced the 

impurity-containing API was analysed using the 

in-process HPLC method, column, and mobile phase. 

Although the method was not optimized for this 

separation, the impurity appeared as a peak before 

the main intermediate peak, and was resolved from 

the intermediate peak. Additional analysis showed 

a spectral profile similar to the impurity in the final 

compound. The HPLC results are shown in Figures 6 

(expanded scale) and 7. Spectral results are shown 

Figure 1: Peak purity analysis of control lot.

Figure 2: Peak purity analysis of new lot.

Figure 3: UV spectral 3-dimensional map of pure analyte peak.

Figure 4: UV spectral 3-dimensional map of impure analyte peak.

Figure 5: Overlay (normalized) of analyte peak with 260 nm (left, in 

blue) and 290 nm (right, in red). Time shown on x-axis.

HPLC data from the manufacturing 

batch record indicated that the 

impurity was introduced early in the 

manufacturing.
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Impurity Analysis

in an overlay in Figure 8, where the impurity has 

a spectral maximum of approximately 274 nm, 

compared to the intermediate, which has a spectral 

maximum of 260 nm. 

Additional method development was performed 

on the API, leading to a final set of conditions that 

successfully separated out the impurity. Although 

the intermediate and the API have a similar structure 

(the intermediate molecule contributes a significant 

structural fragment to the API), the API is less polar, 

and elutes much later than the intermediate shown 

in the previous figures. Using the final method 

conditions, the impurity elutes first, as shown in the 

example chromatogram in Figure 9, and the API peak 

was determined to be spectrally pure. 

Spectral results from the peaks in the example 

chromatogram are shown in Figure 10, where the 

impurity peak has a spectral maximum at 274 nm. 

Because the impurity’s spectral maximum was 

different from the API’s maximum at 260 nm, a 

response factor correction for the impurity was 

empirically determined and added to the new method. 

This new method was subsequently validated and 

implemented prior to release of the next batch (a 

clean-up of the impure batch of API), demonstrating 

the versatility and utility of spectral analysis as an 

analytical tool. 

References

1. ICH, Q2(R1) Validation of Analytical Procedures: Text and 

Methodology, (ICH, November 2005) www.ich.org/file-

admin/Public_Web_Site/ICH_Products/Guidelines/Quality/

Q2_R1/Step4/Q2_R1__Guideline.pdf.

2. ICH, Q1A (R2) Stability Testing of New Drug Substances 

and Products, (ICH, February 2003) www.ich.org/file-

admin/Public_Web_Site/ICH_Products/Guidelines/Quality/

Q1A_R2/Step4/Q1A_R2__Guideline.pdf. PTE

Figure 7: HPLC results of the intermediate using 

the in-process method. Time shown on x-axis. (Full 

scale.)

Figure 8: Spectral overlay of HPLC results of 

intermediate and impurity (Impurity spectrum 

shifted right, red).

Figure 9: HPLC results (using final method 

conditions) of the impure API. Time shown on x-axis.

Figure 10: Spectral overlay of HPLC results of API and 

API impurity (Impurity spectrum shifted right, red).

Figure 6: HPLC results of the intermediate using 

the in-process method. Time shown on x-axis. 

(Expanded scale.)

s6    Pharmaceutical Technology Europe OUTSOURCING RESOURCES 2019  PharmTech.com

FOR PERSONAL, NON-COMMERCIAL USE

www.PharmTech.com
www.ich.org/file-admin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf
www.ich.org/file-admin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q1A_R2/Step4/Q1A_R2__Guideline.pdf
fthomas
Sticky Note
There are erroneous spaces in the hyperlinks, which means they lead to error pages. Please use the pasted link below when hyperlinking:

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf 

fthomas
Sticky Note
Again, there are spaces in the hyperlink where they shouldn't be. Please copy and paste the link as below for the hyperlink in the PDF file:

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q1A_R2/Step4/Q1A_R2__Guideline.pdf



ELIMINATE PARTICULATES 

& FIBERS IN THE CORE.

www.sterile.com

SYNTHETIC WRITING SUBSTRATE 

§  Low particulate 

and non-shedding

§ Exceptionally durable 

§   Abrasion and 

chemical resistant

§ Easy to write on

§  Double bagged 

packaged sterile

HEPA FILTERED PRINTING SYSTEM 

§  Print wirelessly into cleanrooms 

§  Use with pre-sterilized 

CLEANPRINT 10 

§  316L Stainless Steel 

Construction, can be 

completely disinfected

§ HEPA Filter cabinet

§  Sheet fed, high speed 

digital printer using 

chemical resistant ink

CUSTOM DOCUMENTATION

§  Logbooks, ID tags, 

Forms and Labels 

§  Constructed using 

CLEANPRINT 10

§  Customized specifically 

per customer

§  Individual unique 

numbering 

and integrity features

§  RFID Technology available

15 Lee Boulevard 
Malvern, PA 19355-1234 USA 
(610) 644-8335

FOR PERSONAL, NON-COMMERCIAL USE

http://www.sterile.com
http://www.sterile.com
http://www.sterile.com
http://www.sterile.com


W
it

th
a

y
a
 -

 s
to

c
k
.a

d
o

b
e

.c
o

m

I
nnovation in the bio/pharmaceutical industry brings success to 

pharma companies and new options for patients. New treatments 

and therapies, however, often come with new and/or additional 

analytical testing requirements. Many bio/pharmaceutical companies 

don’t have the knowledge, experience, instruments, or personnel 

to perform such testing; therefore, many analytical processes are 

outsourced to contract research, contract development, or contract 

manufacturing organizations (CROs, CDMOs, CMOs). And outsourcing 

of these and other services is expected to grow in the coming years (1). 

So how can contract laboratories serve the pharma industry? 

Pharmaceutical Technology Europe spoke with Kimberly McClintock, 

executive vice-president at Metrics Contract Services, which 

offers method development and validation for small-molecule drug 

substances and drug product stability and release testing including 

on-site microbial testing; and Patrick A. Tishmack, PhD, analytical 

services general manager at AMRI West Lafayette, which offers both 

small- and large-molecule analysis, about the benefits of outsourcing 

analytical processes and testing.  

The benefits of outsourcing

PTE: Why should pharmaceutical companies outsource their 

analytical processes?

McClintock (Metrics Contract Services): One of the main 

reasons to outsource laboratory testing is to access expertise 

and instrumentation. It may not be feasible for pharmaceutical 

companies to purchase and operate specialized equipment 

themselves for a limited number of programmes. Contract labs 

support hundreds of programmes, making significant investments 

worthwhile and enabling them to hire and retain qualified, 

experienced staff for specialized testing. Examples of this include 

inductively coupled plasma-mass spectrometry (ICP–MS) and 

inductively coupled plasma-optical emission spectrometry (ICP–

OES), which are used to detect elemental impurities. 

Working on a wide variety of programmes gives contract labs 

an advantage for problem solving and regulatory compliance. 

Susan Haigney

Frequent inputs from global 

regulatory agencies and client 

quality departments give contract 

labs a strong sense of industry 

expectations and numerous 

examples of how to plan, execute, 

and report method development 

and testing that is acceptable for 

submission. 

“Contract labs support 

hundreds of programmes, 

making significant 

investments worthwhile 

and enabling them to 

hire and retain qualified, 

experienced staff for 

specialized testing.”

—Kimberly McClintock, 
Metrics Contract Services

Tishmack (AMRI): Certain 

analytical techniques are more 

conveniently outsourced because 

they may be tedious or require 

significant overhead or training that 

could distract from a company’s 

focus.  This might include 

potent compounds, controlled 

substances, or other special 

handling requirements such as inert 

atmosphere.

Virtual companies that do not have 

any internal analytical capabilities 

usually call on one or more contract 

research organizations to do all of 

their analytical testing.

Larger pharmaceutical companies 

may want to outsource certain 

types of analytical testing to be 

done in parallel to internal studies 

for validation or troubleshooting.  

Outsourcing is also a good way for a 

pharmaceutical company to expedite 

development timelines or to move 

lower priority development out of 

their laboratory so that there will be 

some progress when it eventually 

becomes a higher priority.

PTE: Which small-molecule 

analytical services should pharma 

companies consider outsourcing?

Tishmack (AMRI): Nuclear 

magnetic resonance (NMR) 

spectroscopy and mass spectrometry 

are commonly outsourced because 

these capabilities are typically quite 

expensive to acquire and maintain. 

Both techniques usually require 

experts to properly maintain the 

Utilizing Analytical 

Services for Success 

in Innovation
Outsourcing of analytical testing and processes can help 

bio/pharmaceutical companies expand their product profiles.
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Analytical Services

instruments and to implement 

advanced applications that will 

obtain maximum value from the 

techniques.

Elemental analysis and metals 

analysis are very commonly 

outsourced, particularly if GMP 

compliance is needed.  Carbon, 

hydrogen, nitrogen, and sulfur 

analyses are relatively simple to 

perform, which means that high 

volume is the only economical 

way to use the instrument.  Metals 

analysis by ICP–MS or ICP–OES may 

be more conveniently outsourced 

due to the acid hydrolysis procedure 

needed for sample preparation 

and the instrument maintenance 

requirements.

PTE: Which large-molecule 

analytical services should biopharma 

companies consider outsourcing? 

Tishmack (AMRI): Mass 

spectrometry is typically used 

for peptide mapping and protein 

sequencing, which requires a high-

performance instrument and an 

experienced scientist.  

“Certain analytical 

techniques are more 

conveniently outsourced 

because they may 

be tedious or require 

significant overhead or 

training that could distract 

from a company’s focus.” 

— Patrick A. Tishmack, 
AMRI

NMR spectroscopy of large 

molecules is still a very specialized 

technique that requires a highly skilled 

scientist with specialized training 

to collect good quality data and to 

properly interpret the complex NMR 

spectra.  Therefore, relatively few CROs 

have this capability.

Capillary electrophoresis, particularly 

combined with mass spectrometry, is 

a high-value analytical technique for 

most biologics and larger molecules. 

This technique is very useful for difficult 

separation and characterization 

procedures.

Cell-based assays can be quite 

difficult to develop and validate, so an 

experienced CRO will expedite biologics 

development and preclude the need to 

invest in the specialized infrastructure 

required for maintaining cell lines.

PTE: What are the downsides to 

outsourcing analytical services?

McClintock (Metrics Contract 

Services): Analytical methods and 

results are a critical part of product 

development, so outsourcing this 

work could create a gap for the 

pharmaceutical company.  A strong 

contract lab partner will make sure the 

sponsor understands more than just 

the values reported. For example, the 

contract lab will convey observations 

made during dissolution since these 

can be critical to assessing whether the 

formulation and process are robust.

Best practices for 

outsourcing analytics

PTE: What are some best practices for 

data integrity and tech transfer when 

it comes to outsourcing analytical 

services?

McClintock (Metrics Contract 

Services): It is a tech transfer best 

Pharmaceutical Technology Europe spoke with John Pirro, senior director 

of large molecule bioanalysis at WuXi AppTec, which provides anti-drug 

antibody (ADA) and neutralizing antibody (Nab) assay development, 

validation, and sample analysis services, about best practices to ensure that 

biologics are safe and effective.

PTE: Why is immunogenicity testing needed?

Pirro (WuXi AppTec): Immunogenicity refers to the ability of an antigen to 

induce an immune response. Biological products with an increased potential 

for eliciting ADAs include therapeutic antibodies, enzyme therapies, peptides, 

and combination products. ADA can reduce the ability of the drug to reach 

the intended target, alter the PK [pharmacokinetics] profile, and potentially 

mediate serious adverse effects. A subgroup of ADAs, which are called 

neutralizing antibodies, can also cause potentially serious adverse effects.   

PTE: Which immunogenicity testing methods are used to determine 

immunogenicity profile of a biologic? How do these methods differ, if at all, 

for biosimilars?

Pirro (WuXi AppTec): In practice, immunogenicity is assessed by 

the detection of antidrug antibodies using a positive control antibody, 

representing a potential polyclonal antibody in a biological system. There 

are many different types of assays ranging from classic ‘bridging’ assays to 

more complex ‘bead acid dissociation’ assays. 

Which assay to use depends on the reagent you use as a positive control 

and the baseline immunogenicity of the drug in question. The methods can 

differ depending on the type of biosimilar (modified to stay in plasma longer) 

to other types of biologics (bi-specific antibodies) depending on the makeup 

of the biologic and the method of action. You must have experience in all 

forms of assays for immunogenicity to modify the design to fit each case.   

PTE: How does immunogenicity testing differ when dealing with 

antibodies compared to other biologics? 

Pirro (WuXi AppTec): For non-antibody biologics, test development needs 

to emphasize the fact that non-human amino acid sequences are often used 

to modify the protein, and these sequences are typically immunogenic. It’s 

important to use polyclonal antibodies as positive control. For antibodies, 

testing differs depending on the site of modification (Fb region for bi-

specific), attachment sites for antibody drug conjugates, and whether it is 

a fusion type of antibody design. Special considerations have to be taken 

with these types of biotherapeutics, specifically around the reagents used to 

capture and detect the biologic. It is in this case that the use of monoclonal 

antibodies and IgY antibodies come into use.  

PTE:  What mistakes do companies make when performing immunogenicity 

testing?

Pirro (WuXi AppTec): The usual mistake is in the design of the ADA assay 

(lack of Domain ADA assays for fusion proteins, etc.) or in the reagent they 

are using to detect or capture the biotherapeutic. For example, using a 

monoclonal antibody when you should use polyclonal antibodies or not 

considering the use of IgYs to develop positive controls, which do not bind 

to rheumatoid Factors; the determination of the positive control for ADA or 

Nab assay; and not understanding that you will have to re-determine the cut 

point with disease state serum from the study. 

BEST PRACTICES FOR IMMUNOGENICITY TESTING OF BIOLOGICS
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Analytical Services

practice to completely evaluate 

method(s) being transferred for 

method competency and successful 

transfer. 

“A highly competent 

quality unit is a key 

indicator that the CRO 

knows what it takes for 

appropriate regulatory 

compliance.”

— Patrick A. Tishmack, 
AMRI

Tishmack (AMRI): A highly 

competent quality unit is a key 

indicator that the CRO knows what 

it takes for appropriate regulatory 

compliance.  A good indicator that 

a CRO has adequate control over 

their processes is the existence of a 

laboratory information management 

system (LIMS), particularly if nearly all 

laboratory processes, data integrity, 

and quality assurance procedures 

are integrated into it.  A critical 

consideration is determining if the 

CRO has electronic records that are 

created and maintained by software 

with rigorous user access control, 

extensive audit trailing, and secure 

archiving of data files.  It is also very 

important to determine whether the 

CRO has experienced scientists with 

extensive training who can provide 

expert analytical method development 

and validation under GMP compliance.

Analytic services 

in high demand

PTE: Which outsourced analytical 

services are in high demand?

McClintock (Metrics Contract 

Services): We are seeing high 

client demand for residual solvents, 

elemental impurities, API solubility and 

dissolution method development, and 

API characterization. 

Tishmack (AMRI): Unknown 

particle identification, NMR 

spectroscopy of solids and liquids, 

chromatography, and mass 

spectrometry have all been growth 

areas, especially non-routine testing to 

solve unusual problems.

PTE: Are there analytical processes 

not currently being outsourced that 

you anticipate will be in the future?

Tishmack (AMRI): Pharmaceutical 

companies typically adopt new 

analytical techniques rather quickly, 

but they tend to rely on them for 

release testing of drug substances and 

drug products only after significant 

assurance of reliability.  Although 

nearly every common analytical 

technique can be outsourced if 

desired, many pharmaceutical 

companies are selective in the types 

of analyses outsourced to a CRO 

depending on their own experience 

and internal capabilities.  

“Working on a wide variety 

of programmes gives 

contract labs an advantage 

for problem solving and 

regulatory compliance.” 

—Kimberly McClintock, 
Metrics Contract Services

Selective outsourcing of biologics 

testing is quite common because 

pharmaceutical companies are 

reluctant to rely on potentially 

less experienced CROs to transfer 

or develop analytical methods 

for biologics that are difficult and 

expensive to make and test.  Atypical 

analytical techniques that are still in 

the development stage may eventually 

be outsourced once they have been 

better established as suitable tests for 

pharmaceutical development.

Reference

1. R. Rader and E. Langer, “The Outlook 

for CMO Outsourcing in 2019, 

Pharmaceutical Technology 43 (1) 2019. 

PTE

Pharmaceutical Technology Europe spoke with Lisa Crandall, MS, associate 

director CMC Project Management, and Peter Angus, PhD, director of 

Pharmaceutical Sciences, at Velesco Pharma, which provides a full range of 

stability testing of API and drug products, about best practices in stability 

testing.

PTE: Which methods are used to determine stability of a drug in early 

development? In later-stage development? Do these methods differ?

Velesco: In early development, typical API and drug product stability 

analysis include appearance, assay, related substances, and water. 

Additionally, depending upon type of drug product formulation being 

assessed, tests such as assay of preservatives and/or antioxidants, pH, 

viscosity, osmolality, particulates, antimicrobial effectiveness, and 

microbiological bioburden may be necessary. Specific methods such as 

high-performance liquid chromatography (HPLC) for assay/impurities are 

phase appropriate.  In later development, the stability indicating techniques 

haven’t changed, but the specific methods have evolved with the product.  

Quantitation of known impurities is now possible.

PTE: What steps should be taken to ensure stability of a drug?

Velesco: To increase the chances that your drug is stable, it is vital to pay 

attention to all early data pertaining to the effects of temperature, humidity, 

light, polymorph, salt form, etc., as well as excipient compatibility and 

packaging. Discovering limitations and interactions early in development 

provides a better chance of success, especially in situations in which one 

polymorph is significantly more stable than others.

PTE: What mistakes do companies make in early development that could 

lead to instability?

Velesco: Common mistakes early in development are ignoring the 

importance of risk assessment using the philosophies in International 

Council for Harmonization (ICH) Q8 and Q9, and not allowing enough time 

for designing a quality product. With appropriate foreknowledge, many 

drug instability challenges can be overcome by designing the synthetic route, 

formulation, packaging, storage, etc., with the future in mind. 

PTE: What are some best practices for ensuring product stability in both 

early and later-stage development?

Velesco: To ensure the best chance for a successful and stable product, 

it is important to design early phase experiments to provide as much 

understanding about the API and product as possible. As the product 

progresses, it is important to use and build upon the data in hand to make 

necessary adjustments to synthetic routes, formulations, manufacturing 

processes, packaging, and analytical methods.

DETERMINING DRUG STABILITY

Pharmaceutical Technology Europe OUTSOURCING RESOURCES 2019    s11

FOR PERSONAL, NON-COMMERCIAL USE



A
le

x
a

n
d

e
r 

R
a

th
s 

- 
s
to

c
k
.a

d
o

b
e

.c
o

m

T
he tendency of proteins to aggregate or to change 

conformation under certain conditions poses a problem for 

protein therapeutics such as monoclonal antibodies. If their 

physical form alters, then it is likely that their activity will also be 

impacted, so stability must be ensured throughout the product’s 

shelf life.

A key technique in building stability into a protein therapeutic 

is to include a surfactant in the formulation. A suitable surfactant 

will help to minimize the aggregation, unfolding, and denaturation 

that the protein might otherwise undergo, which would affect its 

activity.

Various surfactants are approved for use in therapeutic 

parenteral dosage forms, and by far the most frequently used is 

polysorbate 80 (PS-80), the common name for polyoxyethylene 

(20) sorbitan monooleate (Figure 1). This amphipathic, non-ionic 

surfactant is a hydrophilic polyoxyethylene (POE) sorbitan with 

about 20 ethylene oxide sub units, attached to a hydrophobic 

fatty acid ester tail that is, for the most part, oleic acid.

This surfactant is also often found in both food products 

and cosmetics as an emulsifier. As it forms micelles, it helps 

to minimize the surface tension at the liquid interface. For the 

purposes of formulation, it helps to suppress aggregation and 

additionally aids solubility of the protein in solution.

Although polysorbate 80 is the most common, the related 

polysorbate 20—the lauric acid analogue—is also used. 

Other surfactants that are sometimes found include the 

polyethylene glycol derivative, Triton X100, and Pluronic F-68, a 

polyoxyethylene/polyoxypropylene copolymer. 

Polysorbate 80 predominates largely because it has been in 

use for so long, and scientists have decades of experience in its 

application in drug formulation. The use of PS-80 is not without 

drawbacks; perhaps the biggest challenge arises from the fact 

that it is very heterogeneous, with multiple different polymer 

Luke Deters is director 

Biologics at Catalent 

Pharma Solutions, Kansas 

City, Missouri, USA.

chain lengths. Ensuring the purity 

of PS-80 poses a problem, because 

it contains variable quantities of 

oleic acid in unreacted form, in 

addition to structurally related 

materials and other impurities. 

This variance and the impurities 

will affect protein stability in 

formulation. For all of its benefits, 

characterizing PS-80’s composition 

precisely remains a challenge.

Formulation challenges

PS-80 is also prone to a low 

level of hydrolysis, and there are 

many factors that can lead to 

this, including changes in pH and 

temperature, and the presence 

of peroxides. The protein in the 

formulation may even catalyse 

enzymatic hydrolytic degradation. 

Fundamentally, the presence 

of hydrolysis can run the risk of 

damaging the protein so that it 

loses its efficacy, by affecting its 

conformational structure and the 

way that the molecule binds. But 

perhaps an even bigger issue is 

immunogenicity that results from 

protein aggregation or a change 

in conformation. Analytically, high 

aggregation levels can be detected 

via stability studies such as size 

exclusion chromatography, but 

unknown modifications of the 

protein may also be immunogenic.

However, it is difficult to 

establish the exact purity of 

the polysorbate and analytical 

laboratories typically assay against 

a specification, looking at all 

the different components in the 

mix. For polysorbates, there are 

standards for the presence of free 

fatty acids but, generally speaking, 

it is difficult to determine what is 

considered ‘pure’.

Another challenge facing 

analytical scientists studying 

polysorbate purity and composition 

is the reference standards 

themselves. As there can be 

significant variation for the material 

from lot-to-lot, batch-to-batch, and 

manufacturer-to-manufacturer, 

it is difficult to establish a solid 

reference for comparison to other 

products and lots.

Historically, the regulators 

have asked for only limited 

Quantification and 

Characterization of 

Polysorbate-80 in 

Protein Formulations 
HPLC coupled with charged aerosol detection is a suitable 

analytical technique to quantitate and characterize polysorbate-80 

in therapeutic products; allowing quality assessment of raw material, 

content confirmation during manufacturing, and monitoring product stability.
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Analytical Techniques

information about polysorbates in 

a formulation, but in recent years 

they have started to increase the 

detail they require drug formulators 

to provide. Analytics have, 

therefore, been racing to catch 

up. Much of the additional work 

now required comprises of higher 

analytics that are not necessarily 

part of the release specifications, 

but it is crucial to determine what 

the differences from batch-to-batch 

are, and far more importantly, 

whether those differences are 

significant.

When developing a protein 

therapeutic formulation, a large 

amount of early screening of 

potential formulation is required, 

with varying levels of the different 

additives. These are subjected to 

different stress conditions, such as 

temperature and time, as well as 

light stress, agitation stress, and 

pH changes. These can all give an 

insight into the behaviour of the 

PS-80, whether it is being degraded 

or not, and how it may impact the 

protein during that accelerated 

stability study. 

This information can then be 

used in the selection of different 

grades of polysorbate, which are 

then subjected to longer-term 

stability studies to evaluate the 

product. Importantly, these data 

must be tied back to the toxicology 

studies and clinical studies.

Analytical techniques

Various analytical methods are 

available for the characterization 

of PS-80. However, typically, a 

chromatography-based assay is 

required to give an accurate insight 

into all the various components. 

The tests cited in the United States 

Pharmacopeia (USP) and European 

Pharmacopoeia (Ph. Eur.) really 

only give high-level percentages 

of the components, and do not 

allow impurities to be resolved, 

or components that degrade or 

otherwise change over time. 

Both of the methods for PS-80 

concentration determination 

and characterization that were 

developed at Catalent are based 

on high-performance liquid 

chromatography (HPLC), coupled 

with charged aerosol detection. This 

method of detection is suitable for 

both non-volatile and semi-volatile 

compounds that lack chromophores. 

The response is mass-dependent 

and independent of the chemical 

properties of the analytes. The 

quantitation method looks at 

the total amount of polysorbate 

present in the formulation; the 

characterization method gives more 

of an insight into the nature of the 

components in the mixture.

To perform the experiments, 

PS-80 solution was subjected to 

various stress conditions to prepare 

degraded samples. A 0.01% w/v 

PS-80 solution in 25 mM histidine 

at pH 6.0 was variously exposed 

to thermal stress at 80 °C, base 

hydrolysis at pH 10 and 40 °C, 

oxidation with 2 mM 2,2’-azobis(2-

amidinopropane) dihydrochloride 

(AAPH) at room temperature, and 

UV/fluorescent light exposure 

according to International Council 

Figure 1: Structure of PS-80. (POE is polyoxyethylene.)

Figure 2: Results of PS-80 analytical methods.

Quantitation method: (a) Log-log linearity plot of PS-80 

calibration standard and peak area. (b) Chromatograms of (i) buffer 

blank and PS-80 in (ii) neat solution, spiked with (iii) National 

Institute of Standards and Technology (NIST) monoclonal antibody 

(mAb) and (iv) bovine serum albumin (BSA).

Characterization method: (c) chromatograms of dilution blank 

and PS-80 spiked with NIST mAb and 100 μg/mL of oleic acid. (d) 

Characterization of PS-80 by different vendors. PS-80 monooleate 

true peak (*) elutes at ~9 minutes and higher-order oleates elute 

after 12 minutes.
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Analytical Techniques

for Harmonization (ICH) guidelines 

(1). The degraded samples were then 

spiked with bovine serum albumins 

or IgG monoclonal antibody, giving a 

final concentration of 5 mg/mL. The 

samples were then analysed using 

each of the methods.

Quantitation method

This fast, sensitive analytical 

method is based on the 

dilute-and-shoot approach, 

coupled with mixed-mode 

chromatography for the online 

separation of therapeutics and 

PS-80 components. PS-80 content 

is determined using a Waters Oasis 

Max column and a step gradient. 

The result is a trace with one 

large peak, and the area of this can 

be used for quantitation against an 

external reference standard curve 

of polysorbate. Assay linearity 

was established in the range 12.5–

100 μg/mL, or 0.00125–0.01%, with 

an R2 value of 0.99 by log–log plot 

(see Figures 2a and 2b). 

Degradation of PS-80 was 

manifested as a decrease in 

concentration, and this was 

observed in stressed samples. 

Calculated concentrations were 

normalized to their respective 

controls, either T = 0 or protected 

samples. The final relative PS-80 

contents were found to be 

between 48% and 94%. Protected 

samples under light exposures had 

negligible changes in concentration. 

Although it can give an insight into 

the degradation of polysorbate, in 

reality, substantial degradation will 

have to have occurred before it can 

be detected. It is, however, useful 

for routine product monitoring.

Characterization method

The characterization method is 

broadly similar, as it also relies 

on HPLC with charged aerosol 

detection. However, in this case 

an off-line extraction is performed 

to remove the protein while 

preserving the hydrophilic POE 

sorbitan that elutes with protein.

The polysorbate-containing 

sample is then injected straight 

onto an Agilent Zorbax SB-CN 

column, which has reverse-phase 

properties. This captures all 

Figure 3: Change of PS-80 content in stressed samples by quantitation 

method.

Figure 4: Chromatographic overlay of stressed samples by 

characterization method as progression of incubation time from bottom 

to top.

(a) Thermal stress  (b) Base hydrolysis  (c) 2,2’-Azobis(2-

amidinopropane) dihydrochloride (AAPH) oxidation  

(d) Light exposure

FL is fluorescent

UV is ultraviolet

(a) Thermal stress (control, 30 min, 2 hr, 4 hr, 20 hr, and 28 hr). 

Inset illustrates change in sorbitan polyoxyethylene (POE) esters 

upon stress. (b) Base hydrolysis (control, 4 hr, 20 hr, 2 days, 4 days, 

and 7 days). POE sorbitan (left inset and oleic acid (right inset) were 

generated as a result of base catalysed hydrolysis. (c) 2,2’-Azobis(2-

amidinopropane) dihydrochloride (AAPH) oxidation (control, 18 hr, 2 

days, 3 days, and 7 days). (d) UV/FL light exposure (1 wk, 2 wk, and 3 

wk) (i) exposed and (ii) protected sample.

s14    Pharmaceutical Technology Europe OUTSOURCING RESOURCES 2019  PharmTech.com

FOR PERSONAL, NON-COMMERCIAL USE

www.PharmTech.com


Analytical Techniques

the polysorbate in a long, 

shallow gradient, and allows 

all the different components 

to be separated. The result is 

a chromatographic profile or 

‘fingerprint’ of the polysorbate and 

all its various components. This 

method is able to observe PS-80, 

POE sorbitan, various POE sorbitan 

esters, and oleic acid.

The challenge is then to 

determine what all of those peaks 

are, and this can be achieved using 

mass spectrometry. One of the 

most important components to 

monitor is oleic acid, because of 

the stability problems it can cause. 

This method allows this individual 

component to be quantified. 

Interestingly, there are noticeable 

differences in chromatographic 

profile between 7 and 16 minutes 

among PS-80 sourced from different 

vendors. This clearly shows that 

the chemical composition varies 

between the different products 

[Figures 2(c) and 2(d)].

Degradation affects all sorbitan 

POE esters. However, the POE 

sorbitan peak appeared to be 

unchanged under most conditions. 

The generation of the base 

hydrolysis products oleic acid 

and POE sorbitan was detected in 

the chromatographic profile (see 

Figures 3 and 4). 

These two complementary 

techniques permit the quantitative 

and qualitative analysis of PS-80 in 

therapeutic products. Both methods 

have been shown to be sensitive 

and stability indicating. They are, 

therefore, suitable for the monitoring 

of the degradation of PS-80 in 

biopharmaceuticals as required by 

the regulators. Other applications 

for these methods include quality 

assessment of PS-80 raw material 

during manufacturing, and PS-80 

content confirmation. They should 

also be applicable to the study of 

other polysorbates, notably PS-20. 

There remain many unknowns 

about the behaviour of PS-80 in 

protein therapeutics, and future 

studies should include a detailed 

exploration of its degradation 

pathways, and the impact of PS-80 

on the critical quality attributes of 

these important biopharmaceuticals.

Reference
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These two complementary techniques permit the 

quantitative and qualitative analysis of PS-80 in 

therapeutic products.
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Y
east extract is commonly used as an excipient in cell culture, providing 

a range of nutrients that the cells require to grow. However, as a raw 

material it may contain variable levels of sodium chloride (NaCl), depending 

on the purification process. That is a problem, as NaCl concentration must 

be carefully controlled during the fermentation process; therefore, osmotic 

pressure in the media will not vary and cell growth is not to be inhibited.

The process of assessing salt levels in yeast extract can be challenging 

because of the complex nature of the mixture. Traditionally, titration-

based methods are used to quantify exact sodium or chloride levels in 

inorganic salts, but in this case, they are unsuitable. There are several 

reasons for this, including the fact that the salt level might be too low 

to be determined accurately, and because the yeast extract itself can 

interfere with the reaction components, and therefore affect the colour 

reaction. Furthermore, sample sizes required for titration may be fairly 

large. While yeast extract is relatively inexpensive, smaller sample sizes 

are always preferred.

A far more suitable option for measuring low salt levels in complex 

biological samples is to use ion chromatography. Salts usually readily 

dissolve in aqueous media, giving free cations and anions that can 

be measured with good accuracy, precision, and specificity via ion 

chromatography. Other methods, such as those based on the colour 

reaction for identification and ion-specific electrode titration, can be used 

for pure NaCl samples, but they are not suitable for quantifying residual 

salt in complex biological matrices, and therefore are not applicable in 

this case.

For a successful analysis, the sample should be readily soluble in 

water in order that all the ions are available for liquid chromatography 

separation and detection. If the sample is not completely soluble, a small 

amount of organic solvent can be used to promote dissolution, but this 

should be minimized where possible for ion chromatography. In contrast 

to reverse-phase chromatography, ion chromatography separation 

is based on the column’s affinity to specific cations and anions. Ion 

exchange columns should not be used when high levels of organic 

solvents are present.

Natalia Belikova PhD 

is analytical services 

director at SGS Life Science 

Lincolnshire Illinois, USA.

Determination of Sodium 

Chloride in Yeast Extract 

by Ion Chromatography
Determination of sodium chloride level is critical for assessment of 

purity of yeast extracts. This case study demonstrates the validation 

of an ion chromatography method as a suitable analytical approach.

Another potential problem arises 

from the fact that the sample material 

should be able to pass through the 

column without killing it. The method 

should be sufficiently robust that 

the column remains functional for 

multiple sample injections. 

Case study

In this example, the client 

specification for NaCl was no more 

than 5.0% w/w of the sample. As it is 

just one component of the complex 

yeast extract matrix, traditional 

titration methods were clearly 

inappropriate, and so a method 

based on ion chromatography was 

developed instead. 

The technique uses a Model 

ICS-2100 ion chromatography 

system (Dionex), equipped with a 

conductivity detector to separate and 

quantitate the level of sodium ions 

present in the yeast extract sample. 

It also has an injection valve, pump, 

guard column, column, chemical 

suppressor, and data collection 

system. The amount of NaCl in the 

sample was calculated based on a 1:1 

stoichiometry for sodium and chloride 

ions, and the assumption that salt 

was the only source of free sodium 

ions within the sample.

The separation was performed on 

a IonPac CS12 250×4 mm column 

(Dionex), with an IonPac GC12 50×4 

mm guard column (Dionex), and 

using a flow rate of 1.0 mL/min 

of 10 mM methanesulfonic acid 

(MSA), generated by the system 

online using reagent-free ion 

chromatography (RFIC) technology. 

The injection volume was 25 μL; 

both the column temperature 

and the conductivity detector 

temperature were 35 °C. A 4 mm 

suppressor with 30 mA suppressor 

current were used. A sample size 

of 1 mg/mL of yeast extract was 

injected. Sample concentration 

was low enough to promote sample 

solubility, but sufficient enough to 

detect sodium ions with acceptable 

accuracy and precision.

The validation design was 

based on International Council for 

Harmonization ICH Q2B (1) and United 

States Pharmacopeia (USP) <1225> 

(2) recommendations. The validation 

study is protocol-driven, and typically 

includes testing of system suitability, 
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Technique Validation

specificity, linearity, limit of quantitation, precision, 

intermediate precision, and accuracy. Robustness of 

chromatographic conditions and solution stability give 

information about the method’s limitations, and give 

additional information if troubleshooting of the method 

will be required for future use.

Method accuracy was evaluated on samples 

spiked at the limit of quantitation of 0.1% NaCl, 50% 

of the specification level (i.e., 2.5% NaCl, 100% of the 

specification level of 5.0%, and also 150% of specification, 

7.5%). The recovery of sodium at the limit of quantitation 

level was within 67–106%, and at other levels was 

93–105%. The stability of the standard and the sample 

was evaluated after three days at both refrigerated 

conditions of 2–8 °C and at room temperature. 

System suitability was checked before each validation 

run, and validation solutions were not evaluated unless 

the system suitability criteria were met. This was done 

by first injecting the diluent, USP High Quality Water 

(E-pure), and then the working standard six times to 

check system precision. Each validation solution was 

then injected once, with bracketing every six validation 

injections with a working standard injection, and at the 

end of the run. Results are shown in Table I. All system 

suitability requirements were met each day. An example 

chromatogram from a blank (diluent) is shown in Figure 1 

and from a working standard in Figure 2.

Specificity and selectivity were then checked, using 

injections of USP High Purity Water (diluent), working 

standard, unspiked sample solution, and sample solution 

spiked at the 100% concentration level of sodium. These 

were evaluated for chromatographic interference and 

resolution from other peaks. No interference from the 

diluent was observed. The resolution between the 

Figure 1: Example chromatogram from a blank 

(diluent).

Figure 2: Example chromatogram from a working 

standard.

 Table I: System suitability.

Run date/experiment
% RSD

(NMT 10%)

Bracketing 

standard (NMT 

15%)

Accuracy/precision/

specificity/day 0 stability
0.2%

0.6%, 0.8%, 

1.3%

Linearity/LOQ/day 1 

stability
0.2%

0.15%, 0.3%, 

0.7%

Day 3 stability 0.2% 1.1%

Intermediate precision 0.2% 0.1%, 0.0%

Figure 3: Example chromatogram of an unspiked 

test sample.

Figure 4: Example chromatogram of a 100% level 

spiked sample.

 Table II: Linearity results.
Concentration (μg/mL) Sodium peak area 

1.001 0.2745

10.010 2.8456

25.025 7.3328

50.0050 14.6686

75.075 22.0409

Slope = 0.29422

Y-intercept = -0.050825

Correlation coefficient (R) = (NLT 0.99) 0.99999
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Technique Validation

sodium peak and the nearest peak in the sample solution 

was 2.6, whereas in the accuracy 100% spiked sample, 

it was 2.8, and specificity criteria were met. Example 

chromatograms for the sample and spiked sample are 

shown in Figures 3 and 4.

Linearity was assessed by injections of five standard 

solutions prepared at concentration levels ranging from 

0.1% to 7.5% NaCl. Each standard was injected once, and 

linearity determined through linear regression using the 

peak areas of sodium peak. The correlation coefficient 

was 0.99999, and the acceptance criterion was met. 

The results are summarized in Table II, and the linear 

regression plot shown in Figure 5.

The limit of quantitation (LOQ) was determined by 

injecting the linearity standard at lowest level six times. The 

signal-to-noise ratio calculated for the sodium peak was 

75.6; the limit of quantitation has been established as 1 μg/

mL, or 0.1% NaCl in regard to the sample amount (1 mg/

mL). An example chromatogram is shown in Figure 6.

Accuracy was determined using a yeast extract sample 

that was spiked with sodium across the LOQ-150% range 

from the target concentration. The samples were prepared 

in triplicate at LOQ, 50% and 150% levels, and six samples 

at the 100% level. An unspiked sample was used as a 

control to determine the endogenous amount of sodium 

present in the yeast extract. The percentage recovery at 

each concentration level was determined, with recovery 

calculations based on the spike contribution alone. The 

average level of sodium in the unspiked samples was 

subtracted from the spiked ones. Results are summarized 

in Table III, with example chromatograms for 50%, 150%, 

and LOQ spiked samples shown in Figures 7(a), (b), and 

(c), respectively. Example chromatogram for 100% spiked 

sample is shown as Figure 4. Acceptance criteria for 

accuracy stated in the validation protocol (50–150% for LOQ 

level and 80–120% for other levels) were met.

Figure 5: Linear regression plot.

Figure 6: Example limit of quantitation (LOQ) 

standard chromatogram.

 Table III: Accuracy results. (LOQ is limit of quantitation.)

Spike level Sodium peak area % NaCl Corrected % NaCl
% Recovery (50–150% 

for LOQ, 80–120%)

0% (unspiked) 1.0324 0.3851 – –

0% (unspiked) 1.1283 0.3702 – –

0% (unspiked) 1.0132 0.3444 – –

LOQ 1.2800 0.4333 0.0667 66.7

LOQ 1.3093 0.4564 0.0898 89.7

LOQ 1.4082 0.4730 0.1064 106.3

50% 8.2392 2.8058 2.4392 97.5

50% 8.1717 2.8748 2.5082 100.2

50% 8.1684 2.7985 2.4319 97.2

100% 15.5122 5.0138 4.6473 92.9

100% 15.5983 5.2750 4.9084 98.1

100% 15.4676 5.4416 5.0750 101.4

100% 15.5087 5.5947 5.2281 104.5

100% 15.4092 4.9088 4.5422 90.8

100% 15.4900 4.9578 4.5912 91.7

150% 22.5569 7.5956 7.2290 963

150% 22.5569 7.7986 7.4320 99.0

150% 22.6536 7.4718 7.1052 94.6
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Technique Validation

Precision was determined using individually prepared 

yeast extract samples spiked at the 100% level 

concentration. Six of these samples were prepared and 

run. The percentage recovery was determined for each 

spiked sample preparation using the approach that 

was described in the accuracy section. Precision was 

calculated based on percentage recovery. The results 

from the accuracy test on comparable samples were 

used for this evaluation. Sodium chloride levels were 

less than 5.0% in the unspiked solution, and the results 

are summarized in Table IV; the acceptance criterion for 

precision (% RSD for % Recovery NMT 5.0%) was met.

Similarly, intermediate precision was assessed, with 

a second analyst repeating the precision test on a 

different day using a different column and guard column 

on the same ion chromatography system; these results 

are summarized in Table V, and, again, the acceptance 

criteria were met.

In conclusion, the test method for the determination 

of NaCl in yeast extract by ion chromatography was 

successfully validated. The method is specific, linear, 

precise, and accurate, with a limit of quantitation of 0.1% 

of sodium chloride in the sample. Instrument parameters 

and sample preparation can be used as a starting point for 

method development/validation for other requests. 
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Figure 7: Accuracy results: (a) 50% spiked sample; 

(b) 150% spiked sample; (c) limit of quantitation (LOQ) 

spiked sample.

 Table IV: Precision results.
Analyst 1 % Sodium chloride (NMT 5.0%)

Unspiked 1 0.3851%

Unspiked 2 0.3702%

Unspiked 3 0.3444%

% RSD = 5.6%

Spiked replicate % Recovery

1 92.9

2 98.1

3 101.4

4 104.5

5 90.8

6 91.7

Average = 96.5

% RSD =

(NMT 15%)
5.8%

 Table V: Intermediate precision results.
Analyst 2 % Sodium chloride (NMT 5.0%)

Unspiked 1 0.2467%

Unspiked 2 0.3721%

Unspiked 3 0.2821%

% RSD = 21.5%

Spiked Replicate % Recovery

1 95.7

2 92.2

3 91.2

4 95.9

5 96.0

6 96.6

Average = 94.6

% RSD =

(NMT 15%)
2.4%

Overall average (n=12) =

Overall % RSD (n=12) =

(NMT 20%)

95.6

4.4%

(a)

(b)

(c)
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T
he development of complex biological drug substances such 

as monoclonal antibodies, interferons, peptides, vaccines, and 

ophthalmics is boosting demand for innovative delivery mechanisms 

(1). Many drug manufacturers are, therefore, opting for prefilled 

drug-delivery systems to administer new therapeutics. 

However, employing prefilled delivery solutions can give rise to 

specific challenges. Particles can appear for a variety of reasons, 

during the manufacture, storage, or transportation of prefilled 

products. In turn, these particles can have an impact on the drug’s 

effectiveness. For example, if the particles are composed of large 

protein aggregates, the patient’s cells will only be able to partially 

absorb the drug or, for some products, will not be able to absorb them 

at all. Furthermore, particles can trigger unwanted side effects in the 

patient, such as autoimmune responses. 

For the aforementioned reasons, authorities have—over the past 

few years—been steadily tightening up regulatory demands in regards 

to sub-visible and visible particles. Today, the authorities expect bio/

pharma companies to develop, validate, and establish manufacturing 

processes, storage conditions, and transport operations in a manner 

that will eliminate the cause for the appearance of particles, as well as 

to ensure that particles and other contaminants are kept at a minimum. 

Yet, for companies to be able to comply with the authorities’ 

expectations, deep knowledge of the processes involved is required. 

Additionally, identification and characterization of the particles are 

becoming ever-more significant. 

The development of innovative analytical techniques has given 

rise to new investigative possibilities, in particular for sub-visible 

particles, which enable pharma and biotech companies to implement 

robust, high-quality processes for the manufacture of drug products in 

prefilled drug-delivery systems.

The origin of particles

There are different types of particles and different reasons why 

they are generated. Biologics are particularly prone to producing 

particulate matter.

Dr Marcia Maier is an 

expert, and Dr Melanie 

Zerulla-Wernitz is head 
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• Extrinsic particles are foreign, 

additive particles and not part of 

the drug product formulation or 

primary packaging material. 

Extrinsic particles can result 

from the environment, such as 

cellulose fibres originating from 

disinfectant cloths, a human 

user, rubber, plastic, or metals. 

Because these particles arise 

externally, they may not be 

sterile and could be considered 

contaminants for the filled unit.

• Intrinsic particles are 

generated directly from the 

formulation of the drug product 

or during the manufacture of the 

drug product. Intrinsic particles 

such as protein aggregates may 

be the result of inherent 

properties of the drug product, 

interactions of the drug product 

formulation components or their 

contact with primary packing 

materials or processing aids. 

They may also emanate from the 

active drug substance.

• Inherent particles are 

generated from the formulation 

itself, for example, when an 

active substance or an excipient 

forms a haze or aggregates. This 

particle formation can be due to 

greater shearing forces, among 

other causes. Inherent particles 

do not affect the effectiveness 

of the drug and, therefore, do 

not have a negative impact on 

the patient.

• Air bubbles (as well as silicone 

oil droplets) are not particles per 

se, but almost all methods of 

analysis will reveal them as such 

because they are highly 

reflective. Air bubbles are most 

often generated by sample 

preparation.

• Silicone oil droplets specifically 

occur in syringes and cartridges, 

which, in contrast to vials, must 

be siliconized to enable the 

stoppers to glide smoothly in the 

glass barrels. Drops of silicone 

oil cannot be entirely avoided 

but they can be minimized. The 

amount of silicone oil applied 

can be reduced but only to the 

point that it does not impede 

break-loose and glide forces. 

This is a particular challenge for 

ophthalmic drugs.

Analysis of 

Sub-Visible Particles

Novel analytical methods may help biologics manufacturers 

respond to stricter regulations on particulate matter.
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Analytical Methods

Particles also come in a variety 

of sizes. There are visible particles 

(approximately 100–150 μm and 

larger), which can be spotted with the 

naked eye during visual inspection 

and without any outside assistance 

such as magnifying glasses or 

microscopes. Conversely, sub-visible 

particles are in the nanometer to 

micrometer range. These particles 

include drug substance aggregates, 

silicone oil drops, fibres, and other 

materials. For injectables, the United 

States Pharmacopeia (USP) defines, 

in chapter <788>, limit values for 

sub-visible particles equal to, or 

greater than, 10 μm (N = 6000) and 

25 μm (N = 600) (2). The limit values 

for ophthalmic drugs are even more 

strict, namely equal to, or greater 

than, 10 μm (N = 50) and 25 μm 

(N = 1), see USP <789> (3).

Stricter regulations

Regulatory authorities, such as FDA, 

have tightened their requirements for 

the identification and characterization 

of particles over the past years, 

see USP <790> and <1790> (4,5). 

The authorities now offer a level of 

orientation when it comes to the 

visual inspection of filled units with 

regard to visible particles in injectable 

drugs. In addition, the sections of 

the corresponding pharmacopeias 

covering sub-visible particles are 

regularly reviewed and expanded 

where needed. The new guidelines 

require that companies not only 

discover the particles and sort out 

the visible particles contained in 

prefilled drug-delivery systems, but 

they also have to focus on particle 

characterization and root-cause 

analysis of particle type and source 

in commercial batches. The ultimate 

goal is to adjust manufacturing 

processes so that units contaminated 

with visible particles can be avoided 

altogether, and sub-visible particles 

are understood and avoided as much 

as possible. To understand the origin 

of particles, a close collaboration 

between different departments, such 

as development, manufacturing and 

quality control, is needed. 

Innovative methods 

of analysis

There are a number of analytical 

approaches used for the 

determination, characterization, 

and identification of particles. The 

standard procedure to determine 

visible particles is a visual check 

of the filled units combined with a 

subjective description of any visible 

contaminants. Until now, the standard 

procedure for quantification of sub-

visible particles in the micrometer 

range has been light obscuration. This 

technique, which is a compendial 

method for routine testing used in 

batch release, determines the number 

and size of sub-visible particles in 

the 1–100 μm range. However, the 

technique also has some limitations, 

especially since a description of the 

particle’s morphology and chemical 

characteristics is not possible. 

Analytical labs are now establishing 

a range of novel analytical techniques 

to provide comprehensive particle 

characterization and identification, 

in particular, for sub-visible particles. 

These techniques are used primarily 

for testing and measuring the limits 

of the compounding, mixing, and 

filling procedure design during 

development. It is also possible to 

apply these techniques to any issues 

arising in commercial batches as they 

are capable of providing additional 

information that can be used to assist 

in performing a root-cause analysis. 

For example, these methods include 

the following (Figure 1):

• Archimedes’ resonant 

measurement (Malvern 

Panalytical): This technique is 

used to detect sub-visible 

particles in the submicron range. 

Particles between 50 nm and 

5 μm are transported through a 

mechanically resonating 

microfluidic channel. The mass, 

dry mass, and size of particles 

are calculated. The detection of 

particles with different buoyancy 

makes it possible to distinguish 

extremely small sub-visible 

particles such as a drug protein 

The number and types 

of biological drugs 

in development are 

constantly growing which, 

in turn, fosters stricter 

guidelines from regulatory 

authorities, especially 

with regard to particulate 

matter.

Figure 1: Particle sizes do vary, so do the analytical options for their characterization.
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Analytical Methods

aggregates from silicone oil 

droplets.

• Micro-flow imaging (MFI, 

Protein Simple): MFI combines 

the possibilities of digital 

microscopy with modern 

microfluidics, producing high-

resolution images of sub-visible 

particles between 1 μm and 

70 μm. Image analysis permits 

the determination of the 

morphology, intensity, and 

coincidence of particles. This, in 

turn, provides information about 

the particle type (e.g., air bubble, 

silicone oil droplet, protein 

aggregate, or fiber). Therefore, 

by combining information about 

particle number and size with 

information about particle shape 

and transparency, morphological 

data can be generated that will 

characterize individual particle 

subsets by using a modern 

application software.

• Morphologi 3G-ID (Malvern 

Panalytical): This approach 

combines the automated static 

imaging capabilities of a 

high-resolution, modern digital 

microscope with the chemical 

identification of individual 

particles using Raman 

spectroscopy. This method is 

suitable for sub-visible and 

visible particles because it can 

be used to classify particles 

over a very wide range 

(1 μm–1000 μm) by size and 

morphology, as well as 

chemically by means of Raman 

spectra.

• ETAC Proview (Bosch 

Packaging Technology): This 

computer-based automated 

inspection system, a digital 

visual inspection at laboratory 

scale, is used for research and 

development, and enables 

objectification of the manual 

visual inspection. Photos and 

videos can be made of filled 

units from different perspectives 

using two cameras and a range 

of lighting options. Application 

software permits the precise 

evaluation of visible mobile and 

immobile particles in each unit. 

By contrast, the human eye can 

only count up to a limited 

number of particles (Figure 2).

One effective way to gather 

reliable data when identifying and 

characterizing particles is for the 

outsourced service to create a team 

of experts with comprehensive 

knowledge of a specific topic (i.e., 

particulate matter). Each new 

project will then further expand the 

formed team’s knowledge. By using 

innovative analytical equipment the 

team will be able to perform most of 

the analytical methods used in the 

field of particle measurement.  

Through the use of a specific 

team of experts and by expanding 

the team’s knowledge on particular 

topics, reliance on an additive 

external laboratory, which requires 

greater organizational effort and 

additional sample shipment, may 

be circumvented as everything can 

be achieved via a single outsourced 

service provider. As the specialists 

come to know the manufacturing 

processes, they can continuously 

optimize the analytical services and 

offer a range of support to help meet 

the challenges inherent to the topic of 

particulate matter.

Root cause analysis 

for fast results

The number and types of biological 

drugs in development are constantly 

growing which, in turn, fosters 

stricter guidelines from regulatory 

authorities, especially with regard to 

particulate matter. Manufacturers 

will need to adjust their analytical 

techniques as well as production 

processes to quickly identify and 

reduce the causes of particle 

generation. 

As a result of the need to adjust 

techniques and processes, analysis 

and characterization of particles 

have become a priority. By drawing 

on technological advances, the latest 

methods of analysis, and experienced 

specialists, bio/pharma companies 

will not only gain insights into the 

types and sizes of particles, but will 

also be able to perform fast and 

efficient root-cause analysis. 

Manufacturers of parenteral drugs 

will benefit in the long-term from 

detailed data about the processes 

involved in commercial manufacturing. 

These manufacturers will also be able 

to comply with the stricter regulatory 

guidelines and customer demands while 

maintaining high quality standards. 
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Figure 2: Innovative methods and instruments are key parameters 

for analysis and characterization of particles.
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T
echnology scale-up and transfer are common—and crucial—

biodevelopment activities. For any biopharmaceutical 

manufacturer, commercial success depends on being able to increase 

drug substance production volume quickly and effectively and to 

move production freely without being locked into one provider. 

Successful transfer is vital for product efficacy and patient safety, but 

the time and financial costs of failure can be significant. 

Regulators expect manufacturers and their contract partners to 

take a methodical approach and provide all required documentation 

as they move a process to a new facility or convert it from 

demonstration to commercial scale. Tech transfer activities guide 

the transfer of product and process knowledge from development to 

manufacturing or between manufacturers. 

As stated in the International Council for Harmonization’s (ICH) 

Q10 guidance document (1), tech transfer activities also form 

the basis for control strategies, process validation, and ongoing 

process improvement. A contract development and manufacturing 

organization’s (CDMO) skills and experience greatly affect the 

ease of transfer. Appropriate planning and execution on both the 

manufacturing company’s and the CDMO’s part can prevent issues 

from coming up that would impact tech transfer, which can stem 

from differences between sender and receiver, such as equipment, 

resources, and employee culture. 

This article touches on some operational aspects of the tech 

transfer and scale-up processes and offers a systematic approach 

for negotiating them effectively, including a methodology designed to 

ease and accelerate process transfer from one bioreactor to another. 

Process transfer: an overall framework 

Laying the groundwork is key in tech transfer. Ensuring that those who 

are working on the transfer have the requisite experience and skills 

will help ensure success and avoid surprises. Process parameters and 

process knowledge may need to be transferred from development 

to pilot study to clinical production or to an internal or external 

Guillaume Plane is 
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A Systematic 

Approach to Tech 

Transfer and 

Scale-Up
Only careful planning can prevent problems 

that stem from differences between a 

sponsor’s and a CDMO’s equipment, practices, 

and culture. This article highlights best 

practices and case studies.

commercial manufacturing facility. 

In all cases, final scale and success 

parameters, such as critical quality 

attributes, must be defined clearly, in 

writing, before the transfer begins. 

Transfers between different 

companies demand extra care in 

planning and documentation. Given 

differences between facilities and 

equipment, standard operating 

procedures are unlikely to translate 

directly and will need to be 

reinvented for the target site. 

Occasionally, the sending party 

has less stake in the project’s 

success than the recipient, making 

a disciplined approach imperative. 

High-level due diligence regarding 

capacity, facilities, current good 

manufacturing practice (CGMP) 

capability, and personnel will help 

teams assess feasibility in order 

to prepare for transfer. Planning 

ahead, for example, can allow 

teams to pre-order equipment with 

long lead times, if necessary.  Note 

that transfer does not end with the 

completion of qualification lots or 

approval, but extends throughout 

the duration of manufacturing. 

Successful tech transfer follows 

an orderly progression to set 

expectations and ensure that all 

stakeholders are working toward the 

same goals. Teams should follow all 

of the following steps, explained in 

subsequent sections. 

Form tech transfer teams and 

governance structures and define 

a project charter with goals and 

timelines. Setting clear expectations 

and responsibilities between 

partners in the tech transfer is crucial 

to avoiding confusion and/or conflict 

down the road. The initial charter 

agreed upon by both parties must 

include the scope of the project, 

transfer timelines, as well as the 

team structure, specifying clearly 

defined roles and responsibilities. 

The charter should also establish 

clear paths of communication and a 

government structure for addressing 

issues. Most importantly, success 

criteria must be clearly documented 

in the project charter. 

Consolidate process knowledge 

into a tech transfer protocol. 

Communicating manufacturing 

challenges can be difficult; the 

sending personnel may be so close 
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Tech Transfer

to the process that they no longer 

see the difficulties. Nonetheless, 

both sending and receiving teams 

must collaborate to create a detailed 

description of the process. 

The process description document 

is an overview of each step and must 

include critical process parameters. 

Everything from facility and equipment 

requirements to raw materials and 

consumables to vendors to analytical 

methods must be outlined, focusing on 

intrinsic, site- and scale-independent 

process requirements. The sending 

team should provide as much 

potentially useful process information 

as possible, down to tacit knowledge 

of media colour, etc.

Analyze gaps and risks to 

create a detailed project plan. 

The next step is a thorough process 

walk-through at the receiving site, 

based on the process description 

document. This is a great learning 

exercise for the receiving team and 

identifies areas where changes will be 

necessary—and what differences are 

acceptable. Information learned from 

this activity guides the project work 

plan by pinpointing needs for facility, 

equipment, training, procedure, or 

process modifications, so that gaps 

may be addressed. 

Some process amendments are 

inevitable, based on major differences 

in facility, equipment, or operational 

practices, and risks are always inherent 

in technology transfers. To determine 

acceptability, changes may require 

specific new validation studies or may 

be covered in the process qualification 

validation. Pre-defined success criteria 

are essential for promptly accepting or 

rejecting changes.

Execute the tech transfer as 

planned. Once the transfer protocol 

and project plans are in place, the 

teams can perform the actual transfer, 

with a goal of being ready for process 

qualification. First, they must make 

the necessary equipment and facility 

modifications to mitigate identified 

risks. Next, they must execute the 

process at a small scale and qualify 

that model before progressing to a 

larger or full-scale process. Once the 

team has developed a successful 

process, they must author and 

approve manufacturing instruction 

documents and train production and 

support staff. 

Transferring a process between 

brands and sizes of equipment is 

always problematic. An experienced 

CDMO can help drug developers 

navigate this step efficiently and 

successfully. Use of a comprehensive 

methodology for modeling and 

adapting the equipment can mitigate 

risk by making the transfer much 

faster and easier. 

This methodology is based on 

an understanding of the important, 

systematic differences among brands 

and sizes of bioprocessing equipment. 

For example, mixing efficiency can 

vary from system to system because 

of impeller type, position or size, 

or size of tank. Similarly, sparging 

efficiency can vary with differences 

in sparger size, position, or bubble 

size. Temperature gradients are 

typically not comparable, and fluid 

dynamics can vary with baffle type, 

position, and interactions. All of these 

characteristics impact the growth of 

the cell line and may therefore affect 

titers or quality in the final batch—an 

unacceptable result. However, mass 

transfer modelling, which models 

the behaviour of the bioreactors in 

use, can help determine the right 

equipment settings to achieve 

consistent titers and quality of end 

products. 

Figure 1 is a spatial representation 

of the relationship between the 

following three parameters:

• KL.a: Volumetric mass transfer 

coefficient (/hr)—a function of P/V 

and Vs 

• P/V: Power per unit volume 

(W/m3)—a variable mixing 

characteristic

• Vs: Superficial gas velocity (m/s)—

the variable speed of O
2 
entering 

the bioreactor.

Note that bioreactor brands and 

sizes behave differently, as modelled 

by the variety of graph morphologies 

shown in Figure 2. 

These graphs demonstrate how 

differently they all behave. These 

representations show why culturing 

a cell line in different bioreactors 

invariably achieves different results. 

But these graphs also hold the key 

to achieving consistent results: by 

toggling the variables P/V and Vs so 

that the volumetric mass transfer 

constant KL.a remains constant 

between bioreactors, equivalent 

titers and cell quality can be achieved. 

Case study one: CHO cell line 

scale-up from 3-L to 2000-L

In this case study, equipment 

knowledge led to successful tech 

transfer and scale-up of a Chinese 

hamster ovary (CHO) cell line. The 

transfer team was able to reproduce 

titers as a function of time in three 

different-sized bioreactors by using 

the above methodology, as shown in 

Figure 3. 
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Figure 1: KL.a is a function of Vs and P/V. This graph represents the 

behavior of a specific bioreactor.
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Tech transfer may not only be a 

matter of transferring a process, 

but also of negotiating issues that 

come with it. In this case, during the 

planning and risk analysis stage, it 

became apparent that the sending lab 

had never actually run the process 

twice within the same template. 

Therefore, the robustness of the 

process was in question. 

Experimentation showed that, in 

fact, the process was not robust and 

resulted in product with inconsistent 

quality attributes. In the end, the 

receiving lab decided that the most 

likely way to achieve success would 

be to redevelop the process. To 

maximize flexibility and control, 

the developers opted for single-use 

technologies. In the end, the process 

was able to meet the acceptance 

criteria set forth at the beginning of 

the transfer.

Demonstrate technical success: 

meet acceptance criteria (process 

qualification). Pre-defined success 

criteria, whether part of a validation 

protocol or not, are a must. Process 

qualification through a demonstration 

showing that the process is performing 

correctly at the receiving unit may 

be a formal validation exercise or a 

simple report following an early clinical 

campaign. Criteria should include key 

process performance metrics such as 

step yields, impurities, growth rates, 

and titers. They may also delineate 

product quality ranges or require 

success in formal validation. Advance 

agreement on success metrics speeds 

decision making at key go/no-go points.

Finalize the transfer, through 

documentation, support of 

regulatory activities, follow-up 

actions, and examining lessons 

learned. The last tasks of tech 

transfer are geared toward process 

performance review and regulatory 

support. If process issues still need 

correction, the receiving team 

must assign actions and complete 

the work. Recognized flaws in 

standard transfer procedures must 

be amended. The team must also 

prepare documents for regulatory 

submission; respond to questions; 

prepare for inspections and 

implement systems for ongoing 

technical support of manufacturing. 

Finally, the team must complete all 

required documentation.

Key takeaways for 

successful tech transfer

First, it is paramount that success 

criteria be defined, ahead of time, 

in writing. Critical quality attributes 

must be identified, agreed upon, and 

recorded. All sides must agree on 

the measures of success. Second, 

regulations mandate that tech 

transfer be performed in a specific, 

organized way to avoid surprises. 

The best option is to follow the 

regulatory guidelines. Lastly, 

tech transfer is difficult for many 

reasons: the culture and vocabulary 

of people at the sending and 

receiving facilities may differ. The 

sending facility may be unmotivated 

or unable to cooperate with the 

receiving facility, and standard 

operating procedures will likely not 

apply after changes in equipment 

and facilities. To ensure the best 

outcomes, receiving teams must plan 

and organize transfers down to the 

last detail and maintain a disciplined 

approach at all times. A partner 

experienced in tech transfer can 

help ensure success and minimize 

expenditures in time and cost.
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Figure 3: Demonstration of successful scale-up: measured titers as a 
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bioreactor. CHO is Chinese hamster ovary.
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