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Ready to shift your catalyst research into the next gear? 
• LEARN MORE OR REQUEST A DEMO TODAY •

Specac, a leading provider of spectroscopic equipment for advanced research 
and industrial applications, now offers the Harrick Scientific Praying Mantis™ 
range of accessories – designed to deliver high-quality data for demanding 
R&D applications.

Reference:
1. https://www.chemguide.co.uk/physical/catalysis/introduction.html

Harrick Praying Mantis™ Diffuse Reflection Accessory and High Temperature Reaction Chamber

Reading DRIFTS spectraIn situ DRIFTS spectra are captured using a Harrick Praying Mantis™ Diffuse Reflection Accessory 

and High Temperature Reaction Chamber, in combination with a suitable infrared spectrometer.

UV-Vis-NIR Electronic transitions, bandgap info, oxidation states.Not very surface-specific; mostly bulk or film analysis.

ATR  Surface-sensitive IR spectroscopy for functional group identification.Requires good contact; limited to surfaces accessible to IR light.
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Catalyticcharacterisationtechniques

Raman Vibrational fingerprinting; complements IR with less water interference.Lower sensitivity for some functional groups.

XPS / EDS Elemental composition and surface oxidation states.Limited depth profiling; vacuum conditions required.

GC/MSProduct stream composition and gas-phase analysis.Cannot detect surface processes.

HPLCSeparation and quantification of liquid-phase analytes.Not applicable to surface analysis; requires sampling.SEM  Surface morphology and imaging.No chemical or bonding information.

     XAS / TEM / XRDBulk structural and morphological information.Does not show surface chemistry or molecular-level events.

DRIFTSReal-time monitoring of surface species including reaction intermediates.IR-active functional group(s) required; interpretation difficult with overlapping bands; limited quantification.

TPD-MS Quantitative desorption data.Chemically less specific.

Comparison with other techniques – at a glanceTogether, these techniques provide a full toolkit for studying catalytic performance.

Why use DRIFTS?

M
ea

su
re  

Reaction intermediates and pathways

 
Active sites 

 
 

Adsorption/desorption 
 

Stability and degradation 
 Effect of reaction conditions 

Ap
pl

ic
at

io
ns Gives real-time molecular insights at the catalyst surface.

Sensitively monitors the chemical 
environment of active sites

Watches molecules come and go from the surface with temperature changes.

Identifies 
deactivation 
processes early (before they 
are observed macroscopically).

Correlates reaction parameters with surface chemistry for process 
optimisation.

Ad
va

nt
ag

es Observes surface species and follow transformations as they happen.

Tracks changes using probe 
molecules like CO.

Links surface species to 
desorption 
temperature via specific IR bands.

Detects in situ chemical changes that signal catalyst breakdown.

Connects spectral changes with temperature, pressure and gas flow.

Li
m

ita
tio

ns Overlapping 
bands can make interpretation challenging; limited kinetic data.

Indirect 
measurement, and quantification can be difficult.

Not as quantitative as TPD–MS.
Does not measure changes in particle size or morphology.

Data interpretation is complex due to multiple variables.

DRIFTS A key technique in the catalyst researcher’s toolkit
Diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) offers several important insights 

into the behaviour of catalysts. 

Mechanistic insightsAllows researchers to correlate the formation and disappearance of specific surface species with reaction performance.

Real-time analysisThrough operando DRIFTS, provides a dynamic view of the catalyst surface to directly observe changes under actual reaction conditions.

Catalyst optimisationGives an understanding of active site density, adsorption properties and stability to enable systematic improvement of catalyst activity/selectivity.

Heterogeneous catalystsCommon metals: Pt, Pd, Rh, Fe, Cu and Ni.Why they are effective: These metals offer multiple active sites and possess favourable chemical 

bonding and redox properties, making them highly effective for heterogeneous catalysis.Applications:

Catalytic converters 
(automotive)

Hydrogenation of alkenes Petrochemical cracking Polymerisation reactions

Rapid and efficient regeneration at the end of each catalytic cycle.

High product 
conversion.

Compatibility with the desired reagents 
and products.

Chemical specificity, i.e., accelerates particular reaction(s) 
over others.

Stable and resistant to deactivation; does not degrade into an unreactive species.

Important properties of catalysts include:

Types of 
catalysis

Heterogeneous catalysisThe catalyst and reactants are in different phases. The reaction occurs on the catalyst surface (e.g., solid catalyst with gas or liquid reactants).

Homogeneous catalysisReactants and catalysts are in the same phase (e.g., all gas or liquid).

Enzyme catalysisBiological catalysts (proteins) catalyse metabolic processes and act on specific 
substrates.

AutocatalysisThe reaction is catalysed by one of its 
own products.
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Catalysts must accelerate or promote particular reaction pathways over others and then be regenerated back to their original 

form as part of a continuous catalytic cycle, for example the Suzuki reaction shown below.

Energy
Reactants

Activation energy without catalyst

Activation energy with catalyst

Products

Progress of reaction

Catalysts and their role in reactionsA catalyst is a material that speeds up a chemical reaction by offering an alternative pathway. 

Inside the ReactionDiffuse reflectance infrared Fourier transform spectroscopy for catalysis
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Harrick Praying Mantis™ Diffuse Reflection 
Accessory and High Temperature Reaction Chamber

Reading DRIFTS spectra
In situ DRIFTS spectra are captured using a Harrick Praying Mantis™ Diffuse Reflection Accessory 

and High Temperature Reaction Chamber, in combination with a suitable infrared spectrometer.

UV-Vis-NIR 
Electronic transitions, bandgap 

info, oxidation states.
Not very surface-specific; mostly 

bulk or film analysis.

ATR  
Surface-sensitive IR spectroscopy 
for functional group identification.

Requires good contact; limited to 
surfaces accessible to IR light.SU
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Raman 
Vibrational fingerprinting; 
complements IR with less 

water interference.
Lower sensitivity for some 

functional groups.

XPS / EDS 
Elemental composition and 

surface oxidation states.
Limited depth profiling; vacuum 

conditions required.

GC/MS
Product stream composition and 

gas-phase analysis.
Cannot detect surface processes.

HPLC
Separation and quantification of 

liquid-phase analytes.
Not applicable to surface analysis; 

requires sampling.

SEM  
Surface morphology and imaging.
No chemical or bonding information.

     XAS / TEM / XRD
Bulk structural and 

morphological information.
Does not show surface chemistry or 

molecular-level events.

DRIFTS
Real-time monitoring of surface species 

including reaction intermediates.
IR-active functional group(s) required; 

interpretation difficult with overlapping 
bands; limited quantification.

TPD-MS 
Quantitative desorption data.

Chemically less specific.

Comparison with other techniques – at a glance
Together, these techniques provide a full toolkit for studying catalytic performance.
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species to 
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temperature via 
specific IR bands.

Detects in situ 
chemical changes 
that signal catalyst 
breakdown.

Connects spectral 
changes with 
temperature, 
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gas flow.
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interpretation 
challenging; limited 
kinetic data.

Indirect 
measurement, and 
quantification can 
be difficult.

Not as quantitative 
as TPD–MS.

Does not measure 
changes in particle 
size or morphology.

Data interpretation 
is complex due to 
multiple variables.

DRIFTS 
A key technique in the catalyst researcher’s toolkit
Diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) offers several important insights 

into the behaviour of catalysts. 

Mechanistic insights
Allows researchers to correlate 

the formation and disappearance 
of specific surface species with 

reaction performance.

Real-time analysis
Through operando DRIFTS, provides 

a dynamic view of the catalyst 
surface to directly observe changes 

under actual reaction conditions.Catalyst optimisation
Gives an understanding of active 

site density, adsorption properties 
and stability to enable systematic 

improvement of catalyst 
activity/selectivity.

Heterogeneous catalysts
Common metals: Pt, Pd, Rh, Fe, Cu and Ni.

Why they are effective: These metals offer multiple active sites and possess favourable chemical 
bonding and redox properties, making them highly effective for heterogeneous catalysis.

Applications:

Catalytic converters 
(automotive)

Hydrogenation of alkenes Petrochemical cracking Polymerisation reactions

Rapid and efficient 
regeneration at the end 
of each catalytic cycle.

High product 
conversion.

Compatibility with 
the desired reagents 

and products.

Chemical specificity, 
i.e., accelerates 

particular reaction(s) 
over others.

Stable and resistant 
to deactivation; does 
not degrade into an 
unreactive species.

Important properties of catalysts include:

Types of 
catalysis

Heterogeneous catalysis
The catalyst and reactants are in 
different phases. The reaction occurs on 
the catalyst surface (e.g., solid catalyst 
with gas or liquid reactants).

Homogeneous catalysis
Reactants and catalysts are in the same 
phase (e.g., all gas or liquid).

Enzyme catalysis
Biological catalysts (proteins) catalyse 

metabolic processes and act on specific 
substrates.

Autocatalysis
The reaction is catalysed by one of its 

own products.
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Catalysts must accelerate or promote particular reaction pathways over others and then be regenerated back to their original 
form as part of a continuous catalytic cycle, for example the Suzuki reaction shown below.

Energy Reactants

Activation energy 
without catalyst

Activation energy 
with catalyst

Products

Progress of reaction

Catalysts and their role in reactions
A catalyst is a material that speeds up a chemical reaction by offering an alternative pathway. 

Inside the Reaction
Diffuse reflectance infrared Fourier transform 

spectroscopy for catalysis

Infographic design
Client-branded, vector-strong

Adobe Illustrator

Adobe InDesign

Adobe Photoshop

Client: Specac 
Industry: Spectroscopy accessories & sample 
preparation solutions

VIEW THE 
INFOGRAPHIC ONLINE

Designed to explain diffuse 
reflectance infrared spectroscopy, 
this infographic was fully aligned 
with the client branding. Key 
visuals were redrawn or created 
as vector graphics to preserve 
detail and quality in print and 
digital formats, with a clear visual 
hierarchy to enhance flow.

https://pixelbitly.com/Infographic/images/IG-Specac-Catalysis.pdf


Franchise marketing toolkit
Brand-consistent assets

A suite of marketing pieces 
created for Coates Hearing Clinic, 
each tailored to its format—from 
postcard to trade show flyer to 
digital ad—while maintaining 
consistent branding. Designs 
reflect a cohesive strategy that 
builds trust, engages prospects, 
and supports franchise growth.

Client: Coates Hearing Clinic 
Industry: Healthcare

Franchising allows entrepreneurs to own and operate their own audiology practice under our established brand, 
benefiting from a proven business model and ongoing support. As a franchisee, you gain access to training, 
marketing strategies, and operational guidance to help you grow your successful practice. In exchange for these 
resources, franchisees pay an initial investment and an ongoing royalty, which funds continued brand development 
and support. This model provides the independence of business ownership with the security and efficiency of a 
well-established system.

Why Choose Coates Hearing Clinic?
Booming Industry
• The $14B+ hearing aids industry is projected to reach 

$34B+ by 2032, growing at an impressive 11.7% CAGR, 
ensuring long-term demand and profitability.

• Demographic shifts and increased hearing health 
awareness drive continuous growth, making this a 
recession-resistant opportunity.

Rapid ROI & Multiple Revenue Streams
• Motivated franchisees can achieve profitability on 

the first day thanks to high-margin products and low 
operational costs.

• Diverse revenue streams include hearing aid sales, 
diagnostics, service plans, and potential expansions 
into specialized services like vestibular testing and 
cochlear implants, allowing scalable business growth.

Unique Brand Positioning
• Coates Hearing Clinic combines competitive hearing aid 

pricing with a high-end boutique medical experience, 
appealing to patients seeking value and quality.

• The comprehensive range of audiological services 
ensures patients receive personalized care, setting 
the franchise apart from retail-only providers.

Proven Systems & Support
• Franchisees gain access to a complete turnkey 

operation with detailed operational protocols, 
reducing startup time and increasing efficiency.

• Benefit from industry-leading pricing discounts through 
established manufacturer relationships and insurance 
billing assistance for streamlined revenue collection.

Patient-First Approach
• Our research-backed, evidence-based practices 

ensure optimal patient outcomes, high referral rates, 
and strong patient retention.

• A unique price-match program keeps patients and 
revenue in-house by offering top-tier care without 
additional costs.

Franchise Freedom. 
Patient-First Care.
“

”

Coates hearing clinic 
franchise opportunity
Invest in a Better Quality of Life for 
You and Your Patients

© 2025 Coates Hearing Clinic. All rights reserved.

coateshearingfranchising.com (888) 720-5360 • jordan@coateshearing.com
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Steps to Become a Franchise

Unlock Your Opportunity
Join a trusted brand that empowers patients to reconnect with the beauty of sound.

With our training, ongoing support, and ready-made resources, you can achieve profitability from day 

one while transforming hearing healthcare in your community.

Your Success, Our PriorityComprehensive Training & Support• Foundational Training: Intensive one-on-one training 
sessions equip you with all the knowledge and skills 
needed to operate your clinic efficiently.• Complete Resource Library: Access professionally 

designed, branded marketing materials and resources whenever needed.
• Business Consulting: Get expert advice on launching 

marketing campaigns, adding new services, and 
optimizing your practice for growth.• Financial Management: Learn how to manage 

revenue, track expenses, and interpret financial 
statements to ensure long-term profitability.• Impactful Marketing & SEO: Leverage our proven 

brand messaging and SEO strategies to grow your 
client base and establish a strong local presence.• Effective Recruitment: We assist in hiring and retaining 

skilled professionals aligned with your vision, providing 
incentive plans that ensure long-term staff satisfaction.• Financial Assistance: We guide you in identifying 

suitable capital sources to cover startup expenses. 
In-house financing options are also available for 
qualified franchisees.

Who Should Franchise with Us?Near-Retirement AudiologistsTransition your practice into a Coates Hearing Clinic 
franchise, hire an operator, and enjoy steady passive 
income without the stress of daily operations.Non-Audiologist EntrepreneursIn states allowing non-audiologist ownership, this franchise offers high-margin opportunities combined 

with the credibility of a medical practice.First-Time Owners
Perfect for graduates and professionals seeking autonomy, our proven systems help you launch a profitable practice with confidence from day one.Current Practices

Revitalize stagnant revenue streams or expand your practice using our proven franchise model for 
consistent growth.

Partnerships. Meaningful Care.

“

”

Adobe Illustrator

Content strategy

Adobe InDesign

Adobe Photoshop

© 2025 Coates Hearing Clinic. All rights reserved.

With strong patient retention and high-profit 
margins, an audiology franchise provides 
stability, brand support, and long-term growth.

Coates hearing clinic 
franchise opportunity
The Growing Opportunity in Audiology

coateshearingfranchising.com 
(888) 720-5360 • jordan@coateshearing.com

1. Grand View Research 2. U.S. Census Bureau 3. Forbes Business Insights

81% of patients prefer 
in-person fittings. 

71% of self-fit users want 
professional support.

Role of Audiologists 
Remains Strong6

70%+

91%

70%+ patient retention 
in private practices

91% satisfaction rate 
with hearing care 
professionals

Patient Loyalty & Satisfaction5

(vs. 50% for 
independent startups)3

85% success 
rate for franchise 
healthcare services.

Franchising 
Low-risk Investment4

60%–80%

profit margins on 
hearing aids

Premium models = 
Even higher returns

Profitable Industry3Aging Population 
Rising Demand

By 2030, 1 in 5  
Americans will be 65+. 

50% of those 75+  
will experience hearing loss.2

2

$4.39B is the 
expected value of 
the U.S. hearing aid 
market by 2029.1

Booming Hearing Aid Market1

6 Reasons to Invest in Audiology Franchising
A booming $4.39B market and an 85% franchise success rate make audiology a smart, low-risk investment with high returns 
and strong patient demand.

VIEW 
ONLINE

VIEW 
ONLINE

https://pixelbitly.com/CHC-FL-Franchising/
https://pixelbitly.com/CHC-DM-Franchising/


Digital assets that stand out
Original, on-brand visuals

Adobe Illustrator

Adobe Photoshop

Crafted for clarity, recall, and brand 
cohesion, these digital assets 
support ongoing communication 
across media. Each design—
whether a social post or email 
signature—uses strategic layout, 
color, and typography to ensure it 
feels deliberate, not templated.

Client: Metrohm, Thermo Fisher Scientific, and Avian Biosolutions 
Industry: Scientific instrumentation and biotechnology



Responsive email design
Cross-client compatible

A responsive email design built 
with attention to aesthetics 
and reliability. The hero image 
resonates immediately with a 
scientific audience, reinforcing 
the message before reading. 
The HTML maintains structural 
integrity across email clients, 
using fully qualified URLs for 
hosted images. When creating 
HTML emails, I ensure that special 
characters—such as trademarks 
or international text—are encoded 
properly for consistent rendering.

Client: Thermo Fisher Scientific 
Industry: Scientific instrumentation

Adobe Dreamweaver

Adobe Photoshop

You can learn more in our live webinar

Having trouble viewing this email? Click here.

 

Register now for the November 12 webinar

Tuesday, November 12, 4:00pm CET | 10:00am ET | 7:00am PT

Many companies are striving to support environmental goals by using clean energy sources

such as hydrogen or by reducing emissions through carbon capture. If you're developing either

process, or honing one that's already in place, you'll want to consider what Raman

spectroscopy can do for you.

Optimizing hydrogen and carbon capture processes with Raman spectroscopy.

This focused 45-minute session will highlight how the real-time, nondestructive

analytical power of Raman spectroscopy can be easily applied to optimize hydrogen

production and carbon capture processes. You'll also hear about real-world cases

where Raman spectroscopy was successfully implemented while overcoming

measurement challenges such as working with cryogenic temperatures and complex

gas compositions.

 
Learn about process Raman analysis, what

makes it ideal for monitoring in hydrogen

production, and how it can help make carbon

capture systems more efficient.

Register now

 
 

5/14/25, 12:42 PM

Optimize your hydrogen and carbon capture processes

file:///Volumes/Spires/Web/thermofisher/eblast/2024/1885106/1885106.html
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Application layouts
Smart, structured documents

Adobe InDesign

Adobe Photoshop

Designed and typeset this 
white paper to support concise, 
professional communication of 
complex scientific content. With no 
brand templates available, I created 
a custom layout and typography 
system that reflects the client’s 
expertise and ensures clarity. I 
also design application notes 
and similar technical documents 
focused on structure, readability, 
and accuracy to support credibility 
and comprehension.

Client: Oligo Factory 
Industry: Biotechnology

ACHIEVING LOW ENDOTOXIN LEVELS IN 

OLIGONUCLEOTIDES FOR NUCLEIC-ACID THERAPEUTICSWHITE PAPER

THE CURRENT LANDSCAPE OF 
OLIGONUCLEOTIDE THERAPEUTICS
The majority of nucleic acid drugs in development are 
RNA-targeting therapeutics, including mRNA, mRNA 
splicing, post-translational modifications, and non-
coding RNAs such as micro-RNA. Currently, gapmers, 
aptamers, steric blocking antisense ONs (SSOs), 
immunostimulant CpG oligodeoxynucleotides (CpG 
ON or CpG ODN), antagomirs, agomirs, and siRNA make 
up bulk of the approved drugs and those in advanced 
clinical stages.1

These drugs often incorporate second and third-
generation chemically modified nucleotides to 
enhance binding efficacy and in-vivo stability, 
thereby optimizing therapeutic effectiveness.2 Typical 
modifications involve the phosphate backbone, 
the 2’-position of the ribose sugar, the 5-position of 
pyrimidine bases, and the conjugation of targeting 
ligands. Some of the commonly used modifications are 
phosphorothioate (PS) linkages, 2’-O-methyl (2’-OMe), 
2’-O-methoxyethyl (2’-MOE) and 2’-Fluoro (2’-F). 

Bridged nucleic acids (BNAs) such as locked nucleic 
acid (LNA), constrained 2’-O-ethyl (cEt), 2’-O,4’-C-
ethylene-bridged nucleic acids (ENA), and tricyclo DNA 
(tcDNA) are also gaining popularity as they enhance 
both nuclease stability and binding affinity.3

Additionally, innovative nucleobase alterations like 
peptide nucleic acids (PNAs) and phosphorodiamidate 
morpholino oligomers (PMOs) are also being 
increasingly used. They offer superior binding affinity 
and specificity,4 and the neutral charge of PMOs and 
PNAs enables easy covalent conjugation to moieties 
to enhance cell delivery and uptake, such as cell-
penetrating peptides (CPPs), N-acetylgalactosamine 
(GalNAc), cholesterol and antibodies.3

3

Oligonucleotide drugs are a rapidly expanding class 
of therapeutics, targeting a broad spectrum of 
diseases from genetic disorders to infectious diseases 
to cancer. These drugs are composed of short, 
chemically synthesized strands of DNA or RNA designed 
to regulate gene expression. From a manufacturing 
point of view, oligonucleotide drugs can draw parallels 
to small molecule drugs but have the advantage of 
being able to be rapidly screened using the primary 
gene sequence to design high-specificity lead 
compounds. Additionally, oligonucleotide drugs 
are simpler to produce compared to biologics and 
exhibit less variability in their final products. Their 
distinctive mechanisms of action enable them to 
target biological processes inaccessible to small 
molecules and protein drugs, opening new avenues in 
pharmaceutical research. However, these aspects of 
nucleic-acid therapeutics present unique safety and 
quality control challenges.

Achieving low bioburden and endotoxin levels is a 
key requirement in the drug Good Manufacturing 
Practice (GMP) guidelines. When it comes to synthetic 
oligonucleotides intended for human use, minimal 
endotoxin levels are a must. Therefore, selecting 
a reliable contract manufacturing organization 
(CMO) partner who can provide well-characterized, 
clinical-grade, low-endotoxin oligonucleotides is 
an important preliminary step in the journey of 
oligonucleotide drug development. This can simplify 
formulation and clinical translation research, saving 
cost and time. For innovators in the field of antisense 
oligonucleotides (ASOs), small interfering RNAs (siRNAs), 
and CRISPR-based therapeutics, sourcing high-quality 
oligonucleotide active pharmaceutical ingredients 
(APIs) can offer a strategic advantage, accelerating 
the drug development process.
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THE INFLAMMATORY RESPONSE TO ENDOTOXINS
Endotoxin contamination can have serious negative 
effects on health. Endotoxin is a potent inflammagen 
that can cause fever, shaking chills, septic shock, 
toxic pneumonitis, and respiratory symptoms. It 
triggers inflammation by activating Toll-like receptor 
4 (TLR4) in conjunction with myeloid differentiation 
factor 2 (MD-2) and cluster of differentiation 14 (CD14). 
Lipopolysaccharide binding protein (LBP) is a soluble 
plasma protein that facilitates the transfer of LPS to 
membrane-bound CD14, which in turn is required to 
transfer LPS to TLR4.

Activating of TLR4 results in the transcriptional 
activation of several inflammatory genes, including 
pro-inflammatory cytokines such as TNFα , IL-6, and 
pro-IL-1β. Intracellular LPS can activate murine caspase-11 
(caspase-4 or caspase-5 in humans), which cleaves 
and activates caspase-1, leading to the production 
of IL-1β. Caspase-1 and caspase-11 can also activate 
gasdermin D, resulting in cell death by pyroptosis.9 
Other receptors for endotoxin include RAGE, TREM2, the 
macrophage scavenger receptors, and the β2 integrins 
(CD11a/CD18, CD11b/CD18, and CD11c/CD18). These pattern 
recognition receptors may function to clear LPS and 
bacteria expressing LPS from blood and tissues, but, in 
the process, also promote inflammation and LPS toxicity.9

Hence, high levels of endotoxin can cause a ‘cytokine 
storm’, leading to multiple-organ damage, shock, 
acute kidney injury, liver dysfunction, and coagulation 
anomalies.10 On the other hand, chronic low levels 
of endotoxin may promote low-grade inflammation 
or tolerance.9

EFFECT OF ENDOTOXINS IN VARIOUS 
THERAPEUTIC AREAS
The effects of endotoxins in therapeutic products 
can be far-reaching, given their potential to trigger 
inflammatory responses leading to cellular apoptosis, 
autophagy, cell cycle arrest, and microRNA activation, 
impacting nearly all body organs. This necessitates 
meticulous endotoxin testing and management during 
manufacturing, especially for oligonucleotide drugs 
delivered systemically, where improper removal of 
endotoxins could result in severe clinical conditions, 
particularly because these drugs are designed for 
patients with complex disorders.

Cardiovascular and renal functions are notably 
susceptible to the adverse effects of endotoxins 
and have been associated with arteriosclerosis of 
the arterial walls.11 Even low levels of endotoxins can 
cause liver damage, as hepatocytes are extremely 
sensitive to these substances. Additionally, there’s a link 
between endotoxins and insulin resistance in adipose 
tissue.12 In the pulmonary system, endotoxins may lead 
to decreased lung function, respiratory symptoms, 
and inflammation, emphasizing the need for rigorous 
endotoxin level control in drugs aimed at respiratory 
disorders, including single-stranded phosphorothioate 
antisense oligonucleotides (ss PS ASOs) being 
developed as aerosols for pulmonary delivery.7

With respect to neurology, presence of systemic 
endotoxins can increase the permeability of the 
blood-brain barrier (BBB) and affect the functioning 
of circumventricular organs, permitting the entry 
of plasma components and endotoxins into the 
brain, potentially causing neuroinflammation and 
neurodegeneration. The recruitment of leukocyte into 
the brain, and subsequent activation of microglia, is 
known to contribute to synaptic and neuronal loss. 
Although low doses of endotoxin have minimal impact 
on BBB permeability and brain entry, studies suggest 
indirect pathways for inducing brain inflammation by 
peripheral endotoxins.9 Hence, oligonucleotide drugs 
intended for the central nervous system (CNS) therapy, 
which are often administered intrathecally, require 
strict endotoxin control to prevent hazardous effects.
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To date, over 16 oligonucleotide drugs have been 
approved by the US Food and Drug Administration 
(US FDA), European Medical Agency (EMA), and the 
Japan Pharmaceuticals and Medical Devices Agency 
(PMDA).1 As clinical development progresses, scientists 
are constantly advancing and innovating new classes of 
oligonucleotides, as well as improving the existing classes.

ENSURING SAFETY AND EFFICACY: 
GMP CONSIDERATIONS
Synthetic oligonucleotides have been the mainstay 
in molecular biology for decades, with applications 
in basic research, diagnostics, and therapeutics, all 
of which require high-quality, complete, and pure 
reagents. The synthesis happens on a solid support 
in a stepwise process of adding nucleotide residues 
to build the desired sequence. After synthesis, 
oligonucleotides are cleaved from the solid support 
and purified, typically using reverse phase or ion 
exchange chromatography.

For therapeutic applications, production of 
oligonucleotides must comply with GMP standards to 
ensure the quality, safety, and efficacy of the finished 
products. Guidelines must be followed for efficient 
removal of impurities, recovery of oligonucleotides, 
and scalability, with rigorous quality control in place 
and comprehensive documentation and verification at 
all steps to maintain product integrity.

The production process of oligonucleotides can 
be divided into two main stages: upstream and 
downstream procedures. Upstream procedures include 
solid-phase synthesis, cleavage, and deprotection, 
while downstream procedures include purification, 
concentration, and lyophilization. For single-stranded 
APIs, post-synthesis processes include concentration, 
desalting, and lyophilization to form a dry powder.5 High 
oligonucleotide concentration can be achieved using 
ultrafiltration/diafiltration (UF/DF). For duplex forms, 
each strand is concentrated and desalted before 
annealing, then concentrated again and lyophilized.6 
The synthesis method, reagent quality, and purification 
technique heavily influence the efficacy and safety 
of the resulting oligonucleotides. High-performance 
chromatography is crucial in purifying the desired 
oligonucleotides from contaminants, ensuring purity 
and potency of the final API product. Lyophilization helps 
preserve the structure and activity of oligonucleotides, 
making them more stable in the long term and easier 
to store and transport.6

Furthermore, scaling up the manufacturing process 
from small-scale synthesis for pre-clinical research 
to the larger quantities required for clinical trials 
and commercial use is a major step in therapeutic 
oligonucleotide manufacturing. This often poses 
technical, logistical, and economic challenges. 
The quality control (QC) for scale up can be very 
demanding due to the inherent complexity of the 
synthesis process and the possibility of numerous 
structurally similar impurities such as diastereomers, 
shortmers, and longmers.7

Throughout these stages, controlling microbial 
contamination and endotoxin levels is critical, 
especially during downstream processing where the 
risk of bacterial contamination increases. The early 
production steps, however, involve processes that use 
solvents, and hence the harsh chemical environment 
make them less prone to microbial contamination.

ENDOTOXIN LEVELS: THE IMPACT ON THERAPEUTIC 
EFFICACY OF OLIGONUCLEOTIDE DRUGS
Endotoxins are lipopolysaccharides (LPS) that 
are present in the outer membrane of gram-
negative bacteria, such as Escherichia coli, Proteus, 
Pseudomonas, Enterobacter, and Klebsiella. They 
pose a significant safety concern in pharmaceutical 
manufacturing due to the potential for microbial 
contamination in water, solvents, reagents, and 
equipment. Even if the bacteria are killed during the 
sterilization process, endotoxins are released when 
bacterial cells lyse. Therefore, stringent quality control 
(QC) is imperative to prevent endotoxin contamination 
in drugs, particularly in parenteral drugs like 
oligonucleotides, which are administered in various 
ways including intravitreally, intrathecally, intravenously, 
subcutaneously, or as aerosols for pulmonary diseases.8

As per the United State Pharmacopeia (USP), for 
parenterals the endotoxin limit equation is as follows:

ENDOTOXIN LIMIT = K/M
Where: K = 5 USP-EU/kg of body weight for any 
parenteral route of administration other than 
intrathecal, which is the threshold pyrogenic dose of 
endotoxin per kg of body weight.

K = 0.2 EU/kg of body weight for intrathecally 
administered products

M = The maximum recommended bolus dose of drug 
per kg of body weight
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BEST PRACTICES FOR ASEPTIC MANUFACTURING 
AND LOW ENDOTOXIN IN OLIGONUCLEOTIDE DRUGS
Given these risks, pharmaceutical production 
processes must take measures to minimize microbial 
contamination, and endotoxin testing must be performed 
at various stages to determine the acceptability of a 
product. The most common sterilization technique used 
for currently marketed oligonucleotide drug products is 
membrane filtration, mainly due to the compatibility of 
their formulations with sterilizing grade membranes.

In the process for powder API, the API solution is 
usually passed through a 0.22-μm filter immediately 
before loading in the lyophilizer.6 Similarly, in the 
case of solution API, bioburden reduction filtration 
should be performed after final concentration and 
before API container filling. During the drug substance 
manufacturing process, the levels of microbial 
contamination must be kept <1 CFU/mL to demonstrate 
microbial control. However, levels higher than this 
may be acceptable on a case-by-case basis. For the 
pre-sterile filtration of formulated bulk drug product, 
levels of ≤10 CFU/100 mL are considered acceptable by 
regulatory authorities. However, a pre-sterile filtration 
level of ≤1 CFU/10 mL may be warranted as it allows 
for a smaller volume of material to be tested and is 
mathematically comparable to the regulatory limit.6

The FDA guidelines also emphasize on washing 
steps with pyrogen-free water and sterilization 
practices for physical components such as vials 
and stoppers.13 Terminal sterilization has also been 
suggested for oligonucleotide drugs that can 
withstand heat. However, for sensitive products such 
as double-stranded oligonucleotides, and products 
requiring advanced formulations for delivery, for 
example, nanoparticles, using membrane filtration 
and aseptic processing is preferred.

Furthermore, endotoxin testing is an important step in 
assessing the quality of finished product. The US FDA 
recommended tests for determination of endotoxin are:

• Pyrogen Test conducted with rabbits, which is 
a qualitative detection of pyrogens in-vivo. This 
method is not sensitive and is not recommended 
for endotoxin detection in intrathecal drug 
products.

• Limulus Amebocyte Lysate (LAL) Test, is a 
quantitative and qualitative detection technique 
for endotoxins using amoebocyte lysate from the 
horseshoe crab.

It must be noted that pyrogen tests are always 
performed on a pooled sample.13

ENDOTOXIN TESTING RESULTS ACROSS OLIGONUCLEOTIDE MODALITIES 
MANUFACTURED BY OLIGO FACTORY

DATE OF MANUFACTURE OLIGONUCLEOTIDE DESCRIPTION ENDOTOXIN VALUE
Feb-23 Natural RNA 29mer <0.0050 EU/mL

Feb-24 Natural RNA 29mer <0.0050 EU/mL

Feb-24 Partial PTO DNA 28mer w/ 5’ DBCO conjugation <0.0050 EU/mL

Mar-24 Full PTO MOE 16mer <0.0050 EU/mL

Mar-24 Full PTO MOE 16mer <0.050 EU/mL

Mar-24 DNA 88mer <0.0050 EU/mL

Mar-24 Full PTO MOE 16mer <0.0050 EU/mL

Mar-24 Full PTO MOE 16mer <0.0050 EU/mL

Mar-24 DNA 35mer w/ 5’ aminoC6 <0.0050 EU/mL

Table 1: In-Process PTS Kinetic LAL Analysis performed by Charles River Laboratories, Inc. (Charleston, South Carolina) with 
traditional LAL Kinetic Chromogenic methods, March 2024.  All oligonucleotides manufactured by Oligo Factory, Inc. in 
Holliston, MA.

Legend: PTO = Phosphorothioate bond; DBCO = Dibenzocyclooctyl; MOE = 2’-O-methoxyethyl; aminoC6 = 5’ Amino Modifier 
C6 modification
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REGULATORY LANDSCAPE
The regulatory landscape for oligonucleotides is 
continually evolving as very few drugs have yet been 
approved. Many of the regulations are based on 
knowledge and experience from biologics and small 
molecule drugs.

It is also important to note the differences between 
how oligonucleotides are classified between the 
different regulatory agencies. Synthetic therapeutic 
oligonucleotides, with no potential for incorporation 
into the chromatin, are regulated by the Centre for 
Drug Evaluation and Research (CDER), FDA, while 
vector-based or promoter-driven oligonucleotides 
are regulated by Centre for Biologics Evaluation and 
Research (CBER), FDA. The EMA classifies new drug 
substances on a case-by-case basis.

The Pyrogen Test and LAL have been recognized by 
the USP and the EMA as effective methods to test for 
endotoxins. Once endotoxins are present in a product, 
it becomes difficult to remove them. Therefore, it 
is recommended to keep finished products and 
components at low endotoxin levels throughout the 
process rather than having to remove them later. 

The USP recommends maintaining control over 
microbiological and endotoxin contamination levels 
during manufacturing by controlling potential sources 
such as the water used in processing and solvents, 
packaging components, raw materials, and equipment. 
For parenteral products, pyrogen issues have often 
been traced back to the active drug substance, 
particularly when water is used in the later stages of 
synthesis.13 In oligonucleotide manufacturing, water 
plays a critical role in the isolation and concentration 
process, and the quality of the process water has 
a direct impact on the endotoxin levels in the drug 
substance.5 Effective control and reduction of 
microbiological levels in process water have been 
shown to decrease endotoxin levels in the final product.

Regulatory guidance on endotoxin testing methodology 
is available in EP 2.6.14 Bacterial Endotoxins and 
USP<85> Bacterial Endotoxins. In addition, the 
recommended depyrogenation method for 
oligonucleotides is sterilizing filtration techniques such as 
ultrafiltration/diafiltration (UF/DF). 
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OLIGO FACTORY: YOUR TRUSTED CMO IN 
OLIGONUCLEOTIDE DRUG DEVELOPMENT
Oligo Factory is specialized in producing custom DNA 
and RNA oligos for both research and clinical use. Our 
new, purpose-built facility meets ICH Q7 GMP for the 
production of custom clinical-grade oligonucleotides 
including siRNA, antisense, aptamers, and CRISPR guide 
RNA. We have an excellent track record of maintaining 
very low endotoxin levels in our oligos. 
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Find us at: 
oligofactory.com

Phone: (508) 275-3561 
Email: info@oligofactory.com

56 Boynton Rd 
Holliston, MA 01746

ABOUT OLIGO FACTORY
Founded in 2006 by oligo synthesis technology experts, Oligo Factory is a leader in manufacturing custom DNA 
and RNA oligonucleotides at medium- to large-scale quantities for the research, diagnostic, therapeutic and life 
science communities.

At Oligo Factory, we understand your unique needs and 
offer expert support to ensure success in your clinical 
development journey. 

Contact Oligo Factory today for a quote or to 
connect with our scientists to discuss your needs.
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