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INTRODUCTIONINTRODUCTION

Degradation of stored material, either throughDegradation of stored material, either through
autolysis or the growth of spoilage organisms, isautolysis or the growth of spoilage organisms, is
primarily dependent on the presence of water.primarily dependent on the presence of water.
Products that are prone to degradation, such as foodProducts that are prone to degradation, such as food
and pharmaceuticals, must be stabilized byand pharmaceuticals, must be stabilized by
immobilizing or reducing of the water content. Forimmobilizing or reducing of the water content. For
example, vaccines and other biological materials canexample, vaccines and other biological materials can
be stabilized by chilling or freezing, but transportingbe stabilized by chilling or freezing, but transporting
samples in a frozen state is expensive, andsamples in a frozen state is expensive, and
breakdown of freezers may result in the complete lossbreakdown of freezers may result in the complete loss
of valuable product. Alternatively, water can beof valuable product. Alternatively, water can be
removed from labile products through air-drying usingremoved from labile products through air-drying using
high processing temperatures, but this can alter thehigh processing temperatures, but this can alter the
product’s physical and chemical properties and isproduct’s physical and chemical properties and is
therefore unsuitable for pharmaceuticals.therefore unsuitable for pharmaceuticals.

Freeze-drying (lyophilization) removes most of theFreeze-drying (lyophilization) removes most of the
water in a sample under low temperature and vacuumwater in a sample under low temperature and vacuum
conditions, providing a dry, active, shelf-stable, andconditions, providing a dry, active, shelf-stable, and
readily soluble product. It is therefore a widely usedreadily soluble product. It is therefore a widely used
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technique in the manufacture of protein biomoleculestechnique in the manufacture of protein biomolecules
for therapeutic and diagnostic applications.for therapeutic and diagnostic applications.  As well As well
as stabilizing drug products for transport andas stabilizing drug products for transport and
preventing degradation, freeze-drying reduces thepreventing degradation, freeze-drying reduces the
volume of the sample, thus it requires less storagevolume of the sample, thus it requires less storage
space and can be stored under ambient conditions.space and can be stored under ambient conditions.

Lyophilized drugs are representing an increasingLyophilized drugs are representing an increasing
proportion of the market, with the upward trendproportion of the market, with the upward trend
particularly strong in the biologics segment, whereparticularly strong in the biologics segment, where
innovation and drug development is advancing rapidly.innovation and drug development is advancing rapidly.
In addition, the complexity and strict storageIn addition, the complexity and strict storage
conditions needed to preserve the biological drugconditions needed to preserve the biological drug
activity make freeze-drying a popular formulationactivity make freeze-drying a popular formulation
technique.technique.

Although used by laboratories since the 1880s andAlthough used by laboratories since the 1880s and
upscaled to industrial scale in the 1930s withupscaled to industrial scale in the 1930s with
commercially available systems, freeze-drying is ancommercially available systems, freeze-drying is an
incredibly complex process, and research is ongoingincredibly complex process, and research is ongoing
to better understand and optimize the process. Theto better understand and optimize the process. The
three main stages of the freeze-drying cycle (freezing,three main stages of the freeze-drying cycle (freezing,
primary drying, and secondary drying) are oftenprimary drying, and secondary drying) are often
altered and adapted to speci�c properties of a drugaltered and adapted to speci�c properties of a drug
product, and adjustments may be required whenproduct, and adjustments may be required when
scaling up from research and development (R&D) toscaling up from research and development (R&D) to
production. In addition, freeze-drying is a notoriouslyproduction. In addition, freeze-drying is a notoriously
lengthy process, so pharma and biotech companieslengthy process, so pharma and biotech companies
can decrease costs by optimizing freeze-dryingcan decrease costs by optimizing freeze-drying
protocols to speed up timelines and increase productprotocols to speed up timelines and increase product
yields.yields.

DIGGING DEEPER INTO LYOPHILIZATIONDIGGING DEEPER INTO LYOPHILIZATION

Being able to directly visualize the freeze-dryingBeing able to directly visualize the freeze-drying
process is essential in minimizing the time and cost itprocess is essential in minimizing the time and cost it
takes to develop a protocol for drug development andtakes to develop a protocol for drug development and
manufacture. Freeze-drying microscopy (FDM), �rstmanufacture. Freeze-drying microscopy (FDM), �rst
developed in the 1960s, combines light microscopydeveloped in the 1960s, combines light microscopy
techniques, such as phase contrast and polarizedtechniques, such as phase contrast and polarized
light, with a thermal stage that can accurately controllight, with a thermal stage that can accurately control
temperature and pressure.temperature and pressure.

FDM has since become a widely used method thatFDM has since become a widely used method that
can uniquely determine how a drug product will reactcan uniquely determine how a drug product will react
to different thermal conditions. Of particular interestto different thermal conditions. Of particular interest
are the temperature and pressure required for each ofare the temperature and pressure required for each of
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the freezing and drying stages. One of the criticalthe freezing and drying stages. One of the critical
parameters is the collapse temperature (Tc) – theparameters is the collapse temperature (Tc) – the
temperature at which the structure of the formulatedtemperature at which the structure of the formulated
product weakens and is no longer able to supportproduct weakens and is no longer able to support
itself – which can only be reliably measured usingitself – which can only be reliably measured using
FDM. FDM can also be used to determine the eutecticFDM. FDM can also be used to determine the eutectic
temperature (Teu) – the lowest possible meltingtemperature (Teu) – the lowest possible melting
temperature over all of the mixing ratios for thetemperature over all of the mixing ratios for the
involved component species in a mixture ofinvolved component species in a mixture of
substances – and the potential formation of a barriersubstances – and the potential formation of a barrier
due to formation of a product/matrix “skin.”due to formation of a product/matrix “skin.”

Researchers at the UK’s National Institute forResearchers at the UK’s National Institute for
Biological Standards and Control (NIBSC), led by Dr.Biological Standards and Control (NIBSC), led by Dr.
Paul Matejtschuk, are using the latest FDM technologyPaul Matejtschuk, are using the latest FDM technology
to investigate the development of formulation andto investigate the development of formulation and
freeze-drying processes, with a focus on proteinfreeze-drying processes, with a focus on protein
therapeutics. The group uses FDM to establish howtherapeutics. The group uses FDM to establish how
different formulations affect the freeze-dryingdifferent formulations affect the freeze-drying
process; for example, how drug manufacturers canprocess; for example, how drug manufacturers can
overcome the challenges of freeze-drying fromovercome the challenges of freeze-drying from
organic solvents, or stabilizing drug delivery systemsorganic solvents, or stabilizing drug delivery systems
such as liposomes.such as liposomes.  

OPTIMIZING FREEZE-DRIED LIPOSOMALOPTIMIZING FREEZE-DRIED LIPOSOMAL
FORMULATIONSFORMULATIONS

Liposomal delivery systems are increasingly used inLiposomal delivery systems are increasingly used in
the pharmaceutical industry due to their versatility andthe pharmaceutical industry due to their versatility and
their unique ability to entrap both lipophilic andtheir unique ability to entrap both lipophilic and
hydrophilic compounds. There are four main types ofhydrophilic compounds. There are four main types of
liposomal delivery platforms that offer varyingliposomal delivery platforms that offer varying
degrees of stability and speci�city (Figure 1).degrees of stability and speci�city (Figure 1).
Although there are many liposomal drug formulationsAlthough there are many liposomal drug formulations
currently in clinical trials and several on the market,currently in clinical trials and several on the market,
their high cost and challenges surrounding physicaltheir high cost and challenges surrounding physical
and chemical stability have limited their widespreadand chemical stability have limited their widespread
commercial development.commercial development.
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Liposomes are prone to oxidation or hydrolysisLiposomes are prone to oxidation or hydrolysis
caused by chemical and physical degradation, drugcaused by chemical and physical degradation, drug
leakage, formation of aggregates, and fusion.leakage, formation of aggregates, and fusion.  These These
changes can alter a drug’s formulation properties,changes can alter a drug’s formulation properties,
affecting not only the product’s shelf-life, but also theaffecting not only the product’s shelf-life, but also the
in-vivo in-vivo bio-distribution and pharmacokineticbio-distribution and pharmacokinetic
properties of the drug formulation.properties of the drug formulation.

Although aqueous liposomal formations are availableAlthough aqueous liposomal formations are available
on the market, their susceptibility to chemical andon the market, their susceptibility to chemical and
physical degradation, as well as the cost of cold-chainphysical degradation, as well as the cost of cold-chain
distribution, mean that other methods of stabilizationdistribution, mean that other methods of stabilization
are often required. Freeze-drying is therefore a popularare often required. Freeze-drying is therefore a popular
and widely studied technique for stabilizing liposomaland widely studied technique for stabilizing liposomal
delivery systems.delivery systems.

The team at NIBSC and Strathclyde recentlyThe team at NIBSC and Strathclyde recently
investigated the liposomal freeze-drying process toinvestigated the liposomal freeze-drying process to
improve its reproducibility and compatibility with theimprove its reproducibility and compatibility with the
high-throughput screening of liposomes. Speci�cally,high-throughput screening of liposomes. Speci�cally,
the study aimed to identify the formulation andthe study aimed to identify the formulation and
process parameters ideal for the freeze-drying ofprocess parameters ideal for the freeze-drying of
empty and protein loaded liposomes using Ovalbuminempty and protein loaded liposomes using Ovalbumin
(OVA).(OVA).  The group also considered the formulation The group also considered the formulation
parameters with regard to presence of protein, lipidparameters with regard to presence of protein, lipid
selection, lipid charge (neutral, cationic, and anionic),selection, lipid charge (neutral, cationic, and anionic),
lipid concentration, and the �nal concentration of thelipid concentration, and the �nal concentration of the
cryoprotectant sucrose, as all of these factors arecryoprotectant sucrose, as all of these factors are
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known to in�uence freeze-drying. Formulations wereknown to in�uence freeze-drying. Formulations were
freeze-dried in both 96 well plates and vials in parallel.freeze-dried in both 96 well plates and vials in parallel.

FDM was used to predict the ideal freeze-dryingFDM was used to predict the ideal freeze-drying
conditions for liposome-cryoprotectant mixtures, byconditions for liposome-cryoprotectant mixtures, by
enabling an estimation of the freezing, collapse, andenabling an estimation of the freezing, collapse, and
melt temperatures using a cryostage (FDCS196,melt temperatures using a cryostage (FDCS196,
Linkam Scienti�c Instruments) mounted on an opticalLinkam Scienti�c Instruments) mounted on an optical
microscope (BX51, Olympus) connected to a controlmicroscope (BX51, Olympus) connected to a control
unit and Liquid Nitrogen Pump (T94 and LNP, Linkamunit and Liquid Nitrogen Pump (T94 and LNP, Linkam
Scienti�c Instruments).Scienti�c Instruments).

The samples were frozen using liquid nitrogen at aThe samples were frozen using liquid nitrogen at a
rate of 10°C/ min until -50°C was reached, after whichrate of 10°C/ min until -50°C was reached, after which
the temperature was held for 2 minutes before dryingthe temperature was held for 2 minutes before drying
was started by applying a 0.1mBar vacuum. Towas started by applying a 0.1mBar vacuum. To
establish the collapse and melt of the samples, theestablish the collapse and melt of the samples, the
temperature was then ramped up to 20°C at atemperature was then ramped up to 20°C at a
controlled rate. Images were taken every 20 secondscontrolled rate. Images were taken every 20 seconds
for the duration of the cycle and physical changes tofor the duration of the cycle and physical changes to
the liposomal formulations could be observed in real-the liposomal formulations could be observed in real-
time (Figure 3).time (Figure 3).
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Results showed the presence of protein adds stabilityResults showed the presence of protein adds stability
to both neutral and charged formulations, with theto both neutral and charged formulations, with the
same amount of OVA retained after freeze dryingsame amount of OVA retained after freeze drying
(Table 1). The minimal to no leakage of the OVA(Table 1). The minimal to no leakage of the OVA
suggests that pre-cooling the shelf and rapid freezingsuggests that pre-cooling the shelf and rapid freezing
could prevent egress resulting from the formation ofcould prevent egress resulting from the formation of
large crystals. In contrast, the liposomal size changedlarge crystals. In contrast, the liposomal size changed
upon rehydration, with cationic liposomes showing theupon rehydration, with cationic liposomes showing the
greatest increase in size.greatest increase in size.

The study demonstrated the ability to freeze-dryThe study demonstrated the ability to freeze-dry
liposomal formulations in microplates, as well as vialsliposomal formulations in microplates, as well as vials
for the rapid screening, preservation, and optimizationfor the rapid screening, preservation, and optimization
of liposomal formulations. Liposomalof liposomal formulations. Liposomal
physicochemical characteristics were preservedphysicochemical characteristics were preserved
regardless of the formulation type, with no loss ofregardless of the formulation type, with no loss of
protein observed. This positions the freeze-dryingprotein observed. This positions the freeze-drying
process outlined in this experiment as a feasible,process outlined in this experiment as a feasible,
transferable, quanti�able, and rapid method fortransferable, quanti�able, and rapid method for
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screening and improving the longevity potential ofscreening and improving the longevity potential of
pharmaceutical liposomal products.pharmaceutical liposomal products.

OPTIMIZING TOMORROW’S DRUGSOPTIMIZING TOMORROW’S DRUGS

As the biologics market continues to grow, theAs the biologics market continues to grow, the
demand for lyophilized formulations is set to increase.demand for lyophilized formulations is set to increase.
Biopharma companies, when scaling up freeze-dryingBiopharma companies, when scaling up freeze-drying
processes from the development stage, requireprocesses from the development stage, require
methods to examine each stage and optimize themethods to examine each stage and optimize the
speed and cost of the process. The availability ofspeed and cost of the process. The availability of
accurate FDM methods is therefore vital for the in-accurate FDM methods is therefore vital for the in-
depth investigation of freeze-drying processes anddepth investigation of freeze-drying processes and
structures. Freeze-drying proteins presents uniquestructures. Freeze-drying proteins presents unique
challenges due to the need to preserve their biologicalchallenges due to the need to preserve their biological
activity, necessitating equipment that can measureactivity, necessitating equipment that can measure
parameters, such as Tc and Te, to ensure the correctparameters, such as Tc and Te, to ensure the correct
temperatures are adhered to.temperatures are adhered to.

FDM is being used to analyze the most challengingFDM is being used to analyze the most challenging
formulations, such as liposome drug delivery systems,formulations, such as liposome drug delivery systems,
that require sophisticated stabilization methods. Bythat require sophisticated stabilization methods. By
altering and adapting the three main freeze-dryingaltering and adapting the three main freeze-drying
stages to speci�c formulations, researchers at NIBSCstages to speci�c formulations, researchers at NIBSC
are providing the tools needed for the pharma industryare providing the tools needed for the pharma industry
to improve its drug development processes andto improve its drug development processes and
maintain drug stability when scaling up to production.maintain drug stability when scaling up to production.
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