PREFILLED SYRINGES FOR
VISCOUS FORMULATIONS
In this article, Mahesh Chaubal, PhD, Senior Director, Drug Development, R&D Medical
Products, Baxter Healthcare Corporation, provides a glimpse of some of the challenges faced during the development of viscous formulations of biopharmaceutical products for injection, from a
formulator’s perspective, especially when the finished product is filled in a prefilled syringe.
Prefilled syringes represent a patient-friendly
and compliant way to administer drugs in an
alternate setting such as the home. This makes
them an appropriate device for drugs that are
administered chronically.
Prefilled syringes have gained popularity over
last two decades due to the emergence of biologics
as a major class of injectable therapeutics.1
Today, biologics are used for the treatment of
various acute and chronic conditions. For chronic
conditions, the final dosage form should be patient
friendly, such that the patient can self-administer
and avoid the costs of using a healthcare provider.
However, a downside of chronically administered
drugs is the frequency of injections. In an effort
to reduce the frequency of injections, formulators
often try to load a significant dose in a single
injection that must then be delivered. High-dose
formulations pose significant challenges from a
formulation and fill-finish perspective.
Typically, drug stability over the duration of
the product’s shelf-life is a formulator’s main
focus. However, when developing dosage forms
for self-administration, additional factors have
to be taken into consideration. These include
performance of the device over the shelf-life,
and the human factor aspects of the device
usability. The importance of the latter is visible
in the US FDA’s guidance on using human
factors for medical devices.2

For
viscous
formulations,
device
performance and human factors become
even more important, given that a viscous
formulation may be harder to administer via a
prefilled syringe. The interplay between these
various factors is demonstrated in this brief case
study for developing a viscous formulation in a
prefilled syringe format.

FORMULATOR PERSPECTIVE
High-concentration drugs that are
administered chronically are formulated
to provide sustained release. This can be
achieved via either the use of a release rate
modifier or intrinsically long half-life of the
drug. Release-rate modifiers include polymers
formulated as microspheres or gels, as well as
oily depots wherein the drug is dissolved in
pharmaceutically acceptable oil. In each case,
the release-rate modifier (or high concentration
of the drug) result in a formulation that has high
viscosity.3 Figure 1 lists some of the potential
drug formulations that involve high viscosity.
When dealing with highly viscous
formulations, the end-user perspective
is important upfront at the formulation
development stage. Highly viscous formulations
cause challenges during various process steps,
such as transfer operations (pumping) and

Type of viscous formulation

Example product

Polymer-solvent gels

Eligard

Polymer solutions

Hyalgan

Oily formulations

Faslodex

Microspheres

Lupron depot

High concentration MAbs

Kineret (150 mg/mL)
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Figure 1: Table listing examples of marketed high viscosity formulations available in
prefilled syringes.
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Figure 2: Relationship between viscosity and syringeability for an oily formulation
injected using a glass prefilled syringe.
filtration, among others. If the final container
closure is a prefilled syringe, then high viscosity
can also cause problems with the syringeability
of the final formulation.
Syringeability or injectability is the ability/
ease by which a formulation can be dispensed
out of a syringe. Currently, no harmonised
approach exists for testing the syringeability
of a drug. Limited literature data is available
that describes various approaches for evaluating
syringeability.4-6 Formulators often mistakenly
assume a direct correlation between syringeability
and viscosity and hence use viscosity of the drug
solution as a surrogate measure of syringeability.
In this study, syringeability from a BD Hypak
glass prefilled syringe was measured directly using
the Hagen-Poiseuille equation, which is used to
assess the pressure differential across a pipe during
flow. In this case, flow through a needle as the
formulation is pushed out is analogous and hence
justifies the use of this equation:
ΔP = 8QLμ/πr4
where P is the pressure across the needle, Q
is the injection speed, μ is the viscosity of the
formulation, L is the length of the needle and r
is the radius of the needle.
As can be seen in Figure 2, during
formulation optimisation studies for an oily
depot formulation, a direct correlation could
be obtained between the viscosity of the
formulation and the respective syringeability of
the product from a prefilled syringe.
In order to assess the viability of syringing

Formulation

this viscous formulation, the viscosity of the
formulation was compared with other viscous
products. Figure 3 shows that when the viscosity
of the formulation was compared with another
commercially available viscous product, Hyalgan
(sodium hyaluronate; Fida, Italy), it was observed
that while the two formulations had similar
viscosity, there was a significant difference in
their syringeability. Hyalgan is a formulation of
hyaluronic acid which is a thixotropic polymer
gel.7 Hence viscosity of the formulation decreases
during the syringing process. Another product
listed in Figure 1, Eligard (leuprolide acetate;
Sanofi, France), utilises the shear thinning property
of poly(lactic-co-glycolic acid) (PLGA) solutions
to reduce the viscosity of the formulation prior
to administration.8 This demonstrates that while
viscosity is an important formulation parameter, it
is not always indicative of the syringeability of the
product and hence specific studies are required in
the prefilled syringe of choice.
Given the high syringeability forces required
for the test article, the formulation was modified
by changing the oil-drug ratio and also by adding
a solvent to reduce viscosity. This resulted
in a formulation that demonstrated acceptable
forces for syringeability of the product through
a typical BD Hypak glass syringe.

SUMMARY
Prefilled syringes are a preferred container
closure system for delivery of chronically
delivered formulations, due to ease of

administration in an alternate setting, such as at
home. However, this format adds complexities,
compared with the conventional vial format.
This report provides a case study of the interplay
between formulation development and fill-finish
configuration development. It is essential for the
two activities to occur simultaneously to develop
an effective product. In this specific case, an
effective formulation in prefilled syringe was
developed by manipulating the oil-to-cosolvent
ratio of the oily depot formulation.
Use of the appropriate fill-finish partner
is important in developing such complex
formulations. Baxter’s BioPharma Solutions
business has in-house capability to support
formulation development and fill-finish aspects
of viscous formulations in prefilled syringes.
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Figure 3: Comparison of viscosity and syringeability of an oily depot formulation with a commercial viscous product.
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