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PURPOSE

RESULTS

Many antibody-based drugs and drug candidates
have limited shelf life or never reach the clinic due
to thermal-mechanical instabilities in formulation.
Improving the formulation stability of such
pharmaceuticals will reduce costs and broaden
markets for those drugs, while reducing side effects
caused by byproducts of instability. This work
fundamentally characterizes a new surfactant’s
dynamics in comparison to commonly-used
polysorbates and poloxamer, suggesting a potential
mechanism for observed improved liquid stability of
model protein biologics.

Figure 1: Evolution of surface tension at an air/water interface for
surfactants. FM1000 stabilizes an interface 1-2 orders of
magnitude faster than incumbent technologies.

CONCLUSIONS

(a) 0.05 mg/mL surfactant in saline. (b) 0.05 mg/mL surfactant in saline with 10 mg/mL IgG. (c)
Comparison of PS80 0.1 mg/mL with FM1000 0.05 mg/mL with and without IgG.
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Figure 3: Kinetics of IgG aggregation. FM1000 leads to a 2-3x slowdown in aggregation rate.
(a) Hydrodynamic radius of IgG as a function of time during agitation with 0.05 mg/mL surfactant. (b)
Calculated time to reach arbitrary aggregation size during agitation for IgG with 0.1 (solid bars) and
0.05 (hashed bars) mg/mL surfactant.
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Figure 4: Abatacept Aggregation. FM1000 helps maintain more
abatacept as monomer and reduces the aggregation to higher
order aggregates better than incumbent technologies.

METHODS
FM1000 surfactant was synthesized by sequential
amidation of a C14-acyl chloride with phenylalanine
followed by amidation of the resulting product with
Jeffamine® M1000. Polysorbate 20 and 80 and
Poloxamer 188 were pharma grade and obtained
from Sigma. NMR and liquid chromatography were
used to confirm the identities of the reaction
products and purity following FM1000 synthesis.
Critical micelle concentration (CMC) and dynamic
surface tension (DST) at the air/water interface
were determined on a Teclis® tensiometer. IgG
was acquired from Sigma. All formulations were
prepared in dilute neutral buffer or deionized water.
HPLC was performed using an Agilent InfinityLab®
Poroshell EC C18 column running 0.1% aqueous
formic acid and THF as the two phases.

(a-c) Agitation in glass vials. (d-f) agitation in IV bags. (a) Percent monomer remaining after 24 hrs
agitation. (b,c) SEC traces leading to data in (a). (d) Percent monomer (black), dimer (red), trimer
(blue), and multimer (green) remaining after agitation. (e,f) ) SEC traces leading to data in (d). The IV
bag control lost about 50% of its protein content.

Figure 2: Surfactant concentration effects on protein stability
against agitation. FM1000 leads to a 2-3x reduction in surfactant
required to maintain a given degree of agitation.
(a) Images of 20 mg/mL IgG in saline vials after 24 hrs agitation. (b) Hydrodynamic radius of
formulations after agitation as a function of surfactant concentration. (c) Calculated concentration of
surfactant required to keep hydrodynamic radius at a given arbitrary size.
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ON-GOING WORK
We are continuing to further explore the interactions
between FM1000 and different surfaces, gaining
understanding of how proteins and surfactants will
compete for different surfaces, evaluating applications in
both container/closures and processing steps.
Interested in evaluating FM1000 in your formulations? Be
in touch! We’d love to hear about your challenges and
how we might enable you to have higher throughput
processes and more stable formulations.
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A novel surfactant, FM1000, has been developed, derived
from inert building blocks. We have studied the
fundamental properties of the FM1000 and compared its
behavior to conventional excipients Polysorbate 80,
Polysorbate 20, and Poloxamer 188. FM1000 stabilizes an
air/water interface 1-2 orders of magnitude faster than
conventionally-used excipients, both alone and in the
presence of IgG. This faster equilibration leads to a more
efficient stabilization of model biologic proteins: 2-3x less
FM1000 can be used to achieve comparable performance
and the rate of aggregation can be reduced 2-3x with
comparable surfactant concentration. Additional data (not
shown) demonstrates that FM1000 is more stable to
hydrolysis, esterase activity, and serum than polysorbate.
The data in total suggest that this novel surfactant could
be a promising new material for improving the shelfstability of antibody-derived biopharmaceuticals.

