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When  performing  formulation  studies  for
biopharmaceuticals, investigation into the conditions
for inhibiting aggregate formation is required because it
is  known that aggregate formation in
biopharmaceuticals can cause serious side effects in the
human body such as anaphylaxis. Solution composition
is one such condition, yet it in itself comprises a wide
range of conditions which require investigation because
protein stability depends on combinations of pH,
additive types, and concentrations. Therefore,
evaluation that can be performed in a short time is
desirable when evaluating stability.

The Aggregates Sizer Aggregation Analysis System for
Biopharmaceuticals (referred to as Aggregates Sizer
hereafter) is wuseful for improving efficiency of
formulation studies because a large number of analytes
can be processed in the time taken to perform a single
measurement, which is only a few seconds. We here
introduce a study in which we confirmed the differences
in the ability of each additive to inhibit protein
aggregation, by using Aggregates Sizer to measure the
concentrations of aggregate formation in protein
solutions containing different additives that have
repeatedly been frozen and thawed.
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Samples and Measurement Method

Freeze-dried human gamma globulin was used. A total
of seven conditions were examined. Solutions of
phosphate-buffered saline (PBS; pH 7.4) and PBS with
pH changed to 5.8, 6.8, and 7.8 comprised four
conditions. Solutions of PBS containing an additive of
either 0.1% of polysorbate 20, 100 mM of L-arginine, or
100 mM of D-sorbitol comprised the remaining three
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conditions. Each of these seven solutions was used to
prepare sample solutions with protein concentrations
of 1 mg/ml.

In order to induce aggregate formation, sample
solutions were frozen in a freezer at-80 °C and thawed
in a water bath at room temperature (this process is
referred to as the FT cycle hereafter) repeatedly
16 times. Concentrations of aggregate formation were
measured after FT cycle 0 (prior to initial freezing), 1, 2,
4,8,and 16.

Measurements of the particle size distributions and
quantitative values were performed by the
quantitative laser diffraction method (gqLD method)
using Aggregate Sizer. Micro cells, as shown in Fig. 1,
were used. The refractive index of 1.46-0.10i and
density of 1.37 g/cm® were used for the calculation
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Fig. 2 Particle Size Distribution After the 16th FT Cycle
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¥ Results and Observations

Fig. 2 shows the particle size distribution of aggregates for each condition after the 16th FT cycle. We can see that
aggregate formation is occurring in the 0.2 pm to 10 um range.

Fig. 3 shows the concentration of aggregate formation in the 0.2 um to 2 um range and the 2 um to 10 um range for
each condition in Table 1. Regarding pH, we can see that lower values correspond to higher concentrations of
aggregates, indicating that changing the PBS to a higher acidity increases aggregate concentration. Regarding
additives, for polysorbate 20 and L-arginine additives the intensity of scattered light originating from aggregates was
less than the detection sensitivity and almost no aggregates were formed. For D-sorbitol, while aggregate formation
was observed, it was inhibited to approximately half compared to PBS only.

Fig. 4 shows the transition in the concentration of aggregate formation for each FT cycle with respect to the pH 5.8
condition. We can confirm that the concentration of aggregate formation increases with the number of FT cycles.

The above results show that Aggregates Sizer is effective for solution composition studies.

a) Mass Concentration Table 1 Concentration of Aggregate Formation After the 16th

" . FT Cycle for Each Condition

g: g:z Concentration of aggregate formation (ug/mL)
= 2 022 um 2-10 um
s 40 § 40 S
£30 L0 § Avg. SE Avg. SE
5 57 % PBS 1.44 0.04 20.10 0.95
10 10
. . O g\\ - pH5.8 2.85 0.20 57.40 4.25
8 ; ; ; g g8 2 E ; ; g g2 pH6.8 1.89 0.10 38.99 1.49
e e e & e e pH7.8 0.82 0.01 20.07 1.37
b) Number Concentration PS20 - - - -
s S oer Dso 1.07 0.12 9.93 226
§ E ** Measured withn =3
% §; ** Abbreviations in the table have the following meanings:
§ 108407 g 108407 PBS:  Phosphate-buffered saline (pH 7.4)
S < S pH 5.8 /pH 6.8 /pH 7.8: PBS with pH changed to the indicated values
008400 B N 008400 — N e — PS20: Polysorbate 20
2R aR8ERR 828R EF8 Arg:  L-arginine
e 22Xy <o e 2 2E g <O ’ )
a a a a o a Dso:  D-sorbitol
Fig. 3 Concentration of Aggregate Formation After the 16th * !’articlfas were not detected for P§20.and Arg bgcguse the scattered light
FT Cycle for Each Condition intensity was less than the quantitative lower limit.
Q(ug/mL)
100
- -V~ 0.2-10 pm
NF ¥ 0.2-2um
~ <t 2-10pm
80

/4
Z

Interval Concentration
w1
o

4 times

20
10
0 B T—
0 6

No.

Fig. 4 Transition in the Concentration of Aggregate Formation for the Number of FT Cycles with Respect to the pH 5.8 Condition

First Edition: Feb. 2017

For Research Use Only. Not for use in diagnostic procedure.
This publication may contain references to products that are not available in your country. Please contact us to check the availability of these

products in your country.

The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.

. . Company names, product/service names and logos used in this publication are trademarks and trade names of Shimadzu Corporation or its
S h Ima dZU CO rp0 rat on affiliates, whether or not they are used with trademark symbol “TM” or “®”. Third-party trademarks and trade names may be used in this
publication to refer to either the entities or their products/services. Shimadzu disclaims any proprietary interest in trademarks and trade names
www.shimadzu.com/an/ other than its own.

The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject
to change without notice.
© Shimadzu Corporation, 2017



