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About the cover: Molecular computational docking study-discovery of a new pyrazole derivative (LQFM 021), a
possible phosphodiesterase-3 (PDE-3) inhibitor with vasorelaxant activity and low toxicity. The crystal structure
of human PDE-3 was retrieved from the Protein Data Bank. This Figure shows the major energetically favored
binding clusters of LQFM 021 in the active sites of PDE-3. The 3D representation of PDE-3 structures with select
amino acid residues are shown as lines (the carbon atoms are in gray). The LQFM 021 is shown as sticks (the car-

bon atoms are shown in green). The green dotted lines denote hydrogen bonds. See the article by Ramos Martins et
al. on page 524 of this issue.
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Effects of Phosphate Buffer in Parenteral Drugs on Particle Formation
from Glass Vials

Toru Ogawa,** Makoto Miyajima,’ Naoki Wakiyama,® and Katsuhide Terada’

“Formulation Technology Research Laboratories, Daiichi Sankyo Co., Ltd.; 1-12—1 Shinomiya, Hiratsuka, Kanagawa
254—0014, Japan: and ® Faculty of Pharmaceutical Sciences, Toho University; 2-2—1 Miyama, Funabashi, Chiba
274-8510, Japan.

Received November 27, 2012; accepted February 12, 2013; advance publication released online February 18, 2013

The characteristics of inorganic particles generated in glass vials filled with phosphate buffer solu-
tions were investigated. During storage, particles were visually detected in the phosphate buffer solution in
particular glass vials which pass compendial tests of containers for injectable drugs. These particles were
considered to be different from ordinal glass delamination, which has been reported in a number of papers
because the particles were mainly composed of Al, P and O, but not Si. The formation of the particles accel-
erated at higher storage temperatures. Among the surface treatments tested for the glass vials, sulfur treat-
ment showed a protective effect on the particle formation in the vials, whereas the SiO, coating did not have
any protective effects. It was found that the elution ratio of Al and Si in the solution stored in the glass vials
after the heating was similar to the ratio of Al and Si in borosilicate glass. However, the Al concentration
decreased during storage (5°C, 6 months), and consequently, particle formation was observed in the solution.
Adding citrate, which is a chelating agent for Al, effectively suppressed the particle formation in the heated
solution. When 50 ppb and higher concentrations of Al ion were added to the phosphate buffer solution, the
formation of white particles containing Al, P and O was detected. It is suggested that a phosphate buffer
solution in a borosilicate glass vial has the ability to form particles due to interactions with the Al that is

eluted from the glass during storage.

Key words

The primary packaging system for a sterile drug product
should provide adequate protection against any contamination
from the external environment, and this protection should be
assured during the entire shelf life of the product. In contrast,
particularly for liquid, injectable drugs, components of the
drugs are always in contact with the surface of the packaging
component during storage. Therefore, during the course of
formulation development of injectable drugs, it is essential to
evaluate the physicochemical compatibility between the drug
formulation and the packaging components to select appropri-
ate primary packaging systems."?

Among the packaging materials that are compatible with
injectable drug solutions, glass containers, such as vials or
ampoules, have been widely chosen and used. For paren-
teral drug products, borosilicate glasses (Type 1) composed
principally of silicon dioxide and boric oxides and soda-lime
glasses composed of relatively high levels of sodium oxide
and calcium oxide are used. Borosilicate glasses in particular
are known to have a good chemical durability and are used
commonly in the pharmaceutical industry as the primary con-
tainer. However, these glass containers, even when made from
borosilicate glasses, will unavoidably suffer some undesirable
events from being in contact with the drug solutions in long-
term storage. In certain cases, insoluble particle formation
occurs in glass containers when drug products are stored in
glass containers. The formation of insoluble particles is one
of the most critical incidents for pharmaceutical companies,
resulting in recalls of their drug products from the market. To
avoid these incidents, many researchers have investigated the
causes of particle formation in glass containers, and glass vial
manufacturers have developed several types of glass surface

The authors declare no conflict of interest.

*To whom correspondence should be addressed. e-mail: ogawa.toru.ir@daiichisankyo.co.jp

.

aluminum; borosilicate glass; tubing vial; aluminum phosphate complex

treatment techniques. For example, sulfur treatment is known
to prevent some particle formations caused by increasing pH
of the drug solution. Otherwise, SiO, coating can suppress the
contact between solution and glass surface containing some
cations richly. However, these techniques are not enough to
avoid particle formations thoroughly, because the mechanism
of the particle formation is not completely understood.”

Some researchers have reported that water can collapse
the composition of glass under extreme conditions, and bo-
rosilicate glass is no exception.* In addition to water, other
elements in drug solutions are known to induce the collapse
of glass surfaces. Ennis er al.'” evaluated the tendencies of
delamination from borosilicate glass vials based on the fact
that the cidofovir injectable drug product formed glass delami-
nation, and they concluded that the high pH of the solution
enhanced the corrosive attack on the inner surface of the glass
container, resulting in delamination. Iacocca et al.'"'? also in-
vestigated causes of glass delamination using some drug prod-
ucts with borosilicate glass vials, suggesting a scheme of cor-
rosive attacks by the drug solution on the glass surface, which
relates to the delamination. From these reports, the corrosive
attacks by drug solutions on glass surfaces have induced de-
lamination, and their study results are expected to eliminate
the delamination potential of injectable drugs during future
drug development. However, there are some reports of particle
formation involving a mechanism other than delamination."”
In addition to delamination, it is necessary to address the
other particles that are formed as the result of interactions
between the inner surface of the glass and the drug products.

Phosphate buffers are often present in injectable drug prod-
ucts, especially biological drugs, because the components of
phosphate buffer are abundantly present in the human body,
and phosphate ions have a wider range of buffering ability

© 2013 The Pharmaceutical Society of Japan
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than other buffer solutions. However, it is empirically known
that phosphate buffer is incompatible with glass vials and
that particles are formed. However, no research papers have
been found that thoroughly investigated this incompatibility
of phosphate buffer with glass vials. Therefore, evaluating the
suitability of phosphate buffer and glass containers is expected
to provide useful information for future drug manufacturing,

In this study, we investigated the characteristics of the
insoluble particles that formed from the interactions of phos-
phate buffer solution and borosilicate glass.

Experimental

Materials Dibasic sodium phosphate, monobasic sodium
phosphate, sodium chloride, citric acid and sodium citrate
were all special-grade reagents and were purchased from
Kanto Chemical (Tokyo, Japan) or Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). Polysorbate 80 was JP, USP-
NF and Ph. Eur compendium quality and was purchased
from CRODA International (East Yorkshire, U.K.). The other
chemicals were all commercially available, reagent-grade
chemicals. All water used in this study was ultrapure water
supplied by an ultrapure water system (Millipore, Billerica,
MA, U.S.A).

Borosilicate (Type I) tubing glass vials (colorless, 10mL)
were obtained from three manufacturers (suppliers A, B and
C) of glass vials. The glass vials are manufactured from glass
tubes supplied by Nippon Electric Glass (Shiga, Japan). Plas-
tic vials (Daikyo Crystal Zenith (CZ) resin, colorless, 10mL)
were obtained from Daikyo Seiko (Tokyo, Japan).

For rubber closures, S10-F6, D777-1 and RB2-40 closures
were obtained from Daikyo Seiko.

Phosphate Buffer Preparation All phosphate buffer
solutions (16 or 20mm) were prepared by dissolving dibasic
sodium phosphate and monobasic sodium phosphate in water
and adjusting the pH to 7 with sodium hydroxide solution (I N
or 0.1N). All of the buffer solutions contained 0.9% sodium
chloride, which served as a tonicity agent. If necessary, poly-
sorbate 80 (0.02%) was added to the solution.

Preparing Phosphate Buffer with Aluminum (Al) Ions
The given concentration of Al ions was prepared by diluting
an Al standard solution for inductively coupled plasma (ICP)
1000mg/L (Kanto Chemical) or an aqueous solution of alumi-
num chloride hexahydrate (0.895g/L; 100ppm as Al) with the
buffer solution. To eliminate the amount of Al eluted from a
glass vial, these solutions were stored in CZ plastic vials.

Preparing Phosphate Buffer with Various Concentra-
tions of Citrate Mixtures of phosphate buffer and citrate
buffer were prepared from 16mwm phosphate buffer solution
and 16mwm citrate buffer solution. Phosphate buffer solution
containing 0.9% sodium chloride and 0.02% polysorbate 80
was prepared as described above. Citrate buffer solution was
also prepared by dissolving citric acid, sodium citrate, sodium
chloride (0.9%) and polysorbate 80 (0.02%) in water and ad-
justing the pH to 7 with sodium hydroxide (In or 0.1n). The
two buffer solutions were mixed to make citrate buffer con-
centrations of 0.16, 0.33, 0.66 and 3.3 mm.

Filling and Storage of the Sample Solution Rubber
closures and plastic vials were washed with water and then
autoclaved in a steam sterilizer (HV-25, Hirayama, Saitama,
Japan) at 121°C for more than 30 min. Glass vials were washed
by water and then heat sterilized in a clean oven (DRC633FA,

Vol. 61, No. 5

Advantec, Tokyo, Japan). Sample solutions were filtered by
a 0.22 um Millex GV Durapore membrane filter (Millipore);
then, 10mL was added to each vial in a clean bench, and
the vial was immediately stoppered and capped. Each filled
sample was stored at the given conditions or heated to given
conditions in the steam sterilizer.

Treating Particles with Citric Acid To confirm whether
the particle contained Al, a 1M citric acid aqueous solution
was added to the vial that contained the particles, and the vial
was stored at 40°C for 2days. The final citrate concentration
in the vial was 20mwm.

Visual Inspection Each sample vial was inspected for
insoluble particulate matter under a 5000 lux light condition.

Inductively Coupled Plasma (ICP) Analysis Al and Si
concentrations were measured using ICP optical emission
spectrometry (ICP-OES) (VISTA-PRO, Seiko Instruments,
Chiba, Japan). To avoid effects of precipitating particles on
measurement, each sample solution was filtered through a
0.45um Millex HV Durapore membrane filter (Millipore)
prior to the measurement. The filtrates were transferred into a
polypropylene 15mL plastic tube (Becton Dickinson, Franklin
Lakes, NJ, U.S.A.). Standard solutions (0.02-0.50ppm for Al
and 0.2-10ppm for Si, respectively) were prepared by serial
dilution of an ICP standard 1000mg/L of multi-element IV
(including Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, In,
K, Mg, Mn, Na, Ni, Pb, Sr, Tl and Zn) and an ICP standard
1000mg/L of Si (Merck, Darmstadt, Germany) with 0.9%
sodium chloride solution. The nominal detection wavelength
for analysis was 396.152nm for Al and 251.611 nm for Si.

Microscopic Observation Each sample solution that con-
tained the particles was filtered by a 0.45um nitrocellulose
filter (HABGO045, Millipore). After the filter was washed twice
with equal volumes of water and sample solution and dried in
ambient air, it was then observed with a digital microscope
(VH-Z100UW and VHX-1000, Keyence, Osaka, Japan) at
200-fold magnification.

Scanning Electron Microscopy (SEM) and Energy Dis-
persive X-Ray Spectrometry (SEM-EDX) Observation
Each sample solution that contained the particles was also
filtered by a 0.45 um silver filter (AG4502550, Millipore). The
filter was washed twice with equal volumes of water and the
sample solution and dried in ambient air and was observed
and analyzed with SEM-EDX (JSM-5600LV JED-2140, JOEL,
Tokyo, Japan).

Results and Discussion

The Observation of Particles in Phosphate Buffer in
Glass Vials during Storage and an EDX Analysis of the
Particles Table 1 shows the results of a visual inspection of
the vials filled with phosphate buffer solution after storage at
40°C. The phosphate buffer solution (16mm, containing 0.02%
polysorbate 80) simulated the placebo solution of a biological
drug, and it was stored in glass vials manufactured by sup-
plier A. Particles were detected in one of 10 vials after storage
for 3 months, in 8 of 10 vials after 4 months and finally in
all 10 vials after 6 months. These particles were transparent
and reflected light irregularly. They were also observed as
flakes in some of the vials because of their thinness (Fig. 1).
With digital microscopic observation, numerous particles were
found on the filter captured from one vial (Fig. 2).

These particles were also analyzed using EDX. The spectra
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Table 1. Results of a Visual Inspection of Phosphate Buffer Solution in
the Glass Vials Stored at 40°C

Storagl pafioe Vials detected particles/vials

inspected
2 months 0/10
3 months 1/10
4 months 8/10
6 months 10/10

Fig. 1. The Flake-Like Particles of Phosphate Buffer Solution in a
Glass Vial

Phosphate buffer was 16mm, pH 7 and was contained 0.9% sodium chloride
and 0.02% polysorbate 80. This photograph was taken after storage at 40°C for 6
months.

showed that the particles were mainly composed of aluminum
(Al), phosphorus (P), and oxygen (O) (Fig. 3a). Because the
rubber closure used in this study was Al-free, the source of
Al should be the borosilicate glass vial used as a container for
the sample. It is suggested that the particles were formed as a
result of interactions between eluted Al ions from the surface
of the glass vials and the phosphate ions in the solution.

A number of research articles regarding flake-like particles
from drug solutions stored in glass vials have reported that
the particles were generated by delamination of glass and that
the delaminated particles are rich in silicon (Si) and O.'%!V
However, the particles detected in this study mainly contained
Al and P, suggesting that these particles were different from
the ordinal delaminated particles reported in previous articles.

We have observed the interior of the vial which contained
the particles (stored at 40°C for 6 months) using SEM, as re-
ported by lacocca and Allgeier'” and Wen et al.'¥ However,
no pitting was observed at the vial sidewall at 0 to 10mm
from bottom (data not shown). These data also suggest that
the particles formation in this study has little correlation with
delamination due to corrosive attack at glass surface.

Boddapati et al'’ reported the phenomenon that barium
(Ba) from borosilicate glass and sulfate ions from a drug for-
mulation interacted, resulting in barium sulfate (BaSO,) gen-
eration. The formation of Al-phosphate complexes proposed

541

Filtrating surface

Fig. 2. The Flake-Like Particles from Phosphate Buffer (16mm) Solu-
tion Stored at 40°C in a Glass Vial, Captured by Filters

(a) The particles captured and observed with digital microscope, and (b) the par-
ticles captured and observed with SEM.

in this study is considered to be a similar phenomenon to the
barium sulfate generation process.

Phosphate salts with some cations including aluminum were
known to be very insoluble. For example, solubility products
of aluminum phosphate, magnesium phosphate and calcium
phosphate are 9.84x107%!, 1.04x10* and 2.07X10 %, respec-
tively."” Besides, Al-phosphate complexes have been known
to be complexes of phosphate ions, Al ions and water with
various ratios'®'” and some of Al-phosphate complexes are
thought to be remarkably insoluble in neutral solution as well
as aluminum phosphate.

For therapeutic use, the precipitations of Al-phosphate
complexes are commonly manufactured by mixing phosphate
buffer and aluminum chloride for adjuvants in vaccines.'$?"
However, the Al-phosphate complex formation in other inject-
able drugs is unacceptable because these insoluble particles
have the ability to harm the patient’s veins. In particular, for
development of antibody drugs, particles are a concern for
biopharmaceutical manufacturers and regulatory officers?”
based on reports that particles in protein drugs may serve as
nuclei triggering the aggregation of the protein, increasing
the risk of immunogenicity,” > and that particles may also
enhance the immunogenicity of the protein drug by them-
selves.” Therefore, the phenomenon of particle formation
from the storage of phosphate buffer solution in glass vials
induced by interactions of the phosphate ions with Al eluted
from the vial should be completely prevented in the field of
injectable drug products.
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Fig. 3.

EDX Chart Spectrum of (a) the Flake-Like Particles from Phosphate Buffer (16mm) Solution Stored at 40°C in a Glass Vial, and (b) White

Particles from Phosphate Buffer Solution (16 mm) with the Addition of 100 ppb of Al Tons

Ag (silver) was both detected due to silver filters as background.

Table 2.

Results of Visual Inspection of Phosphate Buffer Solution in Various Treatments of Glass Vials

Solution Storage temp. Storage period

Vials detected particles/vials inspected

Nontreated vial Sulfur-treated vial SiO,-coated vial

40°C 3 weeks
6 weeks
8 weeks
3 weeks
6 weeks
8 weeks
3 weeks
6 weeks
8 weeks
3 weeks
6 weeks
8 weeks
3 weeks
6 weeks

Phosphate buffer with
polysorbate 80

60°C

80°C

Phosphate buffer with- 40°C

out polysorbate 80
60°C

8 weeks
80°C 3 weeks
6 weeks

8 weeks

0/10 0/10 0/10
0/10 0/10 0/10
0/10 0/10 0/10
0/10 0/10 0/10
5/10 0/10 7/10
8/10 0/10 10/10
0/3 0/3 0/3
3/3 2/3 3/3
3/3 2/3 3/3
0/5 0/5 0/5
0/5 0/5 0/5
0/5 0/5 0/5
0/5 0/5 0/5
2/5 0/5 2/5
3/5 0/5 3/5
0/5 0/5 0/5
5/5 0/5 3/5
5/5 3/5 5/5

Effect of Temperature, Surface Treatment and Polysor-
bate 80 on Particle Formation in Phosphate Buffer As
described in a previous section, Al-phosphate complexes
form during the storage of phosphate buffer solution in glass
vials. In this section, the effects of the temperature, surface
treatment and addition of polysorbate 80 on the formation
of Al-phosphate complexes were evaluated. To compare the
differences of surface treatment, we used sulfur-treated vial,
SiO,-coated vial, and nontreated vials which are treated and
supplied by the same supplier (supplier B).

Phosphate buffer solutions (16 mm, with or without 0.02%
polysorbate 80) were placed in the three types of vials and
then stored at 40, 60 or 80°C for up to 8 weeks. After storage,
the particle formation was investigated visually. These results
are shown in Table 2. Under the storage condition at 40°C for
up to 8 weeks, no particles were detected. At 60°C, particles
were detected in the nontreated vial and the SiO,-coated
vial for 6 weeks or longer. At 80°C, most samples contained

particles. The results strongly indicate that the tendency for
particles to form depends on the temperature. In addition,
the results indicated that sulfur-treated vials did not produce
any particles at 60°C, in contrast with nontreated vials and
SiO,-coated vials. This suggests that sulfur treatment might
have some effect on suppressing the particle formation. Sulfur
treatment has been known to have two effects: it can restrain
the alkali elution from the surface of a glass vial due to deal-
kalization,”*® but it can also pit the surface of the vial and
thus enhance delamination.'“*” Considering the fact that sul-
fur treatment suppressed the particle formation, dealkalization
might have an effect on the suppression of particle formation.
In contrast, SiO, coating is also known to protect the surface
from alkali elution,>'? however, no suppression effects of the
SiO, coating on the particle formation were shown in this
study.

The ratios of the particle detection with and without the ad-
dition of 0.02% polysorbate 80 were only slightly different. In
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The Al and Si Concentrations of the Phosphate Buffer Solution in the Glass Vials

(A) After terminal sterilization (n=10)

(B) Stored at 5°C for 6 months after the

(C) Added citrate (20 mm) into the sample
after the storage (B) and then stored at

i terminal sterilization (A) (n=2)" 40°C for 2days (1=2)
Al (ppm) Si (ppm) Al (ppm) Si (ppm) Al (ppm) Si (ppm)
Supplier A (Lot 1) 0.23+0.02 2.2+0.1 0.02+0.00 23+0.2 0.23+0.02 2.2+0.1
Supplier A (Lot 2) 0.17%0.02 1.8+0.2 0.02+0.00 1.7+0.2 0.100.04 15802
Supplier C 0.33+0.01 3.3+0.1 0.02+0.00 3.3+0.1 n.t. n.t.

Each number represents average +standard deviation. a) Particles were detected in all the samples stored for 6 months after the terminal sterilization. n.t.: not tested.

this study, we used 0.02% polysorbate 80, which is considered
to be the standard amount used as a surfactant for biological
drugs. From these results, polysorbate 80 appears to have little
influence on the particle formation.

The Correlation of the Particle Formation and Al and
Si Concentration during Storage after Extraction To con-
firm if the particle formation has a correlation with Al elution,
we measured concentration of Al in phosphate buffer in glass
vials after an intentional elution (i.e. extraction). At that time,
we also measured the concentration of Si, which is known as
indicator of delamination.'” This extraction was conducted at
a high temperature for short time (121==1°C, 10min) to keep
the concentrations from any undesirable effects during ex-
tracting.

Phosphate buffer solutions (16 mm, with 0.02% polysorbate
80) were placed in nontreated vials manufactured by suppli-
ers A and C. The filled vials were heated (121+1°C, 10min)
in a steam sterilizer, and then the vials were stored at 5°C
for 6 months. The results of a visual inspection of the sample
after storage showed that all of the vials obviously contained
particles. The Al and Si concentrations in the samples before
and after storage evaluated using the ICP method are shown
in Table 3. The ratio of Si to Al of the sample just after the
heating was approximately 10:1 in all tested samples (Table
3A). Both glass vials used in this study were made of borosili-
cate glass tubing manufactured by Nippon Electric Glass. The
amount of SiO, and Al,O, in the glass from Nippon Electric
Glass is 70-75% and 5-10%, respectively, and this formula-
tion means that the ratio of Si to Al as an atomic element is
estimated to be approximately 6 to 13. The ratio of approxi-
mately 10 is quite similar to the ratio of the Si/Al concentra-
tion just after the heating, suggesting that both Si and Al were
eluted from the glass vials in ratios similar to composition of
the borosilicate glass, regardless of supplier. In contrast, for
the sample stored at 5°C for 6 months (Table 3B), although the
Si concentration did not change before and after the storage,
the Al concentration decreased during the storage. The results
suggest that the Al eluted from the glass vial after the heat-
ing would precipitate during storage, thus decreasing the Al
concentration.

To confirm whether the decrease in the Al concentration
was induced by precipitation, a 20mm citric acid aqueous
solution was added to the vials containing the particles (Table
3B), and these vials were stored at 40°C for 2days. As a con-
sequence, the Al concentration increased from adding citric
acid, although the Si concentration did not increase (Table
3C). The results confirmed that the particles that contained Al
and that were formed in the phosphate buffer after the heating
were dissolved again, fully or partially, by adding citric acid.
Although the reason for the dissolution of the particles was

not revealed, it is speculated that citric acid might work as a
solubilizer due to its chelating ability, as described in the fol-
lowing section.

These results strongly suggest that the particles detected
during the storage after the heating were precipitates contain-
ing Al ions that were eluted from the glass vial.

The Effect of Citrate Buffer on Particle Formation As
described above, the particles formed in phosphate buffer so-
lution stored in glass vials were considered to be complexes
formed by interactions between Al ions that were eluted from
the glass vial and phosphate in the buffer. In this section,
an evaluation of the suppression of particle formation in the
phosphate buffer was performed using various concentrations
of citrate, which is known to chelate Al ions.>® The solutions
were placed in nontreated glass vials manufactured by sup-
plier B, and heating was conducted at 105 or 121°C for 10 or
240min, and the vials were then stored at 5°C for 2 months.
The results showed that all phosphate buffer solutions without
citrate contained particles, except under the heating condition
of 105°C for 10min, which was the mildest of all of the heat-
ing conditions. In contrast, no particles were found in any of
the phosphate buffer solutions containing citrate. It is shown
that the mixing of citrate buffer, even at the low concentra-
tion of 0.16 mm, which was merely 1% of the phosphate buffer
concentration, was effective to suppress the particle formation
in the phosphate buffer.

Figure 4 shows the Al and Si concentrations of the samples
that were stored at 5°C for 2 months. For the Al concentra-
tion, there appeared to be a significant difference between the
samples with and without citrate buffer addition in contrast to
the Si concentration, which did not change. Considering the
results of the previous section in which the Al concentration
just after the heating was approximately one-tenth that of the
Si concentration and decreased during storage, the Al con-
centration in the phosphate buffer solution including citrate
did not change during storage. The strong effect of citrate on
suppressing both the decrease of the Al concentration and the
formation of particles in the phosphate solution is thought to
be due to the chelating affinity of citrate for AL

The Effect of Adding Al Ions to the Phosphate Buffer
on the Particle Formation To confirm that the formation
of particles resulted from the interaction of eluted Al ions and
phosphate buffer, a given amount of Al ions was added to
phosphate buffer stored in CZ plastic vials. In addition, visual
inspection and Al concentration measurements of the phos-
phate buffer solution were performed.

For the preliminary study, 25-1000ppb of Al ions, which
was prepared from ICP standard solution, was added to the
phosphate buffer solution (16 mm, with 0.02% polysorbate 80),
and each solution was placed in a CZ plastic vial and then
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Fig. 4. The Concentrations of Al (Top) and Si (Bottom) in the Phos-
phate Buffer Solution with/without Citrate Buffer in Nontreated Vial
Manufactured by Supplier B, Terminal Sterilized at Various Conditions
and Then Stored at 5°C for 2 Months

stored at 5°C. As shown in Table 4, both the phosphate buffer
without additional Al ions and the phosphate buffer containing
25ppb of added Al ions did not form particles, even after 25
weeks in storage. In contrast, the addition of 50ppb or more
of Al produced white particles. The white particles were not
recognized as flakes, however (data not shown). The EDX
analysis of the particles that were acquired from the phosphate
buffer with 100ppb of Al ions (Fig. 3b) showed Al, P and
O, as well as the result shown in Fig. 3a. The particles from
this Al spiking study did not have flakes-like morphology
which was observed in the glass vial containing phosphate
buffer solution during storage (Fig. 1), however, the result that
compositions of these two types of particles had the similar
composition (Al, P and O) suggests Al-phosphate particles are
formed in phosphate buffer with aluminum ion regardless the
materials of vial container. In addition, these results also sug-
gest that the addition of 50ppb of Al ions in phosphate buffer
solution has the ability to form a detectable amount of par-
ticles for this study condition. The reason why these particles
have different morphologies is thought to be due to difference
in increasing rate of Al ion in the solution.

Particle formation by Al addition into the phosphate buffer
solution was evaluated further. Al ions, 25-500ppb prepared
from aluminum chloride, were added to the phosphate buffer
(20mm, without polysorbate 80) solution, and the solutions
in CZ plastic vials were then stored at 5°C for a month. The
results of visual inspection are shown in Table 5 (first row).
White particles were detected in all samples with the addition
of 100-500ppb of Al ion and in 1 of 3 samples containing

Vol. 61, No. 5

Table 4. Interaction of Al Tons (0-1000 ppb) with Phosphate Buffer Solu-
tion in CZ Plastic Vials Stored at 5°C

Amount of Al ions Particle (white particle)

Storage period

added detection
0 2 weeks No
3 weeks No
4 weeks No
25 weeks No
25 2 weeks No
3 weeks No
4 weeks No
25 weeks No
50 2 weeks No
3 weeks No

4 weeks Detected
100 2 weeks No
3 weeks No

4 weeks Detected
200 2 weeks No
3 weeks No

4 weeks Detected
1000 2 weeks No
3 weeks No

4 weeks Detected

50ppb of Al ions. With the addition of 25ppb of Al ions, par-
ticles were not detected.

Each sample of the tested vials was filtered through a
0.45um filter, and the Al concentration of the filtrate was
measured. The results of the measurement are shown in Table
5 (second row). The concentration of each sample was in the
range of 11-29 ppb, regardless of the amount of added Al.

The concentrations are speculated to represent the solubil-
ity of the Al-phosphate complexes at 5°C, and the difference
between the measured Al concentration in the sample and the
added Al concentration is considered to represent the amount
of precipitate present as Al-phosphate complexes. Each dif-
ferential value subtracting the amount of Al added from the
amount of Al measured is shown in Table 5 (third row). Since
it was confirmed that neither the plastic vials nor the rubber
closures elute Al under this study conditions (data not shown),
the amount of spiking of Al ion must be a total content of Al
in each sample. When 50ppb of Al was added to phosphate
buffer solution, only 1 of 3 samples contained detectable
particles (Table 5 first row) and the differential value at that
time was 33ppb. On the other hand, when 100ppb of Al was
added, all of 3 samples contained detectable particles and the
differential value was 81ppb. From these results, this differ-
ential value suggests to indicate detectable insoluble particles
and also suggests to have a limit for visual-detectable particles
in between 14 ppb and 81 ppb, in the case of this study.

From these results, it is strongly suggested that the Al-con-
taining particles in the phosphate buffer result from the pre-
cipitation of Al-phosphate complexes, which have a very low
solubility. We have not encountered the formation of particle
containing Al, P and O in glass vials during the storage at 5°C
which is usual storage condition for biological drugs, however,
it is thought the particles would be formed during the storage
at even 5°C as long as there are certain amounts of Al in the
phosphate buffer solution.
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Table 5.
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Interaction of Al Ton (25-500ppb) with Phosphate Buffer Solution (20mm) in CZ Plastic Vials Stored at 5°C for a Month

Amount of Al ions added

25ppb 50ppb 100 ppb 250 ppb 500 ppb
Vials detected particles 0/3 1/3 3/3 3/3 3/3
(white particle)/vials
inspected
Al concentration of the 11ppb 17 ppb 19 ppb 20ppb 29ppb
filtrate
Differential value sub- 14ppb 33ppb 81 ppb 230ppb 471 ppb

tracting the amount of Al
added from the amount
of Al measured

Conclusion

In this study, the characteristics of the generated inorganic
particles in borosilicate glass vials filled with phosphate buffer
solutions were investigated.

After storage at 40°C for 3 months or longer, flake-like
particles were detected by visual inspection in the phosphate
buffer solution held in the glass vials during storage. These
particles were considered to be different from glass delami-
nation because they were mainly composed of Al, P and O,
but not Si. The formation of the particles accelerated at the
higher storage temperature. Among the surface treatments
investigated on the glass vials, sulfur-treated vials showed a
protective effect on the particle formation; the SiO, coating
did not. It is found that the elution ratio of Al and Si in the
solution stored in the glass vial after the heating was similar
to the ratio of Al and Si in borosilicate glass. However, the Al
concentration decreased during storage at 40°C for 6 months,
and consequently, particle formation was observed in the solu-
tion. Adding citrate, which is one of the chelating agents for
Al, suppressed the particle formation in the heated solution
effectively. When 50ppb and higher concentrations of Al ions
were added to the phosphate buffer solution, the formation of
white particles containing Al, P and O was detected.

In conclusion, it is suggested that phosphate buffer solu-
tion stored in borosilicate glass vials has the ability to form
particles due to interactions with Al, which is eluted from the
glass vials during storage. To understand such phenomena
absolutely, it is necessary to evaluate the particle formations
quantitatively and eluting ability of phosphate buffer from
glass vials. We are currently performing this work. The re-
sults from this study will provide a number of pharmaceuti-
cal researchers working on drug formulation with additional
information about whether to use a phosphate buffer from the
perspective of particulate matter formation.
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