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ABSTRACT

Despite the greater adjuvant activity of aluminum hydroxide at smaller particle size, nanoparticles suspension of
aluminum hydroxide has low stability due to ease particle aggregation. In an attempt to find approaches to
produce aluminum hydroxide nanoparticle suspension with high stability, a study was undertaken of the effect of
stabilizers on the physical stability and protein adsorptive capacity. Three types of stabilizers, i.e., trehalose,
polyvinyl alcohol, and sodium polyphosphate at various concentrations were investigated. Aluminum hydroxide
nanoparticles were synthesized by precipitation-homogenization method using aluminum chloride and sodium
hydroxide solution. The physical stability of suspension was evaluated by measuring the decantation degree. The
protein adsorptive capacity of aluminum suspension was evaluated using BSA as a model antigen. The results
indicated that the physical stability and protein adsorptive capacity of aluminum suspension was highly
depended on stabilizer type and concentration. Sodium polyphosphate seems to be most suitable stabilizer of

aluminum hydroxide nanoparticles suspension.
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I. INTRODUCTION

Aluminum hydroxide (AH) has been
widely used as vaccine adjuvant for decades due to
its favorable safety profile. AH adsorb antigens of
vaccine on the surface and inside of particles, submit
the reposited antigens to the immune cells and
promote interactions between antigens and immune
cells for long duration to induce immune responses
[1]. AH is chemically crystalline aluminum
oxyhydroxide, AIOOH. It is prepared by mixing an
aluminum solution, usually AICI; or AIK(SO,),,
with sodium hydroxide. AH is composed of
nanoscale primary particles. When dispersed in
aqueous solution, the primary nanoparticles tend to
aggregate and form larger microparticles (1 to 20
Hm) [2-3].

In recent vyear, several studies have
demonstrated that the smaller nanoparticles showed
more potent adjuvant activity than larger particles
[4-6]. Our previous study also revealed that AH
nanoparticles of 243 nm has better adjuvant activity
compared to that of the traditional AH of around
5.67 um [7]. Therefore, simply reducing the particle
size of AH adjuvant in suspension from micrometers
into nanometers represents a novel and effective
approach to improve the potency of AH particles as
vaccine adjuvant.
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A simple technique to disrupt the particle
aggregates is by homogenization [8]. The disrupted
particle aggregates could be possible to re-aggregate
due to strong hydrophobic interactions. Therefore,
addition of stabilizer to prevent re-aggregation is
required. In this study, we are focusing on finding
suitable stabilizer to improve the stability of AH
nanoparticles suspension. The effect of type and
concentration of stabilizer on the sedimentation
degree of AH nanoparticles was investigated
experimentally. Furthermore, since the presence of
stabilizer may influence the adsorption of protein
onto AH particles, the effect of stabilizer addition on
the protein adsorptive capacity was also studied.

Il. MATERIALS AND METHODS

2.1 Materials

Aluminium chloride hexahydrate (Merck),
sodium hydroxide (Merck), polyvinyl alcohol
(Merck), sodium polyphosphate (Merck), trehalose
(Sigma), bovine serum albumin (Sigma), and
Bradford protein assays (Thermo Scientific) were
obtained commercially. Commercial aluminum
hydroxide gel Alhydrogel® (Brentagg) was used as
AH standard product.
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2.2 Methods
2.2.1 Preparation of aluminum hydroxide
nanoparticles suspension

Aluminum hydroxide was synthesized by
precipitation method as described in previous study
[9]. An equal volume of a 3.6 mg/ml AlCI*6H,0
solution and a 0.04 M NaOH solution were added
into a glass vial, and a small volume of 0.01 M
NaOH was added to adjust the pH to 7.0. After 15
min of agitation at room temperature, particle
suspension was decanted and washed with distilled
water two times to remove soluble salt. Three types
of stabilizers, i.e., trehalose, polyvinyl alcohol and
sodium polyphosphate were added to the AH
suspension at various  concentrations, and
homogenized at 10,000 rpm for 1 hour to produce
nanoparticles suspension.

2.2.2 Stability test of AH nanoparticle suspension

The stability of AH nanoparticle suspension
at room temperature was evaluated by measuring the
sedimentation degree of suspension. 10 ml of each
sample was transferred to a test tube and kept at
room temperature for 15 days. The sedimentation
degree of AH nanoparticle in suspension was
measured at days 3 and 15. A blank sedimentation
degree of AH commercial product, AH
microparticle, and AH nanoparticle without any
stabilizer were also investigated.

2.2.3 Determination of protein adsorptive
capacity of AH nanoparticle suspension

The adsorption of protein (use BSA as a
model protein) on AH particles was carried out by
mixing the particles in suspension with the protein in
solution. Briefly, 0.2 ml of 10.000 ppm BSA
solution was added into a microtube, followed by the
addition of 1.8 ml of AH nanoparticles suspension.
After 20 min of gentle stirring at room temperature,
the protein-AH mixtures were centrifuged at 9.000
rpm for 15 min at 4°C. The supernatant were
collected and assessed for protein concentration by
Bradford assay method at the absorbance of 601 nm.
The amount of protein adsorbed to AH particles was
calculated by subtracting the amount of protein
remaining in solution from the amount of protein
added initially [10].

I1l. RESULTS AND DISCUSSION

In order to select suitable stabilizer for
improving AH nanoparticle suspension stability, we
examined the sedimentation degree of AH
nanoparticle which treated with several type of
stabilizers. The physical observation on suspension
stability at days 3 and days 15 is shown in Figure 1.
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Figure 1: Observation on suspension stability of AH
nanoparticle  without and with  stabilizers.
Observation at (A) days 3; (B) days 15. Samples: (1)
AH commercial; (2) AH microparticle; (3) AH
nanoparticle; (4) AH nanoparticle + sodium
polyphosphate 0.2%; (5) AH nanoparticle + sodium
polyphosphate 1.0%; (6) AH nanoparticle + sodium
polyphosphate 4.0%; (7) AH nanoparticle +
trehalose 0.2%; (8) AH nanoparticle + trehalose
1.0%; (9) AH nanoparticle + trehalose 4.0%; (10)
AH nanoparticle + PVA 0.2%; (11) AH nanoparticle
+ PVA 1.0%; (12) AH nanoparticle + PVA 4.0%.

It can be seen from Fig. 1 that the
commercial product of aluminum hydroxide has
excellent suspension stability (sample no 1). In
contrast of that, AH microparticle (sample no 2) and
nanoparticle (sample no 3) we prepared tend to settle
down even after 1 day. The addition of 3 types of
stabilizer gave different results. The sedimentation
was higher when trehalose and PVA were used.
The stability of AH nanoparticle suspension was
improved when sodium polyphosphate was used as
stabilizer.

Further evaluation on suspension stability
was carried out by quantitatively measuring the
volume fraction of suspension that settled down. The
results are shown in Table 1.

Table 1: Sedimentation degree of AH nanoparticle
suspension treated with various stabilizers

samples Sedimentation (%)
Days 3 | Days 15
1. AH commercial 0 0
2. AH microparticle 5.18 10.37
3. AH nanoparticle 7.76 12.98
4. AH nanoparticle + sodium 0 5.18
polyphosphate 0.2%;
5. AH nanoparticle + sodium 0 5.18
polyphosphate 1.0%
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6. AH nanoparticle + sodium 0 12.98
polyphosphate 4.0%

7. AH nanoparticle + trehalose | 5.18 33.68
0.2%

8. AH nanoparticle + trehalose | 31.10 36.29
1.0%

9. AH nanoparticle + trehalose | 15.55 28.49
4.0%

10. AH nanoparticle + PVA | 16.55 33.68
0.2%

11. AH nanoparticle + PVA | 25.92 41.47
1.0%

12. AH nanoparticle + PVA | 25.92 41.47
4.0%

Sedimentation degree of AH microparticle
and nanoparticle at days 3 was 5.18 and 7.76 %,
respectively. The sedimentation degree increased,
around twice higher at days 15. No sedimentation
was observed at days 3 when AH nanoparticle
suspension treated with sodium polyphosphate,
indicating that the suspension was stable. However,
the stability of suspension decreased slowly, in
which at days 15 the sedimentation degree of
suspension was 5.18 % at sodium polyphosphate
concentration of 0.2 and 1.0 %. The sedimentation
degree of suspension treated with trehalose and PVA
was higher compared to the non-treated one,
indicating that these type of stabilizers incapable to
stabilize the AH nanoparticle suspension.

One of main factor that influence the
adjuvant activity of AH particles is protein
adsorptive capacity. They may be most effective as
adjuvants when vaccine antigens are optimally
adsorbed to the surface of the AH particles [11]. The
presence of stabilizer in the particle suspension may
affect the interaction of AH particle and protein, the
effect of stabilizers on the protein adsorptive
capacity was evaluated. In this study, BSA was used
as protein model. The result is shown in Table 2.

Table 2: Protein adsorptive capacity of AH
nanoparticle suspension treated with various

stabilizers
Samples Protein a_dsorptive
capacity (%)
1. AH commercial 100.06
2. AH microparticle 87.67
3. AH nanoparticle 87.87
4. AH nanoparticle + sodium 96.88
polyphosphate 0.2%;
5. AH nanoparticle + sodium 98.88
polyphosphate 1.0%
6. AH nanoparticle + sodium 98.27
polyphosphate 4.0%
7. AH nanoparticle + trehalose 88.15
0.2%
8. AH nanoparticle + trehalose 88.55
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1.0%
9. AH nanoparticle + trehalose 87.85
4.0%
10. AH nanoparticle + PVA 87.83
0.2%
11. AH nanoparticle + PVA 88.52
1.0%
12. AH nanoparticle + PVA 89.43
4.0%
Protein  adsorptive capacity of AH

commercial product was 100%, whereas the AH
micro- and nanoparticle were around 88%. The
addition of sodium tripolyphosphate significantly
improved the protein adsorptive capacity, close to
the value of protein absorptive capacity of AH
commercial. The concentrations of sodium
tripolyphosphate used, however, were not linearly
related to the protein adsorptive capacity.
Meanwhile, the addition of trehalose and PVA as
stabilizers did not affected the protein adsorptive
capacity of AH particle, which was indicated by
their same value of protein adsorptive capacity.

IV. CONCLUSION

The stability of aluminum hydroxide adjuvant
can be improved by addition of stabilizer. Sodium
polyphosphate seems to be most appropriate
stabilizer, since it not only improve the suspension
stability but also increase the protein adsorptive
property. Further study on the effect of stabilizer
addition on immune response activity of AH
nanoparticle is required.
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