
©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 5173-5181 (2014)

Role of aluminum adjuvant in producing an 
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ABSTRACT. This study evaluated different dosage forms of 
aluminum adjuvant in generating allergic rhinitis animal models. Forty 
female BALB/c mice were assigned to four groups, including three 
dosage forms of aluminum adjuvant [powder, gel, and hydrosolvent 
of aluminum hydroxide, Al(OH)3] mixed with ovalbumin to simulate 
the symptoms of allergic rhinitis and one control group. Although the 
aluminum adjuvants were in different dosage forms, the content was 5 
mg after conversion in all groups. The fourth group was given normal 
saline instead as a control. Mice of the powder group displayed typical 
symptoms of allergic rhinitis. We also found discrete eosinophils 
in the nasal mucosa of mice from the hydrosolvent group; however, 
no eosinophils were found in the gel group. These two groups both 
displayed cytotoxic symptoms and foreign body granuloma. Aluminum 
adjuvant used in producing animal models can induce foreign body 
granuloma and other untoward reactions, which are associated with the 
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dosage level and form.
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INTRODUCTION

Immunoadjuvants are commonly used to reinforce the immunogenicity of an antigen 
in inducing an allergic rhinitis (AR) animal model. The ideal immunoadjuvant must promote 
the antigen to generate classical symptoms and pathological changes without inducing untow-
ard reactions. Because of their good adsorbability, aluminum adjuvants can be used to induce 
humoral immunity reactions and stimulate T-helper2 (Th2) cells to generate a high level of 
antibodies, and are thus the first choice as immunoadjuvants. However, different dosage forms 
and methods applying aluminum adjuvants have yielded different results in different experi-
ments. Inevitably, unexpected damage on organs will often disturb such studies. This study 
focused on the issue of using an aluminum adjuvant to establish an AR animal model and the 
comparison of three different dosage forms of aluminum adjuvant.

MATERIAL AND METHODS

Animals

The BALB/c mice were provided by the animal center of Capital Medicine Univer-
sity, and were maintained in a specific pathogen free environment. All forty mice were fe-
males in good health, 6 to 8 weeks of age, and ranged in weight from 17 to 24 g. This study 
was carried out in strict accordance with the recommendations in the Guide for the Care and 
Use of Laboratory Animals of the National Institutes of Health. The animal use protocol was 
reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of 
Capital Medicine University.

Grouping and establishment of AR animal model

We used 50 μg ovalbumin (OVA) blended with 5 mg different dosage forms of alu-
minum hydroxide [Al(OH)3] as a sensitogen to produce the animal models of AR (de Serres, 
1988). The forty mice were randomly assigned to four groups by the drawing lots method. 
The first group was treated with 50 μg OVA and 5 mg Al(OH)3 powder. The second group was 
treated with 50 μg OVA and 0.385 mL aluminum hydroxide gel. The third group was treated 
with 50 μg OVA and 0.125 mL injected aluminum. The fourth group was treated with 0.9% 
sodium chloride instead, and acted as the control group. The animal model was produced in 
two stages: sensitization and provocation. In the first stage, mice in the case groups (groups 1 
to 3) were injected with 50 μg OVA and 5 mg/mL Al(OH)3 through an enterocoelic injection 
every two days for a total of seven times while mice in the control group were treated with 
0.9% sodium chloride instead. The provocation stage started at the end of the sensitization 
stage. Mice in the case groups were nasally administrated 20 μL OVA in 10 μL 0.9% sodium 
chloride in each nasal cavity and the control group was administrated 0.9% sodium chloride 
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only. At the same time, we observed and recorded behaviors and symptoms. Twenty-four 
hours after the last provocation treatment, mice were scarified by cervical dislocation and the 
necessary tests were conducted.

Electron microscopy observations of pathology and transmission

The nasal cavities of mice were removed and were fixed in neutral methanol for 24 h. 
After using 10% EDTA for decalcification for 3 weeks, 4 μm nasal cavity coronal slices was 
embedded in paraffin and stained with hematoxylin and eosin (HE) for microscope observa-
tions. The abdominal cavities of all mice were observed for histopathological assessments.

The granulation tissue on the surfaces of the liver and spleen was observed through 
transmission electron microscopy in the second group of mice. Several 1 mm3 sections living 
tissue were immediately fixed in 2.5% glutaraldehyde, rinsed with phosphate-buffered saline 
(PBS), fixed in osmic acid, dehydrated in acetone step by step, embedded in EP-812, and then 
were made into ultrathin sections, stained with lead acetate and sodium citrate, and then fea-
tures were examined under a JME-1010 transmission electron microscope. At the same time, 
the chemical constituent of granuloma was examined by JEM-2100F industry transmission 
electron microscopy and energy spectrum analysis.

RESULTS

Physical examination and behavioral observations

The appearance of mice in the first group was normal, and after basic sensitization and 
challenging, the most frequently observed symptoms included nose scratching, rhinorrhoea, 
sneezing, and swelling of the mucosa around the nasal cavity. The mice in the second group 
showed enlargement of the abdominal region, slowed movement, dull fur, and these mice became 
thin and emaciated. Administration of celiocentesis resulted in hemorrhagic ascites (Figure 1A). 
However, this group did not show classic symptoms after sensitization and challenging. Interest-
ingly, 5 of the 10 mice of the third group showed ascites (Figure 1B) and their general conditions 
were better than those of the second group. In the sensitization stage, nose scratching and rhinor-
rhea were evident. The fourth group of mice (controls) showed no changes in behavior. 

Figure 1. A. Second group [Al (OH)3 gel] = Bloody ascites from the abdominocentesis. B. Third group [Al (OH)3 
hydrosolvent] = the chylia ascites.
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Observation of nasal mucosa under HE staining

In the first group [Al(OH)3 powder], there were abundant eosinophils aggregating at 
the lateral nasal walls and in the mucosa of the inferior turbinate (Figure 2A). Mucosa and 
goblet cells showed obvious proliferation and active secretion. Staining with Alcian blue-
periodic acid Schiff (AB-PAS) revealed a large quantity of acid mucopolysaccharides in gob-
let cells. Lymphocyte and neutrophil infiltration and the quantity of plasmocytes increased in 
the lamina propria. In the second group [Al(OH)3 gel], there were no eosinophils found in the 
nasal mucosa of the mice. Cilia were arranged in a disorderly manner and there were some 
coloboma in the nasal mucosa. In the third group [Al(OH)3 hydrosolvent], eosinophils were 
occasionally found in the nasal mucosa. In the fourth group (control), the nasal mucosa was 
intact and the ciliated epithelium lined up. There were discrete goblet cells and a small amount 
of eosinophils. The basement membrane was intact (Figure 2B).

Figure 2. A. First group [Al (OH)3 powder] = there were eosnophiles in the nasal inferior Turbinate (40X). B. 
Control group = the normal nasal cavity and nasal septum (40X).

Coelom pathological examination

In the first group, the mice showed normal activity and flesh fur. There were no ab-
normalities found in the examination of the viscera. In the second group, the structure of 
the hepatic lobule was clear, whereas foreign body granuloma emerged inside the tunication 
of the liver (Figure 3A). A granular gray substance was found in the granuloma cells and it 
showed a strong refraction (Figure 3B). Moreover, halos could also be seen around some of 
this substance. Similarly, the splenci cortex nodule atrophied, granuloma was found in the 
tunication of the spleen, and there were many neutrophils in the areas combined of the granu-
loma and spleen. Discrete polymorphonuclear macrophagocytes emerged in the splenic sinus. 
The structure of all levels of bronchia, alveola, and alveolar ducts were clear, but hyperemia 
of the alveolar septum capillary was obvious. A small amount of neutrophils and eosinophils 
were found in the bronchial mucosa. The structures of the glomerulus and renal tubule were 
clear. Early stage granuloma emerged in the retroperitoneum of the kidney. Except for some 
granuloma emerging in the lobule, the structure of the thymus was normal. In the third group, 
the focal granuloma was the same as that of the second group, and emerged in the liver, spleen, 
and kidney, and some lymphocytes and eosinophils were also found in the mesenchyme. In the 
fourth group, the pathological examinations of the liver, spleen, and kidney were all normal.
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JEM-1010 transmission microscope observations

Many phagocytes were found collected in the granuloma of the spleen and liver. In the 
cytoplasm, a large number of phagosomes emerged, whose single layer was full of phagocytosed 
substance (Figure 4A). There were two types of phagocytosed substances. One was observed 
under high magnification and was arranged in bundles, and the other was observed under low 
magnification and appeared as tiny particles. Around the phagocytes, the mitochondria were 
swelling and some of the mitochondrion ridges disappeared. Moreover, the double layer of some 
mitochondria disappeared and formed vacuole structures. Fibroblasts and several lymphocytes 
and phagocytes could be seen around the capillary in the granuloma tissue. There was a small 
amount of collagen fibers in the mesenchyme. The structure of the granuloma of the third group 
was similar to that of the second group except for a smaller amount of phagocytes.

Figure 4. A. JEM-1010 observation of the second group, the arrows pointed out the needle-like structure in the 
cytoplasm of phagocyte (5000X). B. Second group [Al (OH)3 gel] = JEM-2100F energy spectrum analysis of 
spleen, the foreign body in the sample showed peak value at aluminum.

Figure 3. A. Second group = many white nodules emerged in the liver. B. Second group = there were foreign body 
granulomas found inside of the tunication of liver.
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JEM-2100F energy spectrum analysis

The electron microscope analysis showed a peak value at aluminum. This demon-
strated that high magnification fine needles and oval substances and low magnification tiny 
particles both contained aluminum (Figure 4B).

DISCUSSION

Establishment of an animal model for AR is crucial for studying the mechanism of 
AR. The main principle of producing the animal model is that the induced symptoms and pa-
thology can be easily duplicated. As the basic step for AR functional studies, a successful ani-
mal model is determined by observations of the behavior of animals and histological changes.

OVA is a protein with good antigenicity and carrier activity. Although OVA also has 
immunogenicity, the addition of some adjuvants are still necessary to reinforce the immunoge-
nicity in establishing an animal model. Al(OH)3 is widely used in animal experiments owing to 
its nontoxic properties and good adsorbability. It can induce humoral immunity reactions and 
simulate Th2 cells to generate antibodies at high levels, and also satisfies safety requirements. 
At present, OVA+ Al(OH)3 is widely accepted as fundamental material for producing animal 
models around the word (Sehmi et al., 1997).

However, there are some problems associated with the use of Al(OH)3 as an adjuvant. 
The adjuvant should be able to effectively generate the accurate animal model while not re-
sulting in unacceptable pathological changes. Therefore, it is better to minimize the amount of 
adjuvant-allergen complex used in order to induce the expected immune response and the least 
adverse reaction (Wiedermann-Schmidt and Maurer, 2005). Two traditional dosage forms of 
aluminum adjuvant are widely used by researchers. The first involves placing the aluminum 
suspension into the solution containing the antigen to form a protein-aluminum salt complex, 
and the other is putting the solution containing the antigen into Al(OH)3 solution or aluminum 
phosphate to form aluminum-containing vaccines. Recent studies found that making the alu-
minum adjuvant into nanometer form could induce the specific antibody in mice quickly and 
at a high level, and that compared with other forms of aluminum adjuvant, it could induce 
humoral immunity earlier (Frey et al., 1999). After consulting the relevant literature, we found 
the amount of OVA used in animal models generally ranges from 10 to 100 μg (Yamaki et al., 
2005; Tumes et al., 2007; Liu et al., 2010; Oh et al., 2011), whereas the amount of Al(OH)3 
ranges from 1 and 5 mg. Moreover, there are several forms of Al(OH)3 used in these experi-
ments including powder, gel, solution, and other dosage forms (Yamaki et al., 2005; Zhao et 
al., 2005; Su et al., 2006; Tumes et al., 2007; Mo et al., 2011). Our study focused on these three 
dosage forms (powder, gel, and solution) in the production of an AR animal model.

In the first group of mice (powder), there were no abdominal bulges and no white 
precipitated substance appeared. A large amount of eosinophils aggregated in the mucosa of 
the nasal lateral wall and inferior turbinate. Goblet cells proliferated, lymphocytes infiltrated, 
and the amount of plasmocytes increased. These observations demonstrated that the animal 
model was successfully produced. Because of the difficulty for Al(OH)3 powder to dissolve, 
we observed some powder precipitating on the bottom of the bottle, and the adjuvant-allergen 
complex existed in the form of suspension. Although we tried to blend the solution suffi-
ciently, the liquid extracted in the syringe still contained relatively less Al(OH)3. Therefore, 
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we estimated that the effective concentration was below that specifically designed [50 μg OVA 
+ 5 mg Al(OH)3 powder]. We could then extrapolate that the concentration of the suspension 
was appropriate for establishing successful animal models.

Mice of the Al(OH)3 gel group showed toxic symptoms and foreign body granuloma was 
found in all ten mice. The aluminum was detected by energy spectrum analysis of the needle-like 
foreign body. Early evidence about the safety problem of aluminum adjuvants were discussed 
in a workshop focused on the use of aluminum adjuvants in vaccine acquisition that was held in 
Puerto Rico in May of 2000. During the meeting, the scientists discussed macrophages myofas-
cial inflammation (MMF), which was first found in France, and then pointed out that there were 
many macrophages around the muscle fibers containing PAS-positive crystal structures, which 
were ultimately identified as aluminum. This supported that damage of the MMF was caused by 
the aluminum adjuvant. Thus, although aluminum adjuvants have been widely used in the pro-
duction of animal models, this method still has safety problems that require attention.

In the third group of mice (solution), we used the same amount Al(OH)3 solvents as 
used in the Al(OH)3 gel; however, no AR symptoms were apparent, although foreign body 
granuloma was observed in the viscera. Compared with the Al(OH)3 gel, the particles of 
Al(OH)3 solvents were smaller, ranging between 1 nm and 100 nm. Based on colloid chem-
istry, Al(OH)3 solvents easily form a colloidal dispersion system, in which the particles range 
from 1 to 100 nm. Although there were still physical boundary surfaces because of the lower 
sinker rate, we could nonetheless obtain an approximate concentration compared with previ-
ous designs. Thus, we speculated that the overdose of aluminum in the third group caused the 
foreign body granuloma and immunosuppression instead of AR symptoms and pathological 
changes. Aluminum metabolism in the animals showed that the aluminum adjuvants were 
absorbed by citric acid in the tissue fluid and were then quickly discharged from the body.

We administrated 5 mg Al(OH)3 in three different dosage forms in 6-8 week-old fe-
male mice, and only the powder group successfully produced the allergic rhinitis animal mod-
el. We can speculate various reasons to explain these results. Because of the slight solubility 
of Al(OH)3, it will form a colloidal dispersion system. The sedimentation rate of the colloidal 
solid is much slower than that of the solute particles in the suspension. Although we blended 
the liquid well when we extracted the liquid from test tubes, we nonetheless obtained different 
concentrations. The gel group was set to 5 mg/mL, and the concentration of the powder group 
was lower than that of the hydrosolvent group, and they were both lower than that of the gel 
group. Therefore, after the intraperitoneal injection, the extra colloidal solid could not be well 
absorbed and instead aggregated in the viscera, stimulating phagocytocis around the cell, and 
ultimately forming the foreign body granuloma. Accordingly, we speculated that excessive 
aluminum could cause foreign body granuloma and other adverse reactions. A previous study 
demonstrated that excessive aluminum could result in different kinds of inflammation caused 
by complement activation (Clements and Griffiths, 2002).

There are few reports available that focus on the concentration and toxicological 
effects of aluminum. Our animal model experiment showed that when the dosage form of 
aluminum adjuvant was changed, we could not simply convert the concentration because of 
consequent changes in the isoelectric point and physical and chemical properties, which can 
play important roles in influencing the results. Understanding how to use the different dos-
age forms of aluminum adjuvant in animal experiments could help to guarantee the safety of 
experimental animals and generate accurate AR animal models.
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Another interesting finding was that there was not an increase in the number of eosin-
ophils in the nasal mucosa of mice from the gel and hydrosolvent groups, which demonstrated 
that extra aluminum adjuvant could induce immunosuppression and other adverse actions. 
To generate successful animal models, researchers need to understand the extrinsic factors 
(type of allergen, concentration, dosage form, and correct method of immunoadjuvant use) 
and animal factors (genetic background, gender, age), and so on. Ignoring any of the factors 
mentioned above could result in a bad outcome. In particular, scientists should pay particular 
attention to these factors when aluminum adjuvants are used in the establishment of animal 
models, which will benefit the animal experiment.

CONCLUSION

The immunoadjuvant Al(OH)3 was routinely administered during the establishment of 
AR animal models for the enhancement of the immunogenicity of antigenic substances. The 
dosage form of immunoadjuvants directly determined whether or not a model was successful-
ly established, and moreover, an overdose of Al(OH)3 could result in immunosuppressive ac-
tion, leading to foreign body granuloma and ascites of internal organs. This study is expected 
to provide an experimental basis for the safe use of Al(OH)3 in animal models and serves as a 
reminder of the importance and considerations in using Al(OH)3 in AR studies. 
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