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Introduction. Aluminium compounds are 
employed experimentally and in clinical 
practice as adjuvants, and alum-precipitated 
antigens have been used to induce eosino- 
philia (1 , 2). While investigating its adju- 
vant properties, aluminium hydroxide was 
found to attract eosinophils when given on 
its own. The inflammatory response to 
alum-precipitated antigen has been studied 
(3),  but accumulation of eosinophils was 
not described. The present paper explores 
the capacity of alum adjuvants to attract 
eosinophils. It draws attention to the re- 
quirement for T cells of eosinophilia devel- 
oping in the absence of antigenic stimula- 
tion. It suggests that lymphocyte activity 
may be stimulated directly by alum and 
independently of antigen recognition. 

Materials and methods. Animals. CB A/ 
Lac mice were obtained originally from the 
Chester Beatty Research Institute, London. 
Males and females aged 12 to 16  weeks 
were used. 

Aluminium compounds and antigens. A 
washed commercial suspension of alumin- 
ium hydroxide (Amphogel, Wyeth Labora- 
tories, Batch No. 2 E0305) was used. 
Freshly prepared suspensions (4) were used 
in some experiments. 

Lyophilized Ascaris antigen ( 5 )  was re- 
constituted with normal saline to a final 
protein concentration of 0.2 mg/ml. All 
injections were ip unless stated otherwise. 

Examination of cellular response in peri- 
toneal cavity. Peritoneal fluid was harvested 
by repeated lavage with 2-ml volumes of 
medium to a total of 10 ml. Initially, me- 
dium 199 (Gibco) with 10% horse serum 
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(Wellcome) and 2 units of heparin/ml, and 
later EDTA buffer (6), was used. Total 
white cells were counted and differential 
counts of 400 consecutive cells were made 
on Giemsa-stained cytocentrifuge prepara- 
tions. 

Intramuscular injections. Suspensions 
were mixed with equal volumes of trypan 
blue to permit localization, and 0.2 ml was 
injected into thigh muscles. Sections were 
prepared after 4 days and stained with he- 
matoxylin and Lendrum’s chromotrope. 

Preparation of mice depleted of T-cells 
(“deprived” mice). Eight-week-old CBA/ 
Lac mice were thymectomized, irradiated 2 
weeks later from a 6oCo source (1 000 rads), 
and injected intravenously with 5-10 X lo6 
syngeneic bone marrow cells (7).  A “recon- 
stituted” group was not thymectomized, but 
was irradiated and injected with bone mar- 
row. These groups were used 50 days after 
irradiation. A further group of six mice 
underwent thymectomy without irradiation. 
They were used 30 days postoperatively. 

Statistics. Students’ t test was used to 
compare means between groups. 

Results. Cellular response to aluminium 
hydroxide. Amphogel produced a substan- 
tial peritoneal cellular exudate containing 
29.1 k 3% (mean k 1 SE) eosinophils on 
Day 6 (Table I), an increase of several 
hundred-fold over numbers in unstimulated 
mice. Mast cells accounted for 3.4 k 0.9% 
of cells in resting peritoneal fluid but were 
not seen after injection. Increasing doses of 
aluminium hydroxide induced a more in- 
tense eosinophilia. A similar response was 
noted in DBA/2/Rij mice and in Long- 
Evans hooded rats. 

Aluminium hydroxide- and aluminium 
phosphate-adsorbed tetanus toxoid (S .A. 
Institute for Medical Research, Johannes- 
burg, 20 Lf/ml) injected im produced foci 
of necrotic muscle fibers and inflammatory 
cells of which eosinophils accounted for 
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TABLE I. CELLULAR RESPONSE TO ip INJECTION OF 0.2 ml OF ALUMINIUM HYDROXIDE. 

Day 
0 
1 
2 
4 
6 
8 

10 
15 
30 

Number of 
animals 

7 
4 
8 
7 

12 
4 
6 
4 
5 

Total cells x lo6 
(mean f 1 SE) 

6.77 2 0.65 
12.76 k 3.69 
15.42 2 2.67 
15.11 2 3.62 
13.94 k 1.16 
32.02 k 5.66 
23.14 2 6.17 
13.92 2 4.27 
3.54 k 0.97 

Eosinophils X lo6 
(mean f 1 SE) 

0.02 f 0.01 
0.81 2 0.20 
1.91 2 0.43 
3.25 2 0.96 
3.98 k 0.52 
9.32 2 1.88 
4.54 2 1.69 
1.72 2 0.54 
0.28 k 0.18 

~~ 

Neutrophils X lo6 
(mean 2 1 SE) 

0.00 f 0.00 
8.08 f 0.20 
8.28 f 1.30 
6.82 f 1.68 
5.42 f 0.64 
9.83 f 1.63 
6.81 k 1.56 
2.01 f 1.01 
0.28 f 0.18 

Mononuclear cells 
x lo6 (mean k 1 

SE) 
6.33 f 0.07 
3.66 f 1.20 
4.65 f 1.07 
4.59 f 1.08 
4.84 f 0.44 

10.16 f 4.08 
11.37 f 3.83 
9.62 f 3.14 
2.64 2 1.09 

about a quarter. Bentonite or formol teta- 
nus toxoid produced a similar inflammatory 
focus, but without eosinophils. 

Identity of the stimulus for eosinophilia. 
It seems unlikely that a protein contaminant 
could have been responsible for eliciting 
eosinophilia. No nitrogen was detected in 
Amphogel in an Auto C ,  H, N analyzer, 
thereby excluding the presence of protein 
or peptide, and freshly prepared aluminium 
hydroxide produced a similar response. 
Moreover, when Amphogel was given with 
increasing doses of Ascaris antigen the re- 
sponse depended on the dose of aluminium 
hydroxide and was independent of antigen 
(Table 11). Syngeneic serum protein precip- 
itated with potassium aluminium sulfate in- 
duced eosinophilia, but when precipitated 
by heating at 56" for 12 min, it was inactive. 
Furthermore, only alum-adsorbed, and not 
formol, tetanus toxoid induced peritoneal 
eosinophilia (Fig. 1). 

Mechanism of eosinophil response to 
alum. There was no evidence that alum 
compounds were themselves immunogenic 
and acting as haptens. Intraperitoneal or sc 
injection of aluminium hydroxide 30 days 
earlier did not lead to an increased perito- 
neal eosinophil response to a second injec- 
tion. Nor did it seem likely that eosinophils 
were part of the peritoneal reaction to irri- 
tants. Other particulate material such as 
bentonite and Freund's complete adjuvant 
(Difco) failed to induce selective accumula- 
tion of eosinophils despite an intense in- 
flammatory reaction (Fig. 2 ) .  

Normal, deprived, and reconstituted mice 
were injected with aluminium hydroxide to 
determine whether T cells were required 
for the eosinophil response (Fig. 3) .  Despite 
slightly higher eosinophil counts in resting 

TABLE 11. CELLULAR RESPONSE TO VARYING 
DOSES OF ip Ascaris ANTIGEN AND ALUMINIUM 

HYDROXIDE 4 DAYS AFTER  INJECTION.^ 
~~ 

Ascaris Aluminium hydroxide (ml) 
antigen 

( m d  Nil 0.02 0.2 

Nil 0.01 f 0.01 1.73 f 0.67 3.25 k 0.96 

0.04 0.05 f 0.02 1.30 f 0.28 6.07 2 1.71 

0.4 0.09 f 0.02 3.05 2 0.64 4.08 k 1.93 

(7) (4 ) (7) 

(4) (4 1 ( 5 )  

(5  1 (4 ) (4) 

* Total eosinophil counts are given as mean f 1 SE 
x lo6. Numbers of animals are given in parentheses. 
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Peritoneal cellular response to alum-pre- 
cipitated antigens: (a) Four days after injection of 1 
mg of potassium aluminium sulfate-precipitated or 
heat-aggregated syngeneic serum protein; and (b) six 
days after injection of 0.2 ml of formol or aluminium 
phosphate-adsorbed tetanus toxoid. Vertical lines en- 
close -+ 1 SE. Eosinophils are also expressed as 
percentages of total cell counts. Figures in parentheses 
refer to numbers of mice in each group. 
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FIG. 2. Cellular responses to intraperitoneal injection of 0.1 mg of bentonite in 0.2 ml of saline, or 0.2 ml of 
complete Freund’s adjuvant (CFA), compared with 0.2 ml of aluminium hydroxide. Peritoneal fluid was 
examined 4 days after injection. 

peritoneal fluid, deprived mice showed a 
significantly diminished response when 
compared with reconstituted animals and 
with mice thymectomized but not irradiated 
(Table 111). The ability of deprived mice to 
mount an inflammatory response was unim- 
paired as judged by total cell, macrophage, 
and neutrophil numbers in peritoneal fluid. 
Marrow production was not reduced by 
depletion of T cells (Table IV). Eosinophils 
were present in similar numbers in the three 
groups on Day 0. Four days after injection 
they were proportionately more in deprived 
than reconstituted mice ( P  < 0.05). 

Discussion. It seems probable that eosin- 
ophils accumulated in response to alumin- 
ium compounds and not to protein antigens 
adsorbed to them. Induction of an “autoim- 
mune” response to autologous protein mod- 
ified by alum cannot be excluded, but it 
seems unlikely. Alteration of syngeneic se- 
rum proteins by heating failed to induce 
eosinophilia. When antigen was adminis- 
tered with aluminium hydroxide the re- 
sponse related to dose of alum and not of 
antigen. Furthermore, eosinophils are not 
prominent in autoimmune diseases. 

There was no evidence that aluminium 
itself was immunogenic, yet mice depleted 
of T cells (deprived) showed a markedly 

diminished eosinophil response when com- 
pared with normals or controls which had 
been irradiated without thymectomy (“re- 
constituted”) or which had undergone thy- 
mectomy without irradiation. This finding 
is in keeping with other experiments where 
T cells are required for eosinophilia in re- 
sponse to antigens (8, 9) and where T-cell 
involvement is specifically related to antigen 
recognition (10). However, this is the first 
demonstration that eosinophilia which is not 
induced by antigen also requires the pres- 
ence of T cells. Several possible explana- 
tions need to be considered. First, it seems 
unlikely that the lack of eosinophilia in 
deprived mice is due to failure of the inflam- 
matory response, as is seen after injection 
of antigen such as parasitic larvae (11) .  
Depletion of T cells did not reduce numbers 
of macrophages and neutrophils accumula- 
ting in response to alum. Second, marrow 
production of eosinophils did not appear to 
be reduced by T-cell depletion, although 
kinetic studies would be required for defini- 
tive conclusions about rates of production. 
It seems more likely that alum had a direct 
effect on T cells, perhaps by causing them 
to secrete factors chemotactic for eosino- 
phils (12 ,  13) .  It is also possible that alum 
could induce mast cell degranulation with 
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FIG. 3 .  Cellular response in peritoneal fluid to  0.2 ml (10 mg) of aluminium hydroxide in normal, deprived, 
and reconstituted mice. Vertical lines enclose & 1 SE. 

TABLE 111. EOSINOPHIL RESPONSE TO 0.2 ml OF ALUMINIUM HYDROXIDE 4 DAYS AITER ip INJECTION IN 
NORMAL, DEPRIVED, A N D  RECONSTITUTED GROUPS A N D  MICE THYMECTOMIZED BUT NOT IRRADIATED ." 

Day 
Experimental 

m O U D  0 2 4 6 8 

Normal 0.03 ? 0.01 

Deprived 0.25 k 0.17 
(11) 

(6) 
Reconstituted 0 (4) 

Adult thymec- - 

tomy 
P >0.20"* 6 ,  * 

1.55 ? 0.31 3.64 ? 0.90 3.92 * 0.68 

1.57 2 0.28 0.91 k 0.28 0.47 k 0.10 

3.91 2 0.55 

(8) 

(8) 

(6) 

(8) 

(8) 

(6) 

( 5 )  

( 5 )  
- - 

- - 5.25 ? 0.78 

C0.02" <0.01" <0.0056 <0.O0lc <0.01" 
>0.60d >0.20e <0.05' 

0.50 k 0.20 
(10) 

(4) 

(4) 

0.47 2 0.15 

1.23 ? 0.32 

- 

a Total eosinophil counts are given as mean 2 1 SE x lo6. Numbers of animals are given in parentheses. 
* Comparing: (a) deprived with normal, (b) deprived with reconstituted, (c) deprived with adult thymecto- 

mized, (d) normal with reconstituted, (e) normal with adult thymectomized, (f) adult thymectomized with 
reconstituted. 
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TABLE IV. NUCLEATED CELLS IN BONE MARROW AFTER 0.2 ml OF ALUMINIUM HYDROXIDE ip.” 

Day 0 Day 4 

Total nucleated cells Eosinophils per 1000 Total nucleated cells Eosinophils per 1000 
nucleated cells Group x 106 nucleated cells x 106 

Normal 1.93 k 0.10 48.33 k 6.12 1.71 +- 0.19 40.60 f 9.60 
Reconstituted 1.45 2 0.07 51.60 2 11.15 1.48 2 0.10 38.20 k 9.45 
Deprived 1.90 +- 0.14 47.00 f 4.53 1.04 f 0.16 69.60 2 9.69 

a Total cells are expressed as the number counted in one femur per gram body weight. Figures represent 
mean 2 1 SE of five mice. 

release of chemotactic factors, and that mast 
cell function could be defective in deprived 
mice. 

It is desirable that investigations of the 
eosinophil response to antigen should in- 
clude controls to test effects of adjuvant 
alone without antigen. These experiments 
suggest that accumulation of eosinophils re- 
quires the presence of T cells even in the 
absence of an immune response to antigen. 
They imply that T-cell activity in vivo may 
be initiated by events other than specific 
antigen recognition. 

There is no definite indication that alu- 
minium compounds are dangerous in im- 
munization schedules in man in spite of 
evidence that they favor immediate hyper- 
sensitivity reactions. They attract eosino- 
phils to injection sites, induce reaginic anti- 
body formation (4), and prime helper T cells 
for IgE production in animals (15). 

Summary. Aluminium hydroxide at- 
tracted eosinophils to injection sites in the 
absence of specific antigenic stimulation. 
This was markedly reduced by depletion of 
T cells. These observations suggest that 
eosinophilia caused by a nonimmunological 
stimulus required the presence of T cells, 
and imply that these lymphocytes were’ in- 
volved in reactions in which specific antigen 

recognition played no role 
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