
INTRODUCTION

Allopurinol is well known as a treatment of gout as
it is an xanthine oxidase inhibitor. The drug also has
antioxidative properties and can act as a scavenger
of oxygen free radicals (1). In previous studies, al-
lopurinol showed therapeutic effects in the treatment
of lens-induced uveitis (1, 2). At first, these effects
were interpreted as antioxidative effects only. How-
ever, an additional immunologic effect was shown in

the animal model of lens-induced uveitis (3-6). Fur-
ther studies were carried out using another animal
model, experimental autoimmune uveitis (EAU). 

EAU is an established animal model of human pos-
terior uveitis (7, 8), with a T-cell-mediated mechanism
(9). EAU can be induced in Lewis rats by retinal S-
antigen or complete retinal extract. Uveitis starts with
immigration of polymorphonuclear granulocytes and
mononuclear leukocytes and leads to a loss of the
photoreceptor layer within two weeks. Allopurinol al-
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PURPOSE. Allopurinol reduces oxidative tissue damage and exerts immunomodulating 
effects in the treatment of experimental autoimmune uveitis (EAU). However, the mecha-
nism of the immunologic pathway remains unclear. In previous studies, treatment was start-
ed at the time of immunization. Therefore, whether allopurinol prevents the onset of the dis-
ease (i.e., acts in a protective manner) is not known.
METHODS. Sixteen male Lewis rats were used: 6 EAU without therapy [control]; 4 EAU with
allopurinol treatment starting 7 days after immunization [AL7]; and 6 EAU with allopurinol
treatment starting 11 days after immunization [AL11]. Their sera were tested against West-
ern blots of sodium dodecyl sulfate-polyacrylamide gel electrophoresis of retinal proteins.
Based on digital image analysis, analysis of discriminance was done. 
RESULTS. There were significant immunomodulating effects in both therapy groups (Wilks’
lambda 0.001, P < 0.008) compared to controls. However, the effects were more pronounced
in the AL7 group, where peak intensities and the number of peaks were markedly more 
reduced. 
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so had antioxidative effects in EAU: the therapy sig-
nificantly reduced the lipid peroxides and the
myeloperoxidase activity in the retina and aqueous
humor (10). Allopurinol also showed some immuno-
logic effects in EAU (11). It modifies the autoantibody
repertoire of animals. This effect was even superior
to the effect of steroids (4-6, 11) in all immunologic
studies with EAU reported until now. Other groups
demonstrated an immunologic effect of allopurinol on
T-cells in mouse models (12).

Allopurinol treatment was started at the time of im-
munization in these EAU studies. Thus, it is unclear
whether allopurinol only prevents the outbreak of the
disease or is also therapeutically active. Any such 
activity would be due to immunologic effects after the
outbreak of the disease and therefore after the 
formation of the autoantibodies. 

In the present study, treatment was started at dif-
ferent times after the immunization. As in previous
studies, the immunologic effects were quantified by
Western blot (WB) analysis. In WB, the antigens are
separated according to their molecular weight. The
method allows the simultaneous comparison of a va-
riety of antigen-antibody reactions. The differences
in these complex autoantibody repertoires were
quantified using multivariate statistical methods
based on a digital image analysis of the blots. This
method has been tested successfully with other dis-
eases (e.g., myositis, myopathy, Graves disease, and
Tourette syndrome) (13-15).

METHODS

The treatment of animals conformed to the Associ-
ation for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and
Vision Research. Four groups of male Lewis rats (n =
19) were investigated: healthy animals (BASE, n = 3),
rats with EAU without treatment (EAU, n = 6), rats with
EAU given systemic allopurinol starting on day 7 
after immunization (AL7, n = 4, 50 mg/kg body weight
intravenously), and rats with EAU with systemic allo-
purinol treatment starting on day 11 after immuniza-
tion (AL11, n = 6, 50 mg/kg body weight intravenously).
The AL7 and AL11 groups received allopurinol every
three days after starting treatment (AL7, three treat-
ments; AL11, two treatments).

The BASE group received injections of saline ac-
cording to the protocol, starting at the time of im-
munization.

The animals were killed two weeks (14 days) after
the immunization. At this time, the severity of the dis-
ease in this modified model of EAU (16) reaches a
maximum.

Tissue sampling

Two weeks after immunization, the animals were deeply
anesthetized with ether and a blood sample was tak-
en by heart puncture. The samples were centrifuged
and the supernatants stored at 70°C. All animals were
killed afterwards by exsanguination.

For histologic examination and biochemical study,
nontraumatic enucleation was done and the eyes were
fixed by immersion in cold Karnovsky fixative (8%
paraformaldehyde, 25% glutaraldehyde buffered in 0.1
M Na2HPO4 and 0.1 M KH2PO4) (3, 17).

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) of crude retinal
extract

The retinal proteins were redissolved in sample buffer
(0.08 M Tris-HCl, pH 6.8, 1% [v/v] 2-mercaptoethanol,
10% [w/v] saccharose, 1% SDS, 0.005% bromphenol
blue) and separated by SDS-PAGE on discontinuous
slab gels [(18), stacking gel: T = 6%, C = 2.5%, 0.05
M Tris-HCl, pH 6.8, 0.1% (w/v) SDS; separating gel:
T = 12.8%, C = 2.5%, 0.0375 M Tris-HCl, pH 8.8, 0.1%
SDS; electrode buffer: 0.188 M glycine, 0.188 M Tris,
pH 8.8, 0.1% SDS; approximately 25 µg retinal pro-
tein/lane].

Western blots

The SDS-PAGE preparations were electroblotted onto
a nitrocellulose membrane using the Semi-Dry Blot-
ter (Biometra, Germany) (19). The quality of transfer
was checked by staining the membrane with avidin-
biotin (BioRad, Munich, Germany). The membrane (WB)
was cut into strips approximately 0.4 cm wide, which
were incubated for 12 hours with rat serum [diluted
1:40 in 5% bovine serum albumin (BSA) in Tris-buffered
saline (TBS)]. After incubation, the blots were washed,
blocked with 10% BSA in TBS (1 h), incubated with
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peroxidase-conjugated rabbit anti-rat-immunoglobu-
lin G serum (diluted 1:2000 in 5% BSA in TBS, 1 h),
and washed. The reaction product was visualized us-
ing 0.05% 4-chloro1-naphthol with 0.015% hydrogen
peroxide in 20% methanol in TBS. Molecular weights
were estimated using marker proteins (Pharmacia, Freiburg,
Germany; MW standards “High” and “Low”).

Digital image analysis of Western blots

The data were acquired using a color flatbed scan-
ner (EPSON GT-9600, Epson, Germany, Düsseldorf,
Germany). Digital image analysis and evaluation of
densitometric data of the WB were done using Scan-
PacK software (Biometra, Göttingen, Germany) as de-
scribed in detail elsewhere (20, 22). For each WB strip,
ScanPacK creates densitometric data files by show-
ing the gray-intensity values versus the Rf (relative
mobility) values (x-axis). ScanPacK evaluates height,
area, molecular weight, Rf value (relative mobility) etc.,
for all peaks in this densitometric data file.

Statistics

Each individual densitograph was reduced to 100
extinction values by first calculating the mean extinction
values from the original eight-bit gray values of 
the densitograph file for each 1/100 of the region of 
interest (across the entire Rf range; i.e., Rf = 0 through
Rf = 1). Then the background level was subtracted
from these data and the resulting maximum extinc-
tion (i.e., band intensity of an individual blot) was set
to 100%. The other extinction values of this blot were
transformed into percentages, thus reducing the in-
fluence of different absolute staining intensities of in-
dividual blots. For each individual WB, a vector con-
taining 100 mean extinction values was created. Each
WB belongs to one of the three experiment groups
(EAU, AL7, AL11). Thus, from all blots of each group,
a mean data vector of this group was calculated, re-
flecting the general staining pattern of each group. 

From these data vectors of each blot, a multivariate
analysis of discriminance was done. This not only
tests the null hypothesis that mean data vectors of
the different groups derive from a multivariate, nor-
mally distributed population, but also shows which
groups are statistically different. Based on this, dis-
criminant function analysis can be used to determine

which variables (Rf ranges) caused the mean value
comparison to become significant or which variables
can discriminate between groups. This statistical pro-
cedure has been described in detail elsewhere (13,
23). 

Histologic analysis

Numbers were randomly assigned to the enucleat-
ed globes by a blind-folded technician. The globes
were then divided and one half was embedded in paraf-
fin. Four-micrometer sections from different levels (se-
rial sections 0, 10, and 20) were stained with hema-
toxylin-eosin (H-E), and adjacent sections were
stained with Giemsa. Two independent blind-folded
investigators evaluated the results, using a 0 to 4 score,
described in detail in Augustin et al (3), reflecting the
degree of damage by intraocular inflammation. The
severity of the inflammation was graded according to
the number of lymphocytes, macrophages, and poly-
morphonuclear granulocytes, and the tissue de-
struction. To assess intra-observer variability, the sec-
tions were evaluated twice by each investigator on
separate days.

RESULTS

The histologic examination (Fig. 1) found milder in-
flammation in the animals treated with allopurinol (AL7
and AL11). This stands in agreement with the results
of Augustin et al (10). The histologic inflammation scores
were significantly (p < 0.05) lower in the animals re-
ceiving allopurinol starting after 7 days (AL7).

The rat sera were tested against the WB of bovine
retinal proteins. Antigen antibody reactions (staining)
could be found in all groups. (Fig. 2). Only a very few
bands were found on the blots of the BASE group. 

Analysis of discriminance showed a significant im-
munologic effect of both allopurinol groups compared
to the control group (Wilks lambda 0.001, p <0.008).
These effects were stronger in the AL7 group. Figure
3 illustrates the canonical roots derived from the analy-
sis of discriminance. These give a measure of the 
location; i.e., the separation of each single WB in the
discriminant space. Every point in the figure corre-
sponds to a single WB of one rat. The nearer the points
are to each other, the more similar are the patterns
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of the underlying WB. The patterns are very similar
within every experimental group (Fig. 3). However, both
allopurinol groups are quite clearly separated from
the control group (EAU). The autoantibody patterns
of the rats in which treatment started after seven days
are even more clearly different from the control group.
The AL7 group showed a stronger immunologic 
effect than the AL11 group. 

The mean numbers of peaks/blot are shown in Fig-
ure 4 for each group. Allopurinol treatment resulted
in a decrease of the average number of peaks in AL7
(p < 0.05) and AL11. However, the effect was more
pronounced when treatment was started on day 7. 

Figure 5 shows the mean gray intensities plotted against
the relative mobility (Rf value) for the control (EAU)
and treatment groups (AL7 and AL11). Treatment led
to a reduction in the staining intensity (antigen anti-
body reaction) over wide Rf ranges (p < 0.01). This
was, however, substantially more expressed in the an-
imals whose treatment was started on day 7.

DISCUSSION

In EAU allopurinol has more pronounced effects than
methylprednisolone on the reduction of oxidative tis-
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Fig. 1 - Histologic uveitis
scores. The uveitis was less
pronounced in animals receiving
allopurinol. The decrease
was significant in the group
starting treatment seven
days after immunization
(AL7, p < 0.05).
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Fig. 2 - A densitograph of a
Western blot of the control
group is shown. The gray val-
ues (scanner-units) are plot-
ted against the relative mo-
bility (Rf-value). The relative
mobility is correlated to the
molecular weight of the anti-
gens. 



sue damage and on histologic parameters (10). 
At histologic examination, some decrease in inflam-

matory cells was found in about one third of the ani-
mals after allopurinol treatment. The biochemical ex-
periments showed a decrease to a quarter (myeloper-
oxidase activity) or a third (lipid peroxides) of the val-
ues of the control group after allopurinol. 

In previous studies, beside its antioxidative effects
allopurinol had strong immunologic effects in EAU (11).
In the present study, allopurinol significantly changed
the rats’ autoantibody repertoires. However, in all stud-
ies carried to date, allopurinol treatment was started
at the beginning of the immunization. Therefore, it can-
not be excluded that allopurinol already influences the
induction phase of the autoimmune process and thus
works in a protective manner on development of uveitis. 

We found an immunologic effect of allopurinol even
when the treatment was started 7 or 11 days after
immunization. The shorter the period between im-
munization and starting treatment , the greater the
success of the treatment. It can be interpreted that
allopurinol simply needs more than the remaining 3-
4 days to fully exert its immunologic effects in the
AL11 group. Furthermore, there was no significant
reduction in the severity of the disease when the drug
was given on day 11. On the other hand, it could also
be concluded that the inflammation was not so strong-

ly developed after seven days (AL7) as after 11. Never-
theless, in both groups (AL7 and AL11) immunolog-
ic effects were observed after treatment with allop-
urinol. 

The hallmarks of EAU are ocular inflammation, dis-
ruption of the retinal architecture, and partial to com-
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plete destruction of the photoreceptor cell layer. The
disease typically appeared within 6 to 8 days, usual-
ly with minimal anterior chamber involvement with a
peak of inflammation on day 14 (9, 16, 24). 

The study does not exclude that allopurinol pro-
tects against the outbreak or the deterioration of the
disease. The prophylactic use of the drug has been 
attributed to its antioxidative effect. However, this
study found that besides its possible protective mech-
anisms, allopurinol also exerts therapeutic immuno-
logic effects after the outbreak of the disease. It prob-
ably influences the autoimmune mechanisms of the
disease at very different steps. Whether this inter-
action occurs during the initial priming phase, dur-
ing differentiation to Th1 and/or Th2 cells, or in the
effector phase remains unclear. Nevertheless im-
munologically, allopurinol has very different effects
in animal models. Lens-induced uveitis (Arthus re-
action) has a different mechanism from EAU. Because
allopurinol shows significant immunologic effects in
both models, one can assume that these are not caused
by T cells only. This conclusion is in accordance with
a recent study by Kato et al (12), which found that
allopurinol affected the response to ovalbumin in im-
mune- deficient mice. Kato et al concluded that al-
lopurinol should influence the responses of both B
and T cells (12). 

Considering the large number of patients with gout
treated with allopurinol every day, its minimal side ef-
fects, and the strong immunologic action shown in
our studies, allopurinol could be an alternative to drugs
with more troublesome side effects for the treatment
of autoimmune and allergic disorders.
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