




Experimental ocular siderosis after extrabulbar administration ofiron

Fig. 4 Histological changes in the retina 12 months after
administration ofiron. There is staining ofall layers ofthe
retina and especially strong reaction in thepigment
epithelium, internal and external nuclear layer, and internal
limiting membrane. There is staining ofiron agglomerations.
(Turnbull blue reaction, x264).

Of the other parts of the eye, the ciliary body, and
above all its processes, were observed to have
accumulated iron, mostly in the ciliary epithelium.
The stroma of the ciliary body showed a less intense
staining but contained agglomerations of iron (Fig.
5). Small traces of iron were found in the iris and
anterior chamber angle. A diffuse staining was

present in the corneal epithelium, but in other parts
of the cornea iron could not be detected.
The blue stain owing to the presence of iron,

Fig. 5 Histological appearance ofthe ciliary processes, 12
months after administration ofiron. There is strong diffuse
staining ofthe ciliary epithelium and less intense staining of
thestroma, in which iron agglomerations are visible.
(Prussian blue reaction, x264).

was more intense in the Fe3+ reaction than in the Fe2+
reaction. In preparations stained with haematoxylin
and eosin no distinct changes were found that could
point to damage sustained by the ocular tissues. The
only change was a spreading apart of the collagen
fibres of the sclera in the sites of iron accumulation.

Discussion

The results of our study indicate that iron, when
administered extrabulbarly, penetrates to a large
extent into the eyeball and accumulates in the ocular
tissues, among others in the retina. Two forms of iron
staining were seen in the tissues: the diffuse and the
granular form. It seems that the diffuse stain results
from the penetration of iron through successive
layers of the eyeball wall, while the granular form
of iron is probably transported to the tissues by
migrating cells.
The histological changes observed in this experi-

ment are considerably different from those in
siderosis caused by an intrabulbar foreign body. In
the latter case iron is deposited above all in the ciliary
epithelium, iris, and pigment epithelium of the retina,
and in the internal layers of the retina in man and
monkeys,4-7 or in the external layers of the retina of
the rabbit.47 Smaller amounts of iron were found in
the epithelium and fibres of the lens and in the epi-
thelium, stroma, and endothelium of the cornea.48
No accumulation of the metal could be found in the
choroid or sclera.457 The changes were accompanied
by extensive destruction and atrophy of the retina,
while there was basically no damage to the iris, ciliary
body, or cornea.47
Two fundamental differences in the histological

picture were found by us after extrabulbar adminis-
tration of iron, as compared with the changes
observed by other authors with regard to intrabulbar
iron foreign bodies. First, iron accumulated in the
sclera, choroid, pigment epithelium of the retina,
epithelium and stroma of the ciliary body, and in the
corneal epithelium. However, no deposition of iron
was detected in the iris or in the stroma and endo-
thelium of the cornea. Second, there was no visible
damage to the retina, as evidenced by preparations
stained with haematoxylin and eosin. The above
differences were probably linked with the rate at
which, and the route by which, iron penetrated into
the individual ocular tissues. The presence of an
intrabulbar foreign body results in a massive and
violent release of iron ions into the vitreous and from
there into the retina. Some of the ions are bound in
the tissues by iron binding substances, for example,
apoferritin. It is thought that the remaining free ions,
having undergone a redox reaction with the partici-
pation of ascorbic acid, contribute to the formation of
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free radicals OH and OH2- These radicals depoly-
merise hyaluronic acid of the vitreous, reduce the
content of non-saturated fatty acids, and oxidise
lipids to lipoperoxides in the retina.9I' 12 This results
in damage to the retina because of inactivation of
enzymes containing sulphhydryl groups, and in dis-
integration of amino acids and proteins. It was also
found that lipoperoxides reduce the respiratory
function of the retina and inhibit the regeneration of
rhodopsin." Iron ions also form stable complexes
with sulphhydryl groups and imidazole proteins,
which again results in inactivation of enzymes.'3
Of the large quantity of iron ions released from an

intrabulbar foreign body, only a small percentage can
be removed by iron binding systems, for example, by
ferritin, in the retina. The remaining free iron ions,
acting through the processes described above, cause
considerable damage to the retina.
A different situation arises with an iron foreign

body situated outside the eyeball. The penetration of
iron ions into the retina is very slow, and only a small
number of ions can invade the eye at a given moment.
It also seems that not all iron ions that have crossed
the sclera reach the retina. Some of them can be
conveyed to the anterior chamber via the supra-
choroidal space. This supposition is strengthened by
the finding that iron easily penetrates from the
anterior chamber into the suprachoroidal space
through the anterior chamber angle, even in initial
stages of siderosis." Bruch's membrane is probably
another barrier to the penetration of iron.' 5 Apart
from that, a quantity of the metal can be bound in the
sclera and choroid. All these factors may have con-
tributed to the observation that only a small amount
of iron, and at a slow rate, was able to infiltrate the
retina. In this situation the iron binding properties
of the retina could prove adequate to prevent the
appearance of histologically detectable changes.
However, the question remains open whether con-
stant infiltration of iron for a period longer than 12
months will still be successfully counteracted by this
defence system of the retina.
The penetration of iron from the orbit into the

eyeball has recently been the subject of other
experimental studies. Sinovich and Gudkova"4 found
accumulation of iron in the retina and choroid of rats
but failed to observe morphological changes in these
tissues. Our previous work'5 showed that the
presence of an iron foreign body in the orbit results in
a considerable increase of iron concentration in the
aqueous of rabbits. Burch and Albert ' implanted iron
splinters into the orbit and sclera of rabbits and
observed an accumulation of the metal mainly in the
sclera, choroid, and ciliary body, and only occasion-
ally in the retina. On the other hand they frequently
found local atrophy of the retina and choroid in the

site of the foreign body. According to the same
authors the typical site of the accumulation of iron
that has penetrated from the orbit are the tissues
situated at the junction of the sclera and choroid. In
our study accumulation of iron was also seen in the
retina, and even in the vitreous, in almost every
animal. However, it should be borne in mind that our
application of iron in the form of powder may have
facilitated the penetration of the metal into the eye-
ball. Interestingly enough, we did not observe parti-
cularly strong reactions to iron in the tissues situated
at the boundary between the sclera and choroid. It
seems that such changes can be a transitional stage
during the migration of iron into the eye. Since the
penetration of iron in our experiment was faster than
that observed by Burch and Albert, the infiltration of
the metal at the junction of the sclera and choroid
might have occurred between the fifth and ninth
months of the experiment and therefore might have
remained unnoticed by us.
The results of the present study speak in favour of

the removal of iron splinters from the orbit, as it can
be supposed that constant penetration of iron for a
period longer than that observed in our experiment
can lead to siderosis of the retina and, by that, to its
damage.
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