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Experimental Studies
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Background: It is important to use objective methods for assessing intraocular
inflammation in the practical management of uveitis. Previously, we have found that, on
day 1 of unilaterally induced non-infectious anterior and intermediate uveitis in rabbits,
the temperature in ciliary body projection onto the ocular surface increased to 35.7°C (p =
0.002) for the challenged eyes and to 35.0°C (p=0.05) for the fellow eyes compared to eyes
of intact rabbits (34.1°C).

Purpose: To assess the histomorphology of the healthy fellow eye in rabbits with unilaterally
induced non-infectious anterior and intermediate uveitis.

Material and Methods: Seventeen Chinchilla rabbits (34 eyes; weight, 2.5-3.0 kg) were
included in this study. Non-infectious anterior or intermediate uveitis was induced in the
right eye of each rabbit, while the left was intact. Histomorphological studies of the fellow
eyes were performed at various time points after challenge.

Results: The fellow eyes showed normal histomorphology.

Conclusion: A significant increase in the temperature in ciliary body projection onto the
ocular surface to 35.0°C (p=0.05) for the fellow eyes compared to eyes of intact rabbits
on day 1 of induced non-infectious anterior and intermediate uveitis in rabbits was not
accompanied by any histomorphological or pathological changes, and was functional in

ocular surface temperature,

histomorphological status nature.

Introduction

Although uveitis can be classified as a rare (orphan)
disease, it is the fourth most common cause of visual
disability in developing countries [1-5].

It is important to use objective methods for assessing
intraocular inflammation in the practical management
of uveitis. Unfortunately, today laser flare photometry is
the only available objective method of determining the
activity and degree of inflammation. The laser flare meter
has been introduced for quantification of anterior chamber
protein and cells, which allows detecting even subclinical
inflammation. The technique is employed both for disease
diagnosis and monitoring [6-10]. Laser flare photometry is
most useful in anterior uveitis. However, in intermediate
uveitis, this tool is less reliable than in anterior uveitis
and has certain limitations. In addition, cataract, corneal
opacities, pupil size, intraocular lens and shallow anterior
chamber can affect the results of laser flare-cell photometry
[11].

We have given attention to studies on local body
temperature responses as a potential alternative method

for quantitative assessment of intraocular inflammation.
Studies on the basis of local body temperature
measurements have been already widely used in various
medical specialities like neurology, vertebrology,
orthopedics, oncology, phlebology, gastroenterology,
endocrinology, sports medicine, traumatology, heart
surgery, otorhinolaryngology, dentistry, etc. [12-25].

We believe it is reasonable to conduct a preclinical
animal study on local body temperature measurements
in uveitis, in an attempt to compare temperature data not
only with the clinical picture but also with the results
of morphological studies reflecting the actual status of
intraocular inflammation.

Previously, we have found that the pattern of heat
exchange in intact rabbit’s ocular surface (temperature
of the ocular surface in the projection of the ciliary
body is influenced by autonomic thermoregulation and
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is relatively stable at small environmental temperature
variations) allows for modeling of unilateral ocular
pathological processes that would have a change in local
body temperature in the projection of the ciliary body
as an objective marker [26]. On day 1 of induced non-
infectious anterior and intermediate uveitis in rabbits,
the temperature in ciliary body projection onto the ocular
surface increased to 35.7°C (p = 0.002) for the challenged
eyes and to 35.0°C (p=0.05) for the fellow eyes compared
to eyes of intact rabbits, which was likely to be caused
by the response of the autonomic nervous system in the
presence of initiation of inflammatory process. On day 5,
a less significant difference appeared in the ocular surface
temperature between the challenged eyes and fellow eyes,
which was likely to be caused by decreased temperature
response of the autonomic nervous system as well as by
a gradual decrease in temperature of the fellow eye [27].
Consequently, we decided to conduct a histological study
of the healthy fellow eye in these animals to definitely rule
out sympathetic ophthalmia as a possible cause of such an
increase in temperature.

Therefore, the purpose of this study was to assess
the histomorphology of the healthy fellow eye in rabbits
with unilaterally induced non-infectious anterior and
intermediate uveitis.

Material and Methods

Seventeen Chinchilla rabbits (34 eyes; weight, 2.5-3.0
kg) were included in this study. They were divided into
two experimental series, series 1 (7 rabbits) and series 2
(10 rabbits). Animals were used in the experiments after
being quarantined for 2 weeks. They were housed at the
normal vivarium temperature of 18 no 25°C, and fed and
watered conventionally. All animal experiments were
performed in compliance with the Law of Ukraine on
Protection of Animals from Cruel Treatment No. 3447-
IV dated 21.02.2006 and European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes from the European Treaty
Series (Strasbourg, 1986), and approved by a local
Bioethics Committee of the Filatov Institute.

Non-infectious anterior or intermediate uveitis was
induced in the right eye of each rabbit, while the left
was intact. The methodology used for inducing uveitis in
animals has been described previously [27].

Follow-up duration ranged from 6 to 57 days. Based on
the experimental protocols, animals were euthanized either
after ophthalmoscopical resolution of symptoms of active
uveitis (1-2 weeks after challenge) or after the temperature
difference between the uveitic eye and the fellow eye
decreased to a maximum of 0.2°C at consecutive time
points of the follow.

Animals were euthanized by intravenous injection of
thiopental sodium (50 mg/kg). Thereafter, enucleated eyes
were fixated in 10% formalin, embedded in paraffin, cut
into 5-um sections, stained with hematoxylin and eosin,
and sent for examination of histomorphological features
under the light microscope.

Histomorphological studies were conducted at the
Pathology and Electronic Microscopy Laboratory of
the Filatov Institute. Images were captured at various
magnifications using a PowerShot A480 camera (Canon
Inc., Tokyo, Japan) attached to a Laboval 4 light microscope
(Carl Zeiss, Jena, Germany).

Results

Histologically, the fellow eye enucleated on day
6 was of a normal structure typical for a healthy rabbit
eye. This was true for all the anterior eye structures (the
cornea, iris and ciliary body) and the posterior segment.
No pathological change was observed in the choroid,
vitreous or retina of the fellow eye at the end of day 6 after
unilateral intravitreal challenge (Fig. 1).

Over the second week after intravitreal challenge, the
fellow eyes showed normal histology with no accumulation
of inflammatory cells in the iris or ciliary body (Fig. 2).

Fig. 3 shows the cellular composition of the ciliary body
on day 10. The ciliary body was composed of elongated
cells, often dendritic cells with or without melanin
pigment. These were mostly fibroblasts and melanocytes.
However, inflammatory cells (lymphocytes, plasmocytes
or monocytes) were either rare or absent not only on day 6
but also on day 10 and day 13. This indicated an absence
of fellow eye response to the anterior and intermediate
uveitis induced in the affected eye.

On the second week after intravitreal challenge, the
retina and uvea again showed normal histology, with no
pathological changes in the choroid (Fig. 4).

We noted no difference in histology of the fellow eye
between the rabbits euthanized at the end of week 1 and at
the end of week 2.

Therefore, over two weeks after intravitreal challenge
for induction of the anterior and intermediate uveitis, no
pathological structural change was observed in the fellow
eye. This rules out sympathetic ophthalmia as a possible
cause of an increase in temperature in the fellow eye and
stresses that such a response of the autonomic nervous
system was only functional.

In addition, we examined the morphology of the
fellow eye in the rabbit after two weeks post intravitreal
challenge for induction of the anterior and intermediate
uveitis in order to rule out sympathetic ophthalmia as a
possible cause of an increase in temperature in this period.
At time points after two weeks post intravitreal challenge,
the anatomical structures of the fellow eye (the cornea,
iris and the ciliary body) maintained normal histology,
with no signs of cyclitis or inflammation originating at
other locations (Fig. 5). In addition, the ciliary body was
composed of pigmented and pigmentless epithelial cells
and elongated pigmented and pigmentless stromal cells,
mostly fibroblasts and melanocytes (Fig. 6).

The histologic section of the posterior segment (Fig. 7)
showed generally normal histology, from the vitreous and
the two vessels embedded in the vitreous which bring into
effect trophic processes in the underlying retinal medullary
ray and are seen at right, to the sclera seen at left.
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Therefore, at time points after two weeks post
intravitreal challenge for induction of the anterior and
intermediate uveitis, there was an absence of fellow eye
response to the anterior and intermediate uveitis induced
in the affected eye.

Discussion

There have been numerous reports on local specific
changes developing in the fellow eye, with their severity
of these changes depending on the changes in the affected
eye. These changes may be functional, biochemical or
immune in nature. Oculo-ocular phenomenon can be
described as a complex combination of signs characteristic
for the response of the fellow eye in the unilateral eye
disease of various origin [28].

The general finding in sympathetic ophthalmia is uveal
granulomatous inflammation primarily by lymphocytes,
surrounding macrophages, and some multinucleated giant
cells [29]. In our histomorphological study of healthy
fellow eyes in unilaterally induced uveitis, we have failed
to find any above signs of sympathetic ophthalmia, despite
an increase in ocular temperature in the first days after
disease onset.

In addition, we have failed to find notes on an increase
in temperature in the healthy fellow eyes in most available
reports on the studies on ocular temperature in a unilateral
pathological process. For instance, on day 1 after glaucoma
surgery, thermography found a significant increase in
temperature in the operated eye, but not in the non-
operated eye, with an abnormal difference in temperature
between the two eyes [30].

Chernookova [28] studied oculo-ocular reactions
in unilateral eye trauma with the use of thermography.
She, however, did not compare the affected eye with
the unaffected eye with regard to temperature, but used
an oculo-labial temperature gradient, since the use of
symmetric areas in the fellow eyes might be incorrect
due to potential oculo-ocular reactions. As opposed to our
study, the study by Chernookova [28] has been focused
on sympathetic ophthalmia and anticipated potential
development of oculo-ocular reactions.

In a recent paper, Chen and Caspi [31] stressed that
accurate and easy-to-use methods are required for better
use of experimental autoimmune uveitis models, and these
methods should be noninvasive to exclude the effect on
disease development and progression. They proposed to use
noninvasive clinical assessments by fundus examination
and photography, optical coherence tomography, and
functional evaluation by electroretinography, which
are then compared to histopathology. Using these
methodologies, they demonstrated that clinical variants
of disease can be accurately evaluated both clinically
and functionally, facilitating longitudinal follow-up
and providing information that cannot be obtained by
fundoscopy and histology alone [31].

Our study on temperature of the ocular surface in the
projection of the ciliary body conforms to the proposed
requirements for assessing experimental uveitis. In

addition, the methodology was found to be sensitive
enough to help us with the detection of a functional oculo-
ocular reaction of the healthy fellow eye to the development
of uveitis in the challenged eye. Our histomorphological
study confirmed the functional nature of an increase
in temperature in the fellow eye in the absence of any
histomorphological changes.

Moreover, we believe that, in uveitis studies, the
contact method we have suggested for measuring ocular
surface temperature is more reasonable and accurate than
thermography that is widely used in ophthalmology. It is
this contact methodology that allowed for detecting such
a functional oculo-ocular reaction that, to the best of our
knowledge, has not been described previously.

Because tearing is a common symptom of uveitis [7,
32-35], and tear evaporation rate affects ocular surface
temperature assessed by thermography [36-39], the latter
method should be considered quite disadvantageous and
inaccurate, whereas contact methods, advantageous for
assessing local temperatures in uveitis.
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Fig. 1. Histology micrograph with H&E staining at day
6 of the follow-up. Retina near the ora serrata, ciliary
body, iris root and cornea of the fellow eye. Microscope
objective magnification, 3.2x; ocular magnification, 7x.
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Fig. 2. Histology micrograph with H&E staining at day
12 of the follow-up. The iris of the healthy fellow eye of
the rabbit shows almost no rounded cells. Microscope
objective magnification, 10x; ocular magnification, 10x.

Fig. 5. Histology micrograph with H&E staining at day
40 of the follow-up. Iris root and ciliary body in the
healthy fellow eye of the rabbit. Microscope objective
magnification, 3.2x; ocular magnification, 7x.

Fig. 3. Histology micrograph with H&E staining at day
10 of the follow-up. Cellular composition of the ciliary
process portion of the ciliary body in the healthy fellow
eye of the rabbit. Microscope objective magnification,
14x; ocular magnification, 7x.

JI.J).

Fig. 6. Hlstology mlcrograph with H&E staining at day
55 of the follow-up. Cellular composition of the ciliary
body in the healthy fellow eye of the rabbit. Microscope
objective magnification, 40x; ocular magnification, 7x.

Fig. 4. Histology micrograph with H&E staining at day
12 of the follow-up. A major choroidal vessel in the
healthy fellow eye of the rabbit. Microscope objective
magnification, 10x; ocular magnification, 16x.

Fig. 7. Histology micrograph with H&E staining at day
44 of the follow-up. The globe wall from the medullary
ray to the sclera in the healthy fellow eye of the rabbit.
Microscope objective magnification, 10x; ocular
magnification, 7x.
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