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Experimental Studies
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Introduction

Background: It is an important challenge to develop objective methods for assessing
intraocular inflammation.

Purpose: To determine temperatures of the ocular surface in the projection of the ciliary
body in rabbits with induced non-infectious anterior and intermediate uveitis in the first
five days of the disease.

Material and Methods: Temperatures of the ocular surface in the projection of the ciliary
body were determined in seventeen Chinchilla rabbits with induced non-infectious anterior
and intermediate uveitis.

Results: At day 1, there was significant difference in temperature of the ocular surface in the
projection of the ciliary body between challenged eyes and eyes of intact rabbits (p=0.002)
and between fellow eyes and eyes of intact rabbits (p=0.005), but not (p=0.12) between the
challenged eye and the fellow eye (35.7°C (1.1) vs 35.0°C (0.9)). At day 3, temperature for
the challenged eye was 36.0°C (0.7), and for the fellow eye, 34.9°C (0.5), and the difference
was not significant (p = 0.09), but there was significant difference between challenged eyes
and eyes of intact rabbits. At day 5, a significant difference in temperature of the ocular
surface appeared between the challenged eye and the fellow eye (36.0°C (0.7) vs 34.7°C
(0.5); p=0.04), and there was still a significant difference between challenged eyes and
eyes of intact rabbits (p=0.008). There was no significant difference in body temperature
between challenged animals at day 1 and intact animals (39.1°C vs 39.1°C; p=0.75) and
between challenged animals at day 3 and intact animals (39.2°C vs 39.1°C; p=0.58).
Conclusion: 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 is likely to be caused by the response of the
autonomic nervous system in the presence of initiation of inflammatory process. On day 5,
a significant difference appeared in the ocular surface temperature between the challenged
eyes and fellow eyes (36.0°C vs 34.7°C; p = 0.04), which is 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.

The incidence of uveitis varies from 17 to 24 per
100,000, and the prevalence is between 38 to 204 per
100,000 population, which means the disease can be
classified as a rare (orphan) disease. Uveitis has been
demonstrated to cause between 5% and 20% of cases of
legal blindness in the United States and the European
Union; in addition, it is the fourth most common cause of
visual disability in developing countries [1-5]. Selecting
the time for withdrawal of anti-inflammatory therapy in
anterior uveitis is a challenge. The time of clinical recovery
may not coincide with the time of actual recovery due to
sluggish inflammation which has not been duly treated

most commonly due to the absence of diagnostic criteria
for this subclinical inflammation [6].

The degree of uveitis activity is the primary indication
for therapy, and a change in the degree of this activity is
an important basis for assessment whether the therapy
is efficient or not. Nowadays 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
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protein and cells, which allows detecting even subclinical
inflammation. The technique is employed both for disease
diagnosis and monitoring [7-12]. It is, however, unreliable
in eyes with poor mydriasis or advanced cataract, and
another limitation is the absence of consensus on the
clinical efficacy of the technique [13, 14].

Studies on local body temperatures improve the
potential for analysis of biological processes in organs and
tissues of the body.

Heat energy is constantly produced in the body and the
amount of heat energy produced depends on the intensity
of metabolic and inflammatory processes as well as state
of circulation [15].

It is an important challenge to develop easy, cost-
effective and reliable objective methods for assessing
intraocular inflammation: not only patient-specific
treatment strategy, but also assessment of clinical
trial results and development of clinical guidelines
and protocols depend on it. Local measurements of
temperature responses have been successfully used in
other fields of medicine, and seem promising for objective
assessment of ocular inflammation. In our most recent
study, 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 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 [16].

Therefore, the purpose of the study was to determine
temperatures of the ocular surface in the projection of the
ciliary body in rabbits with induced non-infectious anterior
and intermediate uveitis in the first five days of the disease.

Material and Methods

Seventeen Chinchilla rabbits (34 eyes; weight, 2.5-3.0
kg) were included in this study. They were divided in 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.

Non-infectious anterior or intermediate uveitis was
induced in the right eye of each rabbit, while the left was
intact.

The Penkov and colleagues’ model [ 17] of experimental
secondary (recurrent) toxic-and-allergic uveitis was
modified and used in the study. Non-infectious uveitis
was induced as follows: The animals were sensitized
by injecting 1.0 mL sterile normal horse serum into the
marginal ear vein at intervals of 24 hours for 5 days. Ten
days thereafter, they were challenged by injecting 1.0
mL sterile normal horse serum intravitreally OD. The
uveal inflammatory process in the form of anterior and
intermediate uveitis developed a day thereafter. Our model
differs from that of Penkov et al in that we introduce horse
serum intravitreally rather than in the anterior chamber.

Biomicroscopy, ophthalmoscopy, measurements of
temperature of the ocular surface in the projection of the
ciliary body and inflammation score were used to monitor
the course of inflammation. Temperature of the ocular
surface in the projection of the ciliary body was measured
as described previously. In addition, the data obtained
were compared with those from our previous study.

The mean temperature of the ocular surface in the
projection of the ciliary body in intact rabbits was 34.1°C
(SD=1.4) [16]. A thermoelectric device [18] developed
within the framework of the partnership agreement
between the Institute of Thermoelectricity of the NAS of
Ukraine and MES of Ukraine, and the Filatov Institute
was used for measuring ocular surface temperature.
Measurements were conducted every other day or every
third day for rabbits of series 1 and every fourth to sixth
day for rabbits of series 2.

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.

Data are presented as mean + standard deviation
(SD). Statistical analyses were conducted using Statistica
8.0 (StatSoft, Tulsa, OK, USA) software. The level of
significance p < 0.05 was assumed. ANOVA and Newman-
Keuls post-hoc analysis were used for comparisons of
groups of different sizes.

Results and Discussion

Anterior and intermediate uveitis developed in the
right eye a day after the intravitreal challenge with sterile
normal horse serum. Details of the clinical findings and the
relationship between clinical findings and ocular surface
temperature will be reported in our future publications.

There was no significant difference (p > 0.05) in room
temperature between measurements made for animals with
experimental uveitis (20.5°C (1.4)) and measurements
made for intact animals (20.1°C (2.02)).

There were mild but significant correlations of
temperature of the ocular surface in the projection of the
ciliary body with room temperature (r=0.27; p=0.0001)
and body temperature (r=0.15; p=0.04). In addition, there
was a mild correlation between body temperature and
room temperature (r=0.37; p=0.0001).

It is likely that mild but significant correlations found
in this part of the experimental study could be explained
by a greater number of ocular surface temperature
measurements (N=189) compared to the study for eyes
of intact rabbits (N=84). Throughout the follow-up
period, there was no significant difference (p=0.104) in
temperature of the ocular surface in the projection of the
ciliary body between eyes of intact animals and healthy
fellow eyes of challenged rabbits, although the temperature
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for the latter eyes was somewhat higher than for the former
eyes (34.4°C (1.1) vs 34.1°C (1.4)).

A day after the intravitreal challenge with sterile normal
horse serum, a clinical picture of anterior and intermediate
uveitis developed, and there was no significant difference
(p=0.12) in temperature of the ocular surface in the
projection of the ciliary body between the challenged eye
and the fellow eye (35.7°C (1.1) vs 35.0°C (0.9)), although
there was significant difference in temperature between
challenged eyes and eyes of intact rabbits (p=0,002) and
between fellow eyes and eyes of intact rabbits (p=0.005)
(Fig. 1). This indicated an increase in temperature both for
the challenged eye and for the fellow eye.

At day 3, temperature of the ocular surface in the
projection of the ciliary body for the challenged eye was
36.0°C (0.7), and for the fellow eye, 34.9°C (0.5), but
the difference was not significant (p = 0.09). In addition,
the difference in temperature of the ocular surface in the
projection of the ciliary body between challenged eyes and
eyes of intact rabbits was significant (p=0.002), whereas
that between fellow eyes and eyes of intact rabbits was
not (p=0.17), which may indicate a tendency toward a
decrease in temperature for the fellow eye (Fig. 2).

At day 5, a significant difference in temperature of the
ocular surface appeared between the challenged eye and
the fellow eye (36.0°C (0.7) vs 34.7°C (0.5); p=0.04), and
there was still a significant difference between challenged
eyes and eyes of intact rabbits (p=0.008). In addition, the
difference in temperature of the ocular surface between
fellow eyes and eyes of intact rabbits increased and was
not statistically significant (p=0.3), indicating a continued
tendency toward a decrease in temperature for the fellow
eye (Fig. 3).

Although we expected systemic response in the
form of increased body temperature in the first days of
induced disease, there was no significant difference in
body temperature between challenged animals at day
1 and intact animals (39.1°C vs 39.1°C; p=0.75) and
between challenged animals at day 3 and intact animals
(39.2°C vs 39.1°C; p=0.58). This absence of significant
difference may indicate minimal systemic reaction to the
development of uveitis.

Aksionova and colleagues [19] reported changes in
immune status in rabbits (increased counts of white blood
cells and neutrophils, increased phagocytic activity of
neutrophils, and extensive phagocytosis in the peripheral
blood) in the presence of clinical horse serum-induced
autoimmune uveitis. We found no significant difference
(p = 0.08) in body temperature between control animals
(39.1°C) and challenged animals (39.0°C) within the
follow-up period.

Therefore, we observed an increase in temperature
both in challenged eyes and in fellow eyes in the first days
of induced non-infectious uveitis.

Interestingly that on day 1 of experimental disease,
no increase in body temperature was observed, but, along
with an increased temperature of the challenged eye, there

was an increase in the temperature of the fellow eye, with a
significant difference from the temperature of eyes of intact
animals. Since there was no increase in body temperature
on day 1, an increase in the temperature of the fellow eye
could not be caused by an increase in body temperature.
Therefore, an increase in the temperature of the fellow
eye at day 1 of experimental uveitis is most likely to be
caused by the presence of so-called autonomic response of
the fellow eye to temperature change. This response began
decreasing from day 3, and on day 5 decreased to the level
enabling a significant difference in temperature of the
ocular surface between the challenged eye and the fellow
eye. The presence of autonomic response of the fellow eye
to temperature change should be taken in account when
assessing the temperature of the ocular surface in the acute
uveitis phase.

A change in autonomic nervous system (ANS)
activity is known to be one of the first stress-response
phases. Vessels of the ciliary body, iris and choroid
have both sympathetic and parasympathetic innervation
[20]. Effects of the sympathetic system on changes in
temperature have been demonstrated in a study [21] in
which intradermal histamine injection was accompanied
by an increase in limb temperature. Stewart and colleagues
[22] demonstrated the use of eye temperature measured
by infrared thermography as an indicator of ANS activity
in bull calves. In addition, pain and anxiety exert effects
on the sympathetic system and hot flash sensation [21].
It is likely that it was the combination of inflammation,
impaired regulation of circulation, and pain sensation
induced during the acute phase of uveitis that resulted in
imbalance between the sympathetic and parasympathetic
nervous systems and increased temperature of the fellow
eye.

Most rabbit studies on ocular surface temperature
in health and or in any disease have been focused on
measurements of intraocular temperature or corneal
temperature [23-28]. The same tendency may be seen in
human studies on temperature responses in uveitis; these
studies have been focused on measurements of corneal
and limbal temperatures [29-32] and even eyelid skin
temperatures [33]. The only study assessing not only
corneal temperature but also temperature of ciliary body
projection on the ocular surface was that by Bakbardina
[6]. We believe that, in uveitis studies (particularly, in
anterior and intermediate uveitis studies), it is ciliary
body projection on the ocular surface that is the most
appropriate site for temperature measurements, since
corneal temperature will not represent the true picture of
disease. In order to undergo changes on the ocular surface,
heat energy has to “pass a long distance” from the locus
of inflammation in the iris, and, especially, in the ciliary
body. However, temperature measurements in ciliary body
projection onto the ocular surface will better reflect heat
processes in the uvea due to reduced “heat losses”. Because
the cornea is avascular, it is heated only passively, by heat
expansion from the internal ocular structures (primarily
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from the uvea) through the aqueous in the anterior chamber.
The ciliary body is a well-vascularized (as opposed to the
cornea) part of the uvea which generates heat and is in
direct contact with the sclera [34]. In addition, the thermal
conductivity of the sclera is known to be higher than that
of the cornea [35]. Therefore, temperature measurements
in ciliary body projection onto the ocular surface will
better reflect heat processes in the ciliary body (especially
in the presence of ciliary body inflammation) compared to
temperature measurements on the corneal surface.

We believe a study by Rushton and colleagues
[36] on the use of infrared thermography and infrared
thermometry in the diagnosis of uveitis in horses is
interesting with regard to ocular surface measurements in
uveitis. Ocular temperatures of both eyes of horses with
acute unilateral uveitis and normal horses were measured
using thermometry and thermography. Measurements
were conducted within three days from the detection of
inflammation symptoms. They found that mean ocular
temperature in uveitic eyes was higher than in contralateral
eyes, which is in agreement with our findings. In addition,
no statistically significant influence of rectal temperature on
ocular temperature was determined in either measurement
method. Moreover, a statistically significant influence of
ambient temperature on the results of ocular thermometry
was determined [28]. In that study and in our study
measurements were conducted during the acute phase of
uveitis. In our opinion, the results of that study could be
influenced not only by technical characteristics of the used
devices, but also some other factors. First, eye images
were taken at 1 m distance, and it is difficult to prevent
environmental effects (i.e., the influence of air current)
at this distance. Second, target infrared thermometry is
difficult to perform. Third, in some cases, it was not clear
for how long the clinical signs of inflammation were
present at the beginning of the study. Finally, in early acute
uveitis, there could be the presence of autonomic response
to temperature change.

Conclusion

First, on day 1 of induced non-infectious anterior
and intermediate uveitis in rabbits, the temperature in
ciliary body projection onto the ocular surface increased
significantly 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 is likely to be caused by the
response of the autonomic nervous system in the presence
of initiation of inflammatory process.

Second, on day 5 of induced non-infectious anterior
and intermediate uveitis in rabbits, a significant difference
appeared in the ocular surface temperature between the
challenged eyes and fellow eyes (36.0°C vs 34.7°C; p =
0.04), which is 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 eyes.
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Fig. 1. Temperature of the ocular surface
in the projection of the ciliary body in
challenged eyes and fellow eyes of uveitis
rabbits and eyes of intact rabbits at day 1

Note: 1, challenged eyes; 2, fellow eyes;
3, eyes of intact rabbits

Fig. 2. Temperature of the ocular surface
in the projection of the ciliary body in
challenged eyes and fellow eyes of uveitis
rabbits and eyes of intact rabbits at day 3

Note: 1, challenged eyes; 2, fellow eyes;
3, eyes of intact rabbits

Fig.3. Temperature of the ocular surface
in the projection of the ciliary body in
challenged eyes and fellow eyes of uveitis
rabbits and eyes of intact rabbits at day 5

Note: 1, challenged eyes; 2, fellow eyes;
3, eyes of intact rabbits
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