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RESEARCH ARTICLE

Determination of Intraocular Pressure Reference Values in
Gazelles in Sanhurfa”

This study aimed to determine species-specific reference values for intraocular pressure (IOP) in
healthy gazelles (Gazella subgutturosa) living in the Sanliurfa region by performing IOP
measurements using rebound tonometry without sedation and in a natural standing posture. A total
of 20 healthy individuals aged between 0 and 6 months (10 females and 10 males) were included
in the study, and both eyes of each subject were evaluated separately, resulting in a total of 40
eyes. IOP measurements were performed using the Icare® TONOVET Plus device in “d” mode,
without the application of topical anesthetics or sedatives, with the animals in a standing position.
For each eye, the mean of six consecutive measurements was used. Data were analyzed using
parametric methods, and the level of significance was set at p<0.05. The mean IOP values for the
right and left eyes were 20.5+8.1 mmHg and 22.1+9.7 mmHg, respectively, with no statistically
significant difference between them (p=0.471). The overall mean IOP was calculated as 21.3+9.0
mmHg. IOP was found to be significantly higher in female individuals compared to males (24.3+9.1
vs. 17.6+£6.8 mmHg; p=0.026). No statistically significant difference in IOP was observed among
the age groups. This study defines the first IOP reference values obtained without sedation using
rebound tonometry in Gazella subgutturosa and provides clinically valuable reference data for the
diagnosis and monitoring of traumatic, inflammatory, and glaucoma-like ophthalmic conditions.
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Sanlurfa'daki Ceylanlarda Goz igi Basinci Referans Araliklarinin Belirlenmesi

Bu galismada, Sanliurfa bélgesinde yasayan saglikh ceylanlarda (Gazella subgutturosa) sedasyon
uygulanmaksizin ve dogal ayakta durus pozisyonunda rebound tonometri kullanilarak g6z igci
basinci (GIiB) olciimleri gergeklestirimis ve tiire ©6zgii referans araliklarinin belirlenmesi
amaclanmigtir. Calismaya, 0-6 ay yas araliginda 10'u disi ve 10’'u erkek olmak uzere toplam 20
saglikli birey danhil edilmis; her bireyin her iki gézi ayri ayri degerlendirilerek toplam 40 g6z
incelenmistir. GIB élctimleri, topikal anestezik veya sedatif madde kullaniimadan, hayvanlar ayakta
pozisyondayken, Icare® TONOVET Plus cihazinin “d” modu kullanilarak gergeklestirilmistir. Her
g6z igin ardigik altt Olgumin ortalamasi analizlerde esas alinmistir. Verilerin istatistiksel
degerlendiriimesinde parametrik testler kullaniimis ve anlamhlik dlzeyi p<0.05 olarak kabul
edilmistir. Sag ve sol gdzler igin ortalama GIB degerleri sirasiyla 20.5+8.1 mmHg ve 22.1+9.7
mmHg olarak belirlenmis olup, gozler arasinda istatistiksel olarak anlamli bir fark saptanmamistir
(p=0.471). Genel ortalama GIB degeri 21.3+9.0 mmHg olarak hesaplanmistir. Disi bireylerde GIB
degerlerinin erkeklere kiyasla anlamh derecede daha yuksek oldugu belirlenmistir (24.3+9.1
mmHg'ye karsi 17.626.8 mmHg; p=0.026). Yas gruplar arasinda GIB acisindan istatistiksel olarak
anlamli bir fark bulunmamistir. Bu galisma, Gazella subgutturosa turiinde sedasyon uygulanmadan
rebound tonometri kullanilarak elde edilen ilk GIB referans araliklarini tanimlamakta olup;
travmatik, inflamatuvar ve glokoma benzeri oftalmik hastaliklarin tani ve izlenmesinde klinik agidan
degerli referans veriler sunmaktadir.
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Introduction

Gazelles (Gazella subgutturosa) are among the endangered wildlife species that
naturally inhabit the Southeastern Anatolia Region of Turkiye, particularly around
Sanliurfa, and are characterized by high mobility (1). The innate sudden escape reflex,
directional agility, and herd behavior of this species predispose it to trauma-related
ophthalmic pathologies (2). In addition, environmental stressors and infectious agents
encountered in natural habitats are major risk factors that may adversely affect ocular
health.

Intraocular pressure (IOP) is a fundamental physiological parameter widely used in
both human and veterinary medicine for the diagnosis, monitoring, and treatment of
ophthalmological diseases such as glaucoma, uveitis, and conjunctivitis (3, 4). IOP
reflects the dynamic balance between aqueous humor production and drainage.
Disruption of this balance may result in optic nerve damage, permanent vision loss, and
serious clinical conditions such as glaucoma (5, 6). Therefore, accurate and reliable
measurement of IOP is of great importance, particularly in post-traumatic evaluations
and cases of systemic diseases (7).

* This study was supported by the TUBITAK (Project Number: 1919B012411536).
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Although reference values for IOP have been
defined in veterinary literature for cats, dogs, horses,
rats, and some exotic species, there are no available
reference values for gazelles (8-10). This gap creates
uncertainty, particularly during diagnhostic and
therapeutic processes, and the use of reference values
extrapolated from different species, reduces the
measurement accuracy and reliability of clinical
decisions. Moreover, considering physiological variables,
such as the effects of anesthetic agents on IOP and the
influence of body position on measurements, the lack of
species-specific  reference  values for Gazella
subgutturosa represents a significant clinical limitation
(11-13).

This study aimed to perform systematic IOP
measurements in healthy male and female Gazella
subgutturosa individuals using the rebound tonometry
method without sedation and in a natural posture and to
define scientifically based reference values for this
species. The original dataset intended to be obtained is
expected to provide clinical reference values applicable
to the diagnosis, monitoring, and treatment of glaucoma,
conjunctivitis, uveitis, and traumatic ocular diseases. In
addition, these data are anticipated to contribute to
clinical decision-making processes on an objective basis
and to provide a scientific foundation for the long-term
health management of this endangered species.

Materials and Methods

Research and Publication Ethics: The study
protocol was approved by the Local Ethics Committee
on Animal Experiments, Harran University (session and
permit number: 2025/004/09).

Animal Material and Study Design: The study
was conducted on 20 gazelles (Gazella subgutturosa)
aged between 0 and 6 months, who were brought to the
Harran University Faculty of Veterinary Medicine Animal
Hospital for routine health examinations and were
considered clinically healthy. Ten gazelles were female,
and ten were male. Both eyes of each individual were
evaluated separately, for a total of 40 eyes.

Prior to IOP measurement, all animals underwent a
detailed ophthalmological examination. This evaluation
included assessment of blink reflex, pupillary light reflex,
and direct ophthalmoscopy (Gowllands®
Ophthalmoscope, United Kingdom). Individuals with no
signs of ophthalmic or systemic disease were included in
the study.

Tonometry Procedure: IOP measurements were
performed using the Icare® TONOVET Plus device
(Finland), which operates based on the rebound
tonometry principle (Figure 1). Because no species-
specific calibration mode is available for gazelles, the “d”
mode was selected based on its widespread use in
medium-sized mammals with comparable corneal
biomechanics. Manufacturer-specific recommendations
for Gazella subgutturosa are currently unavailable.
Measurements were conducted in the device’s “d” mode,
in accordance with the manufacturer's instructions,
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without the use of topical or systemic anesthetics, and
without sedation (3). All measurements were carried out
by the same investigator within the same time interval to
minimize circadian variability. All measurements were
performed between 09:00 and 12:00 to minimize the
effects of diurnal variation in intraocular pressure. During
the procedure, gazelles were manually restrained in their
natural standing posture. Measurements were first
obtained from the right eye and subsequently from the
left eye. The tonometer probe was positioned
perpendicular to the center of the cornea at an
approximate distance of 4-8 mm, and the mean of six
consecutive measurements was used for evaluation. A
new probe tip was used for each animal (14). Care was
taken to avoid pressure on the neck region and eyelid
manipulation was minimized. All the procedures were
performed in a quiet environment to prevent stress. The
values obtained from each eye were recorded separately
and the arithmetic mean of the right and left eye
measurements was calculated as the individual 10P
value.

Figure 1. Measurement of intraocular pressure in a gazelle
using the Icare® TONOVET Plus rebound tonometer without
sedation

Statistical Analysis: Statistical analyses were
performed using the IBM SPSS Statistics 22.1 software
(IBM Corp., Armonk, NY, USA). The distribution
characteristics of the quantitative data were assessed
using the Shapiro-Wilk test. Results are reported as the
mean + standard deviation (SD) and median (min—max).
To determine the differences between I|OP values
obtained from the right and left eyes, a paired-samples t-
test was used when the data were normally distributed,
whereas the Wilcoxon signed-rank test was applied
when normality was not met. To avoid pseudoreplication,
the mean of the right and left eye measurements was
calculated for each individual and used as the unit of
analysis in all subsequent comparisons. Comparisons of
IOP between sex groups were performed using an
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independent-samples t-test under parametric conditions
and the Mann-Whitney U test. Homogeneity of
variances was assessed using Levene’s test prior to
one-way ANOVA. One-way analysis of variance
(ANOVA) was used to assess differences in mean I0P
values among age groups, and the Kruskal-Wallis test
was preferred when parametric assumptions were not
satisfied. In all statistical analyses, the level of
significance was set at p<0.05.

Results

Evaluation of intraocular pressure (IOP)
measurements in gazelles revealed a mean value of
20.5+8.1 mmHg in the right eye and 22.1+9.7 mmHg in
the left eye. According to the paired-samples t-test, no
statistically significant difference was detected between
the right- and left-eye values (p=0.471). Therefore, the
mean of the right- and left-eye values for each individual
was calculated and used as the representative IOP
value in subsequent analyses (Table 1).

In comparisons based on sex, IOP values in female
gazelles (24.3+9.1 mmHg) were significantly higher than
those in males (17.6+6.8 mmHg). The independent-
sample t-test demonstrated that this difference was
statistically significant (p=0.026). This finding suggests
that sex may have a potential influence on IOP.

Evaluation according to age groups showed no
statistically significant difference in IOP values based on
the results of one-way analysis of variance (ANOVA)
(p=0.222). Among the age groups, the most commonly
represented group, 30-day-old individuals, exhibited a
mean IOP value of 21.3+9.3 mmHg, which was
comparable to those of the other age groups (Table 2).

Table 1. Descriptive statistics of intraocular pressure
(IOP) values obtained by rebound tonometry in healthy
Gazella subgutturosa individuals
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Variable Number of eyes Mean + SD (mmHg) Median
Right eye 20 20.5+8.1 19
Left eye 20 22.1+9.7 21
Both eyes (mean) 40 21.3+9.0 20
Male 20 17.6 £6.8 17
Female 20 243 +9.1* 23

Measurements were performed while the animals were in a
standing position, without applying pressure to the head or neck
region. * p<0.05 indicates a statistically significant difference

Table 2. Descriptive statistics of intraocular pressure
(IOP) values measured in Gazella subgutturosa
individuals according to age groups

Age group Number of eyes Mean + SD (mmHg) Median
0-15 days 4 20.0+5.2 20
30 days 28 21.3+9.3 20
30-60 days 20.8+11.4 20
60-360 days 23.0+9.3 23
Total 40 21.3+9.0 20

IOP values were calculated by averaging the right and left eye
measurements for each individual. No statistically significant
difference was detected among age groups (ANOVA, p>0.05).
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Discussion

This study makes a significant contribution to the
literature as the first scientific investigation to report
intraocular pressure values measured by rebound
tonometry in gazelles (Gazella subgutturosa).
Considering both the biological characteristics of the
species and the challenges associated with ophthalmic
examinations, the data obtained are of particular
importance for establishing reference values and
improving clinical approaches.

Despite the lack of interocular statistical
differences, each eye should be evaluated individually,
as certain ophthalmic disorders may develop unilaterally.
However, for greater reliabilty and to reduce
measurement error, evaluation of both eyes together is
considered more appropriate (5, 8, 15, 16). The
significantly higher IOP observed in females compared
with males in the present study (24.3+9.1 mmHg vs.
17.6+6.8 mmHg; p=0.026) suggests the presence of
species-specific and potentially sex-related physiological
differences. Although similar sex-related effects have
been reported in some avian species in association with
head position (e.g., higher IOP in male adult cranes)
(17), sex-related differences are not consistent between
members of the Cervidae and Bovidae families.
Therefore, confirmatory studies on gazelles that
concurrently investigate variables such as ocular
biometry, hormonal status, and corneal thickness are
warranted. However, given the relatively small overall
sample size, this finding should be interpreted cautiously
and warrants confirmation in larger population-based
studies.

The mean IOP obtained in gazelles in the present
study (both eyes: 21.3+9.0 mmHg) was close to, but
slightly lower than, the values reported in conscious red
deer measured by rebound tonometry (26.8+4.1 mmHg)
(8). When compared with the mean values reported
using applanation tonometry in eland and fallow deer
(14.6£4.0 and 11.9+3.3 mmHg, respectively) (4), it is
evident that differences in device type and measurement
method can significantly influence absolute IOP values.
Indeed, in white-tailed deer, measurements obtained
with the TonoPen® were higher than those obtained with
the TonoVet® in the same individuals (15.6+2.9 vs.
12.9+2.6 mmHg), demonstrating a systematic
measurement bias between the two devices (9). Similar
rebound-applanation comparisons in dogs and horses
have also indicated small but clinically significant
interdevice offsets (18). Previous studies in cervids and
other ungulate species have reported variability in
intraocular pressure measurements depending on the
selected TonoVet calibration mode and device type.
Therefore, further manometric validation studies are
required to determine the most appropriate calibration
mode for gazelles. In addition, deviations from
manometric measurements may be significant among
the species modes of TonoVet Plus®; for example, in
the porcine eye, the “equine” mode yielded the highest
accuracy, whereas the “canine” and “leporine” modes
systematically overestimated IOP (19). In the present
protocol, the “d” mode was used; however, because no
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species-specific calibration is available for gazelles,
further studies involving manometric validation or
determination of the most appropriate mode are
considered necessary.

In this study, all measurements were performed
with the animals in a standing position, without applying
pressure to the head or neck region, and with minimal
manipulation of the eyelids to avoid position- and
manipulation-related increases or decreases in IOP. This
approach is consistent with strong evidence in horses
showing that IOP increases markedly when the head is
lowered below the heart level and decreases when it is
elevated (20). A wide range of IOP changes associated
with head position during hoisting or inversion have been
reported (11). In dogs, measurable short-term changes
in IOP related to body position have been described
(21). In cranes, the position of the head relative to the
heart level has been shown to significantly affect IOP
(17). This body of literature reinforces the necessity of
recording body position during both field and clinical IOP
measurements as well as ensuring identical conditions
during repeated measurements.

No significant differences were detected among
age groups in the present study, which is consistent with
findings in white-tailed deer showing no age-related
differences in IOP (9). However, in some species, IOP
has been reported to increase with age and body weight
during development (e.g., in crane chicks) (17).
Sensitivity to environmental conditions may vary among
species. For instance, significant location-related
variability in IOP has been reported in Pygoscelis
penguins (7), highlighting the potential influence of
environmental stressors and climate in field studies. In
addition, a slight but significant age-related decrease in
IOP has been reported in black-footed penguins (22),
which may be associated with changes in corneal or
ocular biomechanics or autonomic tone. Because central
corneal thickness (CCT) was not measured in the
present study, the potential effect of CCT cannot be
excluded. Although reports in some species indicate that
the influence of CCT on IOP measurements is limited or
negligible (22), this relationship requires confirmation in
gazelles.

Veterinary studies have demonstrated that
anesthetic and sedative agents can significantly reduce
IOP and, more rarely, increase it; moreover, sensitivity
may vary depending on the measurement device and
mode used (13, 15). Pronounced device- and mode-
related differences have been reported in coatis (23).
TonoVet® has been shown to be more accurate and
sensitive than TonoLab® in chinchillas (24), and
TONOVET Plus has demonstrated high accuracy within
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