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ABSTRACT: The present study was designed to compare intraocular pressure (IOP) values by two types of tonometers in
condition of normotensive and glaucomatous rat model. Glaucomatous eyes were induced by intracameral injections of
hyaluronic acid in right eyes of six-week-old male Spargue-Dawley (SD) rats. Normotensive contralateral eyes were left
eyes of the SD rats. IOP was measured using a rebound tonometer (Tonolab) and an immersive tonometer (Tonopen® XL)
about 3:00 pm. The mean IOP values of normotensive control eyes were 10.80 ± 1.03 mmHg by Tonopen, and 15.10 ± 0.73
mmHg by Tonolab which were statistically insignificant (p = 0.1). The mean IOP values of glaucomatous experimental
eyes were 30.20 ± 2.67 mmHg by Tonopen, and 37.90 ± 2.73 mmHg by Tonolab which were statistically insignificant
(p = 0.95). High IOP values of glaucomatous eyes by two types of tonometers had strong positive correlation with each
other (r = 0.904, p <0.01). There was a decrease of ganglion cell layer cells in retina of glaucomatous eye compared to that
of normotensive eye. This is the first study to compare IOP values using two types of tonometers between normotensive
and glaucomatous model made by intracameral injection of hyaluronic acid. It can be concluded that Tonopen should be
used carefully when the IOP is within normal range, and both Tonopen and Tonolab can be used reliably when the IOP is
high.
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clarify the relationship and characteristics of both
tonometers in practice.

INTRODUCTION
Glaucoma is one of the most severe ocular diseases,
characterized by an irreversible loss of retinal ganglion
cells (RGCs) and damage to the optic nerve head (Anders
et al. 2018). Elevated intraocular pressure (IOP) is a major
risk factor for glaucoma and is characterized by an
irreversible decrease in retinal ganglion cells (RGCs)
(Choy et al. 2017).
Glaucoma animal model is useful for identifying the
etiology of glaucoma and for developing treatment
regimens (Morrison et al. 1997, Yu et al. 2007). The
glaucoma animal models like dogs and rabbits are
expensive (Quigley and Addicks 1980, Quigley and
Hohman 1983, Moore et al. 1993) and rabbits suffer from
marked differences in optic nerve head structures.
Therefore, we sought to develop rat glaucoma model
because it is less expensive and is easier to handle.
The aim of this study was to evaluate IOP values
measured with two types of tonometers in normal IOP
(normotensive) and glaucomatous rat model, and to

MATERIALS AND METHODS
Raising environment of SD rats
Five-week-old male Sprague-Dawley (SD) rats
weighing approximately 200 g and reared by
ORIENTBIO were used in this study. All experimental
procedures were approved by the Animal Review Board
of Eulji University in accordance with the National
Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH Publication No. 80-23, revised
1996). The rats were housed in a specific pathogen free
laboratory at the Department of Biomedical Laboratory
Science at Eulji University in Seongnam. Total 10 SD
rats were divided into glaucomatous eyes (right eyes) and
normotensive eyes (left eyes). The laboratory
environment was maintained at a temperature 20-25ºC,
humidity 40-60%, and a 12-hour day/night cycle (7:00
am to 7:00 pm). The rats were freely fed with appropriate
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food and allowed to acclimate to their environment for
one week prior to beginning the study.

repeated. The rest ten eyes of IOPs (5 glaucomatous right
eyes and 5 normotensive left eyes) were evaluated using
the Tonopen. The Tonopen was attached to the apex of
the central cornea. Three times of IOP measurements per
eye with variances of less than 5% on each measurement
were obtained and averaged for determination of
IOP.Statistical analysis was performed using SPSS
(version 24.0; SPSS Inc., Chicago, IL).

Making rat glaucoma model by intracameral
hyaluronic acid injection
Ten six-week-old male SD rats weighing 250-300 g
were anesthetized using an intraperitoneal injection of
tiletamine and zolazepam (Zoletil 50 Inj, Virbac Korea,
St. Ogeum, Seoul, Korea) and xylazine hydrochloride
(Rompun inj, Bayer Korea, St. Boramae, Seoul, Korea)
in a 2:1 ratio (0.1 mg/100 g) weekly for 4 weeks. The
rats were immobilized on the sample plate of a
stereoscopic microscope (AKS- IIILF, OMAX, St.
Maesil, Sejong, Korea), and 25 µL sodium hydronate
[Hyaluronic acid eye (18 mg/1.2 mL), Kukje Pharma, St.
Yatap, Sungnam, Korea] was injected into the right eye
using a Hamilton syringe (Gastight #1705, Hamilton Co.,
Reno, NV, USA) and a 30-gauge needle directed through
the corneal limbus (Moreno et al. 2005).

Haematoxylin staining of control and experimental
eyes (especially retina)
Haematoxylin staining was performed to confirm that
the glaucoma rat model was well established. After
measuring IOP, enucleation was performed on
postoperative week 4. The eyeballs were soaked in 4%
paraformaldehyde (pH 7.4) and sectioned along the
posterior margin of the ora serrata. The retina was peeled
off with a number 0 brush and the retinal tissue was
divided into four quadrants. The mid-papillary regions
of the retinas were then cut into small rectangular shaped
sections. The retinal tissues were fixed in 4%
paraformaldehyde for 2 hours at 4°C. After fixation, they
were transferred to a 30% sucrose solution (pH 7.4) and
refrigerated overnight. The retinal tissues were flash
frozen in liquid nitrogen and stored at -70°C. Finally,
they were rinsed in phosphate buffered saline (PBS) (pH
7.4), dehydrated, embedded in wax, and cut into 5 µm
sections and finally stained with haematoxylin and eosin.
All retinal preparations were evaluated by microscope
(Nikon ECLIPSE 80i, Nikon Corporation, Japan) and
were captured with I-Solution™ (IMT I-Solution Inc.,
Vancouver, BC, Canada).

IOP assessments using two types of tonometers
After injecting hyaluronic acid intracamerally, eye
drops containing 0.5% proparacaine hydrochloride
(Alcaine®, Alcon Inc., Fort Worth, TX, USA) were used
as topical anaesthesia. IOPs were measured using a
rebound tonometer (Tonolab, Tiolat, OY, Helsinki,
Finland) and an immersive tonometer (Tonopen® XL,
Medtronic Wolan, Jacksonville, FL) at about 3:00 pm
time of day. The measurements were obtained by a skilled
researcher who fixed the neck and body of the rat with
one hand, not allowing the rat to move (Kim et al. 2014).
Ten eyes of IOPs (5 glaucomatous right eyes and 5
normotensive left eyes) were measured using the Tonolab.
The probe was positioned perpendicular to the cornea
and horizontal to the ground such that there was 1-4 mm
between the tip of the probe and the cornea (Yu et al.
2007). After six measurements had been obtained, the
mean IOP was shown in the display window. If an error
message appeared at any time, the measurement was

RESULTS AND DISCUSSION
IOP values using two types of tonometers
The rat glaucoma model was induced by elevated IOP
within 1 hour of intracameral injection. The mean IOP
values of normotensive eyes (left eyes) were 10.80 ± 1.03
mmHg by Tonopen, and 15.10 ± 0.73 mmHg by Tonolab.
The IOP values were statistically insignificant each other
(p = 0.1, independent paired t-test). The mean IOP values
of glaucomatous eyes (right eyes) were 30.20 ± 2.67
mmHg by Tonopen, and 37.90 ± 2.73 mmHg by Tonolab.
They were statistically insignificant (p = 0.95,
independent paired t-test) (Table 1).
The Spearman correlation coefficient between the IOP
values of the normotensive eyes using two tonometers
was 0.273 (p =0.445) which indicated negative
correlation. The Spearman correlation coefficient
between the IOP values of the glaucomatous eyes was
0.904 (p <0.01) indicating strong positive correlation with

Table 1. Comparison of intraocular pressure (IOP) obtained
by Tonopen XL vs Tonolab in normotensive and
glaucomatous eyes*.
Parameters

Tonopen XL Tonolab
(mmHg)
(mmHg)

p value

Normotensive eyes 10.80 ± 1.03
Left eyes (n=10)

15.10 ± 0.73

p = 0.1

Glaucomatous eyes 30.20 ± 2.67
Right eyes (n=10)

37.90 ± 2.73

p = 0.95

*Paired t-test.
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et al. 2007, Guo et al. 2011) and cauterizing of episcleral
veins (Bai et al. 2014). This is the first study to compare
the IOP of rats with this type of glaucoma model.
There are many kinds of tonometers to measure IOP
in animal model. Since making glaucoma model through
intracameral injection of hyaluronic acid is invasive, we
chose two most commonly used noninvasive tonometers
that can be used to measure IOP of rats. Tonopen and
Tonolab are non-invasive methods to estimate of IOP
(Millar and Pang 2015). To reduce the likelihood that
the test results would be affected by laboratory
environment and animal conditions, we used the same
age group of rats and measured at 3:00 pm time to avoid
the effects of diurnal fluctuations in IOP (Rajaei et al.
2017).
There was no statistically significant difference
between the normotensive eyes and glaucomatous eyes
measured by the two types of tonometers. However, the
IOP measured by Tonolab tended to be higher than the
IOP measured by Tonopen. Nagata et al. (2011) reported
that IOP measurements of Beagle dogs also had no
significant difference in the accuracy of IOP evaluated
by rebound tonometer and Tonopen. They argued that
tonopen was less accurate than Tonolab in the
hypertensive pressure stage for over 20 mmHg.
However, in our study, the IOP measured by Tonopen
and Tonolab in the control group was negatively
correlated. Tonopen is an immersive tonometer used to
measure the IOP of several animals as well as rats
(Mermoud et al. 1994, Midelfart and Wigers 1994). The
probe is relatively large in the rat eye and the examiner
must press the center of the cornea to measure IOP. As a
result, the measured IOP depends on the degree of
succession of the examiner and varies greatly depending
on the examiner. There is a disadvantage in that even
when one examiner measures, there is a large deviation
in each measurement (Moore et al. 1993). Tonolab is a
rebound tonometer based on the inductive or impact
principle (Kontiola 1996). This tonometer is a device that
measures the electromagnetic force generated by the
momentum when the small magnetic probe is shot on the
cornea and then bounced back and converts it into the
intraocular pressure (Kontiola 1996). For these reasons,
there were statistically insignificant differences in the IOP
measured with two tonometers. In this study, Tonolab
was measured first in the order of IOP measurement, so
it can be considered that the first measured IOP can have
certain influence on the later IOP. However, unlike
Tonopen, the probe of Tonolab is very small and
lightweight, so its effect is less due to the small force
applied to the cornea at the time of contact.

Fig. 1. Scatter plot showing measurement values with
Tonopen XL and Tonolab. There is reasonably good linear
correlation coefficient between the IOP values of the
glaucomatous eyes, i.e., 0.904 (p<0.01).

each other. In glaucomatous eyes, the regression equation
between Tonopen and Tonolab were y = x + 8 (Fig. 1).
Histological changes of normotensive and
glaucomatous eyes
There was significant loss of ganglion cell layer (GCL)
cells in retina of glaucomatous eye compared to that of
normotensive eye (Fig. 2A, B). Diminution of ganglion
cell layer (GCL) cells in glaucomatous eye was observed
whereas the other retinal layers showed normal
appearance.
Measurement of IOP is essential to make accurate
diagnosis on ophthalmic diseases, such as glaucoma and
uveitis. Among the risk factors for glaucoma, IOP is the
only major risk factor that can be controlled.
Not only people, but the number of Veterinary
Ophthalmologists is also currently increasing in Korea
and Japan due to the increase in adoption of pets (Nagata
et al. 2011). Our glaucoma model induced by intracameral
injection of hyaluronic acid was reported by Moreno et
al. (2005). Intracameral injection of hyaluronic acid is
the fastest way to increase IOP in short period. Because
of cohesive characteristics of hyaluronic acid, the direct
flow of aqueous humor from the ciliary process to the
pupil is blocked, and high IOP is developed. Previously,
experimental glaucoma models in rats resulting from
chronic elevations in IOP were created through
intravitreal endothelin-1 injection (Dibas et al. 2008),
episcleral vein injection with hypertonic saline (Johnson
154
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Fig. 2. Light micrographs of transverse sections of retinas from contralateral eye (A) and glaucomatous eye which was
injected with hyaluronic acid (B). [Nor = ormotensive eyes; Glu = glaucomatous eyes; IPL = inner plexiform layer; INL = inner
nuclear layer; OPL = outer plexiform layer; ONL = outer nuclear layer. Haematoxylin stain (magnification , X400).]

The limitations of this study were, firstly, a short-term
experiment with a small number of mice. The number of
cases was small and the measured IOP values by Tonopen
were highly variable. It may appear that there is no
correlation at normal IOP. Further studies will be needed
to develop a new model for a large number of rats in the
future. The second one was that we measured the IOP
only one day. The glaucoma with high IOP was
maintained well on the day of injecting the hyaluronic
acid and only the day of the procedure was measured
because the viscoelastic material escaped from the
injection site with time.
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