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ABSTRACT

Purpose: To investigate the effect of a single dose of topical timolol maleate 0.5% on anterior segment structure, pupil dynamics, and retinal 
and choroidal thickness in healthy subjects. 
Materials and Methods: Thirty subjects were included in this prospective and observational study. One eye of the participants received a 
single dose of topical benzalkonium chloride (BAC) preserved Timolol maleate 0.5% (Timosol 0.5%, Bilim Ilac, Istanbul, Turkey) (treated 
eye). Contralateral eye received a single dose of sodium hyaluronate ophthalmic solution without preservative (control eye). Main outcome 
measures were central corneal thickness (CCT), aqueous depth, anterior chamber volume, iridocorneal angle, horizontal anterior chamber 
diameter, static and dynamic pupil functions, central macular thickness, and choroidal thickness. 
Results: Mean CCT was signifi cantly higher after timolol instillation in treated eyes (p=0.001). Timolol did not affect aqueous depth, anterior 
chamber volume, iridocorneal angle and horizontal anterior chamber diameter in treated eyes (p>0.05 for each). Mean pupil diameters were 
similar under scotopic, mesopic and photopic conditions before and after timolol instillation (p>0.05 for each); however, pupil dilation speed 
was signifi cantly lower after timolol instillation in the treated eyes (p<0.05). Mean central macular thickness was signifi cantly higher after 
timolol instillation in treated eyes (p=0.005); however, no signifi cant difference was observed in choroidal thickness (p>0.05). Pre- and post-
instillation outcomes were similar in control eyes for all parameters (p>0.05 for each). 
Conclusion: Topical BAC-preserved timolol maleate reduces pupil dilation speed without any effect on static pupil functions and increases 
the CCT and central macular thickness. 
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INTRODUCTION

Timolol maleate is a non-selective, beta-adrenergic 
blocker and the mainstay drug for the fi rst-line treatment of 
glaucoma, either as a monotherapy or in combination with 
other drugs.1 Timolol maleate lowers intraocular pressure 
and suppresses aqueous humor production by lowering 
cyclic adenosine monophosphate levels via beta-adrenergic 
receptor blockage and Cl--HCO3

-exchange and Na+-K+-
Cl- cotransporters inhibition in the ciliary epithelium.2-4 
Timolol maleate binds to all types of beta-adrenergic 
receptors; correspondingly, it may affect several ocular 
structures that contain beta-adrenergic receptors other than 
the intended target. The epithelium and endothelium of the 
cornea, iris muscles, ciliary body, trabecular meshwork, 
and retina pigment epithelium possess beta-adrenergic 

receptors.5-8 The use of topical timolol may cause functional 
and structural changes in those tissues. The effect of timolol 
can be observed 20 minutes after administration and lasts 
for 24 hours.9 However, the effi cacy of timolol may vary in 
ocular structures due to up- and down-regulation of beta-
receptor density.10 

Tachyphylaxis is an important factor and may occur 
within days or months after the instillation of timolol.11 
Tachyphylaxis may mask some of the ocular effects 
of timolol in patients who have taken the drug ov er an 
extended period; therefore, previous study outcomes 
may be distorted due to this phenomenon. Additionally, 
large proportion of glaucoma patients have been shown 
to have poor adherence to their medical treatment.12 
Poor patient adherence may also increase the frequency 
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of ocular side-effects of timolol that are masked due to 
tachyphylaxis in patients with good adherence to medical 
treatment.  Previous studies have investigated the side-
effects of timolol on patients with long term use; however, 
those studies did not investigate immediate ocular side 
effects of timolol, which possibly affects patients with 
poor adherence. Current knowledge regarding the effect 
of topical timolol should be updated in consideration of 
tachyphylaxis.

We hypothesize that a single dose of timolol maleate may 
arise ocular side-effects that are not experienced in regular 
use due to tachyphylaxis. The present study aimed to 
assess the effect of a single dose of timolol maleate 0.5% 
eye drop on the anterior segment structure, pupil functions, 
and retinal and choroidal thickness in healthy subjects.

MATERIAL AND METHODS

This prospective and observational study was conducted at 
ophthalmology department of Mustafa Kemal University 
Faculty of Medicine, Hatay, Turkey, in accordance with 
the ethical standards of the Declaration of  Helsinki. The 
study protocol was approved by the institutional board of 
the Mustafa Kemal University Faculty of Medicine ethics 
committee. All participants provided written informed 
consent prior to undergoing all examinations. 

All included subjects were healthy and had no history of 
systemic or ocular disease. Subjects with the following 
conditions were excluded: corrected distance visual acuity 
<20/20 in the Snellen chart, myopia or hyperopia greater 
than 0.5 diopter, history of ocular trauma or surgery, corneal 
diseases, uveitis, glaucoma, pseudoexfoliation syndrome, 
anterior or posterior synechiae, cataract, congenital or 
acquired iris and pupil anomalies, retinal diseases that 
may affect pupil functions, recent or permanent use of 
topical medications, and use of drugs that may affect pupil 
functions. 

Sixty eyes of 30 healthy subjects, who met the eligibility 
criteria, were included in the study. The eyes of the subjects 
were randomized and one eye (treated eye) received one 
drop of benzalkonium chloride (BAC) preserved Timolol 
maleate 0.5% (Timosol 0.5%, Bilim Ilac, Istanbul, 
Turkey). The contralateral eye (control eye) received one 
drop of preservative free sodium hyaluronate ophthalmic 
solution. All subjects applied nasolacrimal occlusion for 
fi ve minutes after receiving eye drops.

All clinical examinations and measurements were performed 
before and two hours after eye drop instillation. Same 
clinician (V.C.), who was blinded to randomization of eyes, 
performed the all ocular examinations and measurements. 
All subjects underwent a complete ocular examination 

including best corrected visual acuity test with a Snellen 
chart, intraocular pressure measurement, biomicroscopy 
of anterior segment, and fundus examination. Anterior 
segment parameters including central corneal thickness 
(CCT), anterior chamber volume (ACV), iridocorneal 
angle (ICA), aqueous depth (AD), and horizontal anterior 
chamber diameter (HACD) were measured with Sirius 
Topographer (CSO, Firenze, Italy). The AD corresponds 
to the distance from the central corneal endothelium to 
the anterior lens capsule. The HACD corresponds to the 
distance between the opposing cornea-scleral junctions at 
horizontal meridian.

Pupil responses were measured with the pupillometry 
function of the Sirius Topographer (CSO, Firenze, Italy) 
using Phoenix v2.1 software (Costruzione Strumenti 
Oftalmici, CSO, Firenze, Italy). All measurements were 
performed at the same time of the day (10:00–12:00 am) 
to avoid the circadian changes in the pupillary response.13 
All measurements were performed based on Prakash 
et al.’s method.14 Pupil responses were evaluated after 
a fi ve-minute dark adaptation, which was followed by 
measurements at scotopic (0.4 lux), mesopic (4 lux), 
and photopic  (40 lux) conditions. LED lighting was 
used for illumination in the examination room, and the 
illumination conditions were adjusted using a photometer. 
The subjects were advised to look straight ahead, not at 
the light source, during the measurements to prevent the 
accommodative response. Static pupil measurements were 
followed by dynamic pupil measurements. Dynamic pupil 
measurement was started at illumination of 500 lux.  After 
the measurement began, the illumination was switched off 
until the end of the session. Dynamic pupil measurement 
enables to monitor pupil size change during the session at 
illumination conditions ranging from photopic to scotopic 
(Figure 1).  

Speed of change in pupillary diameter was calculated 
using the following equation: Average speed (mm/s) was 
the overall average speed until that time, 

Vaverage = ([δΦt - Φt0] / t)

where δΦ is the difference in the pupil diameter (mm) 
between time (seconds) at the time of measurement and 
at t = 0. 

Posterior segment parameters including central macular 
thickness (CMT), ganglion cell complex (GCC) thickness 
and choroidal thickness (CT) were measured with optical 
coherence tomography (Cirrus HD 4000, Carl Zeiss 
Meditec, CA, USA) after pupil mydriasis. Only images 
with a signal strength ≥ 7/10 were used for measurements. 
GCC represents the three innermost retinal layers and 
GCC thickness was measured from the outer edge of 
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treated eyes after timolol eye drop instillation, where no 
signifi cant difference was observed between the pre- and 
post-instillation outcomes of AD, ACV, ICA, and HACD. 
Outcomes of all anterior segment parameters before and 
after eye drop instillation were similar in the control eyes. 

Table 2 presents the outcomes of the static (scotopic, 
mesopic, photopic) pupillometry analysis and a comparison 
of outcomes before and after eye drop instillation in the 
treated and control eyes. The mean pupil diameter during 
the static (scotopic, mesopic, photopic) pupillometry 
analysis had no signifi cant difference between the pre- 
and post-instillation outcomes in both treated and control 
eyes (p>0.05 for each). Figure 2 presents pre- and post-
instillation outcomes of pupil dilation speed instant by 
instant in the treated eyes and a comparison of the pre- 
and post- instillation outcomes. The mean pre- instillation 
pupil dilation speed outcomes at the 1st, 2nd, 4th, and 6th 
second were signifi cantly higher than the mean post-
instillation pupillary dilation speed in the treated eyes 
(p<0.05 for each). Figure 3 presents the pre- and post-
instillation outcomes of pupil dilation speed instant by 
instant in the control eyes and a comparison of the pre- and 
post-instillation outcomes. The mean pre-instillation pupil 
dilation speed during the entire measurement period was 
similar with the mean post-instillation pupil dilation speed 
in the control eyes (p>0.05 for each).

Table 3 shows pre- and post-instillation outcomes of 

the hyperrefl ective internal limiting membrane to the 
outer edge of the hyporefl ective inner plexiform layer. 
GCC thickness measurement was performed at central 
macular area. CT was measured from the outer edge of 
the hyperrefl ective retinal pigment epithelium to the inner 
sclera. CT measurement was performed at the subfovea, 
3 mm nasal to the subfovea and 3 mm temporal to the 
subfovea. 

Statistical analyses were performed with SPSS Statistics 
(Version 22.0, Armonk, NY: IBM Corp). The assumption 
of normal distribution of data was tested by the Shapiro-
Wilk test. Differences in the outcomes before and after eye 
drop instillation were tested with paired samples t-test and 
Wilcoxon Signed Rank test. Differences in dynamic pupil 
outcomes at a particular measurement time before and after 
eye drop instillation were tested with paired samples t-test. 
A level of p<0.05 was assumed statistically signifi cant for 
all tests. 

RESULTS

Sixty eyes of 30 healthy subjects who met the eligibly 
criteria were included in the study. The mean age was 
26.4±4.5 years (min: 20, max: 36). Of the 30 patients, 15 
were male and 15 were female. Table 1 shows the mean 
outcomes of anterior segment parameters before and after 
eye drop instillation and a comparison within treated and 
control eyes. The mean CCT was signifi cantly higher in 

Figure 1. Presents an output of pupillometry analysis of Sirius Topographer (CSO, Italy). The static 
pupil responses under different illumination conditions and pupil diameters are shown on the left 
side of the output graph. The dynamic pupil responses and pupil diameters at a particular time are 
shown on the right side of the output graph.
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Table 1. Outcomes of anterior segment parameters before and after eye drop instillation.
                 Treated Eyes             Control eyes

Pre- instillation Post-instillation Pre-instillation Post- instillation

 
Mean±SD
(Min-Max)

Mean±SD
(Min-Max) P value Mean±SD

(Min-Max)
Mean±SD
(Min-Max) P value

CCT (microns) 544.2±27.1
(490 – 595)

550.5±28.5
(502 – 610) 0.001* 545.3±26.6

(497 – 595)
543.4±28.6
(489 – 604) 0.171*

AD  (mm) 3.1±0.2
(2.5 – 3.6)

3.2±0.3
(2.5 – 3.6) 0.150* 3.1±0.2

(2.6 – 3.6)
3.1±0.3
2.5 – 3.7 0.854*

ACV (mm3) 157.2±21.3
(118 – 189)

158.1±20.0
(117 – 188) 0.346* 159.0±21.2

(120 – 194)
158.2±22.5
(116 – 195) 0.338*

ICA
( º )

43.8±5.2
(34 – 53)

44.5±5.3
(36 – 55) 0.140* 43.4±5.5

(34 – 53)
43.8±5.6
(33 – 54) 0.147*

HACD (mm) 12.1±0.4
(11.3 – 13.0)

12.1±0.4
(11.3 – 12.9) 0.983* 12.1±0.4

(11.3 – 13.2)
12.2±0.4

(11.3 – 13.2) 0.559*

* Paired samples t test, CCT: central corneal thickness, AD: aqueous depth, ACV: anterior chamber volume, 
ICA: iridocorneal angle, HACD: horizontal anterior chamber diameter

Table 2. Outcomes of the static (scotopic, mesopic, photopic) pupillometry analysis before and after eye drop 
instillation.

                 Treated Eyes             Control eyes
Pre-instillation Post-instillation Pre-instillation Post- instillation

 
Mean±SD
(Min-Max)

Mean±SD
(Min-Max) P value Mean±SD

(Min-Max)
Mean±SD
(Min-Max) P value

Scotopic
(mm)

6.18±0.77
(5.11 – 7.52)

6.09±0.80
(4.69 – 7.78) 0.147** 5.86±0.82

(4.22 – 7.25)
5.92±0.85

(4.40 – 7.46) 0.495*

Mesopic (mm) 5.47±0.90
(3.59 – 6.66)

5.52±0.83
(4.05 – 7.37) 0.579* 5.12±0.91

(3.50 – 6.64)
5.15±0.84

(3.95 – 6.87) 0.802*

Photopic (mm) 4.28±0.83
(2.78 – 6.01)

4.31±0.83
(2.91 – 6.20) 0.734* 4.04±0.69

(2.76 – 5.21)
4.10±0.71

(2.87 – 5.61) 0.406*

* Paired samples t test, ** Wilcoxon Signed Rank test

Figure 2. Shows pre- and post-instillation outcomes of 
pupil dilation speed instant by instant in the treated eyes 
and a comparison of the pre- and post-instillation outcomes. 

Figure 3. Shows the pre- and post-instillation outcomes 
of pupil dilation speed instant by instant in the control 
eyes and a comparison of the pre- and post-instillation 
outcomes. 
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posterior segment parameters and a comparison between 
the pre- and post-instillation outcomes. The mean post-
instillation outcome of the CMT was signifi cantly higher 
than mean pre-instillation of the CMT in the treated eyes 
(p=0.005). No signifi cant difference was found between 
the pre- and post-instillation outcomes of central macular 
GCC thickness and foveal, temporal and nasal CT in the 
treated eyes (p>0.05 for each). The mean pre- and post-
instillation outcomes of all posterior segment parameters 
were similar in the control eyes (p>0.05 for each).  

DISCUSSION

Poor medication adherence, improper drug dose or interval, 
and frequent discontinuation of the medication reduce 
the effectiveness of the drug and may trigger temporary 
side-effects.15 Proper dosing and drug-free intervals 
are important for the drugs such as timolol because of 
tachyphylaxis. Beside the effect of tachyphylaxis on 
drug effectiveness, it may also reduce the side-effects of 
the drugs. Therefore, patients with poor adherence may 
experience different side-effects than the patients that 
have good adherence due to incomplete tachyphylaxis. 
In our study, we evaluated the effect of topical timolol on 
ocular structures before tachyphylaxis development and, 
to our knowledge, this is the fi rst study that investigates 
the immediate effect of timolol before the development of 
tachyphylaxis in the literature.

Ciliary muscle is innervated by both parasympathetic and 
sympathetic neural pathways and mainly contains beta-

adrenergic receptors.16 Winn et al. showed that timolol 
maleate infl uenced accommodative response, which 
may cause changes in the anterior chamber structure.16 
However, consistent with our results, previous studies 
reported no signifi cant change in AD, ACV, and ICA in 
patients under the long-term topical timolol medication.17,18 
Kim et. al reported more widening in open angle distance 
with timolol and brimonidine combination than timolol 
alone; however, exact mechanism of this phenomenon 
remains unexplained.18 Vasudevan et al. reported that 
patients with myopia were more susceptible to prolonged 
accommodation decay.19 Patients with no refractive error 
compromised the study groups; therefore, refractive 
status may mask the effect of timolol on anterior segment 
parameters in our study. Additionally, interindividual 
variability of activity of Cytochrome P450 enzyme family, 
which includes the systemic and ocular metabolizing 
enzymes of timolol, may affect the outcomes of our study 
results; however, we did not measure enzyme activity in 
our subjects.20 

The present study revealed that topical timolol maleate 
increased the CCT. The corneal endothelium houses beta-
adrenergic receptors, and blockage of those receptors cause 
a decrease in intracellular cAMP concentration, protein 
kinase A activity, and endothelial ion and fl uid transport, 
which resulted in CCT thickening.2,21,22 However, topical 
timolol maleate products in the market may also contain 
BAC, which may infl uence CCT through its effects on 
corneal permeability. Jong et al. provided signifi cant 
proof regarding the toxic effects of BAC on the corneal 

Table 3. Outcomes of posterior segment parameters before and after eye drop instillation.
                 Treated Eyes             Control eyes

Pre-
instillation Post-instillation Pre-instillation Post- instillation

 
Mean±SD
(Min-Max)

Mean±SD
(Min-Max) P value Mean±SD

(Min-Max)
Mean±SD
(Min-Max) P value

CMT
(micron)

245.9±19.9
(190 – 282)

247.5±19.7
(189 – 280) 0.005** 245.8±19.3

(191 – 284)
246.2±18.1
(200 – 283) 0.327**

GCC thickness
(micron)

84.7±5.8
(74 – 97)

84.8±5.9
(75 – 100) 0.702* 84.6±5.6

(74 – 96)
84.8±5.8
(74 – 98) 0.109*

CT (fovea)
(micron)

262.9±36.0
(193 – 332)

266.2±50.8
(181 – 397) 0.494* 266.8±37.9

(204 – 332)
270.8±39.4
(216 – 340) 0.440**

CT (temporal)
(micron)

234.8±37.8
(169 – 311)

242.8±51.1
(152 – 365) 0.267* 242.4±44.6

(164 – 334)
249.8±41.7
(184 – 320) 0.103*

CT (nasal)
(micron)

224.1±35.1
(160 – 292)

231.0±41.5
(141 – 330) 0.091* 225.5±41.1

(145 – 332)
227.7±50.6
(132 – 335) 0.631*

* Paired samples t test, **: Wilcoxon Signed Rank test, CMT: central macular thickness, GCC: Ganglion cell complex, CT: 
choroidal thickness



subjects were healthy and relatively young. The effect 
of timolol may not be the same in older subjects and in 
subjects with an ocular or systemic disorder, which means 
that the present study’s results cannot be generalized to 
the entire population. Also, we could not evaluate the 
effects of timolol and BAC separately, therefore, separate 
observations should be performed in further studies. 

In conclusion, our study showed that a single dose of BAC-
preserved timolol maleate 0.5% signifi cantly reduces the 
dilation speed of the pupil and signifi cantly increased 
the CCT and CMT. Immediate effects of topical timolol 
should be considered in patients that have poor adherence 
or incomplete tachyphylaxis.
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