
I. ABSTRACT 

 

Glaucoma is a group of eye diseases whose common feature is optic neuropathy - 

manifested by typical changes on the optic disc, and loss of peripheral vision. This condition is 

one of the neurodegenerative diseases and is a leading cause of irreversible vision loss in 

Europe. It is estimated that about 70 million people worldwide suffer from glaucoma, including 

about 200-000 in Poland. The morbidity of this disease increases significantly with age - the 

majority of cases are manifested in people over 40 years of age. The most important, and at the 

same time the only truly modifiable risk factor of that disease is elevated intraocular pressure - 

the higher it is, the greater the risk of glaucoma. 

The goal of glaucoma treatment is to maintain the patient’s visual function by lowering the 

intraocular pressure below the level which, causes damage to the optic nerve. Intraocular 

pressure can be reduced by drugs, laser treatment or surgery. Pharmacotherapy for glaucoma 

should start with monotherapy, but the lack of improvement means further medication. 

However, fixed combination therapy, when necessary, should be preferable to two separate 

installations of agents. 

Long-term treatment with anti-glaucoma topical drugs may be associated with occurrence 

of local adverse effects, such as redness or irritation and may cause or intensify existing diseases 

of the eye surface, e.g. dry eye syndrome. These problems may result from the toxicity of the 

drug itself or contained preservative. The most commonly used preservatives are benzalkonium 

chloride, polyquad, chlorobutanol, chlorhexidine, sodium perborate, purite and - SofZia. What 

side effect the preservative will cause depends on its type, concentration, time of application 

and the patient's sensitivity. 

Many available studies - both clinical and in vitro - show that eliminating the preservative 

has a positive effect on the condition of the eye surface, which is especially important in patients 

with chronic use of topical antiglaucoma drugs. Nowadays, eye drops containing preservatives 

are more often replaced with preparations in single-dose packaging without preservatives. 

Unfortunately, most of the antiglaucoma topical drugs available on the market contained 

preservatives, which is why it is important to assess the safety of these drugs for the cells of the 

eye surface. 



The aim of this study was to assess the cytotoxicity of 3 antiglaucoma drugs in the form of 

eye drops on human corneal epithelial cells in vitro. The other aim was to compare the use of a 

combined preparation and one-component formulas in the safety assessment for corneal 

epithelium, also in the context of toxicity of preservatives present in the tested drugs. 

In this study, the commercial human corneal epithelial cell line was used to evaluate the 

cytotoxicity of tested drugs. No antibiotics or serum were added to the culture medium to 

minimize the effect of non-tested substances on the results of the study. Commercially available 

topical glaucoma medications produced by one manufacturer were added at specific 

concentrations to cell cultures for 10 minutes, after which the cells were rinsed and incubated 

at 37˚C in a humidified atmosphere with the addition of 5% CO2. The experiment was repeated 

after 24, 48 and 72 hours to determine growth curves. In the next experiments, using the same 

drug delivery regimen, the effect of these formulations on the damaged epithelium of the cornea 

was examined. By assessing the velocity of scratch overgrowth, it was examined whether the 

tested anti-glaucoma preparations did not slow down the healing process of corneal defects. By 

using such a scheme, it was possible to adequately reproduce the exposure time of tested drugs 

on the corneal epithelium in the context of a clinical regimen of therapy in patients with 

glaucoma. Additionally, the use of fluorescence-labelled caspase inhibitors assessed the 

induction of apoptosis among human corneal epithelial cells by the tested drugs. 

The results of these studies clearly show that all tested drugs have a toxic effect on human 

corneal epithelial cells in vitro. The strongest toxic effect was demonstrated by Cusimolol - at 

a concentration of 1%, a slight decrease in the number of cells was observed, while at a 

concentration of 25%, almost all the epithelial cells were dead. Travatan showed a significantly 

less toxic effect - a statistically significant decrease in the number of cells was observed only 

at 100% concentration of this preparation. For both drugs, the toxicity was dependent both upon 

the concentration and exposure time. 

These experiments have also shown that in the case of simultaneous use of various 

antiglaucoma drugs, it is increasing the toxic effect on epithelial cells of the human cornea, 

relative to the same concentrations of drugs used in monotherapy. These results clearly indicate 

that if more than one drug is required, it is better to use a combined preparation than 

simultaneous administration of a few drugs used in monotherapy. 

All of the tested preparations exerted an inhibitory effect on the culture growth of human 

corneal epithelial cells. That effect was related to direct drug toxicity, induction of apoptosis 



and inhibition of cell proliferation. Moreover, large doses of these formulations have a strong 

cytotoxic activity and can lead to damage of human corneal epithelium, which may be important 

in case of overdose. 

Results of my research clearly indicate that the toxicity of topical antiglaucoma medications 

is highly dependent on the preservative used. The ophthalmological preparations containing 

benzalkonium chloride as a preservative are highly toxic to the human corneal epithelium, while 

formulations containing a preservative Polyquad also have that toxic effect, however, less 

severe than benzalkonium chloride. 

 

 

 


