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INTRODUCTION 

Glaucoma is a group of optic neuropathies characterized 

by progressive degeneration of retinal ganglion cells, 

resulting in cupping of the optic disc and visual loss.1 It is 

the leading cause of irreversible blindness in the world 

affecting more than 70 million people worldwide with 

about 10% being bilaterally blind.2 On the basis of the 

available data in 2010, it was estimated that there were 

approximately 11.2 million persons aged 40 years and 

older with glaucoma in India.3 The reported prevalence of 

glaucoma from eastern India was 2.7% in population and 

3.23% in urban population.4 

Current preferred practice pattern guidelines for primary 

open-angle glaucoma by the American academy of 

ophthalmology recommend lowering of the IOP towards a 
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ABSTRACT 

Background: Benzalkonium chloride (BAK) is the most used preservative in topical ophthalmic formulations. BAK 

causes dry eye and trabecular meshwork degeneration. Hence, BAK-free formulations are desirable for chronic 

conditions like glaucoma. The objective of this study was to compare the efficacy of BAK-free versus BAK-containing 

ophthalmic suspension of fixed dose combination (FDC) of brinzolamide and timolol on their intraocular pressure (IOP) 

lowering effect following a single ocular instillation in New Zealand White (NZW) rabbits. 

Methods: Twelve normotensive NZW rabbits (male) between 9-12 months of age (3.4-4.4 kg) received a single ocular 

instillation (35 l) in left eye of either ophthalmic suspension containing FDC of brinzolamide (1% w/v)/timolol (0.5% 

w/v) without BAK (n=6, test) or with BAK 0.01% w/v (n=6, reference). IOP was measured before ocular instillation 

(baseline) and at 2, 4, 6, 8 and 24 hours after instillation using a pneumatonometer. Change in IOP from baseline were 

calculated and analysed using repeated measures analysis of variance (ANOVA) followed by Bonferroni post-test for 

pairwise comparisons. 

Results: Significant IOP reduction (p<0.05) from baseline was seen in both test and reference groups, up to 6 hours 

after instillation. Maximum IOP reduction was 25.5% and 22.6% at 2 hours in the test and reference group respectively. 

No significant differences (p>0.05) were observed between the test and reference group for the change in IOP at all 

time points. 

Conclusions: BAK-free and BAK-containing ophthalmic suspension of FDC of brinzolamide 1% and timolol 0.5% 

after a single ocular instillation in normotensive NZW rabbits produces similar reductions in IOP. 

 

Keywords: Potassium sorbate, BAK, Ophthalmic suspension, IOP, Brinzolamide, Timolol 

 

 



Vakharia M et al. Int J Basic Clin Pharmacol. 2023 Sep;12(5):663-668 

                                      International Journal of Basic & Clinical Pharmacology | September-October 2023 | Vol 12 | Issue 5    Page 664 

target level of 20% to 50% from previous levels.5 

Although laser treatment and incisional surgery can be 

used for glaucoma treatment, reduction of IOP by use of 

drugs is the only proven method to treat glaucoma.6 Four 

different classes of drugs are available for lowering the 

IOP, which include prostaglandin analogues (PGAs), beta-

adrenergic blockers, carbonic anhydrase (CA) inhibitors 

and alpha-2 adrenergic agonists. Although miotic drugs 

can be used, they cause multiple side-effects and are not 

preferred as first-line agents.7 Topical beta-blockers were 

commonly used anti-glaucomatous drugs, but their use has 

declined after availability of prostaglandin analogues and 

newer CA inhibitors.8 Brinzolamide is a highly specific 

CA inhibitor which lowers IOP by reducing the rate of 

aqueous humour formation. Formulated as a 1% 

ophthalmic suspension and administered two or three 

times daily, brinzolamide is indicated for the topical 

management of primary open-angle glaucoma (POAG) 

and ocular hypertension (OH) as either monotherapy or 

adjunctive therapy with topical beta-blockers.9 Timolol is 

superior to other beta blockers for glaucoma treatment.10 

Timolol causes reduction in aqueous formation through 

beta-receptor blockade and this action is different from the 

CA inhibitors. Hence, a combination of brinzolamide and 

timolol may have an additive effect. Timolol does not 

obstruct the aqueous outflow and does not affect the pupil 

size. The ocular hypertension treatment study and the 

collaborative initial glaucoma treatment study have 

reported that about 50-75% of patients will need 

combination therapy at any stage of the disease and may 

require two or more drugs to reach their target pressure. In 

such cases, a fixed combination rather than separate drugs 

has several potential advantages including no risk of drug 

washout, reduced exposures to preservatives with reduced 

side effects, reduced costs of treatment and ultimately 

better patient compliance and quality of life.11 Hence, the 

FDC of brinzolamide and timolol could be potentially 

useful in open-angle glaucoma with no effects on the 

vision and minimal side effects. Prospective double-blind 

studies have shown benefits of ocular therapy with the 

fixed combination of brinzolamide-timolol in treatment of 

ocular hypertension.12-14 Fixed combination of 

brinzolamide/timolol provides better ocular comfort than 

fixed combination of dorzolamide/timolol due to more 

physiologic pH, that may be leads to a positive patient 

adherence and thereby reaching the target IOP goals is 

more likely.12 

Preservatives used to prevent microbial contamination in 

multi-dose ophthalmic medications are detergents or act 

by oxidative mechanisms. However, these can cause 

irritation and side effects in the eye.15 BAK is the most 

commonly used preservative in ophthalmology and is 

more toxic than other or newer preservatives, such as 

polyquaternium-1 (Polyquad), sodium perborate, 

oxychloro-complex (Purite®) and SofZia.16 The severity of 

BAK toxicity is dependent on the amount, concentration, 

and duration of topical administration. With each 

administration, there is disruption of the tear film lipid 

layer. BAK also causes cellular damage through apoptosis 

phenomena (free radical production) and cellular necrosis, 

leading to a reduction in the mucin amount which further 

aggravates tear film disruption.17 Long-term treatment 

with BAK containing formulations for glaucoma can 

potentially cause severe tear film disruption and dry eye.18 

It is hypothesized that BAK helps in ocular penetration of 

ophthalmic drugs and that BAK-free formulations would 

not have as effective lowering of the IOP. However, 

several studies have reported effective lowering of IOP 

with BAK-free ophthalmic formulations.4,19 

Ophthalmic suspensions containing FDC of brinzolamide 

(1%) and timolol (0.5%) are approved in India for the 

treatment of open-angle glaucoma or ocular hypertension. 

The objective of this study was to compare the efficacy of 

BAK-free versus BAK-containing ophthalmic suspension 

of FDC of brinzolamide 1% and timolol 0.5% on the IOP 

lowering effect following a single ocular instillation in 

normotensive NZW rabbits. 

METHODS 

This study was carried out at the department of 

pharmacology, Tandalja, Vadodara, Gujarat, India (Sun 

pharmaceutical industries Ltd.). The research protocol and 

study related documents were reviewed and approved by 

the institutional animal ethics committee (Project number 

IAEC#609) of Sun Pharma advanced research company 

Ltd., Vadodara, Gujarat, India. The study was conducted 

as per the CPCSEA (Committee for the purpose of control 

and supervision of experiments on animals) guidelines and 

recommendations for animal care and handling.  

Twelve normotensives male NZW rabbits weighing 3.44-

4.4 kg and between 9-12 months of age were selected for 

the study and divided into two groups of 6 each. All 

animals underwent veterinary health check for any 

abnormalities or conditions for selection of healthy 

animals for the study. Animals were identified by an 

identification number based on cage card and ear marking. 

One rabbit was housed per cage at ambient temperature of 

18-220C with 12-hour light-dark cycle at a relative 

humidity of 30-70%. Animals were given a high fibre 

rabbit pellet feed and filtered water ad libitum.  

Pre-treatment measurements of IOP were obtained for left 

eye of each animal at 09:00 hours and 17:00 hours for two 

days preceding the study day (day -2 to day -1) and at 

09:00 hours on the study day (day 0) and the average IOP 

up to 48 hours (average of these five readings) was 

considered as baseline (initial) IOP.  

Test group (n=6) received ocular instillation of FDC of 

brinzolamide 1% w/v and timolol 0.5% w/v ophthalmic 

suspension without BAK (Sun Pharma, India, Batch No. 

26202507PF005A) using potassium sorbate 0.47% w/v as 

a preservative, whereas reference group (n=6) received 

ocular instillation of FDC of brinzolamide 1% w/v and 

timolol 0.5% w/v ophthalmic suspension with BAK 0.01% 

w/v as a preservative (Brinzotim®, Sun Pharma, India, 
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batch no. HKT0352A). A single 35 l drops of either 

ophthalmic suspension was instilled in the left eye of the 

assigned animal in the test/reference group using a 

micropipette, at 09:00 hours on the study day (day 0) 

immediately after the IOP measurement. The dose was 

selected based on literature review of previous animal 

studies. Subsequent IOP measurements on the study day 

(day 0) were taken at 2, 4-, 6-, 8- and 24-hours post 

instillation.  

IOP was measured using a pneumotonometer model 30 

classicTM (Reichert, USA). During IOP measurements, 

each animal was restrained in a restrainer, without 

sedation. The pneumatonometer probe was placed lightly 

on the cornea and allowed to rest for 10-15 seconds. The 

probe was placed entirely on the cornea in horizontal 

position and five consecutive readings were recorded, each 

with standard deviation value <1 which was displayed on 

screen and an average of these 5 readings was calculated. 

The pneumatonometer probe filter was cleaned after each 

use by gently touching to cotton swab (immersed in normal 

saline) and just wiped with tissue paper.  

The statistical analysis was carried with PRISM 

(GraphPad version 5.03, December 10, 2009) and p<0.05 

was considered as statistically significant. Change in IOP 

was calculated with respect to baseline IOP and was 

analysed by using the one-way repeated measures analysis 

of variance (ANOVA) followed by Bonferroni post-tests 

(n=6) for individual measurements. IOP measurements 

were also analysed for differences using two-way 

ANOVA followed by Bonferroni post-tests (n=6) for 

comparison between the groups. 

RESULTS 

The test and reference group were similar with respect to 

the baseline IOP. Table 1 and Figure 1 shows the mean and 

standard error of mean (SEM) for the IOP at baseline and 

at 2, 4-, 6-, 8- and 24-hours post-instillation, in the two 

groups.  

Single ocular instillation of either BAK-free or BAK-

containing FDC of brinzolamide 1% and timolol 0.5% 

ophthalmic suspension showed statistically significant 

reduction in the IOP at 2 hours and up to 6 hours compared 

with the baseline IOP in normotensive NZW rabbits. 

However, the differences in the IOP between the test and 

reference group were not significant at all time points 

(p>0.05). 

Table 1: Reduction in IOP in study eye. 

Variables 
Test (BAK-free), (n=6) Reference (BAK-containing), (n=6) 

IOP (mm Hg) Change in IOP IOP (mm Hg) Change in IOP 

Hours Mean SEM 
Mean 

change 

% 

change 
Mean SEM 

Mean 

change 

% 

change 

0 (baseline) 19.78 0.61 - - 20.54 1.18 - - 

2 14.73* 0.41 -5.0 -25.5 15.90* 0.74 -4.6 -22.6 

4 16.08* 0.37 -3.7 -18.7 17.73* 0.77 -2.8 -13.7 

6 17.04* 0.76 -2.7 -13.8 18.75* 0.97 -1.8 -8.7 

8 19.05 0.99 -0.7 -3.7 20.27 1.00 -0.3 -1.3 

24 19.68 0.44 -0.1 -0.5 20.73 0.99 0.2 0.9 
*P<0.001 compared to baseline (initial) IOP. (One-Way repeated measures analysis of variance). No statistically significant differences 

were observed between the two groups. (Two-way analysis of variance). 

 

 

Figure 1: Mean IOP in study eye (bars indicate 

standard error of mean). 

 

Table 1 also presents the mean change and percent change 

in IOP from baseline in the two groups at 2, 4-, 6-, 8- and 

24-hours post instillation. Maximum reduction in IOP was 

25.5% and 22.6% at 2 hours following single instillation 

in the test and reference group respectively. 

DISCUSSION 

The current study demonstrated comparable efficacy of 

BAK-free with BAK-containing ophthalmic suspension of 

FDC of brinzolamide 1% and timolol 0.5% on the IOP 

lowering effect, following a single ocular instillation in 

normotensive NZW rabbits. The BAK-free ophthalmic 

formulation containing potassium sorbate 0.47% as a 

preservative is approved in India for treatment of open-

angle glaucoma or ocular hypertension.  

Glaucoma being a chronic and progressive disease, it is 

critical to reduce the IOP to prevent long-term 
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complications including blindness. Thus, it is important to 

ensure good compliance to IOP reduction therapy by the 

patients. This is especially critical in glaucoma, since the 

patients may not have any symptoms due to raised IOP, 

which may not keep the patients motivated to continue 

therapy. Poor ocular tolerability due to local side effects 

could be one of the other important reasons of poor 

compliance.  

BAK/BKC is used as a preservative for ophthalmic and 

other topical preparations. The side effects like corneal 

xerosis are prominent with ophthalmic drops containing 

BAK as a preservative.16 BAK (0.2%) containing 

formulations have shown to induce severe corneal 

epithelial defects and 0.1% BAK once daily over 7 days 

have induced punctate fluorescein staining without 

detriment to corneal smoothness.20 BAK disrupts the lipid 

layer and affects tear film stability, thus decreasing the tear 

break-up time (BUT).21 BAK was found to trigger cell 

contraction and vacuolation, increased lactate 

dehydrogenase (LDH) release and elevated cell necrosis 

by almost four times in cultivated primary mouse corneo-

limbal epithelial cells (CLEC’s).20 The toxicity of BAK 

has been attributed to the inhibition of human corneal 

epithelial cells mitochondria, and corneal cells with Leber 

hereditary optic neuropathy (LHON) mutations at 

pharmacologically relevant concentrations.22 Use of BAK-

containing eye drops are best avoided in patients with 

mitochondrial deficiency, including LHON patients, 

LHON carriers, and possibly primary open-angle 

glaucoma patients.22 Also, long-term effects of BAK 

include a possible decrease in susceptibility of ocular 

bacterial flora to commonly used antibiotics and an 

increase in the incidence of methicillin-resistant strains.21 

Chronic exposure to BAK has been linked to an increased 

risk of trabeculectomy failure.21 

There are numerous studies which report greater side 

effects with the use of BAK-containing eye drops 

compared to BAK-free eye drops for treatment of ocular 

conditions. In a randomized crossover study comparing 

topical carteolol with and without BAK, the BAK-

preserved eye drops significantly decreased the tear break-

up time compared to baseline values in healthy 

volunteers.23 In a randomized controlled study, switching 

from BKC preserved latanoprost (with at least 3 months of 

treatment) to BKC free travoprost, significantly improved 

the tear film break up time.24 In another study, the tear 

break-up time was significantly lower from baseline over 

three months of treatment with BAK preserved 

travoprost.25 Also, Rossi et al reported frequent 

occurrences of dry eye disease in glaucoma patients on 

topical medications containing BAK.26 Similarly, in 

another randomized clinical trial reported by Uusitalo et al 

a switchover from BAK-preserved latanoprost (0.02%) 

eye drops to a preservative-free tafluprost resulted in 

significant (p<0.05) improvement in the mean (SD) tear 

film break-up time from 4.5 (2.5) seconds at baseline to 

7.8 (4.9) seconds at 12 weeks.27 The Schirmer test scores 

improved at six weeks and the percentage of patients with 

abnormal Schirmer test also improved.  

BAK-free ophthalmic formulations could improve 

tolerability and patient compliance leading to successful 

therapy. Potassium sorbate is one of the alternative 

available as a preservative for eye drops and other 

formulations. Sorbic acid in their salt forms like sodium 

sorbate and potassium sorbate are used as food 

preservatives in processed foods like cheese, meat, 

ketchup, mayonnaise, and marmalade. Potassium sorbate 

is a preservative with antibacterial and antifungal 

properties and is widely used in food and cosmetic 

industry.28 Potassium sorbate 0.47% is a listed 

antimicrobial preservative in the US pharmacopoeia and 

included in the US FDA inactive ingredients database (as 

0.47% w/v for ophthalmic dosage forms-emulsion, 

solution, drops). It is included in the Canadian list of 

acceptable non-medicinal ingredients and listed as 

generally recognized as safe (GRAS) by the US FDA. 

Yanochko et al compared toxicity of BAK and other 

preservatives including potassium sorbate of eye drops on 

the monolayer and stratified air-lifted cultures of Chang 

conjunctival cells.29 Eye drops containing BAK caused 

near complete loss of cell viability with up to 30-min 

exposure. Dose-response curves (DRCs) were plotted for 

cell-viability with use of preservatives. At 30 minutes of 

exposure, differences in rank order of toxicity between 

monolayer and stratified Chang cells were observed; 

monolayer: thimerosal>BAK>chlorhexidine 

digluconate>ethylene diaminetetraacetic acid (EDTA)> 

potassium sorbate; stratified: chlorhexidine digluconate 

>thimerosal>BAK>EDTA>potassium sorbate. However, 

after 24 h exposure, rank order of toxicity was same for 

both, monolayer and stratified: 

BAK>thimerosal>chlorhexidine digluconate>EDTA> 

potassium sorbate. 

Brinzolamide is a potent inhibitor of human carbonic 

anhydrase II (CA-II), the predominant isoenzyme in the 

eye. Inhibition of CA-II in the ciliary processes of the eye 

decreases aqueous humour secretion, presumably by 

slowing the formation of bicarbonate ions with subsequent 

reduction in sodium and fluid transport.30 Timolol is a non-

selective beta-adrenergic receptor blocker and is generally 

considered to have few systemic effects when 

administered in the eye.31 These two drugs reduce the IOP 

primarily by reducing the aqueous humour secretion, but 

by different mechanisms. Hence, the combined effect of 

these two active substances can result in additional IOP 

reduction compared to either of them alone. Data from 

clinical trials have shown that FDC of brinzolamide and 

timolol is as effective as combination of dorzolamide and 

timolol in the treatment of ocular hypertension and open-

angle glaucoma, but with lesser ocular discomfort.12-14 

There are no comparative studies of potassium sorbate 

containing with BAK-containing anti-glaucoma 

formulations. This pre-clinical study is the first study that 
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has compared a potassium sorbate containing (BAK-free) 

and a BAK-containing FDC of brinzolamide 1% and 

timolol 0.5% ophthalmic suspension for an IOP lowering 

effect. 

The findings from this non-clinical study involving 

normotensive rabbits, and with a single instillation, cannot 

be extrapolated to human subjects with glaucoma. Clinical 

studies would be desirable for confirmation of the efficacy 

and ocular tolerability of BAK-free versus BAK-

containing formulation in glaucoma. 

CONCLUSION 

FDC of brinzolamide 1% and timolol 0.5% without BAK 

showed comparable IOP lowering effect to the same FDC 

but with BAK, after a single ocular instillation in 

normotensive NZW rabbits. Further investigation of the 

ophthalmic suspension of the fixed combination of 

brinzolamide and timolol containing potassium sorbate as 

a preservative in glaucoma patients may yield favourable 

results. 
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