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Free radicals

and the pH of
topical glaucoma
medications:

a lifetime of
ocular chemical
injury?

Abstract

Introduction Preservatives in ophthalmic
preparations are known to cause ocular
surface damage. Excipients can also contribute
to oxidative stress in the compromised ocular
surface. We evaluated commonly used topical
glaucoma medications to ascertain pH levels
and the intrinsic presence of free radicals.
Methods Samples of 27 topical glaucoma
preparations were analysed for total free
radical presence using a Randox Kit for total
antioxidant status. Analytical grade indicator
paper was used to ascertain pH levels.
Results Free radical concentrations for

these 27 glaucoma preparations ranged

from 0 to 4.54 mmol/l, with a median value

of 0.66 mmol/l (mean value of 0.662 mmol/l,
SD 0.839). Levels of pH ranged from 4.0 to 7.4,
with a median value of 6.5 (mean 6.252,

SD 0.826). There was no evidence of a direct
correlation between these two variables
(r=0.232, P =0.275).

Conclusion This study is the first to
document the range of pH and concentrations
of free radicals intrinsically present in
commonly used glaucoma medications.
Long-term exposure to preservatives, free
radicals, and pH levels could all contribute to
ocular surface damage. The effect of excipients
could be responsible for patient intolerance
when changing products in the compromised
ocular surface.
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Introduction

Current glaucoma management involves
long-term, or even lifelong, topical ocular
hypotensive medications, designed to reduce
the rate of optic neuropathy.' Topical ocular
medications consist of the drug, a drug vehicle,
buffers, stabilising compounds, and often
preservatives. The most commonly used
preservative in glaucoma medications is
benzalkonium chloride (BAK).? Other
preservatives include polyquaternium-1 (PQ-1),
benzododecinium bromide (BDB), and
disodium edetate (EDTA). Preservatives inhibit
microbial growth, prevent contamination, and
permit multi-dose application, but have been
implicated in oxidative stress that contributes to
ocular surface disorders.” Intolerance with long-
term topical glaucoma medications has been
shown to be directly related to the number of
preserved medications used.®> Cytotoxicity
to the conjunctiva, corneal epithelium, and
endothelium has been shown to decrease
in the absence of preservatives, leading to the
development of less cytotoxic, preservative-free
preparations.>®

A large proportion of patients with glaucoma
have concurrent ocular surface disease,
adversely affecting their quality of life.*”
All topical medications contain a variety of
excipients and buffering agents. Excipients are
generally regarded as pharmacologically
inactive substances which act as a carrier for the
active ingredients of a medication. Although
they have no direct role in the mechanism of
action of a drug, the ocular surface will still be
exposed to relatively small concentrations of
these excipients. As topical glaucoma therapy
can last for many decades, these chemicals can
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still have an accumulating contribution to ocular surface
damage. Free radicals have been shown to be present in
topical and intracameral preparations, independent of
preservatives.®® Free radicals have the potential to be
toxic to the corneal and conjunctival epithelium."
The healthy ocular surface is normally protected by the
antioxidant-rich tear film, but this protection is
abnormal in ocular surface disease, and can be further
compromised by recurrent use of topical agents.2

We evaluated the pH levels and intrinsic free
radical presence in commonly used topical
glaucoma medications in the United Kingdom.

Materials and methods

Samples of 27 topical glaucoma preparations commonly
used in the United Kingdom were analysed for total
free radical presence on an Instrument Laboratory
IL600 using a Randox Kit for total antioxidant
status (TAS, Cat no. NX2332) with its own calibrator
(RANDOX Laboratories Ltd, Crumlin, UK). The TAS
kit provides an indirect measurement of free radicals.
Incubation of ABTS (ferrylmyoglobin) with a peroxidase
(metmyoglobin) results in production of the radical
cation ABTS +, which is blue-green in colour, and
can be detected at 600 nm. The presence of antioxidants
in the added sample cause inhibition of this colour
production to a degree that is proportional to their
concentration in this two reagent assay. The results are
linear up to a concentration of 5mmol/1. The analyser
used a 4-ul sample and 200 ul Buffer/Chromogen plus
40ul diluted substrate. Analysis occurred at 37 °C. All the
medications were previously unopened, in date, and
stored as per the manufacturers” instructions, including
in the dark as required. The containers containing the eye
drops were mixed, opened, placed in autoanalyser cups,
and immediately analysed for TAS as described above.
At the same time an aliquot of each medication was
taken and the pH immediately measured using analytical
grade pH indicator strips 0-6, VWR Cat no. 1.09531.001;
pH indicator strips 4-7, VWR Cat no. 1.09542.0001;
pH indicator strips 2.5-4.5, VWR Cat no. 1.09541.0001;
and pH indicator strips 6.5-10, VWR Cat no. 1.09543.0001.
After the initial pH was identified, the pH was clarified
by using the indicator paper with the narrower range.
The pH analysis was carried out independently by two
experienced technicians and the value reported was an
average of the two measures. There were no differences
in both values. Accuracy of the indicator paper was
confirmed with standard stock chemical solutions being
tested as a control and calibrated with a pH meter.
The pH meter was not directly used for analysis because
of insufficient available volumes of all the medications.
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Products sampled included prostaglandin analogues
(latanoprost, travaprost, bimatoprost, and tafluprost),
carbonic anhydrase inhibitors (brinzolamide,
dorzolamide), combination therapies (trade names
Ganfort, Xalacom, Duotrav, Cosopt, Azarga, and
Combigan), a variety of commonly available f-blockers,
and other miscellaneous glaucoma medications.

See Table 1 for formal product information, active
ingredients, preservatives, excipients, and trademarks.
Data were tested for normality using the Anderson—
Darling test.

Results

BAK was the most common preservative, found in 70%
of the products. In total, 30% contained EDTA.
Evaluation of the excipients detailed in the product
information revealed the majority of the ff-blocker-based
medications contained sodium hydroxide and/or
hydrochloric acid to buffer the pH.

The reproducibility and accuracy of the TAS assay
were excellent, with intra-assay CV of 0.38% and inter
assay CV of 0.74% (standard acceptable laboratory CVs
are <5%). All the measurements occurred on the same
day, which contributed to the high-quality control of the
assay.

Free radical concentrations for the 27 glaucoma
preparations ranged from 0 to 4.54 mmol/l, with
a median value of 0.66 mmol/l (mean value of
0.662mmol/1, SD 0.839). The data were not normally
distributed (Anderson-Darling P <0.005) and Iopidine
0.5% was seen to be an outlier (4.54 mmol/1). The highest
result for the prostaglandin analogue group was
bimatoprost 0.3 mg/ml (0.89 mmol/1). Interestingly, the
result for bimatoprost 0.1 mg/ml was much less
(0.03 mmol/1). The highest result for the f-blockers was
carteolol (0.82mmol/1) and Ganfort for the combination
therapies (0.66 mmol/1; Tables 1 and 2). For comparative
purposes, 0.5% hydrogen peroxide had a TAS reading of
1.39 mmol/1 and 0.1% hydrogen peroxide was
0.04 mmol/1.5°

Levels of pH ranged from 4.0 to 7.4, with a median
value of 6.5 (mean value of 6.25, SD 0.83). The pH
distribution also failed the normality test (P =0.028) and
was skewed, with a tail to the right. Minims Pilocarpine
2% was seen to be an outlier (pH 4). Iopidine 0.5%
again had an extreme result (pH 5.3). Tafluprost had
the lowest pH of the prostaglandin group, (5.3) Duotrav
for the combination therapies (5.5), followed by Cosopt
(5.8; Tables 1 and 3)

After removing both outliers (Iopidine 0.5% and
Minims Pilocarpine 2%), there was no statistical evidence
of a direct correlation between free radical concentration
and pH (r=0.232, P =0.275). (Figure 1).
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Figure 1 Graph correlating pH with TAS result and showing
spread of results. There was no statistical evidence of a
direct correlation between free radical concentration and pH
(r=0.232, P =0.275).

Discussion
Preservatives

Long-term use of preserved topical medications has been
associated with dry eye syndrome, allergy, ocular surface
inflammation, and filtration surgery failure.**'* BAK has
a 20-h half-life in the corneal epithelium, and this
retention causes chronic dose-dependent toxic cellular
damage, including inflammation, reduced cell viability,
and at increasing concentrations leads to apoptosis, and
immediate cell necrosis."*'> A recent 3D toxicological
model comparing the prostaglandin analogues
(latanoprost, travaprost, bimatoprost, and the
preservative-free tafluprost) confirmed that the
cytotoxicity was primarily related to the concentration of
their preservative.'® A similar relationship has been
identified with topical f-blockers and anti-allergic topical
preparations, with cell viability most affected by BAK
concentration rather than the active component or drug
action.'”'® Recognition of this cellular damage has led to
the substitution of BAK with PQ-1 in travoprost. PQ-1 has
a higher molecular weight with no hydrophobic domains,
therefore cannot enter mammalian cells or penetrate lipid
membranes, and has a reduced in vivo cytotoxicity profile
compared with BAK.""**> However, all BAK vs PQ-1
studies acknowledged that there was still some cellular
damage with all products, whether preserved or not.

The Goblet cell density was shown to be significantly
decreased due to PQ-1, and in vivo confocal microscopy
identified abnormalities compared with the control.*

Oxidative stress and free radicals

Oxidative stress is increasingly being recognised

as a common pathway in ocular surface disease.>*'?

Eye

Free radicals have been shown to be present in similar
concentrations in both preserved and unpreserved
topical and intracameral preparations.®® In this study,
we have identified the magnitude of the intrinsic free
radical concentrations associated with topical glaucoma
medications. These results are independent of
preservation status, and suggest that the excipients
detailed in Table 1 can contribute to both the positive
and adverse effects of a topical medication. We realise this
is an extremely detailed table, but it is enlightening for
the ophthalmologist to be aware of the many components
contained within the medications we prescribe. Although
the healthy corneal and conjunctiva rapidly eliminates
free radicals from the ocular surface, this protective
mechanism is suboptimal in eyes with ocular surface
disease.” An unhealthy tear film and a vulnerable
ocular surface can be compromised by oxidative stress
generated from all the chemicals contained within

eye drops.

Chemical composition (pH)

Level of pH is an important determinant of potential
damage from an ocular chemical injury, and pH has
been the focus of a recent pharmaceutical advertising
campaign for a combination topical f-blocker and
carbonic anhydrase inhibitor. A patient preference study
found greater comfort associated with the physiological
pH of the brinzolamide-based suspensions compared
with the more acidic dorzolamide-based solutions and
concluded that differences in ocular discomfort and
adverse effects were likely to be attributable to the pH
and formulation differences given the similarities of the
active ingredients in the two combination products
investigated.?** In other words, excipients could have
a role in patient tolerance and subsequent therapeutic
compliance, independent of preservatives.

Clinical relevance

To the best of our knowledge this is the first attempt to
document the pH levels of the commonly used glaucoma
medications in the United Kingdom. The relatively acidic
trend we found in our results probably represents
necessary formulation designs, intended to optimise
solubility of the active molecules. The impact of
physiological pH on compliance has recently been
accentuated by the makers of Azarga.”>** However, this
claim was only compared with Cosopt, and not set in the
context of a survey of the pH of all other glaucoma
products. The lack of easily available information
regarding the pH of commonly used glaucoma
medications was the main motivation for this study.



We raise concerns that even unpreserved topical
glaucoma medications may chronically injure a
compromised ocular surface, due to exposure to free
radicals or non-physiological pH. Stabilising excipients
contained within these products can cause long-term
toxicity and could affect compliance. In light of this,
free-radical levels and pH warrant consideration when
using multiple topical therapies in glaucoma patients.
As our results appear specific to the individual products,
without a clear correlation, it would be beneficial if
such information was clearly stated. For example, if we
consider the prostaglandin group, despite having the
same BAK preservative, Xalatan has no measurable
TAS result (0 vs 0.61 mmol/I) and a more physiological
pH (6.8 vs 6.1) than Xalacom, probably due to the f-blocker
component and the associated buffering excipients of
sodium hydroxide and hydrochloric acid. The 0.01%
Lumigan product has a TAS result of 0.03 mmol/]
compared with 0.89 mmol/1 for the 0.03% Lumigan
formulation. The only preservative-free prostaglandin
product, Saflutan, was the most acidic of this group
(pH 5.3) and also had a TAS result of 0.7 mmol/l. Our
Tables 2 and 3 list the glaucoma products according to TAS
level or pH, and should educate the ophthalmologist who
is striving to prescribe the most physiological products
to minimise chronic damage to the ocular surface.

Table 2 Glaucoma medications arranged by intrinsic total
antioxidant status (TAS) concentration

Free radicals and the pH of topical glaucoma medications
D Lockington et a/

As more products become generic and are produced
from alternative sources, it may be prudent for the
ophthalmologist to be aware of the exact formulation
being dispensed, as each may contain different
excipients, have non-physiological pHs and varying
levels of inherent oxidative stress. For example, some of
the f-blockers have a range of pH 5 (Metipranolol)
to 7.1 (Timolol 0.25%) and a TAS range of 0.02mmol/1
(Metipranolol) to 0.82 mmol/1 (Teoptic 1%). The
prostaglandins range from a pH of 5.3 (Saflutan) to
7.4 (Lumigan 0.03%), and a TAS range of 0 mmol/1
(Xalatan) to 0.89 mmol/l (Lumigan 0.03%).
Manufacturing differences of the preservatives and the
excipients in generic products could be a future source
of intolerance and corresponding poor compliance.

Limitations

Products with high viscosity, such as Pilogel, were not
able to be analysed for ROS as the analyser used in

this study can only evaluate liquids. However, topical
pilocarpine was evaluated. The direct relevance of

the specific results we obtained are difficult to interpret
clinically without further investigation into the specific
free radical exposure and their effect on cell line studies.

Table 3 Glaucoma medications arranged in order of pH

Name TAS mmolfl Name pH
Duotrav 0.00 Minims pilocarpine (2%) 4.0
Xalatan 0.00 Minims metipranolol 5.0
Minims metipranolol 0.02 Pilogel 5.0
Lumigan (0.01%) 0.03 Saflutan 53
Betagan 0.15 Iopidine (0.5%) 5.3
Combigan 0.25 Duotrav 5.5
Azarga 0.31 Cosopt 5.8
Betoptic (0.25%) 0.31 Cosopt unit dose 5.8
Cosopt 045 Trusopt 5.8
Cosopt unit dose 0.50 Xalacom 6.1
Trusopt 0.58 Brimonidine tartrate 6.1
Xalacom 0.61 Betagan 6.5
Ganfort 0.66 Travatan 6.5
Timolol (0.5%) 0.66 Timoptol-LA (0.25%) 6.5
Travatan 0.67 Timoptol-LA (0.5%) 6.5
Timoptol (0.25%) 0.68 Teoptic (1%) 6.5
Saflutan 0.70 Xalatan 6.8
Timoptol-LA (0.25%) 0.70 Combigan 6.8
Timoptol-LA (0.5%) 0.70 Azarga 6.8
Timolol (0.25%) 0.72 Betoptic (0.25%) 6.8
Azopt 0.74 Timolol (0.5%) 6.8
Minims pilocarpine (2%) 0.75 Timoptol (0.25%) 6.8
Brimonidine tartrate 0.78 Azopt 6.8
Teoptic (1%) 0.82 Lumigan (0.01%) 7.1
Lumigan (0.03%) 0.89 Timolol (0.25%) 7.1
Iopidine (0.5%) 4.54 Ganfort 7.4
Pilogel NA Lumigan (0.03%) 7.4
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Despite removing the outliers of Iopidine 0.5% and
Minims Pilocarpine 2%, we were unable to identify a direct
correlation between pH and free radical concentration

in this study. Some products were very acidic, yet had
negligible intrinsic free radical presence, while others

had a physiological pH, with very high TAS results.

This would suggest recent awareness of the pH of
certain glaucoma medications and tolerance needs to be
considered in the context of the whole product (active
ingredient, preservatives, and excipients). However,

the magnitude of the results and potential accumulative
totals from long-term use still warrant consideration when
prescribing for the vulnerable ocular surface. The fact
that Iopidine and pilocarpine were seen to be outliers is
consistent with our clinical experience, which shows poor
tolerability and often short-term use of these two products.

Conclusion

Prescribing in the setting of a compromised ocular
surface is complex, as the tear film and lacrimal
functional unit can be exquisitely vulnerable to damage
from any imbalance created by external topical agents.
This study shows the range of intrinsic free radical
activity in glaucoma medications. It also shows the range
of pH, and identifies the products that are outside the
physiological pH of the eye. Preservatives, free radicals,
and pH levels can all contribute to ocular surface damage
following long-term exposure. The potential
accumulative damage of free radicals and pH should also
be considered when prescribing glaucoma therapy with a
compromised ocular surface. The effect of excipients
could be responsible for patient intolerance when using
generic products. Further study into excipient-related
damage may further explain the ocular surface toxicity
associated with chronic use of both preserved and
unpreserved topical medications.

Summary

What was known before
® Topical glaucoma preparations are used for many
decades. Preservatives in eye drops are known to cause
chronic ocular surface damage. Eye medications have
many excipients with different chemical compositions
including pH.

What this study adds

e This is the only survey documenting the pH of commonly
used glaucoma medications in the United Kingdom.
Preservatives are not the sole cause of chronic ocular
surface damage. Excipients causing non-physiological pH
or intrinsic free radical exposure can contribute to chronic
ocular surface damage from long-term eye drops. The
effect of different excipients could be responsible for
patient intolerance when using generic products.
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