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The prescription of topical ocular agents is a large and 
central part of the treatment that we offer our patients 
every day. Drops are the mainstay of treatment for such 
common conditions as allergy, infection, dry eye, and 
glaucoma. Even our surgical patients use topical agents 
pre-, peri-, and postoperatively. One of the great miracles 
of contemporary medicine is that we are able to use these 
drops safely, even in compromised eyes with weakened 
defenses against infection.

What makes this safe use possible is the presence of 
preservatives. With just a few exceptions, all multiuse 
topical drop formulations are preserved. And in many 
cases now there are medication classes with drugs that are 
preserved in different ways, giving us a choice not only of 
the therapeutic agent but the preservative system to which 
our patients will be exposed. This is important because, 
although preservatives for multiuse topical agents have 
existed for decades and are generally safe, preservative 
use is not without consequences.

Indeed, the most common preservative in use today, 
benzalkonium chloride (BAK), should be considered 
something of a necessary evil. While it is an effective 
biocide and is essentially innocuous when used for short 
periods in low concentration in otherwise healthy eyes, 
the ocular sequelae of long-term BAK use are sometimes 
serious and potentially deleterious to long-term compli-
ance. For chronic conditions such as glaucoma, in which 
many patients use one or more topical agents several times 
a day, preservative-induced or preservative-exacerbated 
ocular surface disease can degrade patients’ quality of life 

to the point of becoming a significant obstacle to effec-
tive treatment. Nonetheless, we have asked our patients 
to persevere and endure the rigors of ocular irritation 
and toxicity in the name of the greater good of treating a 
potentially blinding condition. 

As the population ages—the 80 million baby boomers 
began turning 60 in 2006—the number of dry eye and 
glaucoma patients will increase, making treatment for 
these conditions an important goal. And to truly reach 
that goal, treatments must be safe, effective, and as com-
fortable as possible. Fortunately, the last few years have 
seen new developments that promise to allow us to offer 
our patients less toxic topical agents, either through unit-
dose vials, which eliminate the need for preservatives, 
or in newer preservative technologies that deliver the 
necessary antimicrobial activity without ocular toxicity,  
allergy, or inflammation.

This supplement reviews the history of preservatives 
in topical ocular agents to highlight why preservatives 
are necessary, describe the requirements for ensuring 
antimicrobial activity, and review some of the most  
recent advances in preservative tech-
nology, as well as future directions in 
this area. Given these advances, in 
the future we will not have to ask our  
patients to endure ocular discom-
fort in order to obtain the benefits 
of needed treatment.
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preservatives:  
A Vital but Sometimes Troublesome 
Component of Ocular Medication

INTRODUCTION
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With the exception of agents packaged in unit-dose con-
tainers and a few “self-preserved” antibiotics, virtually all 
premixed ophthalmic drops contain a preservative or a “pre-
servative system” to prevent microbial growth. This includes 
drops intended for the treatment of glaucoma, dry eye disease, 
ocular infection, ocular inflammation, and ocular allergy, as 
well as drops and solutions for contact lens wearers. 

Many of these conditions and treatments are chronic, thus 
magnifying any effects of preservatives. Glaucoma and dry 
eye disease in particular can be lifelong disorders that require 
chronic, and often multiple, topical treatments.

Types of Preservative
There are several types of preservatives, but only a few 

are used frequently in topical ophthalmic agents (Table 1). 
Preservatives typically work by one of two basic mechanisms: 
they are either detergents or act through oxidative processes. 
Detergents (or, more specifically, surfactants) act by dissolv-
ing or disrupting lipids. Detergent preservatives kill microor-

ganisms by disrupting cell membranes and causing cell lysis. 
Examples of detergent preservatives include benzalkonium 
chloride (BAK, or sometimes BAC), polyquaternium-1 (PQ1),  
alcohol preservatives, and phenols.

Oxidative preservatives cause oxidative reactions that 
disrupt cellular metabolism. Small molecules, they can pass 
through cell membranes and interrupt intracellular cell func-
tion. Examples of oxidative preservatives include thimerosal, 
sodium perborate, sorbic acid, and chlorhexidine.

Preservatives and Ocular Surface Disease
Preservatives play a vital role in the safe use and avail-

ability of multidose topical ophthalmic agents. Inclusion 
of preservatives in these products is so important that it is 
required by the US Food and 
Drug Administration (FDA).1 
However, preservatives have 
been encumbered by tolerabil-
ity issues, and they can cause 
or exacerbate ocular surface 
disease in glaucoma patients 
(Figure 1). Ocular surface dis-
ease co-occurs with glaucoma 
in a high proportion of pa-
tients.2 Those of us who treat 
glaucoma patients with ocular 
surface disease have heard the 
typical symptoms: “It feels like 
there’s something in my eye;” 
“My eyes feel like they’re on fire.” Table 2 lists the character-
istic signs and symptoms of ocular surface disease.3

Molecular entities other than the preservative may be 
involved in tolerance problems; some studies suggest that 
the active ingredients may also contribute to ocular irrita-
tion.4 However, it is clear that until the recent development 

Table 1  
common preservatives: past and present

Compound Class Examples

Quaternary  Benzalkonium chloride (BAK) 
 ammoniums Polyquaternium-1 (PQ1)
Mercurials Thimerosal
Alcohols Chlorobutanol 
 Benzyl alcohol
Carboxylic acid Sorbic acid
Phenols Methyl/propyl paraben
Amidines Chlorhexidine
Other  Disodium EDTA

The US Food and Drug Administration requires that all topical ophthalmic preparations in 

multidose containers be able to resist contamination with specific challenge organisms. 

This means that all such solutions require a preservative, with the exception of two 

“self-preserved” antibiotics and an antibacterial container. While preservatives enable 

patients to use convenient and relatively inexpensive multidose containers, preservative 

use has been a mixed blessing. The history of ocular preservatives reveals numerous 

cases of ocular toxicity, inflammation, and allergy. This article reviews the history of the 

preservatives used in topical ocular agents, the requirements for ensuring antimicrobial 

activity, and some of the most recent advances in preservative technology.

ABSTRACT

Ophthalmic preservatives:  
The Past, Present, and Future

Stephen C. Pflugfelder, MD

Figure 1 Fluorescein stain-
ing in a patient with ocular 
surface symptoms exacer-
bated by preservative tox-
icity. (Photo courtesy Gary 
N. Foulks, MD.)  
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of “vanishing” preservatives, preservatives have been a mixed 
blessing. What is known is that several factors affect tolerance 
of preservatives, including their concentration, frequency of 
use of the medication, duration of treatment, the physiologic 
state of the cornea, the use of contact lenses, and the number 
and type of concurrent medications.4,5 

Glaucoma patients in particular experience the side effects 
of preservatives, since their glaucoma medications are pri-
marily topical and often require multiple daily dosing over a 
patient’s lifetime, often with other topical agents. In addition, 
both ocular surface disease and glaucoma are conditions of 
aging, and so a significant fraction of glaucoma patients can 
be expected to have dry eye symptoms, even in the absence 
of treatment for either condition.

Early Preservatives: Thimerosal
Thimerosal (also known as thiomersal or Merthiolate) is 

a mercury-based compound that was widely used in topical 
ophthalmic treatments and vaccines in the mid 20th cen-
tury. Its antimicrobial action is due to the ethyl mercury that 
is released when thimerosal breaks down into ethylmercury 
and thiosalicylate.6 It also appears to act through intracel-
lular calcium mobilization.7,8

Thimerosal was developed by Eli Lilly and Company after 
it was found to be a highly potent antimicrobial—40 to 50 
times more effective than phenols against Staphylococcus 
aureus.9 It fell into disfavor starting in the 1970s, with the 
first reports of potential neurotoxicity and concern about the 

metabolism of methylmercury, especially regarding rates of 
autism with vaccines that contain thimerosal—an issue that 
remains contentious to this day.9

Thimerosal also appears to cause an allergic response, 
and it has been reported as one of the most common con-
tact allergens in the general population.10,11 In fact, in 1974, 
the FDA initiated an extensive review of the safety and effi-
cacy of over-the-counter (OTC) drugs containing mercury 
within the larger context of the Advisory Review Panel on 
OTC Miscellaneous External Drug Products. The panel did 
not deliver its report until 1980, at which time it deemed 
mercury compounds to be of dubious value as antimicrobi-
als and thimerosal, in particular, to be unsafe because of its 
allergenic nature.12

In light of the evidence it reviewed, the FDA published 
the Advanced Notice of Proposed Rules, which stated the 
Advisory Panel’s recommendation to ban thimerosal and 
other mercurial-containing products. The Rules with this 
recommendation were published in 1980, 1982, 1990, 1991, 
1994, and 1995. However, it was only in 1998 that thimero-
sal was finally banned in OTC products.12 As a result, new 
preservatives were developed.

Thimerosal Alternatives
The most commonly used preservative alternatives to thi-

merosal have been PQ1 and BAK. PQ1 is a polymer with a 
quaternary ammonium center (Figure 2); it is used in contact 
lens care solutions, lens-wetting solutions, and artificial tears; 
although much less frequently than BAK. In vivo studies have 
shown ocular toxicity and corneal breakdown of intraepi-
thelial cell junctions with PQ1, although much less so than 
with BAK.27,28 These ocular 
changes result in reduced 
epithelial barrier integrity, 
as evidenced by as much as 
a four-fold increased uptake 
of carboxyfluorescein with 
PQ1 compared with control 
solution.27

Like PQ1, BAK is a deter-
gent preservative made from 
cationic quaternary ammo-
nium compounds contain-
ing an even-number of alkyl 
chains (Figure 3). It is used in 
more than 70% of eye drops, 
in concentrations ranging 
from 0.004% to 0.02%.4 

One of its potential ad-
vantages is in drug deliv-
ery—BAK enhances corneal penetration of some drugs by 
causing separation of epithelial tight junctions. However, as 
reviewed by Yee, several studies of intraocular pressure-low-
ering medications have shown equivalent efficacy with and 
without BAK.4,29,30

While BAK’s effect on the corneal epithelium can, perhaps, 
enhance drug penetration into the eye, the corneal epithelium 
is the main barrier to intraocular penetration of both drugs 
and other agents, including microorganisms. So enhancing 
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Figure 2 Molecular struc-
ture of thimerosal.

N
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Figure 3 Molecular structure 
of benzalkonium chloride.

Table 2  
signs and symptoms of Ocular surface Disease*

Symptoms

 ▶ Ocular discomfort described as:
 ■ Scratchiness/grittiness
 ■ Sore or tired eyes
 ■ Burning or itchiness
 ■ Stinging
 ■ Foreign body sensation

 ▶ Blurring/fluctuation of vision
 ▶ Impaired vision
 ▶ Light sensitivity

Signs 

 ▶ Superficial punctuate corneal staining
 ▶ Conjunctival staining (lissamine green or rose bengal)
 ▶ Reduced tear volume
 ▶ Shortened tear film break-up time (TFBUT)
 ▶ Debris in the tear film
 ▶ Low Schirmer test score
 ▶ Tear film instability
 ▶ Conjunctival hyperemia
 ▶ Viscous precorneal tear film
 ▶ Thickened lid margins

* Presence and severity of symptoms will vary with the severity level of the disease
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dent: slowed cell growth is observed with BAK at 0.0001%; 
apoptosis is triggered at concentrations of 0.01% BAK, and 
necrosis is observed with BAK 0.05%—concentrations above 
or close to those found in BAK-preserved commercial drug 
preparations.41 Use of BAK-preserved glaucoma treatments 
have also been reported to have deleterious effects on glau-
coma filtration surgery.33,42,43

Whether the harmful corneal effects of BAK are due to  
allergy or toxicity has been a subject of debate. Recently, Baudouin 
et al showed, via the expression of CCR5 and CCR4 (two che-
mokine receptors that act as markers of  Th1 and Th2  pathways) 
that both allergic and toxic processes are involved.44

It is important to remember that preservatives such as 
BAK and PQ1 are safe and effective for short-term use in 
topical agents; it is their long-term use that can no longer be 
recommended in light of the evidence of corneal changes. If 
multidose agents are to continue to be used, an alternative to 
quaternary ammonium preservatives is needed. 

Alternative Preservation
When considering newer alternatives to BAK and PQ1, 

physicians should remember that there are several goals 
that must be met in creating a preservative (beyond simple 
antimicrobial activity). Any topical formulation that uses a 
preservative should have the same (or greater) efficacy and 
endurance of effect as the nonpreserved agent. The formu-
lation should be well tolerated and meet or exceed the US 
Pharmacopeia standards for antimicrobial activity (see box). 
The new formulation should also be available at the same or 
lower cost than the nonpreserved form and, when used in a 
glaucoma treatment, it should not inhibit or interfere with the  
future success of surgical treatment for glaucoma.4,45

There are a few preservative-free, unit-dose commercial 
agents (some artificial tears, cyclosporine, and timolol for 
glaucoma). Unit-dose application is convenient for some  
patients but more expensive or even cost-prohibitive for 
other patients. For many older patients, especially those with 
dexterity problems, the small vials can be difficult to handle. 
This is a relatively common problem in older patients with 
glaucoma or dry eye disease.

There are also two “self-preserved” agents used to treat ocu-
lar infections, but the agents themselves are antibiotics: moxi-
floxacin 0.5% (Vigamox®) and levofloxacin 1.5% (Iquix®).

Purite® is a stabilized oxychloro complex (sodium chlo-
rite) with a long history of use in water purification systems. 
It is used by one manufacturer (Allergan) in its brimoni-
dine tartrate preparation for glaucoma (Alphagan P®) and 
in its Optive™ artificial tear preparation. Purite is relatively  
innocuous because it degrades to chloride ions and water 
upon exposure to UV light.

sofZia®: A New Preservative System
sofZia® (Alcon) is a relatively new, proprietary, ionic, buff-

ered solution consisting of zinc, borate, propylene glycol, 
and sorbitol, chemical entities that are themselves not sig-
nificantly toxic to the ocular surface. sofZia, however, main-
tains an antimicrobial environment in the bottle, such that 
it meets the US Pharmacopeia standards for antimicrobial  
activity (see box). sofZia produces more than a 3-log reduction 

epithelial penetration can have both positive and negative  
effects. In fact, BAK itself can be retained in ocular tissues for 
about 168 hours after application; its elimination half-life from 
corneal and conjunctival epithelium is 20 hours.31,32

Effects of BAK
Numerous studies have measured the toxic effects of BAK 

on the cornea. These effects are both direct and indirect. 
Direct toxic effects involve modifying the structure and phys-
iology of the epithelium, which affects both epithelial barrier 
function and optical properties. Numerous in vitro and in vivo 
studies have examined the impact of BAK on corneal health; 
with findings of decreased epithelial cell integrity (in which 
the barrier is compromised and healing is impaired); in-
crease in conjunctival inflammatory cells; loss of goblet cells;  
effects on the contractility of corneal fibroblasts, which 
can alter the shape of the cornea and measurement of 
intraocular pressure; dose-dependent disruption of  
cytoplasmic membranes and cell detachment; dose- 
dependent swelling and desquamation of superficial epithe-
lial cells; and apoptosis.32-37 

The indirect toxic effects of BAK involve its ability to modify 
the tear film, causing reduced tear production and shortened 
tear break-up time.28 Studies have also shown reduced tear film 
stability with topical medications preserved with BAK, even in 
short-term studies.30 Several clinical studies have documented 
significantly reduced tear break-up time in solutions preserved 
with BAK compared to preservative-free solutions.38-40

The corneal toxicity observed with BAK is dose depen-

Thimerosal in  
ocular soluTions

Thimerosal was at one point widely used in con-
tact lens solutions, where it caused an epidemic of 
problems. Considered to be one of the most aller-
genic of preservatives, thimerosal acts as a hapten 
(partial antigen) and induces delayed hypersensi-
tivity.13,14 In ophthalmic solutions at concentrations 
of 0.004% to 0.005%, thimerosal induced delayed 
ocular hypersensitivity reactions, including superior 
limbic keratoconjunctivitis, conjunctival hyperemia, 
limbal follicles, giant papillary conjunctivitis, corneal 
infiltrates, superficial punctate keratitis, pseudo-
dendritic corneal lesions, epithelial opacities, and 
neovascularization.13-25

Thimerosal was clearly the inciting agent, as stud-
ies showed that the signs of allergic conjunctivitis 
resolved when the thimerosal-containing solution 
was removed. In the vast majority of cases, challenge 
with a thimerosal-containing solution reinstituted 
the conjunctivitis, and many patients also showed 
a positive skin patch test to thimerosal, although the 
latter test results were not always in concordance 
with the presence of ocular allergic reactions.19, 26 
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(99.9% kill) in surviving organisms after 8 days of incubation.46  
sofZia is the preservative system used in Alcon’s prostaglan-
din analog Travatan Z®.

In addition to its biocidal activity against the five  
required challenge organisms, sofZia was tested against 
Ralstonia pickettii, Staphylococcus epidermidis, Streptococcus 
pneumoniae, Hemophilus influenzae, and Fusarium so-
lani. The fungal challenge test showed a steady decrease 
in surviving organisms over 14 days. Moreover, “real-
life” conditions were simulated using low but continued  
exposure to bacteria (ie, 102 colony-forming units per mL, eight 
times [at 3- to 4-day intervals] over 28 days). The Travatan Z 
solution preserved with sofZia reduced the number of viable 
organisms with increasing efficacy over the study period.47,48

With respect to the therapeutic agent, travoprost, clini-
cal data show equivalent efficacy between Travatan Z and 
travoprost preserved with BAK. In a large study, 661 patients 
were randomized to receive daily doses of either travoprost 
0.004% preserved with BAK (n = 322) or Travatan Z (n = 339). 
Intraocular pressure was measured 3 times per day at Weeks 
2, 6, and 12. The extent of intraocular pressure lowering was 
equivalent between the two preparations.29

In another short-term (2-week) study of 106 patients 
comparing travoprost with BAK to Travatan Z, both treat-
ments produced statistically significant and comparable 
decreases in intraocular pressure (>6 mm Hg). Drug-related 
side effects were uncommon and also comparable between 
the 2 groups.49 Animal studies comparing Travatan Z with 
latanoprost (a glaucoma drug preserved with 0.02% BAK) 
and artificial tears showed that Travatan Z produced fewer 
corneal changes and less conjunctival inflammation than 
the latanoprost with BAK solution. In fact, the corneal and 
conjunctival changes with Travatan Z were similar to those 
induced by preservative-free artificial tears.50 

For glaucoma patients in particular reduced inflamma-
tion, toxicity, and/or allergic reaction will also likely increase 
adherence (Figures 4A-4C). Adherence (ie, compliance with 
a prescribed regimen) is a serious issue in the medical man-
agement of glaucoma. Glaucoma is a chronic disease in which 
medical treatment is awkward to administer, the patient sees 
no immediate treatment effect, and the ocular-surface side 
effects of many glaucoma medications are unpleasant to the 
patient. Hopefully, reducing symptoms by reducing the load 
of BAK to which glaucoma patients are exposed will increase 
their willingness to stay on their medications.

The Future of Preservatives
For many years, eye physicians have had to use topical 

treatments that clearly caused corneal damage and unpleas-
ant symptoms because no other options were available. Faced 
with the choice between ocular irritation (that could be fairly 
severe) and glaucoma progression, physicians understandably 
chose the lesser of the two evils.

We now have preservatives, such as the “vanishing preserva-
tives” sofZia, Purite, and sodium perborate (which converts to 
water and oxygen on contact with the tear film). Other options, 
such as multiuse bottles that prevent contamination and remove 
the necessity for preservatives, are available or in the pipeline.

Even though it may not be blinding, corneal toxicity is an  
important issue to patients and is not to be dismissed for the 
“greater good” of treating glaucoma. This is especially true be-
cause glaucoma is a chronic condition in which the adverse effects 
of the preservatives are likely to affect adherence. The develop-
ment of preservatives that reduce or eliminate ocular symptoms 
is an important step forward for patients and physicians.

Stephen C. Pflugfelder, MD is the James and Margaret Elkins 
Chair in Ophthalmology at the Baylor College of Medicine. He is 
on the editorial boards of the journals Cornea, American Journal 
of Ophthalmology, Eye & Contact Lens, and The Ocular Surface. 
He is a member of the advisory board of the Tear Film and Ocular 
Surface Society. His research interests include the role of inflam-
mation in dry eye and corneal bioengineering. He received assis-
tance with this article from medical writer Mary Gabb, MS.

The us PharmacoPoeia 
sTandards for 

PreservaTives in  
ocular ToPical agenTs

The US Pharmacopoeia preservative effec-
tiveness test (PET) involves inoculating a solution 
containing the preservative with Staphylococcus 
aureus, Pseudomonas aeruginosa, and Escherichia 
coli, as well as Aspergillus niger and Candida albi-
cans. Samples of the preserved solution are inocu-
lated with 106 colony forming units/mL at Day 0 with 
each organism (tested separately), and survivors 
are counted at Days 7, 14, and 28. Requirements 
to pass the PET include a 1-log reduction in bacte-
ria by Day 7, a 3-log reduction in survivors by Day 
14, and no increase in survivors from Days 14 to 
28. For fungi there can be no increase in survivors 
from Day 0 to Day 28. 

Figure 4A (Left) Diffuse fluorescein staining in a glaucoma 
patient treated with latanoprost 0.005% (preserved with 
0.02% BAK) for 7 months. (There had been no staining prior 
to starting the medication.)
Figure 4B (Center) Confocal microscopy shows abnor-
mal opaque cells following about 7 months of latanoprost 
monotherapy.
Figure 4C (Right) Confocal microscopy of same patient as 
figure 4B seen 5 months after being switched from BAK-pre-
served latanoprost to sofZia-preserved travoprost. Corneal 
cells now appear normal.
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GENERAL INFORmATION 
In order to receive CME credit, participants should 

read the report, and then go to our online test engine at:  
http://cme.ufl.edu/selfstudy/general.shtml. After com-
pleting the posttest, a score of 80% is required to qualify 
for CME credit. You will be able to print your certificate at 
the completion of the posttest. There is no fee to participate 
in this activity. Estimated time to complete the activity is  
30 minutes.

STATEmENT OF NEED AND  
PROGRAm DESCRIPTION

Almost all multiuse topical ophthalmic agents are pre-
served to prevent microbial contamination. As preservatives 
evolved from the highly toxic thimerosal to quaternary am-
monium compounds such as benzalkonium chloride (BAK), 
toxicity diminished. BAK and similar preservatives have 
an acceptably low level of toxicity when ocular exposure to 
them is limited.

However, chronic use of preserved medication to treat 
glaucoma and other chronic ocular conditions can have 
serious sequelae in a significant number of patients.1-3 This 
point was essentially moot while there were no alternatives 
to BAK- or similarly-preserved medications. 

In recent years, however, several manufacturers have  
introduced alternative preservative systems that reduce still 
further the toxic effect of long-term instillation of topical 
antihypertensive medication.

This CME activity reviews the history of ophthalmic pre-
servatives, describes the toxic effects of common and novel 
preservative systems, and suggests evidence-based strategies 
for lowering exposure to toxic ocular preservatives.

A literature search reveals that while the prevalence of 
ocular surface disease is approximately 15%, in patients on 
long-term topical antihypertensive medications, the preva-
lence is as high as 50%.1-3 Now that it is possible to reduce 
patients’ exposure to more toxic medications, there is a need 
to educate physicians on effective means for accomplishing 
this end, especially among patients whose medical therapy 
requires daily dosing with antihypertensive agents.
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LEARNING OBJECTIVES
Upon completion of this activity, physicians should be 
able to:

1.  State why almost all topical multidose medications for 
ocular application are preserved.

2.  Name the most common preservatives and describe their 
potential for ocular toxicity.

3.  Describe two novel preservatives and state how they 
might be used in a regimen designed to lower the overall 
toxic burden placed upon a medically managed glaucoma 
patient’s eye.
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