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Evolution of Preservatives in Topical Ophthalmic Medications

Dr Neetu Saharan, Dr Tirupati Nath, Dr S k Satsane:

«wratives are an important component of ophthalmic preparations. providing antimicrobial activity in
oitle and preventing decomposition of active drug. Often under recognized, however, are the
oeant eytotoxic effects of preservatives associated with long-term therapy and especially use of
“noe preserved drugs. The most common preservatives in ophthalmic preparations for glaucoma and
wace eye disease-benzalkonium chloride (BAK), chlorobutanol, sodium perborate, and stabilized

~woro complex (SOC)-were reviewed. Compared with other preservatives, SOC caused the least

nt of damage to rabbit corneal epithelial cells. BAK has demonstrated cytotoxic effects in cell culture.

=l as in animal and human studies. Physicians should consider treatment with new-generation
worerations containing low-risk preservatives such as SOC. especially in patients recelving multiple
pmaimic medications.
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Fig. 1 Role of preservative
cesofaction of preservatives
“eservatives generally offer limited protection against viral contamination. Bactericides and fungicides
+ evince their effects on a variety of microbial cellular targets, for example; the cell wall, the cytoplasmic
“wmorane or the cytoplasm. It is often difficult to assign a precise target for a specific class of preservative:
“w target can and does change with preservative concentration. As a consequence, preservatives can often
woriere with several different microbial cellular mechanisms (Table | ).
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“o0 cytotoxicity may also affect mammalian cells. Hence inclusion levels should be = m s COESISUETE
+ = adequate preservation. There is a regulatory expectation that the reason o preservaine mciusson
woot of efficacy, safety information. control methods in finished product and dets s oF lame =g m th

“shed product should all be addressed by the applicant [11]. Mechanisms for actin o 20t v os lszed
mizble 1.

> N.Medical College, Agra




i

AL OF :FﬁTHAL’MUL

Active against DiEcteria {Gram sve/Gram e, molds, yéasts and

fungi at low Inclusion levels

oty
% (AR

EIAE

r
-
Actisre arred At erud of -
procuct shelf "
Monerritant ot contentration wied in product, especially germane -
Non-irritant properties = Tt aal 2y . »
for treatment of sernithve mucosa! membranes, 2 0. NS, 2, ot
&
rganolenTic praieries E
J
Compatibitity properties g
_____ E
Table 3 Performance required for preservatives &
(lassification of Preservatives =
&
Historically, preservatives have been classified into two categories: detergent and oxidizing preservatives. ES
More recently, a newer system of preservation, ionic-buffered preservatives ( acting as oxidizing .
preservatives), has been introduced: their methods of action and examples of each different type are il
described later. &
Detergent Preservatives L
™
Detergents are compounds that cause bacterial cell death by way of interrupting the lipid component of cell -
membranes. The contents of the microbial cell are extruded from the cell due to membrane instability. As :
described earlier, detergents have the longest running history in ophthalmic medicine, Examples of
detergent-type preservatives include benzalkonium chloride (BAK) and cetrimonium. [3] i -
Oxidizing Preservatives
=
Oxidative preservatives alter the lipid membrane of microbes in a different fashion to detergens e
preservatives, by penctrating the membrane and altering the DNA. protein and lipid components ofbacteria: sligr™

cells.[4] Oxidizing preservatives are considered sccond-generation ophthalmic preservatives and were
developed because of their reduced toxicity to human ocular surface cells in comparison with detergens
preservatives. Although ocular surface cells may still be injured by oxidative preservatives, the low
concentrations contained in ophthalmic preparations deem these effects insignificant.[4]Noecker ef af 8
reported that medications preserved with Purite induce less corneal toxicity than those preserved with
BAK.[5]Examples of oxidizing preservatives include sodium perborate and stabilized oxychloro compl
(SOC).

Recently Introduced lonic-buffered Preservatives

lonic-buffering systems arc the latest class of ophthalmic preservatives to be imcorporated into topics
medicines and act in a similar manner to oxidizing preservatives within multidose bottlcs. SofZia (Alcom
TX. USA), the most recent prescrvative of this kind. is a combination of boric acid, zinc, sorbito] an
propylene glycol. This ionic-buffered system has been shown to have both antibacterial and antifung
qualities.[6] When exposed to cations. such as those that are normally encountered in the tear film of the o
the substance is deemed inactive. This is thought to induce less cytotoxicity to the ocular surface comp
with more conventional preservatives.
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Historical & Practical Review of Benzalkonium

Jo=alkonium chloride is a detergent and gua

microbial activity. It was first introduced as a germicide in the 1910s and became more widely used m
340s.[7] In the ophthalmic industry. BAK was first used in the 1940s as a means to preserve hard contact

<olutions. Since then, BAK has been used in nearly all classes of
-laucoma medicines to over-the-counter artificial tear solutions.

. -alkonium chloride is the most frequently used preservative in ophthalmic solutions 1o
_entration in glaucoma formulations ranges from 0.004 to 0.02%. The reasons for the frequent us<
i as a preservative includes its extreme efficacy in combating microbial contamination of botties, i
v to break cell-cell junctions in the corneal epithelium, thus allowing for antimicrobial and
Jvpertensive drops to enter the anterior chamber, as well as familiarity among those formulating
~~+halmic preparations in industry. While the efficacy of BAK is well known, there is a multitude of
“lished studies that document the detrimental effects of BAK. [913] Benzalkonium is known to mduce
~-osis (at concentrations of 0.05-0.1%) and cellular apoptosis (at concentrations of 0.01%) by way of
~<rurbing the cellular membrane in bacterial cells.[10] However, human ocularsurface cells can also absorb
. detergent. and effects on ocular surface cells are similar to those seen in bacterial cells. The effects of the
~crgent are cumulative and become more severe with more concentrated and frequent exposures.[10]
+-2kdown of the corneal epithelium and incrcased permeability of the cornea as a result of BAK toxicity is
-1 documented.[11] Higher concentrations of BAK (as can be induced through repeated exposure and
hsequent accumulation of BAK in ocular surface tissues) can reduce tear break-up time by causing
- <ruption of the lipid component of the tear film and hence causes tear-film instability.[12] This is especially
--sblematic in glaucoma patients, as they inherently have a decreased rate of basal tear turnover.[14] In one
~dy, it has been shown that ocular cells repeatedly exposed to BAK can overexpress the cell marker Apc

- = which has been implicated in apoptosis.[13]

olution of Preservatives sinceBenzalkonium Chloride

~trimonium is a detergent-type preservative. Its ophthalmic uses have included preservation of artificia
-ar preparations such as Civigel (Ciba Vision Ophthalmics, GA, USA) .Cetrimonium causes keratinisatios
d inflammatory infiltrates at the limbus and within the conjunctivalstroma and epithelium (37 T
“rneo—conjunctival cell toxicity has been deemed similar to BAK. Owing to its antiseptic and cationic
rfactant qualities, cetrimonium is used mostly as a softening agent in hair treatments. Tt is also used &s &
“rmentation aid, a dispersant and in preservation of antifungal creams.

_hlorobutanol

“hlorobutanol is a detergent preservative that was formerly used as an active ingredient in Hyvpnotc and
-=dative agents.[9] Chlorobutanol has been used as a preservative agent in artificial tears. where 7 5as Sees
1ocumented to cause significant keratitis and irritation to the ocular surface.[15] While 1t damazcs T s

urface cells, the toxic effects take longer to manifest in human corneas than do the sffects of BARINS
“Juman corneal epithelial cells exposed to chlorobutanol display a decreased amount of =
ieterioration of overall cell integrity.[16] Chlorobutanol does not, however. affect the stan 7 e gl

-omponent of the tear film.[17]

A\lthough the antimicrobial activity of chlorobutanol is extensive, [18] its use has beon lmiad Sus s
‘hat it becomes unstable when stored at room temperature for extended penads of tane Ll

chlorobutanol does not act like a surfactant.[17] The method of action of chlorabuianes & culi s R s
disruption of microbial cell membrane lipid configuration.[17]

Edetale Disodium
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Ssodium (EDTA) is a chelating agent used in a variety of nonophthalmic products, including
oo tomer. facial cleansers, aftershaves and deodorants. In the recycling industry, it has been used
or ‘ezd from used lead-acid batteries. In the medical field. uses include the treatment of acute
mere __-‘. ,-‘_"umirwu. lead poisoning and hypercalcemia. EDTA has gained use in ophthalmic solutions
S ERT L0 s ability to bind metals. Therapeutically, EDTA has been used to remove calcified plaques that
oo n the uncmu'«tl cornea in band kcratopathy.[19] EDTA has also been used in eye washes to aid in
neutralization of calctum hydroxide or lime burns to the cornea.

fisodium also has preservative cffccts based on its ability to chelate. When added to topical

medicmes in low concentrations, EDTA has been shown to inactivate trace amounts of heavy metals, which

= os inthe preservation of the solution.[18] Ophthalmic solutions that have employed EDTA include Acular

keto r-'~1-°c tromethamine ophthalmic solution) (figure 2) and Betagan™ (levobunolol hydrochloride
¢ solution USP).

 OPHTHALMIC
o SOLUTHON

o 2Acular (ketorolac tromethamine ophthalmic solution)
Polvquaternium-1 (Polyquad”)

f:'oh quad is a detergent-type preservative derived from BAK. Polyquad was formulated in the mid 1980s
oy Alcon as a preservative for contact lens storage solutions. It was developed because other preservatives
< 2. BAK) were known to become concentrated in contact lenses that had been stored in conventional lens
solutions. When placed in an aqueous ocular environment, the contaminated contact lens can act as 2
reservorr of preservative that can later be released. Polyquad does not become concentrated in contact

Ty
5§

“ough itisadetergent, Polyquad has unique properties distinguishing it from BAK. Bacterial cells attract
___.q__d vet human corneal epithelial cells tend to repel the compound.[20] Polyquad is the main
moredient in Tears Naturale IT (Alcon) (fig. 3) and Opti-Free Express MultiPurpose Disinfecting Solution
“ cony.as well as other storage solutions for contact lenses.
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le Polyquad has been shown to be much less toxic to the corneo—conjunciin .
__‘1[ has been shown to cause superficial epithelial damage to the cornea.[22] The mas
wssociated with polyquaternium-1 is its tendency to reduce the density of conjunctiva
thereby decreasing aqueous tear film production.[21]

examethyleneBiguanide

hexamethylencbiguanide (PHMB) has been used in contact lens solutions such as ReNu  ( Bauscs
=b. NY, USA) (Fig.4). The benefits of PHMB against Acanthamoeba and bacteria are well known |
WIB has been shown to be nonirritating to human corneal cells; however, its antifungal ;h..'

-2d.[18] PHMB employs its microbial activity by integrating into bacterial cell walls. thereby disrupting
~embrane and has been shown to lethally alter the transcription of bacterial DN A.[24]

Fig. 4ReNu” (Bausch & Lomb, NY, USA)
=nilized Oxychloro Complex

sbilized oxychloro complex (Purite, Bio-Cide International Inc., OK, USA) is an oxidaus
~=servative and was introduced into ophlhahnic medicines in the mid 1990s under the trade name ¥
~¢ of its derivatives, sodium chlorite, has been uscd in water purification systems since the 194057
rite has become a component of several different types of artificial tear and antiglaucomapreparas:
_.udmg brimonidine tartratc ophthalmic solution (Brimodin-P. Cipla) (fig. 5) and Refresh T
vlergan).

- = 3Brimodin-P

<uzbilized oxychloro complex has been shown to be well tolerated by th
w concentrations of SOC (0.005%), the antimicrobial activity is broad.[
=1 in which SOC was administered to patients up to eight-times da:
Jtotoxicity in vivo: however, more studies are needed to assess ocular si8 :
~oredients.[26] The antimicrobial effects are broad and include antibactenal antifinas’ and
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effects. Chemically, SOC is a mixture of chlorine dioxide, chlorite and chlorate.{4] When exposed to

light, SOC dissociates into water. oxygen. sodium and chlorine free radicals.[27] The chlorine free
| radicals are thought to inhibit microorganism protein synthesis within cells by way of glutathione
oxidation. which causes microbe cell death.[101]

Sodium Perborate (GenAqua™)

GenAqua™ is a preservative composed of sodium perborate and is contained in Genteal lubricant eye drops
(Novartis Ophthalmics. NJ. USA) (fig. 6).

Sodium perborate is an oxidative preservative that has been used in dental hygiene solutions since the 1950s
When it was introduced in ophthalmic solutions, it was one of the first of the oxidative-type preservatives
used. Sodium perborate alters protein synthesis within bacterial cells by oxidizing ccll membranes and
altering membrane-bound enzymes, causing enzymatic inhibition. Upon exposure to an aqueous
environment. it is catalyzed into hydrogen peroxide, water and oxygen. This is a property exclusive to this
compound. The hydrogen peroxide formed by this reaction effectively kills microbes.[26] Furthermore. the
efficacy of GenAqua has been demonstrated onAspergillusniger.[26] There are few studies documenting the
ocular tolerability and side-effect profile of GenAqua.
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Fig. 6Genteal lubricant eye drops

SofZia™

SofZia™ is the most recent advancement in the ficld of ophthalmic preservatives and 1s the preservative
system contained in one preparation of travoprost (Travatan 7', Alcon, Texas). When exposed to cations.
such as those that are normally encountered in the tear film of the cye, sofZia is deemed inactive. This
thought to induce less cytotoxicity to the ocular surface compared with more conventional preservatives.

Travatan Z (fig. 7) was introduced as the first prostaglandin analoguc to be preserved with a substance othes
than BAK. The sofZia system effectively preserves the medicine while itis being stored: however, when the
drug is introduced into the eye, it is modified into harmless elements that arc gentle on the ocular surface.[&]
It has been demonstrated that sofZia-preserved travoprost induces corneal and conjunctival changes similas
to preservative-free artificial tears. Furthermore, travoprost with sofZia also induced reduced amounts of
conjunctival inflammation and corneal changes when compared with travoprost treated with BAK.[28]

Fig. 7Travatan Z
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Table 3 Details of dilferent kind of preservatives
- “ectof preservatives on ocular surface

cular surface disease, OSD, (which includes dry eye syndrome) can cause redness, tearing, irritation.
~ming, foreign body sensation, light sensitivity and intermittent blurred vision. Although 15% of elderl
~wuentsdescribe some degree of OSD., up to 60% of patients with glaucoma suffer from it.

“wc symptoms mentioned above affect the quality of life and even the adherence to the prescribed
~zdications to help preserve existing vision. The active ingredient of a medication, the component that is
~zd to lower the eye pressure. can cause OSD. It is also known that inactive ingredients. such as
eservatives, can contribute to OSD. Ocular surface changes, causing ocular discomfort. tear film
“stability, conjunctival inflammation. subconjunctival fibrosis, epithelial apoptosis, corneal surface
=pairment, and the potential risk of failure for further glaucoma surgery, Subclinical inflammation has alse
wen described in patients receiving antiglaucoma treatments for long periods of time. However. the
~echanisms involved, 1.e., allergic, toxic, or inflammatory, as well as the respective roles of the active
mpound and the preservative in inducing the toxic and/or proinflammatory effects of ophihalmic
‘utions, is still under study.

irthermore. the negative effects of preservatives seem to be additive. The more medications a patient waih =
= more likely symptoms. Preservatives were initially used to kill bacteria in the bottle and it was thows
“cy helped the active ingredient have its desired effect. Since the active ingredient is the componens o e
wedication that lowers the eye pressure, any negative effect it may have is thought to be anecessam =0 5
setients with OSD, difficulties tolerating cye medications can possibly be improved by mim e e
- ectofpreservatives on the ocular surface.

2. 8Lissamine green (LG) staining of the conjunctiva in a
satient with mild dry eye. LG 1s a valuable vital dye to use
sccause it is very sensitive and highlights even early
_evitalisation of conjunctival epithelium
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Fig. 9Fluorescein staining of a cornea in a patient with moderate dry eye. Broken
tear film over the central cornea (decreased tear film break-up time) and
fluorescein staining of the inferior comea. Fluorescein stains epithelial cells in

more advanced disease, as well as absent areas(erosions) on the corneal surface b

2
Fig. 10Fibrosed bleb as result of preservatives in antiglaucoma medications as it
lead to increased levels of extracellular matrix (ECM). the transforming growth
factor B (TGF-B) signaling pathway-related molecules. and cyclooxygenase-2
(COX-2) in bulbar conjunctivaltissuesand results in faited filtration surgery
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Fig. 11 Toxic effect of BAC on corneal epithelial superficial cells. Representative in vivo confocal images o
the corneal epithelium in different groups. (A) Untreated control. (B) 0.01% BAC. (C) 0.05% BAC. (DN
0.1% BAC. Mcan cell size at the cpithelial surface was shown in (F). Note that the size of surface cells in the
corneal epitheliumofeyes treated with 0.1% BAC was significantly larger than that of control eves

CONCLUSION

The most frequently used preservative, benzalkonium chloride (BAK), has consistently demonstrated ;
toxic effects in laboratory, experimental. and clinical studies. As a quaternary ammonium, this compoum
has been shown to causc tear film instability, loss of goblet cells, conjunctival squamous metaplasia an
apoptosis, disruption of the corncal epithelium barrier. and damage to decper ocular tissues. T3
mcchanisms causing these effects have not been fully clucidated, although the involvement _
immunoinflammatory reactions with the release of proinflammatory cytokines, apoptosis, oxidative sirese.
as well as direct interactions with the lipid components of the tear film and cell membranes have been w
cstablished. Prescrvative-induced adverse effects are therefore far from being restricted to only allersy
reactions, and side effects are often very difficult to identify because they mostly occur in a delayed
poorly specific manner. Care should therefore be taken to avoid the long-term use of prescrvatiy
otherwise a less toxic alternative to BAK should be developed. as this weakly allergenic but highly ton
compound exerts dose- and time-dependent effects. On the basis of all these experimental and clins
reports, it would be advisable to use benzalkonium-free solutions whenever possible, especially in paties

: with the greatest exposure to high doses or prolonged treatments. in those suffering from preexisting
concomitant ocular surface diseases. and those experiencing side effects related to the ocular surfs
Indeed. mild symptoms should not be underestimated. neglected, or denied, because they may very well
the apparent manifestations of more severe. potentially threatening subclinical reactions that may s
cause major concerns.
Preservative-free approaches are still in their infancy and much more research is required before they cam
considered on an equal footing with preserved approaches. However, several preservative-free ophthalmic des
areavailable and do offer some promise.
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