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Abstract 
The use of preservatives in eye drops (eyewashes) has known glory at the beginning, but 
the side effects that they have on the ocular surface have led to a decrease of their 
popularity. 
Lachrymal film dysfunction, ocular hyperemia, dotted keratitis or toxic keratopathy were 
reported and analyzed in terms of pathophysiological mechanism of the role played by 
preservatives in ophthalmic drops (eyewashes). This article reviews the most common 
preservatives and the existing alternatives for the maintenance of the eye sterile drops. 
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Introduction 

Multidose eye drops contain preservatives, 
which justify their long-term use and represent a 
risk for the ocular surface. 

After the year 1960, following the 
occurrence of some severe eye infections after 
using multidose eye drops [1], the use of some 
preservatives has been imposed. 

Many studies have shown contamination of 
multidose eye drops [2,3]. The infection mode is 
either the ambient air or the touching of the 
dropper with the fingers, eyelids or eyelashes 
during the drip. According to Rahman, the 
containers’ contamination rate is 8.4% [3]. 

The most common microbial agents 
identified were Staphylococcus aureus coagulaso 
negative [4] and pseudomonas. 

Kishnanet et al. described five cases of 
severe infections with Pseudomonas aeruginosa 
[5] secondary to the use of eye drops. 

Over time, many preservatives have been 
used, but each one with its limitations, 
concretized in ocular surface damage. 

A first class of preservatives used was the 
one from the group of quaternary ammonium 
compounds, of which the usual is the 
benzalkonium chloride (BAK) [6]. 

Benzalkonium chloride is a quaternary 
ammonium which is used in concentrations that 
vary between 0.005- 0.2%. 

This is a mixture of alkyl benzyl dimethyl 
ammonium chloride and alkyl chains varying 
from C8H17 to C18H37, having the following 
structure: 

N
+

Cl
-

 
 

 

Fig. 1 Benzalkonium chloride. The chemical 
structure 
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This preservative has highly effective 
bactericide and fungicide action, which is 
achieved by the rupture of the outer membrane 
of the microorganism, via the lowering of the 
surface tension; thereby, the DNA synthesis is 
affected at 370C [7]. 

Benzalkonium chloride (BAK) has been 
used for a long time in numerous eye drops 
composition. Also it is a cationic surfactant 
whose surface activity results in an improvement 
of transcorneal penetration of medicinal 
substances by increasing the space between the 
epithelial cells. This characteristic of the BAK can 
cause the solubilization of the lipophilic 
protective layer, determining the instability or 
rupture of the tear film. For this reason, 
benzalkonium chloride is not used in 
combination with local anesthetics [8, 9]. 

However, numerous studies that revealed 
the side effects of BAK, the impact this 
preservative has on the ocular surface have 
emerged. BAK toxicity depends on the amount 
administrated daily, the duration of the 
treatment and its concentration in the 
administered solution. At each administration of 
an eye drop containing benzalkonium chloride, 
its detergent effect disrupts the lipid layer of the 
tear film. This cannot be regenerated and can no 
longer protect the aqueous layer of the tear film, 
which evaporates easily. In these circumstances, 
the cornea is exposed and eye dryness occurs. In 
addition, benzalkonium chloride has a cellular 
toxicity on caliciform cells, entailing a reduction 
in the amount of mucin, an additional reason for 
disrupting the tear film. 

Pissella et al. [10] demonstrated that using 
preservative-free eye drops is much better 
tolerated at the conjunctival cytology level. In his 
study conducted over one year of treatment for 
open-angle glaucoma, with timolol with 
preservative on a lot and preservative-free 
timolol on another lot it was noted that 
conjunctival inflammation markers (HLA_D 
membrane antigens and ICAM-1) are much 
higher in the group in which eye drops contained 
preservatives (BAK). 

Albietz et al. [11] showed a significant 
decrease in conjunctival mucous cells. The 
degree of inflammation of the conjunctival 
epithelium is higher in patients treated with eye 
drops with preservatives than in patients treated 
with eye drops without preservatives. 

The preservatives from the eye drops 
(BAK) often cause subclinical conjunctival 
inflammation characterized by inflammatory cell 
infiltration, epithelial hyperplasia and mucous 
cell loss [12].  

Benzalkonium chloride from eye drops is 
incriminated in the alteration of the tear film. 
Campagna et al. [13] had a study in which the 
rupture time of tear film (BUT) decreases to 7.9 
seconds when using BAK. Replacing the eye 
drops with preservatives with others without 
preservatives allows a significant improvement 
of the lachrymal function by increasing the 
number of mucous cells and restoring the tear 
film rupture time. 

Avisar et al. [14] analyzed the effects of the 
instillation of artificial tears without 
preservatives and reached the conclusion that 
these may restore the precorneal film, while 
bringing the tear film rupture time to values of 
25 to 27 sec., compared to artificial tears 
containing BAK, where the time of rupture of the 
tear film may decrease under 15 sec. 

BAK toxicity is manifested through 
apoptosis phenomena (free radical production) 
and/ or cellular necrosis, depending on the 
concentration [15]. 

A decrease in the conjunctival and corneal 
epithelium cell density and the change of their 
morphological appearance (metaplasia) has 
been observed [16]. 

The detergent effect is manifested by the 
loss of epithelial microvillar brush [17]. The 
extracellular space widens and the epithelium is 
disorganized. The alteration of the lipid layer of 
the tear film worsens the ocular dryness 
syndrome [18]. 

The side effects of BAK are inflammatory 
phenomena, often subclinical, with immediate or 
delayed hypersensitivity reactions. The most 
common ocular symptoms observed are, 
according to Pissela [19], discomfort after 
instillation, foreign body sensation, burning 
sensation, ocular dryness, lachrymation, eyelid 
pruritus, and ocular surface damage signs are 
redness of the eye, conjunctival follicles, 
superficial dotted keratitis, anterior blepharitis, 
meibomite, eyelid eczema. 

The cytotoxicity of the benzalkonium 
chloride can be direct and indirect. The direct 
cytotoxicity is dose dependent and was 
described above. The indirect cytotoxicity, tied to 
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the conjunctival and palpebral flora changing is 
less present in relation to the active principles of 
the eye drops (antibiotics, antivirals) than with 
the preservative itself. 

BAK related immunological reactions are 
more frequently of the delayed type (type IV 
hypersensitivity) than of the immediate type 
(type I). The allergen is formed by binding the 
hapten with a high molecular weight of 1000 
daltons contained in the eye drop, with a protein 
molecule of the subject. Therefore, it was 
envisaged that all the constituents of an eye drop 
have a molecular weight lower than the one 
mentioned [20]. The most common allergic 
manifestations are eczema and blepharitis. 

Polyquad is a preservative derived from the 
benzalkonium chloride of the quaternary 
ammonium class. It was firstly used for the 
storage solutions of contact lenses. Today it is 
found in many eye drops such as artificial tears 
and antiglaucomatous. It is considered less toxic 
to the corneo-conjunctival surface [29]. 

However, Rosenthal et al. recognized that 
polyquad reduces the goblet cells number and 
affects the production of aqueous sequence of 
tear film [21]. 

Polyquad is a compound with high 
molecular weight, highly effective in preventing 
the microbial growth, especially of fungus, and 
seems to be better tolerated by patients [22]. 

Due to its large molecule (Fig. 2) it is not 
absorbed into hydrogel lenses and then toxic and 
allergic reactions are rare [23]. 
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Currently, polyquad is increasingly used as 
a preservative in ophthalmic solutions used in 
the treatment of glaucoma. Although it is a 
derivative of BAK, Polyquad has properties that 
distinguish it from the other preservatives. 
Bacterial cells attract Polyquad, but human 
corneal epithelial cells tend to reject the 
compound [24]. 

However, recent discoveries showed that 
polyquad has negative effects on the integrity of 
the cell membrane and induces cytotoxicity in 
the ocular surface cells [25, 26]. The main 
disadvantage associated with this preservative is 
its tendency to reduce conjunctival caliciform 
cell density, thereby decreasing the tear film 
aqueous sequence production. Although 
Polyquad was proved far less toxic to the corneo-
conjunctival surface than BAK [27], it was shown 
to cause superficial corneal epithelial damage 
[28]. 

 These preservatives used in ophthalmic 
products are well tolerated in the eye when they 
are in normal concentrations and small doses. 
Ocular tolerance can be modified by the 
concentration of preservatives, frequency of 
instillation, the combination of preservatives, 
their chemical purity, the duration of treatment, 
the condition of the cornea, wearing contact 
lenses and using polymer in formulating 
ophthalmic preparations [29]. 

The effect of preservatives from the eye 
drops on the cornea is manifested directly 
through anatomical and physiological changes of 
the corneal epithelium, which affect the optical 
properties of the epithelial barrier function, and 
indirectly by changing the tear film, which 
results in wetting disorders of the eye [30]. 

 
Alternatives 
 

Due to the adverse effects of the 
preservatives on users with chronic diseases, the 
pharmaceutical industry is oriented either 
towards the production of single dose vials or 
less toxic preservatives. 

An interesting alternative to single-dose 
vials are the multidose devices fitted with a 
special filter. Whether the device contains a 
sterile, preservative-free ophthalmic solution, 
protected against microbial contamination 
through a 0.2 microns pore filter, or contains a 
preservative (e.g., BAK), which is retained by a 

Fig. 2 Polyquad. The chemical structure 
 



Romanian Journal of Ophthalmology 2015;59(1):2-5 

 

 
5 

Romanian Society of Ophthalmology 

© 2015 

sieve (adsorbent resin) at instillation. In both 
cases, eye drops delivered to the eye are without 
preservatives [29]. 

ABAK system is equipped with a one-way 
passage system through an antimicrobial 
membrane with a porosity of up to 0.2 μm to 
prevent contamination with microorganisms 
from the outside. In addition, the drops can be 
administered for up to eight weeks from the 
opening of the bottle and drops that can be 
eliminated one by one, having the same size 
regardless of the pressure of the patient on the 
bottle. The ABAK system is successfully used in 
the production of artificial tears and some 
antiglaucomatous elements. 
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