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Abstract: Aim of the work: The overall objective of this study is to evaluate the effect of benzalkonium chloride
(BAK) on the conformational characteristics of the cornea. Materials and methods: New Zealand white rabbits were
used in this study for application of different concentration of BAK (0.005%, 0.01% and 0.02%) for different
periods (4, 8, 12 and 16 days). Results: The study reports the corneal structure alterations that may be induced as a
result of BAK applications that were studied by Fourier transform infrared spectroscopy (FTIR). The resulting IR
spectra were analyzed using the band enhancement procedure. The obtained data clearly indicate that there are
different structural and conformational changes as the method of BAK applications.
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1. Introduction:

The most common preservative in topical
ophthalmic preparations is benzalkonium chloride
(BAK). This is a quaternary ammonium compound
composed of a mixture of
alkylbenzyldimethyammonium chloride homologues
with n-Cy; Hys, n-CyyHye and n-CygHszs comprising a
major portion of the alkyl groups present (United States
Pharmacopeia—National Formulary [USP-NF] 2005).
It is commonly wused at concentrations of
0.004-0.025%. Several investigations using animal
models have suggested the existence of links between
BAK and cytotoxic effects on several components of
the eye.

Using a rabbit model, Furrer etal. (2001)®
demonstrated that 28 days of treatment with beta-
blockers preserved in BAK 0.01% or benzododecinium
bromide 0.012% resulted in microlesions covering
nearly 9% of the corneal surface. Administration of
solutions containing 0.01% BAK has been linked to the
infiltration of immunocompetent cells into the limbus
and bulbar conjunctiva in rats®. The inflammatory
reaction was associated with severe damage to the
cornea and conjunctiva, including epithelial alterations
and keratinization. Several other animal studies have
shown that preservatives are linked to the onset of
chronic fibrosis in the conjunctiva®®. Noecker et al.
(2004)® investigated the extent of epithelial and
corneal damage associated with Purite® (Allergan, Inc,
Irvine, California, USA), a stabilized oxychloro
complex, and with topical antiglaucoma medications
preserved with BAK. In addition to damaging the
cornea and conjunctiva, preservatives may also cause
severe lesions in the retina. In pigmented rabbits,
subconjunctival injection of timolol (0.5%) or
befunolol (1%) preserved with BAK caused retinal
lesions, retinal detachment, loss of visual acuity and

http://www.americanscience.org

697

atrophy of the pigmented epithelium of the retina and
choroids . Jaenen et al. (2007)® showed that signs of
damage to the conjunctiva, cornea and eyelids
significantly decreased when patients were switched
from preserved to preservative-free medication, or even
when the number of eye drops containing BAK was
decreased. This effect demonstrated the dose-
dependency of BAK-induced manifestations. Masahiko
and Atsuo (2010) © evaluated the cytotoxicity of
prostaglandin analog eye drops preserved with BAK in
multiple corneoconjunctival cell lines and they
concluded that various dilutions and exposure times
provided a unique evaluation of cytotoxicity among
ophthalmic solutions. Zhirong et al. (2011) “© found
that topical administration of 0.2%BAK in mouse
induces changes resembling that of dry eye syndrome
in humans.

In the present work, the effect of different
concentrations of BAK; 0.005%, 0.01% and 0.02% for
4, 8, 12 and 16 days on the conformational
characteristics of the cornea was evaluated by Fourier
transform infrared spectroscopy.

2. Materials and methods

Rats (Rattus Norvigicus) were randomly selected
from the animal house facility at the Research Institute
of Ophthalmology, Giza, Egypt. The research protocol
was approved by the local ethical committee that
applies the ARVO (the Association for Research in
Vision and Ophthalmology) statements for using
animals in ophthalmic and vision research.
Benzalkonium chloride was obtained from Acros
organics (NJ, USA) then was dissolved in de-ionized
water in order to prepare the three concentrations
0.005, 0.01 and 0.02 % (w/v) that will be applied to the
animal's eyes. These BAK solutions were freshly
prepared each day. The rats were randomly classified
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into control (n=10, 20 eye balls) and three BAK-treated
groups (each composed of 40 rats/4 subgroups) that
received topical instillation of 10uL twice a day of
0.005, 0.01 or 0.02% BAK. The animals of each BAK-
treated subgroup (n=10) were monitored at 4, 8, 12 and
16 days (D). Corneas were obtained from rats via
cutting through the ora serrata. The corneas from all
animals subgroup were weighed separately, and then
crushed to powder by the aid of liquid nitrogen and
mortar. The resulted corneal powder was freeze-dried
for 24 h then mixed with potassium bromide (KBr)
powder (95 mg KBr:5 mg cornea) in order to prepare
the KBr disks that will be used for the FTIR
measurement. FTIR spectra were recorded using
Shimadzu FTIR spectrometer, where the instrument
was operated under continuous flow of dry nitrogen gas
to minimize the effect of water vapor and atmospheric
CO,. Hundred interferograms were recorded for each
sample to enhance the signal to noise ratio, these
interferograms were co-added, baseline corrected and
smoothed by Savitzky-Golay before Fourier transform.
The spectra that belong to each BAK-treated subgroup
were averaged using OriginPro7.5 software to obtain
the final average subgroup spectrum. This final average
subgroup spectrum was subjected to the curve
enhancement procedure; a combination of Fourier
deconvolution and non-linear curve fitting, to resolve
the contour of NH group (3900-3000 cm™), CH group
(3000-2800 cm™) and the finger print region (1400-
1000 cm™) to its underlying peaks. The number of the
resulted underlying peaks was confirmed by the second
derivative of the subgroup spectrum.

Statistical analysis

Data were expressed as the meanxSD.
Comparison between multiple groups was performed
using analysis of variance (ANOVA), commercially
available statistical software package (SPSS-11, for
windows) was used where the significance level was
set at p<0.05. All the spectral analysis was performed
with OriginPro 7.5 software (Origin Lab Corporation,
Northampton, MA, USA).

3. Results

Figure (1) shows the infrared frequency range
3900-3000 cm™ that corresponds to the stretching of
NH-OH groups. The curve enhancement procedure; a
combination of Fourier deconvolution and non-linear
curve fitting, revealed the mean peak of the normal
pattern into two components centered at 3598+3 cm™
and 3492+2 cm™ due to OH stretching (OH), a peak
centered at 3319+2 cm™ due to NH asymmetric
(NHasym) and CH ring centered at 3073+3 cm™. As
shown in table 1, due to treatment with BAK OH was
splitted into three components in 0.01 % treated group
regardless the follow up period. On the other hand,
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treatment with the lowest BAK concentration was
associated by fluctuated changes in the number of
estimated components as well as in their band position
and band width. The last observation regarding this
band can be seen in the highest BAK treated group,
where the number of the estimated bands was
mimicking the control ones but for 8-D group. In
addition, the two modes of vibrations; OHaym and
OHgym, was detected (appeared) in the BAK treated
groups in a manner that do not directly relate to the
applied periods and the concentration as well. In the
same context, the NHs,m» mode of vibrations was also
detected (appeared), as compared to the normal, in
many of the BAK treated groups; this mode is sensitive
to the highest concentration; 0.02 %. Meanwhile, the
NHagym mode of vibration was also found to be
sensitive to the BAK treatment; it was restricted at 8-D
group (0.05%), 4-D and 16-D groups (0.01%) and 8-D
and 12-D groups treated with 0.02%. Finally, for the
CHiing mode of vibration, there were two common
observations; there was no change in the band
frequency that was associated with significantly
increased band width.

The CH stretching region (3000-2800 cm™) shown
in fig (2) indicates the presence of four bands in the
control samples centered at 2962 +3, 2926+3, 2874+4
and 2854+3 cm™ that can be assigned t0 amCHs |
aymCH2 , omCHs and 4nCH, stretching vibration,
respectively. In the data of the CH stretching region
given in table (2), the .,mCH; vibrational mode was
transitionally affected after treatment with 0.02% BAK
solution for 12 days where its band position and
bandwidth were significantly increased; meanwhile
they remained unchanged to the rest of BAK treated
groups. On the other hand, the ,,mCH, mode of
vibration shows different characteristics where its
bandwidth was reduced as a result of BAK treatment
with different concentrations, while its band frequency
was unaffected and remained in the range of the control
one. The characteristics (band position and bandwidth)
of the symmetric modes of vibration (CH; and CHy)
were also unchanged in all BAK treated groups for all
the followed periods involved in the study.

The third region of the FTIR shown in fig.3 is the
finger print region (1500-900 cm™). The normal sample
indicates the presence of eight bands: (1) CH, bending
at 1457+3 cm™, (2) COOyn at 1398+2, (3) CHs
bending at range 1335+2 to 128443 cm?, (4) asymPO; at
1238+2 cm™, (5) CH deformation at 1200+3 cm™, (6)
COOC.sym at 1167+2 cm?, (7) NH; rocking at 1127+1
cm™ and (8) &mPO; at 1069+3 cm™ ™V, As a result of
the application of BAK some observations can be
concluded from Table (3):

CH, bending: No change in band position. The
bandwidth decreased in all groups but 0.02 %, 4-D

group.
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COOgym: No change in band position and bandwidth

after application of BAK

CH3 bending:
No change in the frequency of the lower
frequency component (=1280 cm™)
No change in frequency of the higher frequency
component (= 1335cm™)
At 0.01 % concentration applied for 8-D, only
one component was detected with different
frequency (1323 cm™) relative to the control ones
The band detected at <1312 cm™ disappeared in
8-D group (0.005 %).
The lowest frequency component (=1280 cm™)
was absent in the following groups 4-D (0.01%),
4-D and 12-D (0.02%).
The bandwidth was reduced for the detected
higher frequency (=1335 cm™). Meanwhile, the
bandwidth of the detected lower frequency
component fluctuated without any trend that can
be related to application of BAK.

aymPO2:  Although this band was restricted at 4-D
group as a result of 0.005% BAK treatment, there were
no changes in its band position or bandwidth from the
other different BAK concentration treatment.

CH deformation: The band detected in different BAK
treatment groups was characterized by unchanged band
position associated with increased bandwidth in two
groups only; 4-D (0.005) and 4-D (0.01%). The most
interesting observation is the absence of this mode of
vibration at the longer period (16-D) of different BAK
concentrations used in this study.

COOCgsym: As a result of application of BAK with
concentration of 0.005% for 4 days and 8 days; this
mode of vibration was restricted. With the increase in
the applied period as well as by increasing the BAK
concentration, this mode was detected with lower
frequency as compared with the control one. This was
concomitant with variation in its bandwidth that cannot
be related to application of BAK.

NHsrocking:  The vibrational frequency of NH;
rocking increased for the 4-days group with the lowest
concentration of BAK (0.005%) then decreased for all
other studied groups. The band width showed the same
phenomena.

4mPO2: There is an increase in the vibrational
frequency for all studied groups compared to the
normal. Also there is a splitting of the peak for the 8-
days group (0.01 %). Also fluctuations of the band
width were observed.
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Figure 1: Representative FTIR spectra of the normal and BAK treatment groups
in the NH-OH region and the estimated component.
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Figure 2: FTIR spectra for the wavenumber ranging from 3000 to 2800 cm of the
normal corneasand BAK treatment groups.
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Figure 3 : Fingerprint region ranging from 1500-900 cm-1 of the normal corneas
and BAK treatment groups; showing the corresponding estimated components.
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Table 1. Band assignment, wavenumber (cm™), bandwidth (cm™) and estimated components of corneal tissue in the

NH-OH region for normal and all groups receive benzalkonium chloride treatment

«OH OHagym NHasym OHgym NHsym CHiing
Control 3598+3 3492+2 3319+2 3073+3
9245 15648 25446 51+3

4-D 3600+3 3490+3 3303+2 317242 3071+4
9345 154+8 117348 75+1 T64+4

< 8D 3684+2 3627+2 3476+2 3244+2 3070+3
e 195+12 856 287+10 52+1 18742
S 12D 374043 3526+2 1330343 3168+3 3076+3
e 27+4 17143 201+10 7141 '66+4
16-D 3743+3 3631+3 3553+21124+7 330043 3182+3 3073+3
28+4 68+4 1122+9 99+1 17343

4-D 3601+3 3471+3 1329142 3162+3 3075+4
115+4 177+4 1174+1 89+1 '66+3

8-D 3733+4 3624+3 3552+3 331043 3196+3 3073+4
s 3745 47+4 2055 "14+7 118+2 6343
S 12D 3740+4 3611+3 3491+31178+6 331043 3173+4 307243
21649 99+6 1166+7 13642 6144

16-D 3738+4 3614+3 3491+3190+5 13292+4 3075+4
2043 86+7 "167+2 6744

4-D 3586+2 3469+1 330243 317242 3073+3
114+2 158+9 1168+6 98+2 6344

_ 8D 3576+2 3452+2 3290+3 3175+3 307142
S 11544 162+1 "144+2 1071 16645
S 12D 3565+3 3437+2 3437+2 3290+2 3180+2 3070+3
117+3 162+8 162+2 1138+1 129+2 63+4

16-D 3621+2 3526+2 1336242 3203+3 3070+3
7646 137+8 120949 173+2 '59+2

T Statistically significant; The second line represent the bandwidth+ SD.

Table 2. Frequency values and bandwidth (cm-1) of the CH stretching region of normal and all groups received BAK.

asymCH3 asymCHZ SymCH3 SymCHZ
Control 2962+3 29263 2874+4 2854+3
2616 4743 29+6 1615
4-D 2962+3 29262 2872+2 2852+3
2745 126 +5 3244 13+2
© 8-D 2963+3 2927+2 287042 2852+3
o 3145 128+4 36+2 1643
3 12-D 2962+4 2926:+4 2873+3 2852+3
° 28+4 12942 34+3 15+4
16-D 2962+3 2925+3 2875+3 2853+3
28+4 '30£2 35+4 1845
4-D 2962+3 2928+2 2873+2 2855+3
28+3 3641 2246 16+3
R 8-D 2961+3 2926+4 2872+2 2854:+4
S 2545 '37+2 24+2 1622
2 12-D 2962+3 2927+339+2 2857+4 2854+2
27+3 27+3 15+4
16-D 2962+3 292614 2875+3 2852+3
27+1 '30£2 36+4 14+3
4-D 2963+4 292614 28763 2853+3
3045 3042 3946 15+1
. 8-D 2962+3 2927+3 287743 2853+2
g "28+3 3042 406 1541
2 12-D 12873+4 2853+3 2975+2 2859+4
6142 "18+1 39+7 206
16-D 2960+3 2925+2 2875+4 2850+3
3044 12942 40+7 15+2

"Statistically significant;

The first line in each cell reflects the band position, while second line reflects the band width
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Table 3. General band assignment of the fingerprint region for normal and all groups received Benzalkonium

chloride.
CH, COOym CHs woym PO, CH COOCaym NH; om PO, cocC CH
bending bending deformation rocking bending
Control ~ 1457+3  1398+2 13352 (40%3) 1238+2 12003 1167+2 1127+1 1069+3
T(45+4)  (453) 131243 (15+6) (4347) (24+7) (2616) (6215) (9845)
128443 (37+6)
4-D 14562 1403+3 120042 107741
T(2546)  (50+4) (91+8) (110£9)
8-D 145442 140041  1338+2 (20+4)' 123542 119943 1136+2 1081+1 1035+2
f(2543)  (3846) 1268+5 (77+8)" (35+4) (2146) (694) 1(448) (43+1)
N
S
[Te)
8 12D 1455+2  1399+3  1339+3 (17+2)' 123742 120243 1153+2 1076+1 1028+2
° T(2645)  (42+4) 131642 (22+1) (36+3) (1745) (802) (52+7) (34#1)
128143 (33+4)
16-D 14571  1395+2 13382 (1245)" 123621 11631 112042 10792 1035£2
T(24+4)  (3845) 1314+4 (20x1) (4945) (17+1) '(16+6) "(43+6) (37+1)
1425+2 128642 (2046)"
(1745)
4-D 145442 1402+2  1338+2 (8+3)' 1239+2 12043 1160+1 112041 108242 1042+2 10016
"(23+2)  (36%7) 131743 (14+2) (44+3) "(43+8) "(46+3) "(5043) (57+4) (60+4) (5845)
8-D 145543  1403+3  1323+3 (533) 123444 120142 11160+2 108142 1013+4
f(2627)  (47%2) (5046) (1645) 1(7324) f(80%6) (62+2)
S
§ 12-D 1454+1  1400+2 13382 (18+4)"  1239+2 120241 1160+1 112041 1079+2 1035¢1 10082
T(26+2)  (41£2) 13162 (19+2) (366) (1745) (21#1) "(25+3) "(4145) (36+2) (15+3)
128243 (2916)"
16-D 1454+2  1396+¢1  1338+2 (22#43)' 1237+l 11601 112042 108444 10475  1021+5
f(2416)  (43+1) 1313+2 (21+1) (54+7) T (40%3) f(23+4) T(4024) (37+1)  (2845)
1287+3 (23+5)"
4-D 145641  1400+1  1339+3 (2245)' 123842 1203+1 115142 1083+1 1033+1
(56+8) (50+4) 131643 (12+1) (43+4) (214) 1(198+3) (83£2) (117+2)
8-D 1454+1  1398+1 133643 (31£3)" 123742 12011 116441 112041 108141 (1423) "
(35#3)  (3945) 131242 (13+3) (37+4) (2343) (26+1) 1(19+6) 106741 (95+1)
. 12804 (40+5)
=
o
§ 12-D 1454+1  1397+2  1337+4 (16+4)' 123942 1207+4 116241 1076+1 1027+2
(33+4)  (5619) 131643 (25+1) (48+4) (154) (25+3) 1(59+4) (60+4)
16-D 1457¢1  1400+3 13382 (26£3)" 123621 11581 112241 108441 1040+2
f(30£5)  (4243) 13113 (20£2) (53+8) (364) f(2247) f(40£6) (39+1)

128542 (24+3)"

"Statistically significant, the numbers between brackets represent the bandwidth +SD

4. Discussion

Ophthalmic solutions are formulated to achieve
long shelf-life, effective antimicrobial action, comfort
to the patient, penetration and action of the active
agent(s), and minimal side effects. Tissue reactions
from these preparations are often tolerated to gain one
or more specific benefits. However, there are frequent
situations when specific drug components may induce
serious iatrogenic diseases, possibly vitiating any
beneficial effects on the primary disease process. The
cationic surfactant benzalkonium chloride is a common
disinfectant in topical ophthalmic formulations 2 and
its side effect on the cornea has been frequently
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investigated (3415161718 gg in the present work the

effect of different concentrations of BAK; 0.005%,
0.01% and 0.02% for 4, 8, 12 and 16 days on the
conformational characteristics of the cornea was
evaluated by FTIR.

The NH-OH region (table, 1) was very sensitive to
the BAK treatment whether the concentration was
0.05% (lowest concentration) or 0.02 % (the highest
concentration). These bands are found in membrane
constituents as the lipid, protein and the genetic
material as well. Thus BAK treatment induces
functional changes in the membrane constituents that
may be related to the previously documented biohazard
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effects of BAK when used as an ophthalmic
preservative. Several studies 2%V found that
benzalkonium chloride can denature corneal protein
and cause irreversible damage to the eye.

The CH vibrational region (table, 2) is used
generally to characterize the lipid molecules. The band
width of the asym CH, vibrational frequency was
decreased after application of BAK also aymCHs
vibrational frequency was affected indicating an
environmental change. The cooperative effect between
the changes in the NH-OH region and the CH
vibrational region may also be seen in the fingerprint
region. The PO, stretching modes are characterized by
some changes in their environment. This may reflect
interaction/binding mechanism(s). The CH, bending is
of special interest, because it can be used to monitor
the tissue disorder. As shown in table (3), there is no
change in the vibrational frequency but the bandwidth
was decreased after application of BAK. Also the
changes in the vibrational frequency and the bandwidth
of COOC,sym or NH; rocking confirm the changes in
the environment.

The greatest biocidal activity is associated with the
BAK. The mechanism of bactericidal/ microbicidal
action is thought to be due to disruption of
intermolecular interactions. This can cause dissociation
of cellular membrane lipid bilayers, which
compromises cellular permeability controls and

induces leakage of cellular contents %2222,

5. Conclusion:

From this study, FTIR spectroscopy is a
technique, which provides quantitative biochemical
information about biological samples. BAK induces
structural and conformational changes of the cornea.
Also the extensive use of BAK in ophthalmic
preparations must be critically reviewed and its use, if
indicated, curtailed. The studies of the induced changes
effects of BAK should be done to the different ocular
structure.

Corresponding author

Eman M. Aly

Biophysics and Laser Science Unit, Research Institute
of Ophthalmology, Giza, Egypt.

e.aly@hotmail.com

References

1. The United States Pharmacopeial Convention
(2005): United States Pharmacopeia—National
Formulary (USP-NF). http://www.usp.org/uspnf
[accessed 18 March 2008].

2. Furrer P, Berger J, Mayer JM, Gurny R (2001): A
comparative study of the ocular tolerance of three
timolol-based preparations: the influence of

http://www.americanscience.org

702

10.

11.

12.

13.

14.

preservatives on ocular tolerance. J Fr Ophtalmol
24: 13-19.

Becquet F, Goldschild M, Moldovan MS, Ettaiche
M, Gastaud P, Baudouin C  (1998):
Histopathological effects of topical ophthalmic
preservatives on rat corneoconjunctival surface.
Curr Eye Res 17: 419-425.

Mietz H, Niesen U, Krieglstein GK (1994): The
effect of preservatives and antiglaucomatous
medication on the histopathology of the
conjunctiva. Graefes Arch Clin Exp Ophthalmol
232: 561-565.

Mietz H, Schl6tzer-Schrehardt U, Lemke JH,
Krieglstein GK (1997): Early conjunctival changes

following treatment with metipranolol and
preservatives  are not reversible  with
dexamethasone. Graefes Arch Clin  Exp

Ophthalmol 235: 452-459.

Noecker RJ, Herrygers LA, Anwaruddin R (2004):
Corneal and conjunctival changes caused by
commonly used glaucoma medications. Cornea 23:
490-496.

Chou A, Hori S, Takase M (1985): Ocular toxicity
of beta-blockers and benzalkonium chloride in
pigmented rabbits: electrophysiological and
morphological studies. Jpn J Ophthalmol 29: 13-
23.

Jaenen N, Baudouin C, Pouliquen P, Manni G,
Figueiredo A, Zeyen T (2007): Ocular symptoms
and signs with preserved and preservative-free
glaucoma medications. Eur J Ophthalmol 17: 341—
349.

Masahiko A, and Atsuo I, (2010): Cytotoxicity of
prostaglandin analog eye drops preserved with
benzalkonium chloride in multiple
corneoconjunctival cell lines.Clin Ophthalmol. 4:
919-924.

Zhirong L, Xiaochen L, Tong Z, Yihui W, Li
B, Hui H, and Zuguo L, (2011): A mouse dry
eye model induced by topical administration of
benzalkonium chloride. Mol Vis.17: 257-264.
Dovbeshko GI, Gridina NY, Kruglova EB,
Pashchuk OP (2000): FTIR spectroscopy studies
of nucleic acid damage. Talanta 53: 233-246.
Green K, Chapman JM. (1986): Benzalkonium
chloride Kinetics in young and adult albino and
pigmented rabbit eyes. J Toxicol Cutan Ocular
Toxicol 5:133-142.

Patarca R, Rosenzwei JA, Zuniga AA, Fletcher
MA. (2000): Benzalkonium salts: effects on G
protein-mediated ~ processes and  surface
membranes. Crit Rev Oncog. 11:255-305

Gobbels M, Spitznas M. (1992): Corneal epithelial
permeability of dry eyes before and after treatment
with artificial tears. Ophthalmology 99:873-878.

editor@americanscience.org



http://en.wikipedia.org/w/index.php?title=Microbicidal&action=edit&redlink=1
http://en.wikipedia.org/wiki/Lipid_bilayer
mailto:e.aly@hotmail.com
http://www.usp.org/uspnf

Journal of American Science, 2011;7(4)

http://www.americanscience.org

15.

16.

17.

18.

19.

20.

Lopez Bernal D, Ubels JL. (1991): Quantitative
evaluation of the corneal epithelial barrier: effect
of artificial tears and preservatives. Curr Eye Res.
10:645-656.

Ramselaar JA, Boot JP, van Haeringen NJ, et al.
(1988): Corneal epithelial permeability after
instillation of ophthalmic solutions containing
local anaesthetics and preservatives. Curr Eye Res.
7:947-950.

Guo Y, Renner D, Begley C, Wilson G. (2003):
Quantifying minor irritancy to the human corneal
surface. J Toxicol Cutan Ocular Toxicol. 22:147-
155.

Kovoor TA, Kim AS, McCulley JP, et al. (2004):
Evaluation of the corneal effects of topical
ophthalmic fluoroguinolones using in vivo
confocal microscopy. Eye Contact Lens 30:90-94.
Eleftheriadis H, Cheong M, Sandeman S, Syam
PP, Brittain P, Klintworth GK, Lloyd A, Liu C
(2002): Corneal toxicity secondary to inadvertent
use of benzalkonium chloride preserved
viscoelastic material in cataract surgery. Br J
Ophthalmol 86: 299-305.

Kusano M, Uematsu M, Kumagami T, et al.
(2010): Evaluation of acute corneal barrier change
induced by topically applied preservatives using

http://www.americanscience.org

703

21.

22.

23.

24,

25.

corneal transepithelial electric resistance in vivo.
Cornea. Jan; 29(1):80-5.

Baudouin C, Labbé A, Liang H, et al. (2010):
Preservatives in eyedrops: the good, the bad and
the ugly. Prog Retin Eye Res. Jul; 29(4):312-34.

Kossendrup D, Wiederholt M, Hoffmann F.
(1985): Influence  of  cyclosporin A,
dexamethasone, and benzalkonium chloride

(BAK) on corneal epithelial wound healing in the
rabbit and guinea pig eye. Cornea 4:177-181.
O’Brien WJ, DeCarlo JD, Stern M, Hyndiuk RA.
(1982):  Effects of timoptic on corneal
reepithelialization. Arch Ophthalmol. 100:1331-
1333.

Tripathi BJ, Tripathi RC, Kolli SP. (1992):
Cytotoxicity of ophthalmic preservatives on
human corneal epithelium. Lens Eye Toxicity Res.
9:361-375.

Zhivov A, Kraak R, Bergter H, Kundt G, Beck R,
Guthoff RF, (2010): Influence of benzalkonium
chloride on langerhans cells in corneal epithelium
and development of dry eye in healthy volunteers.
Curr Eye Res. Aug; 35(8):762-9.

4/2/2011

editor@americanscience.org



http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhivov%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kraak%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bergter%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kundt%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beck%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guthoff%20RF%22%5BAuthor%5D

