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Abstract

Two drops of a chlorobutanol --or benzalkonium chloride-- pre-
served artificial teardrops were instilled in to the right eye of six
female grey rabbits (2 kg) at 21.00 and 09.00. A group of six con-
trol animals received no eyedrops. The animals were euthanized at
15.00 h and the central region of the corneal epithelium essessed
by scanning electron microscopy using a digitizer pad/computer
system. After recovery from the exposure to artificial teardrops,
there were up to 2% exfoliating cells evident at the ocular surface
but with no difference between the two products; controls had no
cell exfoliation. After recovery from the chlorobutanol-preserved
articial tears, the distribution of surface areas of the squamous
cells (n = 500 cells evaluated) was shifted to slightly larger values
compared to controls but the number of epithelial cell craters /cell
was unchanged from controls. Following recovery from
benzalkonium chloride-preserved articial tears, the cell areas were
shifted 0 significantly smaller values than controls and there were
fewer epithelial cell craters/cell. The methods and assessment pro-
tocol are presented as a basis for objectively comparing different
types of eyedrops on the corneal surface where there is no overt
cytotoxicity.

Introduction
The use of artificial tear pharmaceuticals in pa-

tients with irritated or dry eyes is commonplace‘.
Those pharmaceutical products that are intented
to be used many times by a patient (e.g. 5 mL multi-
use bottles of eyedrops) will usually contain pre-
' University of Watenoo, School ol Optometry, Waterloo, Ontario,
Canada N2L 3G1.

servative agents. These preservative agents are
included so as to reduce the risk of substantial
multiplication of most microorganisms should the
container or the actual solution become acciden-
tally contamined with microorganisms such as
bacteria or fungi. A large number of these chemi-
cal preservative agents have been tried over the
last 40 years 1". Several of these agents have become
widely used and have an acceptable record of effi-
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cacy in maintaining the sterility of eyedrops'"‘. Sig- been largely used to only document the cellular
nlficant microbial growth can occur however, pre- damage or cell exfoliation that can occur within
sumably if the level of pathogen comamination is an hour of application of the test substance to the
high or there is repeated exposure of the eyedrop ocular surface. Scanning electron microscopy can
container tothe patliogen(s)."‘“ As a consequence. however also be used to provide images of the
it is necessary that the concentrations of chemi- mosaic of cells at the epithelial surface that can
cal preservative agents included in the pharma- then he subjected to a quantitative analysis by
ceuticals be sufficiently high so as to be able to planimetry. Discrete cell changes and low levels
effect as rapid inactivation or destruction of the of cell exfoliation associated with articial tear use
micr~oor-gatiistns as possible. llowever, in deciding have been quantied in this way ‘-‘- ‘*.
on the concentration ofthe prcser\-ative agent that
is to be included in the eyt-drops, consideration Overall however, despite the large number of
must be given to the potential cytotoxic effects of published papers reporting the effects of preser-
the preservative agent on the tissues of the eye. vative agents on the corneal epithelium (as assessed
es|w.-cially lhc cortical and coniuncti\".|l epithelial. by scanning electron microscopy ”)_ few of the
.-\s a result ofthese considerations. it can be stated studies compare preservative agents under condi-
that the overall toxicity risk. with the most eorn- tions resembling clinical use of eyedrops and none
monly used concentrations of these preservative of these comparative studies has been quantitative.
agents. is very lo\v. 'l'hat this statetnent is a valid
reflection ofthe use of preserved eyedrops cotues in [hf pffggrn stud)-_ an Obiccyc ¢0mp;u-550“
fmtu the overall scarcity of reports on v.\unplica~ was nuldf of [he QffQc[§ of an ciposul-¢ of [ht C01-_
tions tthat could be atributed to cytotoxic effects mm] ¢pi;h¢|ium 1,, my-O to two djffgfffu P‘-¢5¢;\~_;.
or even microbial contamination) arising from the (iw “gt-ms im;|ud¢d in mc 5am¢ [x of poly‘-iny|
rise of such eyedrups. This overall situation needs ;]lL\jhQl_ba§f(j ,_-ycdl-op_ particular mm-mion was
to be carefully distinguished from the occasional gin-n to um f_\[Qn[ of “>11 ¢_\;f01mion_ H mt Sur.
occurn~ncc of allergic or hypersensitivity reactions iqq at-e;i_< of the residual squamous cells ‘-‘ and a
to prx~serv-atives te_g. thimerostl °) or any other .;,_~1| $1,"-f;|c¢ f¢3[uff [rm i5 Qnm (jallfd mc cpilhc.
ingredients of the eyedrops. “‘ Despite this re~ |i-3| hok or ,_~,-_m-r_ Isis
peated use of multiplouse t‘)\\lmp products with-
out t\vnsequence. pt\‘ser\“.ttive agents uintinue to » 7% — ——z,,,,-aaat
tt*cci\x" .td\x‘tse publicity. Part of the reason for t\1;lIt‘l'i;llS ild [‘l1C[hOdS
this situation is that then: is only limited inform;1~ ' ' W " ’ r *2"m"
tion on the etfccts of these pn-ser\:tti\1~s on the -4"'_""'L‘" ""4 "'¢‘""'""" P"°'0<"0l$
ocular surface ofthc living eye. Hunk. gm‘. (Dulch Bem rabbits were houstd

indidually in Canadian Council for Animal Care
Seannittg ek\‘tmn niiCT\\$k\\[\}' has been used for ((‘_(‘__.\(f) _3ppn)\~¢d cmtts and qua!-‘ms and pm

many years to c\~.\luatc the effects of numerous \1¢,_-q Mm un,-¢§u-km} 1¢,__¢§ ‘O food and Wm“
chemicals tincluding preserv.ui\e agents\. drugs _\|| pm¢,_-dun-5 “YR. R.“-¢“1.d by and appmwd
and ph.\rmaceutic.tls on the surface ofthe eomeal by qr tony (‘_(‘__-\(: ...;lpp|-Dyfd miimij Gm; mm.
(‘l‘i"K‘“\"\\~ “‘ “ F“? lb‘ "‘°~“ l‘-"T "W “\‘h"i*l"*‘ mittee. Die animals were rts acclimatized to thelus been used to provide high magnititution im~ 1"ni“-135“ ;=_|,_~i|im-S for — ‘O 9 dz“ ‘u. mctiw
ages of the actual cells at the epithelial surtiice. {mm 3 |o;~_,| Suppuel-_ An nudu ight dark ark

of H: 10 h was imposed with the light cycle
'lhc tnugcs haw: been only suhiectnely assessed ing at 0000. After aclimatintion. the animals (2.0

in most cases. Furthermore. the t<w:hnique has to 1.2 Lg) were chetied by slithmp
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ind assigned to control or test groups. The test nium chloride-preserved eyedrops). From three
mimals received two drops of an artificial tear Of the corneas in each group, the inferior-nasal
iolution in the right eye only at 21.00 local time quadram W35 mkcn for 3n31Y5i5 and ‘hf? 5l1P¢1‘i°1"
md the eyedrop instillation was repeated at 09.00 tcmP°1'31 quadrant W35 taken from 31¢ 0lh¢1'th1'¢¢
he following morning. Control animals received ¢°1'"¢35in cach gl'°"P- 55199198 ¢l¢¢I1'Q11 mi¢f05-
10 eyedrops. At 15.00 h (i.e. 6 h after the instilla- COPY was Pefformcd “Sing 3 Hitachi 5570 mi¢1'°$'
ion of the second set of eyesdrops for the test ani- COPY °P°ra§m5 at kv" From each quadmm» 3
nals), the rabbits were euthanized with an over- ' scnes of mlcrogmphs were tak°n_ at 3 _P°_5iti°“
lose of -i-_6i cuiimmsia soiuiion (05 mi‘/kg) ad_ close to the apex of the quadrant, i.e. within 1.5

ninistered via a peripheral ear vein. The right eye ml“ of the true aptx of [116 corneal 5.“!-faC.c' Thed f ti i E . t d. micrographs were all taken at a working distance
vas “S6 or lc C ec Ion mlcroscopy S U 165' of 8 mm and with the epithelial surface normal to

the electron beam (to within 15°). All micrographs
Prepamtwn of Corneasfor Scanmng electron were identified only by a number code at the time

"i°‘rO$COPJ’ of the assessments being made. Micrographs were
taken at 200 X at-stage magnification and printedImmediately after euthanasia, all neck blood . _

essels were severed and the animal drained over at 10 X 8 Inches to allow assessments of approx“
. . .' ‘ tel 0.35 m 2 o tio s of th l fma m r n e cornea sur ace.sink about 30 s. With the animals then placed on y . P

h 1 f _d d f I id 1 d f From these micrographs, assessments were made
C“ C t S1 6’ [W0 reps O 2 g U am 6 W c D“ of any regions of the ocular surface where any from
we s_°luti°n were Cf“-cfuny applied to the Surface of cell damage or abnormality was evident. These
he "gm eye" The hds were I1?“ YF§@¢t¢d_ to an regions of approximatel 0.06 mm‘ were quantita-
rbital rim, two more drops of fixative applied and iivciy assessed by miimiiiai piimimsiiy I3 using a
1e eyeball carefully enucleated. The corneas was Commercial digitizer pad and Computer Sofiwam
16" Prepared for Scillming ¢l¢C"'°" miC1'°5'3°PY (Bioqant IV, R & M Biometrics. Nashville, TN). Mi-
5 previously detailed ‘Z. In brief, the technique Q1-Qgfaphs wcfe 3150 [gkgn at 500 X at-5{;1g¢ mag.
ivolves the occasional application of drops of the nification (and also printed at 10 x 8 in) from the
xative solution to the surface of the eyeball over same portion of the corneal surface. These micro-
period of 70-80 min at room temperature be- graphs were used to measure the surface area of a
)re the aqueous humor of the eye was replaced total of 500 to 550 squamous cells from each ex-
'ith fixative solution and the cornea excised on a P@l'iI11¢l1I1\l 8l‘011P (i-¢- PPf0XiII1ill6lY 90 C6llS/
Ileral rim. The fixative was a freshly prepared so- Coml qllfldfilt) by U56 Of I116 digitizer Pad SYS-
iiioii of 2% W/V giummidciiydc in 30 mM Sodium tem ‘5. All surface area values were core- ceted
icodyimc buffer and was warmed to 35 to 36°C for fixation and processing related tissue shrink-
ist before use. The pl-I was adjusted to 7.2 to 7.4 age as prcvlously dctmlcd -is ‘and only groups of
'ith a few drops of dilute hydrochloric acid. The fullyfcsscliucd Cg!“ 3'“? used ‘_n these ;n°rPi:‘°'
nal solution osmolarity was 330-340 mOsm/kg mcmc am y5e§'_ mfq Y‘ mm mlcrogmp 15 [2 en

. at 500 X magnification, a count was made of theid ultraviolet absorbance spectroscopy was rou- .number of crater-like surface structures on thenely used to check that the polymer content ofxative less mm SW is surface of the 500 to 550 cells used for surface
O . area measures. Only those crater-like structures

that had a conspicuous colar or rim “"7 were in-Scanning electron microscopy and image Ciudcd in the
nalysis

Chemicals andpharmaceuticals
Six corneas were successfully processed for each

E
. lh Ihr 6Xp6l'imCnIl groups (C0l1Il'015. All chemicals used for the electron microscopy
ilorobutanol-preserved eyedrops and benzalk0- were of the highest purity grade available and were
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obtained from _].ll.l~1.M. Inc, larval, Quebec. All surface is qualitatively similar when comparii
solutions were preparetl in tlouhle-distilled water. controls with eyedrop-treated epithelia. The n

The artifical tear products were kindly provided crographs are representative not only of the s

hy Allergan Inc ttlanatla). The l.lQUll¥ll.M TEA RS“ satnples studied for each group but also of the cc

protlucts contain 1.4% polyvinyl alcohol and were neal surface at mid-peripheral and peripheral sitt
preserved with either chlorohtitanol or henzal- as well.
koniuin ehloritle.

Scunrii/lg electron ))lil"I‘()St"()[7_)' eiwluution of

Quantitative evaluation ofcellular exfoliatio
or other alterations of the epithelial smjfat

R9511“-*7 evaluated at 200 X and 500 X magnification.

, . . .. Micrographs taken at 200 X magnication wet
tI|e_<‘orm'uI slit"/rice (I! l()()() t\ ul-stage nlugnt/r used the Ofany altcratiot

in the epithelial surface. The results are presente
lllustratetl in (Figure l) are representative tni- in (Tflblf 1)- T116 QMIYSC5 5h°W that the Comm

crographs sliowing the appearance of the normal 51l1'f"C¢1‘PP¢5\red‘° be I-‘T861?’ unC°mP1'°mi5@d b
corneal epithelial sttt"fact- at 1000 X and 5000 X at- the ¢XP05ure to the Preservntive 3gem‘COm3inin
stage tuagnitication. These inagtiilieations were ¢‘Wd"°l7§- The incidcllcc of cxfollamng or Othcl
chosen since the allow resolution not only of the ‘Vi-*1‘ilhlmfnlillC¢“5i“"3r{19d 0913' 3-5% and did "C

cation

cell-eell hUl‘tlL‘l‘>' antl epilllelizll Cl‘il[t‘l'S hut also the exceed >‘\%- N0 differenee was seen between I11

actual .surt'.tce leatttres of the cells. The epithelial two treatmCntS. FPOHI 1iCl'08l'3Ph5[7lk@n at 5001
surface can he seen to he composed ofa continu- l“1\l1"l'54"i°"- °¢Ci‘§i°"1‘| Cxfolimlng C9115 “'3'
ous iuosaic of cells that appearto he in very close '~‘\'id1‘m ill addition ‘O I111‘ 0CC5l$i0n11l C¢ll I113
contact or ;tppt)$illt)tl to one anottit-r. The cell sur- >‘lw\\'ed evidenee of t>=1rti11l surface disruption
faces are tlecoratetl hoth with a unifortn mosaic
of tnicroplicae twith onlv occasional solitarv tui-

TABLE 1

crovilli) and the epithelial craters. These tnicro-
graphs are presented to show that the epithelial
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“ ‘ ~' ‘ “‘**‘~‘ ofthe initial phases of exfoliation). Three examples
are illustrated in (Figure 2) and the numbers of

.tl e|\|lheli.tl sttrlaee in the st|perioretetuporal quatlrant. t.-U Such Cd“ dculikd in (Table l)- For Conunl cur‘
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Figure l Repn~sent.tti\ e se.uuung electron tnicmgraplts tak-
ken tmnt the close to the apes of the normal rahhit corne-
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Figure 2 Scanning electron microscope images of the
:omeal surface to illustrate the appearance of isolated
exfoliating cells observed after treatment with either of the
:yedro- ps. For quantication, see Table 1. Bar indicates 42
Jm (corrected for tissue shrinkage).

artifical tears resulted in the appearance of small
numbers of exfoliating or abnormal cells. The rela-
tive incidence of these cells was however very low
when assessed as a percentage of the approxi-
mately 500 cells that were analyzed from the 6
micrographs of each test group, i. e., 1,7% and 2.1%
respectively for the chorobutanol and
benzalkonium preserved artificial tears respec-
Lively

Figure 3 Representative scanning electron micrographs
taken from close to the apex of corneas 6 hours after
exposure to two sets of eyedrops preserved with
chlorobutanol. Other details as Figure l.

this is just a superficial coverage (perhaps of de-
graded mucins) is evident from the higher magni-
fication images (Figure 3B) which cleary show the
presence of normal - appearance microplicae on
the cell surface. Following recovery from the
benzalkonium chloride treatment, the electron
images all showed less contrast than controls (com-
pare Figure 1A with figure 4A) but the image qual-
ity was generally superior to that seen following
the chlorobutanol exposure. The cell - cell bor-
ders were well resolved and the cell surface fea-

Qualitative evaluation of the appearance Of tures such as the microplicac largely unchanged
the epithelial surface after exposure to artzfical (Figure 413)
teardrops.

In Figure 5 and 4 are illustrated representative
scanning electron micrographs of the corneal epi-
thelial cells obtained 6 h after the exposure to
artifical tears containing chlorobutanol (Figure 5)
or benzalkonium chloride (Figure 4). For the
chlorobutanol - exposed epithelia, the electron
microscope image was routinely of relatively low
contrast compared to controls (compare Figure 1A
with Figure SA) but the cell - cell borders were
still evident and there was little evidence of cell
damage etc. The main reason for the low contrast
image is that the surface of many of the cells was
routinely found to be covered with small to large
quantities of an amoprhous material. However, that
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Figure 4 Representative scanning electron micrographs
taken from close to the apex of corneas 6 hours after
exposure to two sets of eyedrops preserved with
benzalkonium chloride. Other details as Figure 1.

M I
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Ijzzaluuliorl 0/'.\"m]'ace areas ofsquamous cells
after exposure Io art

From each set of 6 micrographs of part of the ~

central region of the
total of 500 to 550 cel
of tracing overlays of

1'/'fcl'al tears

corneal epithelial surface, a
ls were digitized. Examples
the cell borders are given in

(Figure S) to illustrate the overall effect observed.
apcar to have a similar rangeThe squamous cells at *

trol micrograph (Figure 5/\) ’° " ‘° ‘° '° ““" “' ”" “’° '° "'
is compared to the micrograph from a chlorobu-
tanol-treated epithelium (Figure 513). 'l'he squamous

of sizes when the con

cell of the corneal epithelium treated with
benzalkonium chloride however were generally
smaller (Figure SC).
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Figure 5. Representative tracing overlays made from scanning
electron micrographs to illustrate differences in cell sizes EP'THEl-‘AL CELL SURFACE AREA (Vmz)
between coiurols (A; from Figure IA), Chlorobutanol -expo-
sed epithelia (ll' from Figure 2A) and ben'/alkoniuni chloride- gure 6' Hmograms to musmuc msmbuuons of squamous
cxposcd L_pmK_l‘m (C; I-rum gure 4,“ cell sizes at the corneal epithelial surface. The data was

pooled from 6 corneas for each group and the cell surfase
. . area values are corrected for tissue shrinkage. (A) controlMorphomctric measures and analyses provide corneas‘ (B) Cmombumnoi . eXp()5@d corneas (c) benzalk-

an unambiguous documentation 0l' l|1C Cl’lZll'1{Z,C ll’) onium chloride - exposed corneas. Other detials as Figure 1

surface areas of the squamous cells. These results
are presented in (Figure 6). For each group of c0r- to 2410 uml (Figure 6B). However, the distribu
ncas, the cell area data was pooled. A histogram tion was now not only skewed to larger areas butt
of the cell surface areas from the control group showed clearindications ofbimodality with peaks
(Figure 6/\) revels a wide range of cell sizes from at both 150 uml and around 1500 umz. The num-
<50 um! to 2127 uml. The distribution is clearly ber ofcells with surface areas of 199um1 or smaller
skewed to larger cell areas and is clearly non- was clearly less than that seeninthe control group.
Gausian. The average cell area (n = 510) was 525 The mean cell area (n = 536) was slightly larger
pml and the median cell area was 388 um? Fol- than controls at 537 um? but the median cell area
lowing recovery from the two sets of exposure to was 353 umz. A rather different histogram was
the chlorobutanol-preserved artificial teardrops, obtained for the squamous cell surface areas after
a similar range of cell sizes was observed. i.e. <50 recovery from two exposures to the benzalkonium
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chloride-preserved artificial teardrop (Figure 6C).
While essentially the same range of cell sizes was
observed (i.e. <50 to 2179 uml), there were fewer
cells with areas over 1100 pml. This change was
accompanied by the appearance of a higher num-
ber of cells with areas between 200 and 899 umz.
As an overall result, the average cell surface area

bl

an"' 1

unnmostzus

1a

.u

nESI

Inntluu
| _._.

n l1Il1dVI’Q|IiliIHll_ .1. 1-1|,»was smaller than that for the control corneas (i.e.
482 compared to S25 umz). A small decrease in
the median cell area resulted from the change in
the distribution (i.e. 372 compared to 388 pml in
the controls).

Quantitative assessment of the epithelial cell
surface craters.

With the special preparative methods used in
this study, crater-like structures with an encircling
colar or ring were evident on all cell types in all
three of the experimental groups of corneas (i.e.
controls, chlorobutanol-and benzalkonium chlo-
ride >- exposed corneas). It can be qualitatively
noted that the epithelia exposed to benzalkonium
chloride (Figure 4A) clearly had fewer craters than
the chlorobutanol - exposed or control corneas.
In order to quantitatively assess the occurrence of
these features on the cells, a count was simply
made of the number of craters on each of the cells
that was digitized for the cell surface area mea-
sures. The results of these counts are presented in
histogram form in (Figure 7). For control corneas,
140 of 510 cells (i.e. 27.5%) did not have any obvi-
ous crater-like structure on their surface. Similarly,
for the chlorobutanol-exposed epithelia, 159 of
536 cells (29.1%) did not have obvious craters. In
contrast, following recovery from the exposure to
the benzalkonium chloride-preserved articial tear-
drops, 42.9% (219 of 51 1) ofthe cells did not have
obvious crater-like structures on them. For all of
the rest of cells, one or more crater-like structures
were evident. The distributions of crater numbers
was very similar for control cells and those ex-
posed to chlorobutanol-containing cyedrops 6
hours previously (compare Figures 7A and 78), e. g.
144 cells had 1 crater in both these groups while

NUMBEFI OF "EPlTHELlAL CFIATERSVCELL

Figure 7. Histograms to show incidence of cells with diffe -
rent numbers of epithelial craters (holes). The cells anal-
lyzed with the same as those in Figure 4. (A) control
corneas, (B) chlorobutanol - exposed corneas, (C) benzalko-
nium chloride - exposed corneas. See text for criteria for
counting of epithelial craters.

94 and 90 cells respectively had 2 craters. How-
ever, these numbers were rather lower for those
cells that had been exposed to the benzalkonium
chloride, e.g. 137 cells with 1 crater and only 79
cells with 2 craters etc. (Figure 7C). The cells ob
served after benzalkonium chloride exposure thus
have a lower incidence of crater-like structures on
their exposed surfaces.

Discussion
In this study, the effect of preservative agent-

containing artificial teardrops on the surface cells
of the corneal rabbit epithelium has been objec-
tively assessed. Measures of cell cytotoxic effects
(assessed by estimates of the number of exfoliat-
ing cells), non-toxic cell changes (assessed by cell
surface area measures) and surface membrane-re-
lated phenomena (assessed by counts of cell cra-
ters) are all presented as methods of quantitative
evaluation of the effects of artificial teardrops on
the scanning electron microscope image of the
ocular surface. Such methods are time-consuming
but provide an objective means of comparing
chemicals, drugs or pharmaceuticals. Such quan-
tification is clearly neccessary since even control
epithelia (where such mierographs have been pre-
sented) have often been different both between
studies from the same laboratories and between
laboratories. '1 The most likely reason for these
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differences is a lack of standardization of fixation even chlorobutanol “) is not progressive when just
protocol, even in studies from the same group of a couple of drops of the eyedrops are instilled.
researchers in some cases. ‘Z Subjective grading
schemes have been proposed 2”‘ and used by The reason for the observed effects is not en-
some investigators 2°“ and may well be sufficient tirely clear at this time. Several tentative conclu-

to distinguish between effects at the gross level, sions can however be drawn I0 provide a basis for
Cit‘ Ce" cxfoittttion Qt consptaious C611 d;nnag¢_ further investigations. The overall lack of cell ex-
The assessments however appear to require that folmion 56¢" aft“ Tccovcrl’ from EXPQSUYC to thc
the electron micrographs be taken at very high Chlorobl-"3nO1'Pr¢5¢1"’cd eY¢dr°P5 Ycccis the
magnifications (cit 2000 X to 3000 X mttt_tnitiCn_ proable fact that the peak exfoliation rate has not

- ~ i4
tion) so that the microplicae (or microvilli) on the been r°“l‘ZCd~ In 3 Prcvlous 5t“dYi it was Ob‘

served that, at the same period of time after expo-cell surfaces can be seen. As a result, a large num-
ber of separate micrographs need to be taken to Sure of the ep1thd'al_5LPrfaCC to these cye_dr°p5'
Obtain mprcscnmiivc Sampie 2,4 the percentage exfoliating cells was maximal at

some time between 3 and 5 days of twice daily
. use. The shift to slightly larger squamous cells pre-

...*.':i,::::1*..§:?:.€§:;g2§f.£;i:.:;.*:i;iiz.:i:; 5; - of of
‘ “ ‘ ‘ ‘ ‘ ‘ squamous cells, at least in the short term. For the

the corneal epithelial surface tin a healthy eye. It benznikoniiim Cnioridecxposcd epiihciia’ White
was no‘ 'mCn(_1cd as 3 §ym‘°X'c"y evahmuon "C" little cell exfoliation was evident at 6 hrs after the
ther was the interest in documenting the acute inst Set ot-cyedtopst the Occurrence Ofnignei nni.n_
cellular or ultrastructural changes that clearly can bcts of Smaller Celts suggests that Significant CCi_
occur when the ocular surface is exposed to single lulat exfoliation had Occurred during thc Period
01' m"mPl¢ dY°P5 Of Pfesvmivc ¢\8@m'¢°""‘ini1'18 after the eyedrop instillation; the surface being
ophthalmic solutions. Numerous other studies viewed by sggnnjng ¢|¢¢n-on microscopy would
have provided documentation of the acute effects thus reflect a newly uncovered layer of cells. "
(i.e. within 30 min) of the effects of higher con- The kinetics of these changes, over the 6 h pe-
centrations of benzalkonium chloride-containing riod, thus need to be studied in more detail both
solutions on the ocular surface; gross cell exfolia- with the dosage used in these studies and with
tion has been reported in several scanning elcc- more frequent instillation of the eyedrops. The sig-
tron microscope studies. "- “'1' Similar rcsult5 have nicantly reduced numbers ofwell-formed epithe-
been obtained from light n]i¢fQ5(j()p@ 14-1*-19 01- lial craters (epithelial holes) after recovery from
transmission electron microscope studies. 5° While b‘3"Zau‘°nium ¢h1°1'id¢ @XP°5uY@ C3" b6 taken b0lh
the concentrations of benzalkonium chloride used 35 an indication that ‘ht most 5uPc1'Ci3| |3Y'31' of
in some of [he Studics havc been close to those cells has been lost after the treatment 2‘ and that
commonly U560 in C0mmCtCia||y_avaiiabic the nature of the tear lm and epithelial surface
¢y¢dt-ops’ thc ¢Xp05ut-c has either bnnn intense intercation is immature. ‘B It remains to be estab-
(t_¢_ 1045 dtops administered ovci. Scvcmi min lished if these craters reflects exocytosis (of intra-
utes to an hour) or continuous (i.e. the continu- Ceuular_ve5iClc5 W) or an Ongoing Process of en‘
ous application over many minutes or even immer- docytosls and cxocymsis of surface mud“ ‘B

sion of the globe for a few minutes in preservative
agentcontaining solution) 11'“ 5°. The resent stud-
ies provide information on the state (ff the epithe- ACKNOWLEDGEMENTS
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