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SOFT CONTACT LENSES: SINK UR BARRIER TO CHEMICAL WARFARE AGENTS?

INTRODUCTION

Contact lens wear by United States military personnel in a chemical war-
fare environment is a coatroversial issue. Technical Order 14P4-9-31 has beer
amende¢ (Out 87) to preclude the wear of zontact lepses by ground crew wearin;
the M~-17 and/or MCU-2/P chemical warfare defense masks because of unsuitable
field conditions (1). If contact lenses are made available to aircrew, the
question of the appropriateness of wearing contact lenses with airciew chemict
defense ensembles in a chemical warfare environment aust be answered. Will a
contact lens offer any temporary or permanent protection to. the corneas of
aircre¥ in a chemical warfare environment?

Severzal recent studies in industrial settings have indicated that hydrog:
(soft) and poiLymethylmethacrylate ‘hard) cortact lenses may safeguard the cor
nea, in some 1astances, from chemical and mechanical trauma. Nilsson et al.
(2,3) suggested that poth hard and soft lenses hed a protective effect, albel
small, against mechanicai foreigan body injury, although hard lenses arz prome
to subcontact lens foreign bodies. Rergstorff and Black (4) reviewed ovar 10
incidences involving contact lens wearers (primarily hard lenses) exposed to
physical trauma and chemical irritants. In many cases, the contact lenses we
_thought to have prevented or minimized serious lanjury to the eye.

Nilsson and Anderson (5) also examined soft contact lens wear, in conjun
tion with chemical fumes and splashes, using the rabbit model. Even though
lens uptake of the chemicais extended the exposure time to' the cornea, the
authors concluded that the eyes suftered less from the lower chemical concen=-
tration in the lenses than from a direct exposure. Guthrie and Seitz (6)
demonsgtrated that even o hard lens, at times, can act a3 a barrier to chemica.
irritants. Kok-van Aalphen et ai., (7) subjected a number of Dutch special
police to CS (o-chlorobenzylidene malononitrile) tear gas. The subjects
Wwearing soft contact lenses were not unly able to see clearly after leaving
the chamber, but aiso hiad normal torneal examinations, while the nonwearers
were more disoriented and had corneal epithelial damage.

Soft contact lenses are belag studied by many researchecrs as a meaas of
altering drug delivery to the eye (8,9,10). Hull et al. (11) used a 452 hydr
philic lens to determine whethet it created a barrier eftect in the corneal
penetration vf prednisolone in rabbits. In their experiment, the lens did ac
as an impediment for the first 2 h. The control eys (without a contact lens)
had prednisoloue coucentrations in the cornea and aquevous four to six times
higher thun the soft contact lens-weacing eye. Praus iaand Krejci (12) demoa-
strated that the elution of ophthalmic drugs from hydrophilic contact lenses
dependent upon each drug's moiecular weight. The low-molecular-weight drugs
are released faster from the leans than the high-molecular-weight drugs.

The purpose of this experiment was to determine if a soft contact lens
would act as a barrier to a chemical agent and protect the cornea, perforn as
a2 sink und uvpread the dosage of the chemical agent out over time, or both. T




assess the effect of a chemical agent, a drug was needed that would mimic the
actions of a live agent. Eserine (physostigmine) was selected since it has a
‘gimilar mode of action as the live agent diisopropyl fluoropiosphate (DFP).
Both drugs are anticholinesterases (anti~-CHE), although eserine 18 a reversible
anti~CHE with a duration of miosis that recedes over a 24- to 7Z-h period,
while DFP i8 relatively irreversible, inducing prolonged miosis that may last
for several days (13).

METHODS

Eight subjects, from whom informed coansent had been obtaimed, parcticipated
in the study. Each subject was fitted with soft contact leases (bufilcon 4,
45% water content) and allowed to fully adapt to them. A lenswas worn only in
the left eye (0.S.) for the study, and the non-lens-wearing right eye (O.D.)
was used as. the control. All of the analyses assumed that the results were
dependent only on the contact lens and not on the side (right or left) in which
the lens was placed.

A 0.5% physostigmine aqueous solution was used to simulate the chemical
warfare agent DFP. The gcenario was a limited exposure to an agent that
becomes dissolved in the tear film of the eye. Therefore, small volumes
(5, 1U, and 20 pl) of the simulant were used 80 a3 not to exceed the maximum
tear volume of the aye. Mishima et al. (14) reported that the human eye can
hold up to 30 pwl of lacrimal fluid, if the subject does not blink. Each eye in
each subject was challenged with the simulant and wonitored tor an 8-h period.
The drug was instilled into the lower cul~de-sac with a micropipette. The
first eye to be challenged was chosen at random, while the second eye received
the drug after a 10-min Interval. Subjects who were exposed to the 5-ul volume
were also exposed to the 10-pl volume, and those exposed to the 10-ul volume
were exposed to the 20=upl volume. Thus only 3 subjects were exposed to all
3 volumes of solution. Table 1l displays the number of subjects for each volume
and dose sequence combination.

TABLE 1. SAMPLE S1ZES

Drop sequence Drug volume (pl)

5 w20
0.0,/0.5. 2 . 3 3
0.5./0.D. 1 2 5
Totals 3 5 8

Before placing a4 drop in either eye, a« Polaroid photograph vas taken of
each eye with a photoelectric keratometer (PEK). The PEK was modified by
occluding the central and mid-diameter rings, Only the peripheral rings




provided illumination, thus enabling an unobstructed view of the pupil. After
instillation, photographs were taken at one-half hour and then at hourly inter-
vals for the duration of the experiment. The absolute pupil size (in milli~-
meters) for each subject was derived by comparison of the post-instillation

‘photographs with a PEK photograph taken of the subject in which his eyes are

closed and a millimeter (mm) scale is in front of the closed eye. Although we
were concerned with relative pupil size differences, the subjects remained under
constant illumination in our night vision lahoratory throughout the experiment.

 Data concerning the effect of the drug on individual iris pigmentation was
also collected. Table 2 displays the iris color of each subject for each drug
volume combination. : '

TABLE 2. IRIS PIGMENTATLON DATA

Iris color Drug volume (nl)

5 10 20

Light (blue or green) _ 3 4 5

"'Dark (brown) 0 1 2

Not classified (dark green): 0 0 1
RESULTS

Tabies 3, 4, and 5 1liustrate the pupll size statistics at each time inter-
val (hour) and for each drug volume, For the purpose of analysis, a difference
(DIFF) was uweasured between the pupil size of the control eye (0.D.) and the
pupil size of the contact lens-wearing eye (0.S.). A negative DIFF indicated
that the control eye responded more to the physostigmine, while a positive DIFY¥
indicated that the eye with the contact lens reacted more to the drug.

Analyses were performed to ascertain whether the drop sequence had any
influential effect on the DIFF, Using the first three time intervals only
(u.5, 1, 2 h), a repeated measures analysis of variance (ANOVA) was pertormed
for the 20-ul volume category. No significant difference was detected due to
drop sequence. However, due to the small sample size, the power of detecting
a significant difference was also small.

Because increased pigment in the iris g.nerally prolongs the onset of the
drug action (15), an analysis was also done to determine whether iris pigmenta-
tion had an effect on the experiment. Examining only the 20-pl triatis, a
repeated measures ANOVA indicated that no statistically significant difference
in pupil size change was due to iris pigmentation. Again, the power of the
test was limited by the sample size.

The disparity in pupll size (DIFF) was examined using a two-way ANOVA for
each drug volume separately, with SUBJECIS and HOUR as the sources of variation.




The effect due to H"? a3 found to be statistically significant for each volume
{p<0.05), which indic: .4 that the pupils of tae two eyes did not react to the
drug in the same manner across tle time intervals. The results are a. follows:

Volume . Hour
(p-value)

5 a1 .006

10 p1 <.001

20 w1 © <.001

hAdditionally, two-sided t-tests were performed at each time {nterval and
for all 3 drug volumes. The DIFF at each tise interval was tested against no
pupil size difference (0), and the results are shown in Tables 6, 7, and 8.
All 3 drug volumes demoostrated the same statistically significant differences
in pupil size between the control eye and the contact lens-wearing eye at the
tested time intervals (see Figs. 1, 2, 3). : .
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Figure 1. The mean pupii diameters for the contact lens-wearing eye and the
control eye after exposure to 5 ul of 0.5% aqueous solution of phy-
sostigmine., * indicates a significant difference between groups
(p<.05). ** denotes a highly significant difference (p<.001)




Before the 0.3% physostigmine aqueous solution was administered (HOUR = 0),

no significant diffrrence was detec+ed in pupil size (p>.05). Ome-half hour
after drug fastillation, for each drug volume, the pupil of the control eye was
smaller than the contact lens-wearing eye, creating a statistically significant
negative DIFF (p<.005). After one hour, the DIFF had returned to a nonstatis-
tically siganificant value (p>.05). By the third hour, the pupil of the contact
lens-wearing eye was smaller than the control eye, resulting in a statistically
significant positive DIFF (p<.005) for euach drug volume.
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Figure 2. The mean pupil diameters for the contact lens-wearing eye and the
. control eye after exposure to 10 pl of U.5% aqueous solution of
physostigmine. * indicates a significant difference between groups
(p<.05). ** denotes a highly significant difference (p<.001)




ST B e S A T

For drug volumes 10 pl and 20 pl, the statistically significant positive
DIFF remained throughout the majority of the tiwe intervals from 4 to 8 &
following drug instillatioa (Figs. 2, 3 and Tables 7, 8).
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Figure 3. The mean pupil diameters for the contact lens-wearing eye and the
control eye after exposure to 20 pl of 0.5% aqueous solution of
physostigmine. ¥ indicates a significant difference between groups
(p<.05). ** denotes a highly significant difference {(p<.001).

DISCUSSION

Data from this experiment indicated that the bufilcon A (45% water content)
contact lens did present a barrier to the corneal exposure from the chemical
wartare agent simulant. However, corneal protection was limited to the first
hour following chemical exposure. After the first hour, the lens offered no
protaction and actually performed as a sink, in that the dosage of the chemical
agent remaining in the contact lens slowly leached out during the rest of the
experiment.




The contact lens most likely prevented the chemical simulant from reaching
the cornea by two avenues. Chemical agents must reach the cornea from beneath
the edge of the lens or through the lens. The cornea 18 gsealed off by the con-
tact lens at the limbus. Since the sorption characteristics of the hydrophilic
leas (i.e., the ability uf the lens to uptake and release the chemical agent)
are not clearly defined, it is somewhat difficult to predict how really effec~-
tive the contact lens was as a barrier and how much of the chemical was released
ontvo the cornea from the saturated lens matrix. Thus no quantitative determin-~
ation could be made to compara the two routes of possible cormeal exposure.

Soft contact lens wear may offer dircrew some temporary ocular protection
in a chemicai warfare enviroament. The dangerous and prolonged sink effect
could be eliminated if the crewmember could remove -oe lenses after the first
. hour of chemical exposure. The importance of caz*ving a back-up pair of spec-
tacles in potentiai chemical environments is further rvinforced in this
scenario. Although most ground crew will not be allowed to wear their contact
lenses during combat, anyone who is wearing soft contact lenses and is exposed
to a chemical agent during wartime should iamediately don thei: protective
masks rather than take the time to remove their contact lenses. later, they
should remove their lenses, if at all possible, within the !~h postexposure
time frame.

This study involved the use of one chemical agent and oaly one type of
45% water-content soft contact lens. To more accurately predict the protective
abilities of soft contact lenses to vapors from chemical warfara agents, otier
types of soft contact lenses need to be evaluated against a variety of chemical
warfare agents. An In vitro experimeat to deterzine the elutioa characteris-
tics of various soft lenses for selected chemical warfare ageants should help to
clarify the mechanisms and define the true protection factor of soft lenszs.

REFERENCES

1. Téchnical Order 14P4-9-31: Masks, Protective Field M17, M17Al1 and M17A2
and Accessories, 24 May 1984,

2. Nilsson, S. E. G., H. Lindh, and L. Anderson. Contact lens wear ia an
environment contaminated with metal particles. Acta Ophth 61:882-883
(1983). : -

3. Wilsson, S, E. G., P. Leovsund, and P, A. Geberg. Contact lenses una
mechanical trauma of the eye. An experimental study. Acta Ophth
59:402-407 (1981).

4. Rengstorff, R. H., and C. J. Black. Eye protection from contict lenses.
J Am Uptom Assoc 45:270-276 (1974). »

5. Nilsson, S. £. G., and L. Anderson. The use of coatact lenses in environ-
ments with organic solvents, acids or alkalis. Acta Ophth 60:599-608
(1y82). .

6. Cuthrie, J. W., and G. ¥. Seitz. An investigatiot of the chemical contact
lens problem. J Occup Med 17(3):163-166 (1975). :




10.

11.

12,

13.

"14.

15.

Kok-van Aalphen, C. C., J. W. van der Linden, R. Visser, and A. H. Bol.
Protection of ths police against tesar gas with soft lensss. Mil Med
150(8):451-454 (1985;. .

Maddox, Y. T., and H. N. Berstein. An evaluation of the hydrophilic con-
tact iens for use in a drug delivery system. Ann Ophch 4(9):789-802
(1972).

Matoba, A. Y., and J. P. McCulley. The eifact of therapautic soft contact
lenses on antibiotic deljvery to the cornea. Ophthalmol 92(1):97-99
(1985). ( .

Waltman, S. R., and H. E, Kaufmﬁn. ‘Use of hyarophilic contact lenses to
increase ocular penetration of topical drugs. Invest Ophth 9(4):250~255
(137v). '

Hull, D. S., H. F. Edelhaﬁsar, and R. A. Hyndiuk. Ocular penetration of
. prednisolone and the hydrophilic coatect lens. Arch Ophth 92(11):413-
416 (1974). ‘ 4

Praus, R., and L. Krejci. Elution and intraocular pemetration of the
ophthalmic drugs of different molecular weights from the hydrophilic
gontact lens through the intact and injured cocaea. Acta Univ Garol
Med 23(1/2):3-10 (1977).

Ellis, P. P., and D. L. Smith. Handbock of ocular therapeutics and pharc-
macology. 2nd.ed. St Louis: The C. V. Mosby Co., '966. »

Mishima, S., A. Gassett, S. D. Klyce, and J. L. Baum. Determination of
tear volume and tear flow. Iavest Ophth 5(3):264-274 (1966).

Thompson, S. H. The pupil. In “dler's Physiology of the Eye. 7th ed.
St Louis: The C. V. Mosby Co., 198l. )




TABLE 3. PUPIL SIZK DATA OVER TIME

(Orug volume = 5 ul)

0.D. (control eye) 0.5. (contact leas cyc»)
Minisua Maxisus Standard " Miniaum Maximus - Standard

H N Mean value  value deviation Mean valus value devistion
0.0 3 3.40 3.0 3.8 0.400 3,47 3.0 3.8 0.416
0.5 3 2.27 1.9 2.6 0.351 2.87 2.6 3.0 0.231
1.6 3 2,33 2.1 2.6 0.252 2.57 2.1 3.0 0.451
2.0 3 2,70 2.3 . 3.2 0,458 2,57 2.1 2.8 0.404
3.0 3 3.00 2.6 3.6 0.529 2.50 2.1 2.8 0.361
4.0 3 3.0 2.6 3.6 0.400 2.80 2.6 3.0 0.200
5.0 3 3,13 2.6 3.8 0.611 . 2.93 2.8 3.2 0.231
6.0 3 .20 2.6 3.8 0.600 513 2.6 5.8 0.611
7.0 3 3.7 2.6 4.0 0.702 503 2.6 3.8 0.611
8.0 4 3.20 4.6 3.8 0.600 3. 26 4.6 J.8 U.000 .
Note:
H = HOUR

N = number




TABLE 4. FUPIL SIZ% DATA OVEIR TIME

(Drug volume = 1V pl)

0.D. (control eye) 0.8, (conwact lens eye)
Mioimua Maxisum Standard Miniaum Maxisum Standard
H N  Mean value value deviation - Mean value vi lua deviation
0.0 5 3.52 3.2 3.8 0.728 3.38 3.2 3.8 0.261
0.5 5 238 1.7 3.0  0.52 266 2.3 3.0 0.261
1.0 05 2,26 1.7 2.0 0.4 228 1.9 3.0 0.427
2,0 5 2.48 2.1 2.8 0,336 2,20 . 1.9. 2.6 0.205
3'.0 5 2,52 2.1 3.0 0.342 2,22 1.9 2.l3 0.179
4.0 3 2,74 . 2.3 3.2 0.329 2.34 2l 2.6 0.247
3.0 3 2,84 2.6 3.6 0.329 2.54 2.8 © 2.8 0;261
6.0 5 2.82 2.3 3.4 0.390 38 21 2.8 0.286
7.0 5 2.8 2.0 3.4 0.303 2 2.3 2.8 v.219
4.0 35 3.00 2.6 3.4 U, 469 2.72 2.6 2.8 0.110
Note:
H‘ = Houk
N = aunber
10




TABLE 5.

PUPIL SIZE DATA OVER TIME

(brug volume = 20 pl)

0.D. (control eye)

0.5. (contact lens aye)

N = nuamber

i1

Min{sua Maximum Standard Miniaus Maximum
H- N Mean value value deviation dean value value
0.0 8 3.18 3.0 3.8 0.271 3,34 3.4 3.
V.5 8  2.28 1.7 3.2 0.492 2,69 2.1 3.6
1.0 & 2.08 1.5 2.6 0.430 2.16 1.7 3.0
2.0 38 2.2 | 1.7 2.6 0.296 2.Vl 1.7 2.6
3.0 8 2,40 2.1 E.B , I0.239 2.01 1.7 2.6
- 4.0 8 2.46 2.2 2.8 0.243 .16 1.7 2.6
5.8 2.58 2.1 3.0 0.276 2,21 1.7 2.6
6.0 8 2,81 2.3 3.4 0.364 2,41 2.1 2.8
7.0-8 2,76 2.1 3.4 lO.bOO 2.41 2.1 C 2.8
8.6 8 2.75 2.3 3.4 0.393 .64 .4 2.8
Note:
H = HOUR

Standard
deviation

L4

0.541
0.496
0.327
0.327
0.256
0.259
0.239
0.230

0.169




TABLE 6. CUMPARLSON OF DIFFERENCES IN PUPIL S1z2& ( CONTROL MINUS CONTACT)
(Drug volume = S al)
| t~test DIPF = 07

HOUR _ DIFF aean (mm) p-value
0 -.067 650
.5 -.600 <.001 '
1 -.233 ' 130
2 133 | 370
3 | «500 - L 4003
4 | 00 .190

s .200 .190
6 .067 ©'.650
7 133 , .370
8 .000 %0
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TABLE 7. COMPARLSON UF .DLIFFERENCES LN PUPLL SIZE (NAKED MINUS CONTACT)

(Drug volume = 10 ul)

t-test DIFF = (7

HOUR DIFF mean (ma) p~value
o -.06 .650
.5 -.28 .003
1 -.02 CoL 820
2 .28 .003
3 .30 .002
4 .36 ~<.001
5 .30 | 002
6 .24 009
7 4.22’ " | 017
8 .28 .003
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TABLE 8. COMPARISON OF DIFFERENCES IN PUPIL SIZE (CONTROL MINUS CONTACT)
(Drug volume = 20 ul)

t-test DIFF = 0?7

HOUR DIFF u#n (mm) p-value
0 -5 .090
.5 -4 | <.001
1 : -0 .320
2 .2 .018
3 .3 <.001
4 .3 - .001
5 ‘ .36 <.001
6 S .40 ' <.001
7 BT <.001
8 o . .200
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