Graefe's Arch Chn Exp Ophthalmol

DO 10.1007/s004 170000237

Gebhard Rieger

Recerved: 8 August 2000
Revised: 31 October 2000
Accepted: 8 November 2000
Published online: 31 March 2001
© Springer-Verlag 2001

G Rieger (2=0)

Paracelsus Society for Balneology
and todme Research,

1540 Bad Hall, Austria

¢ mul: paracelsus.badhatl @aon at

SHORT COMMUNICATION

Anti-oxidative capacity of various artificial

tear preparations

Abstract Background: Increased
UV radiation and ozone exposure
may cause “‘dry eyes of environmen-
tal origin™, if the normal anti-oxida-
tive capacity of the tear film can no
longer cope with the oxidative stress.
The use of artificial tears with an ad-
equate anti-oxidative effect may be
beneficial in the treatment of dry
eyes caused by environmental fac-
tors. Methods: The anti-oxidative ca-
pacity of various commercial artifi-
cial tear preparations was determined
with a modified TRAP procedure.
The two preparations with the
strongest anti-oxidative effect were
then examined for their protective
etfects against UV or ozone expo-
sure 1 a hyaluronate model. Resulrs:
Of 19 artificial tear preparations test-
ed, only 6 showed strong to moder-
ate anti-oxidative effects. All others
were at best weakly anti-oxidative or
had no anti-oxidative effect at all.

Some of them even acted as oxi-
dants. Although the two most strong-
ly anti-oxidative preparations per-
formed somewhat differently on UV
and ozone exposure. they were both
found to be highly protective against
these important oxidative stress fac-
tors. Conclusions: The anti-oxidative
capacity of artificial tear prepara-
tions varies widely. While some are
strong anti-oxidants. others are less
active or even act as oxidants. If the
carefully elicited history of patients
with dry eyes suggests that noxious
environmental factors may be caus-
ally mvolved, artificial tears which
are not just lubricants or contain
wetling agents, but act as anti-oxi-
dants, should be chosen for treat-
ment from the many commercially
available preparations. Such an etiol-
ogy-oriented concept would proba-
bly improve the success rate of treat-
ment for dry eves.

Introduction

The vzone layer overlies the earth at an altitude of about
20050 km oand restricts the intensity of solar UV radia-
ton reaching the Earth's surface. There can be no doubt
that the vzone layer s continuing to become increasingly
thinner 3,40 24, 31 In fact, it has become so thin above
several continents that talk of an “ozone hole™ would
seem legitimate. The protective function of the ozone
laver s increasingly lost as it becomes thinner so that
maore UN radiation reaches the earth.

On the Barth’s surtace the increased UV radiation in-
teracts with e borne pollutants. As a result, the above-

ground ozone concentration increases and photochemicul
smog is generated. This may be harmiul to the eves [10.
19].

The human eye 1s & unique organ in as much as it is
continually exposed to the effects of radiation, atmo-
spheric oxygen, environmental chemicals or pollutants
and physical factors without any appreciable protection
[18]. Airborne pollutants like ozone, exhaust gases.
smoke and increased UV radiation are among the many
factors underlying the development of the dry eve svin-
drome [2,28]. All of these factors contribute o the gen
eration of reactive oxygen species (ROS) or to the pres-
ence of various types of free radicals m the tear tiln.
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L. o oxidative stress [20,21]. Oxidative stress destroys
proteins, mucous components and lipids contained in
the tear film so that the tear film ultimately loses its sta-
bility. Precorneal tear film break-up causes the charac-
teristic symptoms of the dry eye syndrome {9, 15, 16,
18, 19].

II'the eye is exposed to excessive oxidative stress,
the scavengers normally present in the tear film, e g..
Cysteine. ascorbic acid, GSH (reduced glutathione),
uric acid. tyrosine. catalase and peroxidase, are appar-
ently no longer capable of preventing damage [S, 7. 8,
I3, 17, 25]. This raises the question of whether the ef-
fects of oxidative stress can be antagonized by anti-oxi-
dative eve drops, e.g. artificial tears. We studied the
anti-oxidative capacity of various commercial artificial
tears.

Materials and methods

brom among the many commercially available artificial tears.
the following 19 preparations were randomly selected (in alpha-
betical order): Artelac, Artelac-EDO. BD( 7 {Bor-Dexpanthenol-
Okuzell. Chinoline-Derivat (substance A), Corneregel fluid, HIM
tHalla-Jod-M), HIV (Halla-Jod-V) (substance B), Hyalodrop, In-
tralipid. [ndinated Brine Solution, LipoNit Spray. Lipotears, Lipo-
tears Gel. Oculotect fluid., Protagent, Protagent SE, Siccaprotect.
Thilotears Gel. Vidisic Gel. These preparations were sent to the
Institute of Analytic Chemistry at Johannes Kepler University in
Ly for analvsis, Their total anti-oxidative capacity was deter-
mmed with 4 moditied TRAP procedure as follows. [nstructions
@3 reported nthe titerature {1, 260 A quantity of 475 pl of a
L00-mmo! phosphate buffer with a pH of 7.4 (tn oxygen-saturated
physiofozic <alimey is mived with 50 pbof a 400-mmol 2.2-az0-
bise 2-amidino-propa hydrochloride (ABAP) solution (prepared in
L) mmo! phosphate bufter at a pH of 7.4 1 phystologic saline).
Then 30 i of 10-mmol luminol solation in 20-mmol sodium tetra-
borate 1s added. The resultant solution is heated 10 37" Cin o lu-
minometer and its luminescence is measured every 30 <. After
23 runs, 200l ot the sample v added and the luminescence is
agan determined every 30 < or 23 times,

As prebminary tests with these mnstructions fatled o produce
aeveptable results, the procedure was modified 10 order to assess
the ant ovdative eftects of the samples tested, Using the moditicd
Procedwe. sentiquantitative tests were performed as follows: A
quunuty ot 230 ut ot the luminol solution was mived with 25 il of
the ABAP alution m a microtiter plate. Measurements were made
with the tammometer as described above, After 25 runs, 23 pl of
the sample was added

Fhe ant-oxidative capacity was rated semiquantitatively using
the followmy seate: +4 tvers strong anti-oxidative effect) o -3
trony ontdative effect), (Table 1),

I addion, two of the preparations (substance A and sub-
stanee Biowere mdependents examined for their ozone- or UV
blocking action w the laboratory of the University Eye Clinic in
Grazo For these tosts (in cach case five measurements ), hyaluro-
nate was dissolved in physiologic saline at a concentration of
Emg/ml o produce o viscous solutton. Tts viscosity is shown as
control an centistokes, SO i the Glustrations When exposed o
azone or UV radiation in g quartz-glass container, the solution
raprdhy becomes Tess viseous, This is indicative of destruction o
the by aluronate molecules |22

Table I Rating scalc

Score Eftect
4 Very strong anti-oxidative cffect
5 Strong anti-oxidative effect
6 Moderate anti-oxidative effect
7 Minor anti-oxidative effect
0 Very weak (virtually no) anti-oxidative effect
-1 Weak oxidative effect
-2 Oxidative effect
-3 Strong oxidative effect

Table 2 Anti-oxidative capacity of various artificial lear prepara-
tions. Only preparations with a Very strong to minor anti-oxidative
effect are listed. All other preparations tested showed a very weak
or no anti-oxidative effect or were even weakly oxidative

Preparation Anti-oxidative effect pH
HIV (substance B) Very strong (4 n9
Chinolin Derivata Strong (3 H7l

(substance A)

Artelac EDO Moderate (2) T20
BDO 7 Moderate (2} 749
HIM Moderate (2) T

Minor (1) 6.34

Protagent SE
-_—

Ozone/Substiance A

T

[19] Ozone i mla R O N o

Fig. 1 Ozone ~ Substance A, (0 Hyvaluronate in phiysiofogic
NaClel mg/ml) = control: Ozone hyaluronate in physiologic NaCl
(L mg/ml} after ozone exposure (10 ml with 20 pe Odmle 0 mf

A O2mlA 04 ml A,0.6 mi A the amount of substance A added to

followed by

vzone exposure (10 ml with 20 ug O/miy

20 ml hyaluronate in physiologic Na(l (| mg/ml)

Results

[I"either substance A or substance B is added to the hya-
luronate solution before exposure o ozone or UV radia-
tion, destruction by ozone or UV radiation is prevented.
as seen from the viscosity diagrams. To develop s full
protective effect substance A is needed in higher dosaoee
than substance B In our test svatent substance B oottered
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Table 3 Active agents of the artificial tear preparations above

Preparation Active agent

Actdum boricum

Natrium tetraboricum

Kahum jodatum

Natrium jodatum

Kalium bromatum

Natrium ascorbicum

Calcium pantothenicum
Rutinum

Aneurinum hydrochlor.
Riboflavinum

Retinolpalmitat
Tocopherolacetat
Methylum-p-hydroxy benzoicum
Propylum-p-hydroxy benzoicum

HJV {substance B)
iHallajod V)

8-Hydroxy-1-
methylchinolinium-methyl sulfat

Chinolin Derivata
isubstance A)
Methylhydroxyprophyleellulosum,
without preservative

Artelae EDO

Actdum boricum
Natrium tetraboricum
Dexpanthenolum
Hypromellosum

BDO 7

Acidum boricum
Natrium tetraboricum
Kalium jodatum
Natrium jodatum
Natrium ascorbicum
Hypromellosum
Thiomersal

HIM (Hallyjod M)

Polyvvidon
{Poly (1-vinylpyrrolidin-2-on)]
without preservative

Protagent SE

UV/ Substance A

20 [ Nimba 02mA g4mtA 0.6 mlA

Fig. 2 U\ - Substance A CO Hyaluronate in physiologic NaCi
o ome/mb o= control. UV hyaluronate in physiologic NaCl
chmemb atter UV exposure v1S min)s 000 md ACO2 ml A0 ml
CoonomT 4 the amount of substanee A added to 20 ml hyaluro-
nate e phystologie NaCl ol ma/mb followed by 15 nun UV ex

Dhos e

QOzone / Substance B

1.6 - i .
L5 -

Viscosity (cSt)

1,2 -

i [

. el S e J
4] Uenne Ui

Fig. 3 Ozone — Substance B. CO Hyaluronate m physiologic
NaCl (1 mg/ml) = control; Ozone hyaluronate in physiologic NaCl
(1 mg/ml) after ozone exposure (10 ml with 20 ug Oy/mby: 0./ m!
B, 0.2 ml B, 0.4 ml B, 0.6 ml B the amount of substance B added to
20 ml hyaluronate in physiologic NaCl (1 mg/mD tollowed by
ozone exposure (10 ml with 20 pg Oy/ml)

UV / Substance B

W m A

Viscosity {cSt)

B

ClmB GJ2mB 2amiR JemiE

Fig. 4 UV - Substance B. CO Hyaluronate m physiologic NaCl
(1 mg/ml = control; UV hyaluronate in physiologic NaC'l
(t mg/ml) after UV exposure (15 muny: 0.0 ml B.0.2 ml B 0.4 ml
B. 0.6 ml B the amount of substance B added to 20 ml hyaluronate
i physiologic NaCl (I mg/mb tollowed by 15 min UV exposure

almost total protection from ozone on addition of no
more than 0.1 ml of the complex preparation.

The reverse was seen on exposure to UV radiation:
While substance A was highly effective at an addition of
0.1 ml. 0.6 m! of substance B was needed to produce an
appreciable protective effect — which was. however, infe-
rior to that of substance A.

Table 2 lists the anti-oxidative artificial tear prepara-
tions in the order of their anti-oxidative effect as well as
their pH [14]. The active agents of these preparations are
listed in Table 3.

The protective eftects of the two most strongly anti-ox-
idative preparations, substance A and substance B. during
UV exposure are shown i the illustrations

ozone or
thgs. 1020 304y These mdicate that substance B per
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formed less well on UV than on ozone exposure. As in the
veneral experiment, however, both substances had a pro-
nounced anti-oxidative effect in the hyaluronate model.

Discussion

Al least in some patients, the dry eye syndrome is likely
to be caused by environmental factors [18. 19, 20]. To-
sether with an increased above-ground concentration of
ozone and more intense UV radiation due to thinning of
the protective ozone layer, airborne pollutants generate
what is known as photochemical smog. The resultant ox-
idative stress may be toxic for the components of the tear
film. If the anti-oxidative mechanisms normally present
m the precorneal tear film are inadequate, the tear film
hecomes unstable as its components are destroyed. This
causes dry eve symptoms.

The administration of artificial tears containing an an-
t-onidant (radical scavenger) may help to prevent the
damage provoked by oxidative stress by supporting the
natural detense mechanisms of the eyes. To act as scav-
engers. eve drops must contain certain substances, i.e.,
anti-oxidants. The UV absorption of the tear film itself is

inadequate for this purpose [11, 12]. Commercial UV
blockers also failed to ensure physical UV absorption at
normal thickness, although they were strongly anti-oxi-
dative biochemically in our experiments [6].

Our studies once more confirmed the efficacy of
preparations containing iodine (HIVHIM). lodine is
known to be an anti-oxidant and radical scavenger {27.
29. 30]. The anti-oxidative effect of lodinated Bad Hall
Eye Drops was confirmed both with the modified TRAP
procedure and the hyaluronic acid model. This may well
be one of the reasons why iodine ophthalmo-iontophore-
sis as practiced in Bad Hall Austria,is beneficial for pa-
tients with dry eyes [15, 16, 21, 23].

If the carefully elicited history of patients with dry
eyes suggests that noxious environmental factors. includ-
ing ozone-generating devices in offices, may be causally
involved, artificial tears which are not only lubricants
but contain anti-oxidants should be chosen for treatment
from the many commercially avaitable preparations. The
use of such eye drops would probably increase the suc-
cess rate of treatment for dry eyes.

To develop treatment modalities tailored to specific
causes of the dry eye syndrome, further studies would
appear warranted.
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