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Iodide protection from UVB irradiation-induced
degradation of hyaluronate
and against UVB-damage of human
conjunctival fibroblasts

Abstract Background: To determine
whether iodide protects from UVB
irradiation-induced destruction of
hyaluronate and against UVB injury
of cultured human conjunctival fibroblasts. Methods: Hyaluronate and
primary cultured human conjunctival
fibroblasts were incubated with various concentrations of iodide and
then exposed to UV light irradiation
of 312 nm. Hyaluronate destruction
was determined by viscosity measurements. Cell viability was assessed
with MTT assay. Results: Iodide protects hyaluronate from UVB lightinduced degradation of this macromolecule in a concentration-dependent manner. Incubation of human

Introduction
Dry eye disease is one of the most frequently encountered categories of ocular morbidity. Approximately up
to 20% of adults aged 45 years or older report typical
symptoms [3]. In the United States the prevalence of
mild to moderate dry eye is approximately 10 million
[25, 34].
The pathogenesis of dry eye is believed to be multifactorial and can be related to tear deficiency and evaporation [21]. However, the dramatic increase in dry eye
may be primarily due to additional factors that have exerted an increasing influence on the population in recent
years. Medicines such as antihypertensives, antihistamines, psychotropic drugs and hormonal replacement
therapy are known to provoke or intensify the dry eye
syndrome [26, 33, 39]. Protracted periods spent working
or playing at the computer lead to a reduction of the
blinking rate and thus to tear film disorders [42]. Fan

conjunctival fibroblasts with iodide
inhibited cells from damage by UVB
light. Conclusion: Iodide protects
hyaluronate, a component of tear fluid and tissues of the anterior part of
the eye, against UVB light-induced
degradation. Also, injury of human
conjunctival cells can be prevented
by incubation with iodide before
UVB irradiation. The mechanism
of protection is likely to include an
antioxidative reaction. To support
the natural defence mechanisms of
the eyes, the administration of an
antioxidant such as iodide to artificial tears, for example, may help to
prevent the damage of the eye provoked by oxidative stress.

heaters, air conditioning and low humidity because of
central heating all lead to an increase in the evaporation
of tear fluid, thus potentially damaging the anterior part
of the eye [20].
The increased air pollution in the course of the past
20 years, coinciding with an increased incidence of dry
eye, may also lead to the conclusion that oxidative reactions are directly related to the pathogenesis of dry eyes
[1, 46]. The depleted ozone layer is no longer able to act
as an effective filter against UV light, allowing intensive
UV rays to reach the earth’s surface. Oxidative reactions
induced by UV light result in alterations of the eye surface and possibly in DNA changes of the conjunctival
and corneal cells, thus leading to their involution, to enzyme alterations and finally to the development of ocular
surface disease such as dry eye, pterygium and pingueculae [8, 10, 12, 16, 19, 28, 29]. Highly reactive oxygen
species (ROS) destroy components of the tear fluid such
as proteins and hyaluronate [18, 35]. Changes in the
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composition of the tear fluid caused by high-energy ultraviolet light and free radicals affect the interaction of
tear fluid components so that the tear film ultimately loses its stability.
The eye protects itself from radical injury by the endogenous antioxidant enzyme systems, such as superoxide dismutase, catalase and glutathione peroxidase
[7, 17]. Further antioxidants such as uric acid and ascorbic acid are present in tear fluid [5], and also lactoferrin
and lysozyme show antioxidative activities [15, 38, 44].
If the eye is exposed to excessive oxidative stress the
scavengers normally present in the tear fluid are apparently no longer capable of preventing damage. Ophthalmic hydrogels used as artificial tear substitutes possess
antioxidant properties and tend to reduce reactive oxygen species [9]. To increase this therapeutic effect in ocular surface disorders involving oxidative stress, additional antioxidants might be of interest in the future.
In preparations containing iodide, antioxidative and
radical scavenger effects have been observed [31, 45, 47,
48]. Also treatment of the ocular surface with brine containing iodide contributes to an increase of the antioxidant status in tear fluid [32].
The purpose of the present study was to determine
whether iodide in different concentrations has a protective effect against UVB irradiation on tear fluid components and cells of the ocular surface.

Conjunctival cell cultures
Primary cultures of human conjunctival fibroblasts were used.
Small parts of conjunctiva were removed from human eye bank
bulbi and cut into fine pieces with scissors and were rinsed in a
physiological NaCl solution. The pieces of conjunctiva were
placed in 24-well plates (Corning Incorporated, Corning, N.Y.)
and covered with medium (80 ml medium Dulbecco’s MEM
+20 ml fetal calf serum +1 ml penicillin/streptomycin + 0.8 ml
glutamine, GIBCO, Scotland). Once cell growth and uniform confluent cultures were established, fibroblasts were trypsinised and
transferred to tissue culture flasks. Fibroblasts between the 3rd
and 7th passage were used. Conjunctival fibroblasts were seeded
onto 96-well plates (Becton Dickinson, Le Pont De Claix, France)
at a densitiy of 50,000 cells/ml and were treated with various concentrations of KI (0.1, 0.5, 2.5 and 5.0 mM). Medium without KI
served as a control. The fibroblasts were irradiated with UVB light
48 h later.
Irradiation of the cells with UV light
In order to measure the influence of UV irradiation on the cells,
the medium was replaced by 100 µl PBS per well and the fibroblasts were exposed to a UV source. When taking the spectral irradiance readings at 312 nm, the detector of the Optometer P 9710
was placed in the same position as the cell layer surface during
UVB exposure. The energy level of incident radiation (30 mJ/cm2
on the cell layer surface) was derived from the intensity
1.4 mW/cm2 and the exposure time of 22 s. After irradiation the
PBS was replaced by medium with or without KI, and the cells
were incubated in a CO2 incubator for 2 h. Cells without UV light
irradiation served as a control.
Cell viability assay

Material and methods

Hyaluronate produced by streptococcus equi (Novoselect GmbH,
Berlin) was dissolved in physiological saline (0.5 mg/ml 0.9%
NaCl), producing a clear viscous solution. To determine the protective effect of potassium iodide (KI) on the destruction of hyaluronate due to UVB light, KI (Merck, Darmstadt, Germany) was
added in a concentration of 0.1, 0.5, 2.5 and 5.0 mM to the hyaluronate solution before irradiation.

Cell viability was assessed using the colorimetric MTT assay
based on the tetrazolium salt MTT ((3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide; Sigma, Germany). MTT is bioreduced in metabolically active cells into a colored formazan product, and absorbance of MTT reaction product was measured at
545 nm using a microplate reader and compared to the control.
Only functional mitochondria can convert the MTT solution producing the typical blue-violet enol-product. This assay is an indirect method to assess cell growth and proliferation since the optical density values can be correlated to the number of living cells
in culture [24].

Irradiation of hyaluronate by UV light

Data analysis

For irradiation, a VL-115-M UV lamp (30 W, wavelength:
312 nm, Vilber Lourmat, Marne La Vallee, France) was used, and
radiant energy was measured with an Optometer P 9710 (Gigahertz Optik, Puchheim, Germany). Twenty milliliters of hyaluronate solution was exposed to irradiation in a UV-permeable quartz
glass container that was positioned onto the UV source for 2 h.
Hyaluronate solution without irradiation served as a control.

The results of the viscosity measurements and the MTT assays are
described by using the means ± SD. The Dunnett test was used to
compare the values of UV irradiated samples without KI supplement with different concentrations of KI applied before irradiation. A P value <0.05 was considered significant.

Hyaluronate solution

Results
Viscosity measurements
After UVB irradiation the kinematic viscosity of the hyaluronate
solutions with and without KI treatment was measured in a KPGUbbelohde viscometer (Schott u. Gen., Mainz, Germany) and then
compared with a control sample. The tests were carried out in a
water bath at a temperature of 20°C.

Hyaluronate viscosity measurements
Viscosity measurements were used to determine the
damaging influence of UVB light on hyaluronate. Hyaluronate is degraded to fragments of lower molecular
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to 5.0 mM (data not shown). UVB irradiation inhibited
the function of mitochondria of the cultured cells. Incubation with KI (0.1, 0.5, 2.5 and 5.0 mM) before irradiation with UVB light showed a protection of the mitochondrial activity in human conjunctival fibroblasts
(Table 1). The positive effect of iodide on the reduction
of cell viability due to UVB light could be demonstrated
up to a concentration of 2.5 mM. Higher doses of iodide
did not significantly increase the protective effect as
compared to 2.5 mM KI.

Discussion
Fig. 1 Iodide protection of hyaluronate from degradation by
UVB irradiation depending on different iodide concentrations:
(a) 0.1 mM, (b) 0.5 mM, (c) 2.5 mM and (d) 5.0 mM. Hyaluronate
solution served as a control (Hy-control). Addition of KI to the
hyaluronate solution did not influence the viscosity (Hy-control+
KI). Irradiation with UVB degraded hyaluronate as indicated by
the decrease of the viscosity (Hy+UV). Addition of iodide to the
hyaluronate solution before irradiation significantly protected hyaluronate from degradation (Hy+KI+UV). Results are means ± SD.
Significant differences from UVB-irradiated hyaluronate solution
(Hy+UV); *P<0.001
Table 1 Effects of KI pretreatment on the viability of primary
conjunctival fibroblasts after exposure to UVB irradiation
(312 nm, 30 mJ/cm2)
Dose KI (mM)

Cell viability (%)

Control
0
0.1
0.5
2.5
5.0

100
74.8±2.5
77.8±2.8
80.3±3.4*
89.3±5.0**
89.9±4.2**

Data are expressed as arithmetic means ± SD. Control = no UVB
irradiation, no KI supplement. Significant differences from iodidefree cultures (0 mM) *P<0.05, **P<0.001

weight by irradiation with UVB light as indicated by a
decrease of the viscosity of the hyaluronate solution. By
adding KI to the hyaluronate solution before irradiation
with UVB light, a significant protective effect of KI on
the degradation of hyaluronate by UVB light could be
observed compared to the hyaluronate solution without
KI after irradiation (Fig. 1). An increasing positive influence of KI was seen with doses from 0.1 to 5.0 mM.
Cell viability assay
In order to examine the influence of UVB light on the viability of human conjunctival fibroblasts, the mitochondrial activity of the cells was monitored by the MTT assay. Addition of KI to the culture medium without UVB
irradiation showed no cytotoxicity at concentrations up

The results presented here show that iodide can provide
a significant protection from UVB-induced degradation
of hyaluronate and UVB damage to conjunctival fibroblasts. The mechanism of protection by iodide is likely
to include an antioxidative action as discussed by several
authors [31, 45, 47, 48].
Due to constant light exposure, the ocular surface is
particularly endangered by photochemical reactions [11].
This occurs via either a type I reaction in which an excited irradiated sensitizer in the triplet state directly reacts
with a biological substrate by abstracting a proton, or by
transferring an electron, or via a type II reaction in which
the sensitizer reacts with oxygen, thereby inducing a
highly reactive excited singlet state oxygen, or a superoxide ion [40].
Tear fluid consists of a mucous layer, an aqueous layer and a lipid layer. The interaction of all these components produces a stable tear film as needed by the anterior part of the eye. Hyaluronate, a component of the mucous layer of tear fluid and of tissues of the anterior part
of the eye [14, 49], is degraded upon irradiation with UV
light [18, 35]. In this process, the macromolecule is degraded to fragments of low molecular weight. Hyaluronate is not only destroyed by UV light, a change of the
structure of the hyaluronate molecule can also be observed by other oxidative systems such as ozone and cigarette smoke [23, 36].
Also the proteins of tear fluid are destroyed by ozone
and UV light, whereby ozone and UV light are especially aggressive in a combined form [36]. Other pollutants
containing aggressive components such as cigarette
smoke and car exhaust fumes react in a similar way [37].
Since lipids are also extremely sensitive to oxidative
reaction [27, 43], all components of tear fluid are degraded by free radicals.
It is conceivable that these environmental factors are
damaging where a prior deficiency or instability in tear
production exists. However, a primary destruction of tear
fluid components could also disrupt the interaction of
such components in people with normal tear production,
leading to a break up of the tear film and therefore to dry
eye conditions.
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UVB light also damages the cells of the anterior part
of the eye provoking photokeratitis and the occurrence of
pterygium and pingueculae [28, 29]. This damage may
result from a direct phototoxic reaction in which the absorbed photon energy produces a toxic molecule. Alternatively, after a photosensitized reaction, molecules may
absorb energy and then release it to a secondary molecule, which then becomes toxic [40]. Changes to the enzyme pattern and reductions in the concentration of aldehyde and alcohol dehydrogenases [10], increases in acid
glycosidases and lysosomal proteases [4] and increases in
inflammation mediators after the irradiation of corneal
cells with UV light have been observed [19]. Oxygen free
radicals have been demonstrated to be cytotoxic for cultured cells, to degrade polysaccharides and DNA, to promote peroxidation of membrane lipids and to alter vascular permeability [13]. In addition, these free radicals play
a significant role in the intensification of inflammation
because of the generation of chemotactic factors [6].
It is well established that inflammation itself is also
associated with a production of free radicals. Activated
leukocytes to which the conjunctiva and the cornea are
exposed during inflammation are known to produce large
amounts of O2 and H2O2 [2], and in the presence of iron
the extremely toxic OH. radical can be formed [22].
A marked increase of inflammatory activity and of
oxidative reactions was observed in the tear film of patients suffering from ocular surface disorders [1, 41]. In
a study of dry eye patients, lipid peroxides and ROS activity were significantly increased in tears when compared to normal persons [1].
The administration of tear substitutes containing substances with radical scavenger activity such as hydrogels
may help prevent damage provoked by oxidative stress

by supporting the natural defence mechanisms of the
eyes [9]. Artificial tear preparations containing a mixture
of vitamins A, C and E as well as iodide also confirmed
the efficacy of preparations containing free radical scavengers [31].
In the present study we investigated the capability of
iodide to protect tear film components and cells of the
anterior part of the eye from damage by UVB irradiation.
As shown in our viscosity measurements the destruction of hyaluronate, a glycosaminoglycan present in tears
and eye tissues [14, 49], can be prevented by the addition of iodide to the hyaluronate solution before irradiation with UVB light. An increasing positive influence of
iodide was seen with doses from 0.1 to 5 mM KI. Similar to the protective effect of iodide on degradation of
hyaluronate, addition of iodide to the cell culture led also
to a protection of human conjunctival fibroblasts from
the negative effect of low dose (30 mJ/ cm2) UVB irradiation [19, 28, 30]. A significant protective effect as
shown in the MTT test based on mitochondrial viability
was observed at iodide concentrations from 0.5 to 2.5 mM,
which did not increase by higher concentrations of 5.0 mM
KI.
Although tear fluid and cells may behave differently
in vivo, in vitro experiments provide initial information
concerning the kind of negative effects by increased environmental pollution. The damage shown to be caused
to tear fluid components along with the changes induced
in the cells of the anterior part of the eye suggest that increased levels of UVB light may contribute to ocular
surface disease. Therefore, in the future, it will be of
great importance to develop drugs containing antioxidative components such as iodide ions that could protect
the ocular surface from free radical-induced damage.
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