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Ultraviolet B (UVB) exposure is a risk factor for corneal damage resulting in oxidative stress, inﬂammation and
cell death. The aim of this study was to investigate the potential protective eﬀects of a commercial eye drop
(Dacriovis™) containing Matricaria chamomilla and Euphrasia oﬃcinalis extracts on human corneal epithelial cells
(HCEC-12) against UVB radiation-induced oxidative stress and inﬂammation as well as the underlying mechanisms. The antioxidant potential of the eye drops was evaluated by measuring the ferric reducing antioxidant
power and the total phenolic content by Folin-Ciocalteu reagent. HCEC-12 cells were exposed to UVB radiation
and treated with the eye drops at various concentrations. Cell viability, wound healing assay, reactive oxygen
species (ROS) levels, protein and lipid oxidative damage and COX-2, IL-1β, iNOS, SOD-2, HO-1 and GSS gene
expression, were assessed. Eye drops were able to protect corneal epithelial cells from UVB-induced cell death
and ameliorated the wound healing; the eye drops exhibited a strong antioxidant activity, decreasing ROS levels
and protein and lipid oxidative damage. Eye drops also exerted anti-inﬂammatory activities by decreasing COX2, IL-1β, iNOS expression, counteracted UVB-induced GSS and SOD-2 expression and restored HO-1 expression
to control levels. These ﬁndings suggest that an eye drop containing Matricaria chamomilla and Euphrasia oﬃcinalis extracts exerts positive eﬀects against UVB induced oxidative stress and inﬂammation and may be useful
in protecting corneal epithelial cells from UVB exposure.

1. Introduction
Ultraviolet (UV) light is the most common cause of radiation injury
to the eye [1]. The cornea is a transparent avascular tissue that under
normal conditions, absorbs the majority of UVB rays, protecting the
inner eye against UVB-induced damaging eﬀects [2].
UVB exposure is a well-documented environmental stressor that
leads to the generation of free radicals. Cellular redox homeostasis is
normally maintained by a delicate balance between reactive oxygen
species (ROS) generation and antioxidant defenses but when this balance is disrupted, the overproduction of ROS elicits DNA, protein and
lipid oxidative damage and induces pro-inﬂammatory cytokines,
leading to UVB-mediated corneal inﬂammation [2–4].
Excessive exposure to UVB radiation is associated to numerous eye
diseases, including photo-keratitis, pterygium, damage to the epithe-
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lium, edema and apoptosis of corneal cells [5,6]. ROS also play a role in
the pathogenesis of glaucoma, stimulating apoptotic and inﬂammatory
pathways [4].
Chamomile, Matricaria chamomilla L., a member of the Asteraceae
family, is one of the most common herbs used worldwide for a variety
of medicinal purposes. Traditional uses include the treatment of inﬂammation, ulcers, wounds, gastrointestinal disorders, stomachache,
pharyngitis, skin irritation and rheumatic pain [7]. Chamomile has
moderate antioxidant and antimicrobial activities and signiﬁcant antiplatelet activity in vitro [8]. Animal model studies indicate potent antiinﬂammatory actions, some anti-mutagenic and cholesterol-lowering
activities, as well as anti-spasmodic and anxiolytic eﬀects [8]. On the
basis of its long-standing use, the Committee on Herbal Medicinal
Products indicated that Matricaria chamomilla L. medicines can be used
in the management of various inﬂammatory diseases of the gastro-
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incubation, the absorbance was measured at 760 nm. Gallic acid was
used as standard and phenolic content expressed as mg gallic acid
equivalents (GAE)/mL of eye drop.

intestinal tract or of the oral cavity (http://www.ema.europa.eu/).
The best known bioactive constituents of chamomile include apigenin, luteolin, quercetin, α-bisabolol, α-bisabolol oxides A and B and
matricin (usually converted to chamazulene). Chamomile also contains
high levels of coumarins, hydroxycoumarins, terpenoids and is one of
the richest sources of dietary antioxidants [7–11].
Eyebright, Euphrasia oﬃcinalis L., is a medicinal plant traditionally
used as eyewash to treat and prevent eye disorders such as conjunctivitis, blepharitis, eye fatigue, purulent ocular inﬂammation, and
sties [12]. Eye drops made from Euphrasia oﬃcinalis L. are also useful
and safe in the treatment of ocular allergy symptoms [13].
Pharmacological investigations of eyebright extracts revealed various biological activities, including anti-inﬂammatory [14] and antimicrobial [15]. Euphrasia oﬃcinalis L. extracts decreased pro-inﬂammatory cytokine expression (IL-1β, IL-6 and TNF-α) in human
corneal cells [14] and improved inﬂammatory conjunctivitis in a clinical trial [16]. Its biological activity is mainly due to the presence of
highly active compounds such as iridoids, ﬂavonoids, phenolic acids or
etheric oils [14]. Collectively, the use of Euphrasia oﬃcinalis and Matricaria chamomilla preparations for the treatment of eye disorders is
mainly based on a long standing tradition but to date, the claimed
ocular eﬀects needs further investigation.
The aim of the present study was therefore to explore whether a
commercial eye drop containing Matricaria chamomilla and Euphrasia
oﬃcinalis extracts, exerts protective eﬀects against UVB induced oxidative damage and inﬂammation in human corneal epithelial cells and
the involved mechanisms.

2.4. Cells, UVB Light and Treatments
Human corneal epithelial cells (HCEC-12, kindly gifted by Prof.
Chiarugi, University of Florence, [19]) were cultured under standard
conditions. Brieﬂy, the cells were maintained at 37 °C in a humidiﬁed
incubator in an atmosphere of 5% CO2 to 95% air and passaged at a 1:3
ratio with trypsin, every 5 to 7 days. The cells were cultured in Dulbecco's modiﬁed Eagle's medium (DMEM) supplemented with 2 mM
glutamine, 10% fetal bovine serum, and antibiotics. In indicated experiments, cells (2 × 105) were seeded into 6-well culture dishes and
allowed to grow 3–4 days until approximately 90% conﬂuent. Preliminary experiments were performed to identify the suitable UVB dose
able to induce a signiﬁcant ROS production with no cytotoxic eﬀects,
within 2 h post irradiation. Cells were thus exposed to UVB (5–20 mJ/
cm2) in a Bio-link BLX apparatus (Vilber Lourmat, Cedex, France)
covered with a thin layer (100 μL) of phosphate-buﬀered saline (PBS);
PBS was then removed and the cells were refed with medium. Where
indicated, the cells were treated with eye drops or vehicle alone. In
preliminary experiments, eye drops were also tested for cytotoxicity
and applied in four diﬀerent modalities: 1) pre-treatment for 1 h before
UVB irradiation; 2) treatment in continuum, starting 1 h before UVB
irradiation, during irradiation and 1 h post irradiation; 3) treatment
only during UVB irradiation and 4) treatment only post-irradiation for
1 h.

2. Materials and Methods
2.5. Cell Viability
2.1. Eye Drops
In preliminary experiments, cell viability after UV-irradiation or eye
drops treatments was assessed as described in Cinci et al. [20], by the
colorimetric method based on [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt;
MTS] (Promega Corporation, WI). The optical density of the chromogenic product was measured at 490 nm.
To determine the eﬀect of eye drops on cell viability in UVB exposed
HCEC-12 cells, we used the method described by Black et al. [21] by
measuring protein content in cells exposed to eye drops at concentrations ranging from 0.5 and 5%, irradiated with UVB 20 mJ/cm2.
Protein content was estimated by using the Bio-Rad DC protein
assay kit (Bio-Rad, Segrate, Milan, Italy).

Eye drops (Dacriovis™, Steve Jones, Sesto Fiorentino, Italy) contains
0.1% of Matricaria chamomilla ﬂuid extract, 0.1% of Euphrasia oﬃcinalis
herbal extract and disodium edetate isotonic solution at pH 7.2. Eye
drops were tested at concentrations ranging from 0.5% to 5%, corresponding to herbal extract ﬁnal concentrations between 0.005 and
0.0005%. Reagents, if not otherwise stated, were purchased from
Sigma-Aldrich, Milan, Italy).
2.2. In Vitro Antioxidant Assay
The ferric-reducing antioxidant power (FRAP) of the eye drops was
performed according to Lodovici et al. [17] with few modiﬁcations.
Brieﬂy, a FRAP reagent solution was freshly prepared by mixing
300 mM acetate buﬀer, pH 3.6, TPTZ solution (10 mM 2,4,6-tripyridyls-triazine (TPTZ) in 40 mM HCl), and 20 mM FeCl3·6H2O in a ratio of
10v:1v:1v. To perform the assay, 0.9 mL of FRAP reagent, 90 μL of
distilled water, and 30 μL of sample were mixed and incubated at 37 °C
for 30 min. The absorbance was measured at 595 nm. The antioxidant
potential of samples was determined from a standard curve plotted
using the FeSO4·7H2O linear regression.

2.6. Measurement of ROS Production
Intracellular hydrogen peroxide production was measured using
2′,7′-dichloroﬂuorescein diacetate DCFH-DA (Calbiochem, San Diego,
CA, USA). Brieﬂy, the cells were exposed to UVB light (5, 10 and
20 mJ/cm2) alone, or to 20 mJ/cm2 and treated with eye drops in the
four modalities described above. 100 μM 2′,7′-dichloroﬂuorescein diacetate (DCFH-DA) was then added to the culture medium at 37 °C for
1 h in the darkness. After washing with PBS for three times, ROS levels
were determined by measuring the ﬂuorescent intensity at excitation
wavelength 485 nm and emission wavelength 535 nm using a Perkin
Elmer Wallac 1420 Victor3 Multilabel Counter.

2.3. Total Phenolic Content
Total phenolic content in the extracted samples was determined as
described elsewhere [18] with minor modiﬁcations. Brieﬂy, sample
extracts (0.5 mg/mL, 60 μL) and Folin-Ciocalteu's reagent (60 μL) were
mixed and incubated at room temperature for 5 min. After incubation,
60 μL of Na2CO3 (10% w/v) was added and the reaction mixture was
further incubated for 60 min at room temperature in the dark. After

2.7. Protein Oxidative Damage (Carbonyl Residue Assay)
Carbonyl residues were determined according to Manni et al. [22]
following the method of Correa-Salde and Albesa [23] with few
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modiﬁcations. Cell lysates (150 μL) were treated for 1 h with 800 μL of
0.1% dinitrophenylhydrazine in 2 M HCl and precipitated with 1 mL of
20% trichloroacetic acid before being centrifuged for 10 min at 4 °C at
10,000 ×g. The pellets were extracted with 500 μL of ethanol:ethyl
acetate mixture (1:1) three times, centrifuged for 10 min at 4 °C at
10,000 ×g and then dissolved in 100 μL of 6 M guanidine HCl in
20 mM potassium phosphate buﬀer (PBS) pH 7.5. The solutions were
incubated at 37 °C for 30 min and insoluble debris was removed by
centrifugation. The absorbance was measured at 370 nm. Carbonyl
content was calculated using a molar absorption coeﬃcient of
22,000 M− 1 cm− 1. Carbonyl residue assay was performed in cell lysates collected after 2 and 24 h post irradiation.

2.11. Immunocytoﬂuorescence for COX-2 Protein Expression
HCEC-12 cells were grown in poly-D-lysine-coated glass dishes for
24 h, then irradiated with UVB (20 mJ/cm2) and treated with eye drops
in continuum at 0.5–1–3–5% for 24 h. Cells were then ﬁxed with cold
4% (w/v) paraformaldehyde for 20 min, rehydrated in PBS for 15 min,
and permeabilized in 0.1% (w/v) TritonX-100 at RT for 10 min. After
being washed with PBS, the cells were blocked for unspeciﬁc ﬂuorescence with 3% BSA for 1 h and then incubated with Rabbit anti-COX2
polyclonal antibody (1:200) (Cayman, Ann Arbor, MI, USA) at 4 °C
overnight followed by the ﬂuorescent secondary antibodies: AlexaFluor
488 goat anti-rabbit (1:333) (Invitrogen, Carlsbad, CA, USA). Cells were
also counterstained with DAPI dye to show the nuclear morphology.

2.8. Lipid Oxidative Damage (Thiobarbituric Acid Reactive Substances
Assay)

2.12. Statistical Analysis
Data were analyzed by one-way analysis of variance (ANOVA) with
Newman-Keuls post hoc test when normally distributed or using the
non-parametric Kruskal–Wallis with Dunn's post hoc test and expressed
as means ± standard error (SEM) of three independent experiments.
All analyses were carried out using GraphPad Prism 5.0 (GraphPad
Software, San Diego, CA, USA). p value of 0.05 was considered signiﬁcant.

Thiobarbituric acid reactive substances (TBARS) were evaluated as
an index of lipid peroxidation. Cells were lysate in 300 μL RIPA buﬀer
and then 150 μL were added to 800 μL reaction mixture consisting of
36 mM thiobarbituric acid, 20% CH3COOH, and 20 μL 8% sodium dodecyl sulfate, and pH was adjusted to 4.0 with NaOH. The mixture was
heated for 60 min at 100 °C, and the reaction was stopped by placing
the vials in an ice bath for 10 min. After centrifugation (at 1600 × g at
4 °C for 10 min), the absorbance of the supernatant was measured at
532 nm (Perkin Elmer Wallac 1420 Victor3 Multilabel Counter). TBARS
were quantiﬁed in nmol/mg of proteins using 1-methoxypropane as
standard for calibration curve. TBARS were performed in cell lysates
collected after 2 and 24 h post irradiation.

3. Results
3.1. Antioxidant Power and Total Phenolic Content of eye Drops Containing
Matricaria chamomilla and Euphrasia oﬃcinalis Extracts
FRAP assay measures the reducing potential of an antioxidant reacting with a ferric tripyridyltriazine [Fe3 +-TPTZ] complex, producing
a colored ferrous tripyridyltriazine [Fe2 +-TPTZ]. The FRAP value of
eye drops was 3 mM. The total phenolic content of the eye drops was
1.1 mg/mL, gallic acid equivalent.

2.9. Wound Healing Assay
HCEC-12 cells were grown to reach conﬂuence in 6-well tissue
culture plates and were wounded with a sterile 20 μL pipet tip to remove cells by a linear scrape. The debris of damaged cells were removed by washing, and the cells were refed with DMEM in the presence. The progression of migration was photographed immediately
and 24–48 h after wounding with an inverted microscope equipped
with a digital camera (Nikon digital Sight DS-5M). The extent of healing
is deﬁned as the ratio of the area diﬀerence between the original wound
and the remaining wound 24 h after injury compared with that of the
original wound. The wound area was determined by the number of
pixels in histogram (freely available ImageJ NIH software).

3.2. Eﬀect of the eye Drops on Cell Viability in UVB Exposed Human
Corneal Cells
Preliminary experiments were conducted to select the most suitable
experimental conditions; UVB 5–10–20 mJ/cm2 were ﬁrstly tested for
HCEC-12 viability after very short term irradiation (2 h). None of the
tested UVB doses aﬀected cell viability (Fig. 1A). Short term potential
intrinsic cytotoxic eﬀect of the eye drops were also evaluated in nonirradiated HCEC-12 cells. As it is shown in Fig. 1B, none of the tested
concentration, aﬀected cell viability after 2 h of treatment and concentrations of 1 and 3% even showed a trend toward increased cell
viability. The potential protective eﬀects of the eye drops in UVB
treated cells were also assessed by measuring total protein content of
the cultures at 24 h post irradiation, an indirect method to assess cell
viability [21]. The results in Fig. 1C show that UVB signiﬁcantly reduced cell viability after 24 h post irradiation and treating cells with the
eye drops exerted a signiﬁcant, concentration-dependent protective
eﬀect.

2.10. RT-PCR
Total RNA was extracted from cell lysates using the Nucleo Spin®
RNA kit (Macherey-Nagel) according to manufacturer's instructions. For
ﬁrst-strand cDNA synthesis, 1 μg of total RNA from each sample was
reverse-transcribed. Primers were designed on the basis of the human
GenBank sequences for cyclooxygenase-2 (COX-2), inducible NO synthase (iNOS), IL-1β, SOD-2, HMOX, GSS. GAPDH was co-ampliﬁed as
the reference [24].
Gene

Primer forward

Primer reverse

Base pair

GAPDH
SOD2
INOS
COX2
IL1β
GSS
HO-1

CCCTCAAGGGCATCCTGGGCT
GCATCAGCGGTAGCACCA
CAGACAGTGCGCCTGGAGGC
TTGCCCGACTCCCTTGGGTGT
GGACAAGCTGAGGAAGATGC
GCTGTGCAGATGGACTTCAA
GGCTGCCCTGGAGCAGGAC

GCAGGGACTCCCCAGCAGTGA
CCGTTAGGGCTGAGGTTTGT
GGACCCTGGCTATCTCGGGT
CCTCCTGCCCCACAGCAAACC
TCTTTCAACACGCAGGACAG
CATAGAGCTCCCAGGCTTTG
AGGTCACCCAGGTAGCGGGT

275
355
419
398
360
400
165
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Fig. 1. Panel A: cell viability measure by MTS assay, of HCEC12 cells exposed to UVB 5–10–20 mJ/cm2 after 2 h from exposure. Panel B: cell viability, measures by MTS assay, of HCEC12
cells exposed to diﬀerent eye drops concentrations (1–5–10%) after 2 h from exposure. Panel C: cell viability, measured as the percentage of total protein content vs that of the vehicle, of
HCEC12 cells exposed to UVB 20 mJ/cm2 and exposed to diﬀerent eye drops concentrations (0.5–1–3%) after 24 h. ^^(p < 0.01 vs vehicle); *(p < 0.05 vs UVB-irradiated cells;
**(p < 0.01 vs UVB-irradiated cells). Data are expressed as mean ± SE of three independent experiments.

Fig. 2. Panel A: levels of intracellular ROS generated in UVB-irradiated HCEC12 cells compared with control after 2 h from irradiation. Panel B: eye drops-treated UVB-irradiated cells in
four diﬀerent modalities: 1) pre-treatment for 1 h before UVB irradiation; 2) treatment in continuum starting 1 h before UVB irradiation, during irradiation and 1 h post irradiation; 3)
treatment only during UVB irradiation and 4) treatment only post-irradiation for 1 h. ^^(p < 0.01 vs vehicle); ***(p < 0.001 vs UVB-irradiated cells). Data are expressed as mean ± SE
of three independent experiments.

production was evident after treatment with eye drops 5% in continuum and for this reason, this modality of treatment was chosen for
further experiments Fig. 2B.

3.3. Eﬀect of the Eye Drops on ROS Levels in UVB Exposed Human Corneal
Cells
We ﬁrstly determined the UVB dose able to cause oxidative stress in
corneal epithelial cells by quantifying its ability to generate intracellular ROS. UVB (5–20 mJ/cm2) treatment resulted in a dose-dependent increase in ROS production (Fig. 2A); a signiﬁcant reduction
was observed when eye drops 5% was applied as follows: 1) during UVB
irradiation (p < 0.001), 2) in continuum (p < 0.001) and 3) post
UVB treatment (p < 0.001). No eﬀect was observed when eye drops
were applied only before UVB treatment. A 2.1 fold decrease in ROS

3.4. Eﬀect of the Eye Drops on Wound Healing
Fig. 3 shows cell migration toward the center of a scratch wound in
cultured HCEC-12 cells after 24 h. Eye drops 1% enhanced wound
closure (150% of wound coverage) compared to the vehicle. At 48 h, no
diﬀerences were observed (data not shown).

Fig. 3. Representative photomicrographs showing the healing of scratch wound in cultured human corneal epithelial cells. Panel A wound in HCEC-12 cells monolayer in the presence of
vehicle and, panel B, in the presence of eye drops 1% for 24 h (day 1). Panel below, quantitative results are shown as wound area ± SE of three samples (*p < 0.05).
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Fig. 4. Panel A: eﬀect of eye drops on corneal cells protein carbonyl residues after 2 h from UVB. Panel B: eﬀect of eye drops at diﬀerent concentrations (0.5–3%) on corneal cells protein
carbonyl levels after 24 h from UVB. ^(p < 0.05 vs vehicle); ^^(p < 0.01 vs vehicle); *p < 0.05 vs UVB-irradiated cells **p < 0.01 vs UVB-irradiated cells. Data are expressed as
mean ± SE of three independent experiments.

Fig. 5. Panel A: eﬀect of eye drops on corneal cells thiobarbituric acid-reactive substances (TBARS) after 2 h from UVB. Panel B: Eﬀect of eye drops in diﬀerent concentrations (0.5–3%)
on corneal cells TBARS after 24 h from UVB. ^^(p < 0.01 vs vehicle); ***(p < 0.001 vs UVB-irradiated cells). Data are expressed as mean ± SE of three independent experiments.

epithelial cells was reduced by 50% and eye drops 3% completely restored it at levels similar to those of control cells (Fig. 6E). On the
contrary, SOD-2 and GSS expression was signiﬁcantly induced by UVB
compared to not irradiated cells and restored to control levels by eye
drops 3% (Fig. 6D, F, Fig. 7). The eﬀect of eye drops on COX-2 protein
expression was also conﬁrmed by immunocytochemistry. As shown in
Fig. 7, eye drops 0.5, 1 and 3% were able to signiﬁcantly and concentration dependently attenuate COX-2 protein expression compared
to UVB irradiated cells (p < 0.001).

3.5. Eﬀect of the Eye Drops on Carbonyl Residues in UVB Exposed Human
Corneal Cells
The protein carbonyl levels were signiﬁcantly higher in HCEC-12
cells treated with UVB 20 mJ/cm2 than in the control group
(p < 0.05) already after 2 h. In contrast, eye drops 5% treated cells
showed a signiﬁcantly decreased the percentage of UVB-induced oxidative damage of the proteins, by 66%, compared to the UVB-treated
cells (p < 0.01), (Fig. 4A). Carbonyl residues were signiﬁcantly diminished in cells treated with eye drops 1 and 3% after 24 h post UVB
irradiation Fig. 4B.

4. Discussion
Excessive exposure to UVB radiation is a risk factor for corneal
diseases including photo-keratitis, epithelial damage and edema [3].
One of the major causes of ocular damage induced by UVB irradiation is the generation of ROS which mediate oxidative damage in the
form of DNA modiﬁcations, lipid peroxidation and protein oxidation
[25].
We found that UVB light rapidly and dose-dependently, stimulates
the formation of intracellular ROS in human corneal epithelial cells,
consistently with the results reported by Black et al. [21] and by Pauloin et al. [2] in the same in vitro model as well as in the mouse cornea
[26]. ROS levels signiﬁcantly decreased when UVB-exposed cells were
treated with the eye drops containing Matricaria chamomilla and Euphrasia oﬃcinalis extracts (Dacriovis™). The lack of eﬃcacy in reducing
ROS levels when eye drops were applied before UVB treatment suggests
a protective, rather than a preventive eﬀect; a signiﬁcant control of ROS
levels was in fact observed when eye drops were incubated either
during UVB irradiation and post UVB irradiation. Interestingly, an improved eﬃcacy was found when eye drops treatment was prolonged
even after the end of irradiation. These results suggest that Matricaria
chamomilla and Euphrasia oﬃcinalis extracts containing eye drops exert
both a “sunglass eﬀect” due to UV interception and a direct cyto-protective eﬀect.
Total phenolic content and eye drops antioxidant power

3.6. Eﬀect of the Eye Drops on Thiobarbituric Acid-Reactive Substances
(TBARS) in UVB Exposed Human Corneal Cells
After 2 h post UVB (20 mJ/cm2) irradiation we did not detect any
signiﬁcant increase in the TBARS levels (Fig. 5A); however, after 24 h,
TBARS levels in UVB-treated cells were signiﬁcantly higher
(17.25 ± 0.75 nmol/mg protein) than those in the control group
(1.75 ± 0.25 nmol/mg protein), (p < 0.01), (Fig. 5B). TBARS in the
eye drops treated cells were 2.6 ± 0.6 and 0.35 ± 0.15 nmol/mg
protein at 1% and 3%, respectively, signiﬁcantly lower than those in the
UVB-treated group (p < 0.001) and even below those of the control
cells. Eye drops 0.5% was not eﬀective (Fig. 5B).
3.7. Eﬀect of the Eye Drops on Inﬂammatory and Antioxidant Gene
Expression in UVB Exposed Human Corneal Cells
UVB light did not signiﬁcantly induced the expression of COX-2
compared to not irradiated cells, however, eye drops 3% halved its
expression compared to UVB treated cells (p < 0.05) (Fig. 6A). UVB
caused a signiﬁcant increase in IL-1β mRNA and eye drops 3% signiﬁcantly abolished this eﬀect (Fig. 6B). The slight increase of iNOS
observed in UVB treated cells was counteracted by eye drops 3%
(p < 0.05) (Fig. 6C). The expression for HO-1 in UVB treated corneal
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Fig. 6. Eﬀect of eye drops 3% on COX-2 (Panel A), iNOS (Panel B), IL-1β (Panel C), GSS (Panel D), SOD-2 (Panel E) and HO-1 (Panel F) expression after 24 h from UVB. ^^(p < 0.01 vs
vehicle); **(p < 0.01 vs UVB-irradiated cells); *(p < 0.05 vs UVB-irradiated cells). Data are expressed as mean ± SE of three independent experiments.

hydrogen peroxide [28]. Moreover, radical scavenging and antioxidant
eﬀects of Matricaria chamomilla polyphenolic–polysaccharide conjugates were previously reported in cell free systems [11] and in a rat
model of diabetes-induced oxidative stress [29]. Similarly, the antioxidant activity of the Euphrasia rostkoviana methanolic extract was
previously reported [30,31] in cell free systems.
Oxidative damage is implicated in the pathogenesis of numerous
traumatic, metabolic, inﬂammatory and iatrogenic diseases of the
cornea [32] and strategies to treat oxidative stress related eye diseases
are needed.
To evaluate the eﬀects of eye drops on UVB-induced oxidative damage in the cornea, protein carbonyl levels, the most frequently used
indicators of oxidative protein damage, were determined and the results
showed that eye drops, as early as two hours, were able to protect
corneal cells from ROS induced oxidative protein damage and the eﬀect
was evident also after 24 h from UVB exposure. During oxidative stress,

measurements suggested that phenolic compounds can be responsible
for the observed protective eﬀects. Phenolic compounds are in fact well
known as antioxidant and radical scavengers, able to counteract ROS
induced cellular damage; this is particularly important for the ocular
tissues because of their direct exposure to light, which causes production of ROS in situ.
Traditionally, Euphrasia oﬃcinalis is used for nasal catarrh, sinusitis
and speciﬁcally for conjunctivitis when applied locally as an eye lotion
[27], whether Matricaria chamomilla is mainly used to treat various
inﬂammatory diseases of the gastrointestinal tract and oral cavity,
however, little scientiﬁc information are available to support their use
in the management of ocular diseases.
Eyebright contains iridoids, ﬂavonoids, phenolic acids or etheric oils
[14]. Camomile contains polyphenolic compounds such as caﬀeic acid,
apigenin, luteolin and chamaemeloside [9]. Flavonoids from chamomile are able to protect cells from excessive superoxide radicals and

Fig. 7. Eﬀect of eye drops 0.5, 1 and 3% on COX-2 protein expression by immunocytochemistry. Graph represents the densitometric analysis and reported the mean ± SE of four
microscopic ﬁelds. ***(p < 0.001 vs UVB-irradiated cells).
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ROS can also initiate lipid peroxidation, another important mechanism
mediating corneal injury induced by UVB [44]. After 24 h from UVB
exposure, eye drops signiﬁcantly reduced UVB-induced phototoxic effects in the cornea, as evidenced by the reduced levels of lipid peroxidation.
Exceeded levels of UVB light also cause cell death in corneal epithelial cells [33]. Our results showed that eye drops containing Matricaria chamomilla and Euphrasia oﬃcinalis extracts signiﬁcantly reduced the UVB-induced cell death in corneal cells and increased woundhealing ability. The positive eﬀects on wound healing might be ascribed
to increased cells migration but other molecular mechanism involved in
the extracellular matrix remodeling could be at work. Chamomilla recutita exerted beneﬁcial eﬀects on the healing of ulcers in rats [34] and
Matricaria chamomilla extract had wound healing activity in rats
[35,36], whereas, no data are currently available for Euphrasia oﬃcinalis.
Excessive UVB light absorption by the cornea also induces an inﬂammatory response, which typically appears 6–12 h after exposure
[37]. Eye drops containing Matricaria chamomilla and Euphrasia oﬃcinalis extracts were eﬀective also in reducing UVB-induced expression of
the expression of COX-2, IL-1β and iNOS. In cell culture, chamomile has
been demonstrated to modulate the production of many pro-inﬂammatory mediators such as superoxide anion, tumor necrosis factoralpha, interleukins and prostaglandins by selectively targeting COX-2
[38,39] and iNOS [45]. Moreover, Euphrasia oﬃcinalis extracts decreased pro-inﬂammatory cytokine (IL-1β, IL-6 and TNF-α) and antiinﬂammatory IL-10 expression by human corneal cells [14]. The eﬃcacy of Euphrasia oﬃcinalis eye drops was also demonstrated in a
human trial for the treatment of inﬂammatory conjunctivitis [16].
Interestingly, we also found the UVB insult increases the expression
of SOD2 and GSS suggesting that upon oxidative stress, cellular antioxidant enzymes are induced to counteract ROS mediated-damage
[22,40].
The heme oxygenase-1 (HO-1) protein exhibits cyto-protective, antiinﬂammatory, anti-proliferative, antioxidant and anti-apoptotic activities and appears as a promising therapeutic target for the treatment of
inﬂammatory diseases [46]. In macrophages, activation of HO-1 inhibits cytokine secretion [41] and suppresses COX-2 expression [42].
Increased expression of HO-1 in human corneal epithelial cells following UVB treatment was reported among the antioxidant/anti-inﬂammatory defense mechanisms [21]. Interestingly, in our experiments, eye drops were shown to induce HO-1 gene expression, an eﬀect
also reported in murine RAW 264.7 macrophages stimulated with H2O2
and exposed to an aqueous chamomile extract [43].
Overall, our results indicate that Matricaria chamomilla and
Euphrasia oﬃcinalis containing eye drops have signiﬁcant beneﬁcial
eﬀects against UVB induced oxidative stress and inﬂammation supporting their use for protecting corneal epithelial cells from UVB exposure.
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