
Herba Euphrasiae (Scrophulariaceae), commonly known 
as eyebright grass, is a composition of very similar plant spe-
cies, broadly defined as Euphrasiae officinalis L., which are 
widely used in folk medicine and homeopathy (1, 2). E. offi-
cinalis L. is an annual, herbaceous, semi-parasitic plant which 
exhibits numerous biological activities, including anti-inflam-
matory, antioxidant, antimicrobial, anticancer, antifungal, an-
tiviral, hypotensive, hapatoprotector, anti-epileptic, and anti-
catarrhal activities (3-8). In traditional medicine, E. officinalis 
L. has also been effectively used for the treatment of eye dis-
orders like conjunctivitis, hordeolum, etc. (1, 5, 9). Eye drops 
made from E. officinalis L. are considered to be useful and 
safe in the treatment of ocular allergy symptoms (10). Folk 
medicine commonly uses eyebright aqueous extracts to treat 
eye disorders. Additionally, methanolic extracts of Euphrasia 
genus and its methanolic fractions have been evaluated for 
their antioxidant and anti-inflammatory activities (3). The bio-
logical activity of aqueous tinctures and alcohol extracts are 
based on the accumulation of highly active compounds like 
iridoids, flavonoids, phenolic acids or etheric oils (1, 2, 5). We 
may suppose that E. officinalis L. preparations for the treat-

ment of eye disorders are generally based on their antioxidant, 
anti-inflammatory and regenerative properties. Moreover, as 
full extracts are used on the principle of the historical tradi-
tion, selective extracts are employed mainly for reason of their 
specific activity (11). Accordingly, in this study, we analyzed 
the cytotoxic, antioxidant and immunomodulatory effects of 
ethanol, ethyl acetate and heptane extracts of E. officinalis L. 
on human corneal epithelial (10.014 pRSV-T) cells. 

The aim of this study was to answer the question concern-
ing the variety of biological effects of E. officinalis L. extracts 
obtained using different solvents by in vitro tests on human 
corneal cells, and their potential medicinal properties/effects 
when used in the treatment of eye disorders.

MATERIAL AND METHODS

Plant material
Euphrasia herbs were harvested from the area of Górki 

Czechowskie (Lublin, Poland) on a sunny day in September 2009.  
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A voucher specimen was deposited at the Department of Pharmaceu-
tical Botany, Medical University, Lublin, Poland and was identified 
by professor T. Krzaczek (Medical University in Lublin). The plants 
were subsequently cleaned of any possible contaminants and dried at 
room temperature. After pulverization, the plant material underwent 
chromatographic analysis.

Extracts preparation
The materials for testing were the ethanol, ethyl acetate and hep-

tane extracts, derived from the Euphrasia officinalis herb. Dried and 
pulverized material was weighed in portions of 5 g each, and then 
exhaustive extraction was carried out in an ultrasonic bath (Bandelin; 
Sonorex, Germany) (U-230, V~50/50Hz; and -1.2 A, P -120/480W; 
ƒ-35 kHz; temp 20-80oC). 

The raw material underwent four-fold extraction under the fol-
lowing conditions:

1. 15 min extraction using 100 mL of ethanol 90% in temp. 45oC
2. 15 min extraction using 100 mL of ethanol 90%
3. 15 min extraction with 70 mL of ethanol 90%
4. 15 min extraction with 70 mL of ethanol 90%
Each time the extract was decanted from the raw material. After 

the extraction process, all four solutions were combined, then evapo-
rated to dryness in an IKA RV 05-ST 1 rotary vacuum evaporator 
(IKA-Werke; Staufen, Germany) at 35oC. The resulting dry residue 
was used in biological research tests. The process of preparing the 
ethyl acetate and heptane extracts of the Euphrasia officinalis herb 
proceeded similarly but using 100% solutions.

Part of the dry residue was dissolved in dimethylsulfoxide 
(DMSO) (Sigma; St. Louis, MO, USA) to obtain a concentration of 
100 mg/mL (stock solution). The highest quantity of DMSO in the 
applied plant extract did not exceed 0.1%. Such a concentration of 
DMSO in the culture medium has no influence on 10.014 pRSV-T 
cell viability, as was shown in our previous tests.

Cell culture
The human normal corneal cell line 10.014 pRSV-T (ATCC No. 

CRL-11515) was used. The cells were cultured as monolayers in 25 
cm2 culture flasks (Nunc, Roskilde, Denmark) coated with PureColTM 
ultrapure collagen (INAMED Biomaterials, Fremont, CA, USA) at 
3.1 mg/mL. The cell line was maintained in defined keratinocyte-
serum free medium (K-SFM) (Gibco) supplemented with 75 µg/ml 
endothelial cell growth factor (ECGF) (Sigma), 0.05 mg/mL bovine 
pituitary extract (BPE) (Gibco), 500 ng/mL hydrocortisone (Sigma), 
0.0005 mg/mL bovine insulin (Gibco) and antibiotics (100 U/mL 
penicillin, 100 µg/mL streptomycin) (Sigma, St Louis, MO, USA) at 
37oC in a humidified atmosphere with 5% CO2.

Incubation of cells with 
Euphrasiae officinalis L. extracts

For the purpose of the current experiments, the total number of 
cells was estimated by counting in a hemocytometer. A dose of 100 
µL of cell suspension (1x105 cells/mL) was added to the appropriate 

wells of 96-well flat-bottomed microtiter plates (MTT and NR meth-
ods). After 24 h of incubation, the medium was discarded and new 
medium was added, with appropriate concentrations of extracts. As 
controls, cells cultured in 100 µL of medium were used, with the total 
cell number equivalent to these in the sample wells. A blank control 
consisted only of culture medium. The incubation was performed for 
a further 24 h, with the cytotoxicity and anti-proliferative activity 
of extracts estimated by spectrophotometric methods (MTT and NR 
assays).

Neutral Red (NR) uptake assay 
The NR cytotoxicity assay is based on the uptake and lysosomal 

accumulation of the supravital dye, Neutral Red. Dead or damaged 
cells do not take up the dye (12). Cells were grown in 96-well multi-
plates in 100 µL of culture medium (K-SFM) with supplements and 
various concentrations of E. officinalis L. extracts (25-125 µg/mL). 
Subsequently, the medium was discarded and 0.4% NR (Sigma) solu-
tion medium was added to each well. The plate was incubated for 3 h 
at 37oC in a humidified 5% CO2/95% air incubator. After incubation, 
the dye-containing medium was removed, cells were fixed with 1% 
CaCl2 in 4% paraformaldehyde, and thereafter the incorporated dye 
was solubilized using 1% acetic acetate in a 50% ethanol solution 
(100 µL). The plates were gently shaken for 20 min at room tempera-
ture and the extracted dye absorbance was measured spectrophoto-
metrically at 540 nm.

MTT assay
MTT test is based on the conversion of a yellow tetrazolium salt 

by viable cells to purple crystals of formazan. The reaction is cata-
lyzed by mitochondrial succinyl dehydrogenase. Cell sensitivity to E. 
officinalis L. extracts was determined in a standard spectrophotomet-
ric 3-(4.5-dimethylthiazole-2-yl)-2.5-diphenyltetrazolium bromide 
(MTT) assay. Cells grown in 96-well multiplates in 100 µL of culture 
medium were incubated for 3 h with MTT solution (5 mg/mL, 25 µl/
well) (Sigma). The yellow tetrazolium salt was metabolized by via-
ble cells into purple formazan crystals. The crystals were solubilized 
overnight in a 10% sodium dodecyl sulfate (SDS) in 0.01M HCl. The 
product was quantified spectrophotometrically by absorbance mea-
surements at 570 nm using an E-max Microplate Reader (Molecular 
Devices Corporation; Menlo Park, CA, USA).

	
DPPH• free radical scavenging test

The free radical scavenging activity of extracts was measured 
by the 1.1-diphenyl-2-picrylhydrazyl (DPPH•) assay. This method is 
based on the ability of antioxidants to reduce the stable dark vio-
let radical DPPH• (Sigma) to the yellow diphenyl-picrylhydrazine. 
Briefly, 100 μL of DPPH• solution (0.2 mg/mL in ethanol) was added 
to 100 μL of extract concentrations (25-125 μg/mL) and standards. 
Trolox (Sigma) at increasing concentrations (1-50 μg/mL) was used 
as a reference for the free radical scavenging activity. After 20 min 
of incubation at room temperature, the absorbance of the solution 
was measured at 515 nm. A lower absorbance indicates greater free  
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radical scavenging activity of the extracts. The activity of each ex-
tract was determined by comparing its absorbance with that of a 
blank solution (reagents without extract) and standard. 

The capability to scavenge DPPH• radical was calculated by the 
following formula:

DPPH• scavenging effect (%)= [(Xcontrol - Xextract/Xcontrol) x 100]
Where Xcontrol is the absorbance of the control and Xextract is the 

absorbance in the presence of extracts (13).

Ferric-reducing antioxidant power assay
Each extract concentration was dissolved in Milli-Q water, 

mixed with an equal volume of 0.2 M sodium phosphate buffer (pH 
6.6) and 1% potassium ferricyanide. The mixture was incubated for 
30 min at 37oC. Then, 10% trichloroacetic acid (w/v) was added and 
the mixture was centrifuged at 1000 g for 5 min. 1 mL of the upper 
layer was mixed with an equal volume of Milli-Q water and 0.1% 
ferric chloride. The absorbance was measured at 700 nm using an 
E-max Microplate Reader (Molecular Devices Corporation, Menlo 
Park, CA, USA). Ascorbic acid was used as the positive control.

Nitric oxide (NO) measurement
Nitrate, a stable end product of NO, was determined in culture 

supernatants by a spectrophotometric method based on the Griess 
reaction. Briefly, 100 µL of supernatant was placed in 96-well flat-
bottomed plates in triplicate and incubated with 100 µL of Griess 
reagent (1% sulfanilamide/0.1% N-(1-naphthyl) ethylenediamine 
dihydrochloride) (Sigma) in 3% H3PO4 (POCH Gliwice, Poland) at 
room temperature for 10 min. The optical density was measured at 
550 nm using a microplate reader (Molecular Devices Corp., Emax, 
Menlo Park, CA, USA). A standard curve was achieved using 0.5-25 
µM sodium nitrite (NaNO2) for calibration.

ELISA assay
The levels of human IL-1β, IL-6, TNF-α and IL-10 were tested 

immunoenzymatically (ELISA) using commercially available kits 
(Diaclone, Besancon Cedex, France) according to the manufacturer’s 
instructions. The optical density at 450 nm with a correction wave-
length of 570 nm was determined for each ELISA sample using a 
microplate reader. The IL-1β, IL-6, TNF-α and IL-10 concentrations 
were calculated on the basis of a standard curve. The detection limits 
were 7 pg/mL (IL-1β), 2 pg/mL (IL-6), 8 pg/mL (TNF-α) and 5 pg/
mL (IL-10).

Labeling cytoskeleton F-actin
Cells were incubated in 4-well Lab-Tek chamber slides (Nunc. 

Roskilde, Denmark) filled with 1 ml of culture medium supple-
mented with plant extracts. After incubation, cells were rinsed with 
K-SFM medium and exposed to paraformaldehyde (10%, v/v) solu-
tion for 20 min, rinsed three times in PBS, exposed to Triton X-100 
(0.2%, v/v) (Sigma) solution for 5 min and rinsed three times with 
PBS. 0.5 mL PBS containing tetramethyl-rhodamine-isothiocyanate-
phalloidin (TRITC-phalloidin, 1 µg/mL) (Sigma) was added to each 

well and incubated in the dark at 370C/5% CO2 for 30 min. Cell ob-
servation was conducted under a fluorescent microscope (Olympus, 
BX51, Tokyo, Japan). Quantitative analysis of fluorescent images 
was performed using an AnalySIS imaging software system.

Statistical analysis
The biological experiments were repeated three times. The data 

were analyzed using one-way ANOVA followed by Dunnett’s mul-
tiple comparison post-hoc test. Only results with a significance of 
p≤0.05 were considered significant.

RESULTS

The toxicity, anti-proliferative and reactive oxygen species 
(ROS) scavenging activity, but also pro-inflammatory (IL-1β, 
IL-6 and TNF-α) and anti-inflammatory (IL-10) cytokine pro-
duction in human normal corneal (10.014 pRSV-T) cells were 
analyzed after incubation with the ethanol, ethyl acetate and 
heptane extracts of E. officinalis L.. Moreover, the level of 
nitric oxide (NO) released by corneal cells during incubation 
with eyebright extracts was tested.

Toxicity (NR test) and anti-proliferative activity 
(MTT test) of E. officinalis L. extracts

The viability of 10.014 pRSV-T cells after 24 h of incuba-
tion with the plant extracts was estimated using NR uptake or 
MTT assays. The NR test showed no toxicity of ethanol and a 
limited (viability above 80% at 125 µg/mL) effect of the ethyl 
acetate extract on corneal cells. The heptane extract began to 
be toxic at concentrations exceeding 90 µg/mL. Cell viability, 
based on lysosomal accumulation of the NR dye, was less than 
80% (Figure 1a).

The results were confirmed by the succinyl dehydrogenase 
activity (MTT) test. No anti-proliferative activity of either 
the ethanol or ethyl acetate extracts on cells was observed. 
The heptane extract at concentrations greater than 25 µg/mL 
systematically reduced 10.014 pRSV-T cell mitochondrial 
metabolism and, as a consequence, proliferation and viability 
decreased to about 40% at concentrations greater than 75 µg/
mL (Figure 1b). The IC50 value, indicating the concentration of 
eyebright heptane extract that inhibited the viability of corneal 
cells by 50%, was 72.77 µg/mL. 

Free radical scavenging activity of 
the extracts (DPPH test)

The reactive oxygen species (ROS) reducing action of 
Euphrasia extracts is presented in Table 1. The experiments 
were performed using the DPPH test. The methanol extract 
showed the highest scavenging activity. The effect was extract 
concentration-dependent with the highest effect observed at 
the maximum dose used (125 µg/mL), and was 65.9% higher 
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than the control value. The IC50 value was 99.68 µg/mL. When 
compared to the Trolox standard activity, it was the equivalent 
of 24.2 µg/mL of the synthetic vitamin concentration. The re-
duction results were lower by almost half for the ethyl acetate 
extracts. The heptane extract did not show DPPH. reduction 
activity.

Ferric-reducing antioxidant power assay
The reduction results are presented in Table 2, and confirm 

the reductive activity of E. officinalis L. extracts, as was shown 
in DPPH test. Relationships among the analyzed parameters 
were also similar. The methanol extract showed the highest ac-
tivity. At the highest concentration (125 µg/mL), the reduction 
was 293.8% higher than the control value. When compared 
to ascorbic acid which was used as a positive control, it was 
equivalent to 57.3 µg/mL of this vitamin concentration. The 
activity of the ethyl acetate extract was slightly lower. Howev-
er, the heptane extract, in contrast to the results obtained in the 
DPPH test, showed reductive activity but at a very low level. 
At the highest extract concentration (125 µg/mL), the reduc-
tion value was 14.5% higher compared to the control.

Nitric oxide (NO) production
In this test, we measured NO end-products (NO2 and NO3), 

termed NOx. The control level was 0.973 µM. Two concentra-
tions of extracts were used: 8 µg/mL and 20 µg/mL. We found 
that the lower ethanol extract concentration reduced the NOx 
level to a greater extent than the higher one. However, all re-
sults were lower than the radical level obtained in the control. 
Inversely, a higher concentration of the ethyl acetate and hep-
tane extracts led to stronger NOx reducing activity. Interest-
ingly, 8 µg/mL of the ethyl acetate extract induced NOx pro-
duction above the control level, but 20 µg/mL of the extract 
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FIG. 1. a, b. The effect of 24 h treatment of 10.014 pRSV-T with methanol, ethyl acetate and heptane extracts of E. officinalis L. The Neutral Red 
assay (NR) (a) and MTT assay (b). The results are presented as a percentage of the control, arbitrarily set to 100%. The figure shows an average 
of three independent experiments

a b

	  	 	 Reduction value,
	  	 % reduction as	 which correspond
	 Extract	 compared	 to the following
	 concentration	 to control	 Trolox concentration
Extract	 (μg/mL)	 (0% reduction)	 (μg/mL)

Ethanol	 25	 5.76±0.27	 1.898
	 75	 34.54±0.6	 12.55
	 125	 65.86±0.54	 24.18
Ethyl acetate	 25	 4.28±0.27	 1.336
	 75	 20.41±0.74	 7.334
	 125	 39.09±0.47	 14.24
Heptane	 25	 0	 0
	 75	 0	 0
	 125	 0	 0

TABLE 1. DPPH free radical scavenging activity (%). The % of reduced 
DPPH radicals by Euphrasia officinalis L. extracts is compared 

to the control (0% reduction)

	  	 % reduction	 Reduction value,
	  	 (Fe3+→Fe2+)	 which correspond
	 Extract	 as compared	 to the following
	 concentration	 to control	 ascorbic acid
Extract	 (μg/mL)	 (0% reduction)	 concentration (μg/mL)

Ethanol	 25	 56.18±0.54	 10.95
	 75	 173.66±1.86	 33.86
	 125	 293.82±3.55	 57.29
Ethyl acetate	 25	 46.77±0.62	 9.12
	 75	 125.27±1.39	 24.42
	 125	 213.71±1.61	 41.67
Heptane	 25	 4.57±0.54	 0.89
	 75	 10.48±1.03	 2.04
	 125	 14.52±1.39	 2.83

TABLE 2. Ferric-reducing antioxidant power assay. The % of reduced 
ferric ions by Euphrasia officinalis L. extracts is compared 

to the control (0% reduction)



decreased the NOx level to below the control value. Similarly, 
heptane extract application in the cell culture medium led to 
a reduction in the NOx level below the control at both extract 
concentrations (Figure 2).

ELISA tests
Pro-inflammatory cytokine levels

IL-1β
Non-treated 10.014 pRSV-T cells released 18.81 pg/mL 

IL-1β, which was taken as the control level. After Euphra-
sia extract application, a decrease in the cytokine level was 
observed. However, the higher the concentration of ethanol 
extract, the lesser the decrease in the IL-1β level. On the other 
hand, higher concentrations of the ethyl acetate and heptane 
extracts resulted in lower IL-1β production by 10.014 pRSV-T 
cells (Figure 3a). 

IL-6
The control level of IL-6 produced by the analyzed corneal 

cells was 17.06 pg/mL. After eyebright extract application to 
the culture medium, we observed decreased production of IL-
6, which was extract concentration-dependent (Figure 3b).

TNF-α
The control level of TNF-α in 10.014 pRSV-T cells me-

dium was found to be 17.46 pg/mL after 24 h of culture.  
Euphrasia extract addition to the 10.014 pRSV-T cells culture 
led to the inhibition of TNF-α production by these cells. The 
exception was 8 µg/mL of the heptane extract, which in this 
case induced TNF-α production to a level of 24.98 pg/mL 
(Figure 3c). 

Anti-inflammatory cytokine levels

IL-10
Non-treated corneal cells produced 5.142 pg/mL of IL-10. 

The higher ethanol extract concentration (20 µg/mL) led to 
greater IL-10 production, while higher concentrations of the 
ethyl acetate and heptane extracts decreased IL-10 levels. 
Moreover, 20 µg/mL of the ethanol extract induced IL-10 pro-
duction over the control level (Figure 3d).

Cytoskeleton F-actin filament organization
F-actin filaments were analyzed using TRITC-phalloidin 

fluorescent staining method after 24 h of incubation of 10.014 
pRSV-T cells with 20 µg/mL of the Euphrasia extracts. The 
control cells are shown in Figure 4. After incubation of the 
cells with the ethanol, ethyl acetate and heptane extracts of E. 
officinalis L., there were no cytoskeleton changes when com-
pared to the control.

DISCUSSION

Cornea and of conjunctiva external surfaces are formed by 
specialized epithelium which, however, come from different 
precursor cells. Both epithelia are of the scaly, non-keratinized 
type formed from adherent layers of cells that continually re-
new and regenerate themselves (14). The eye surface is nat-
urally exposed to various organic and inorganic substances, 
which may lead to toxic injury of this organ. The corneal epi-
thelial layer, a barrier separating deeper parts of the eye from 
the external environment, is most important and sensitive. 
The cornea is covered by a squamous epithelium possessing 
intense regenerative potential, thus enabling fast restoration 
of the damaged eye surface. Corneal cells are the most exter-
nal part of the eye and are therefore liable to suffer an injury, 
and so are very useful in toxicological diagnosis in vitro (15). 
Currently, due to ease to access, ease of culture and repeat-
able results, cell lines rather than primary cells isolated from 
the whole organ are most often used to this end. In the past, 
introducing new substances for therapy of the eye required 
that these substances should be tested for toxicity against the 
corneal layer. Currently, it is accepted that herbal preparations 
used in traditional ocular medicine may act beneficially and 
exert limited side effects (16, 17). One of the most widely 
used but not completely characterized herbs is Euphrasia of-
ficinalis L. It is used externally in the treatment of conjunc-
tivitis or palpebral margin inflammation (5, 17). Moreover, 
water extracts of Herba Euphrasie show anti-inflammatory, 
antimicrobial, or immunomodulatory effects (5). These fea-
tures are associated with the presence of many biologically 
active substances in this herb. It was revealed that the active 
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FIG. 2. Nitric oxide (NO) secretion in culture of 10.014 pRSV-T hu-
man normal corneal cells during 24 h of incubation with the methanol, 
ethyl acetate and heptane extracts of E. officinalis L. Two concent-
rations of the extracts were used: 8 μg/mL and 20 μg/mL. Analysis 
was performed using the Griess method. Columns and bars show the 
mean±standard deviation (n=3). *p≤0.01 - culture of corneal cells tre-
ated with plant extracts compared to the non-treated culture control



substances of the Euphrasia herb include iridoglicozoids (au-
cubin), tannins, phenolic acids, etheric oils, resin substances 
and flavonoids (2, 5, 18, 19). 

In the present study, we show that the ethanol and ethyl ac-
etate extracts of E. officinalis L. are not toxic to human corneal 
cells even at a concentration of 125 µg/mL. However, mixtures 
of fractions obtained after heptane extraction were toxic to 
cells when the concentration exceeded 75 µg/mL, while cel-
lular mitochondrial metabolism was significantly limited at a 
concentration of only 25 µg/ml. These results suggest that the 
solvent used during extraction is very important, and fractions 
of Herba Euphrasie obtained using non-polar solvents may ex-
ert undesirable effects on the eyes. The present results are in 
agreement with the thesis of Ríos and Recio (7), who showed 
that the antimicrobial and medicinal activity of plant extracts 
is most interesting at concentrations lower than 100 µg/mL. 

The ethanol and ethyl acetate extracts had strong free radi-
cal scavenging activity, while the heptane extract did not show 
any essential reducing effects. The result with the latter may 
be due to differences in polarity of the working medium (po-
lar) and non-polar extracts. As a consequence, interactions of 
DPPH radicals with extract scavenger molecules may have 
been hampered. Therefore, Fe reduction tests were also per-

formed, which confirmed the results of the DPPH test, show-
ing very low activity of the heptane extract. Extracts obtained 
using a polar solvent (ethanol) increased corneal cell NOx 
production, while the inverse, i.e. extracts obtained with ethyl 
acetate and heptane, decreased the NOx level. These effects 
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FIG. 3. a-d. IL-1β (a), IL-6 (b), TNF-α (c) and IL-10 (d) secretion as assessed by ELISA in the culture of 10.014 pRSV-T human normal corneal 
cells after 24 h of incubation with the methanol, ethyl acetate and heptane extracts of E. officinalis L. Two concentrations of the extracts were 
used: 8 μg/mL and 20 μg/mL. *p≤0.01 - culture of corneal cells treated with plant extracts compared to the non-treated culture control

a

c

b

d

FIG. 4. Cytoskeleton organization and reciprocal, direct interactions 
among human normal corneal cells (10.014 pRSV-T). Control sample. 
Fluorescent staining of cells using TRITC-phalloidin dye. Magnification 
400x. Bar 50 μm



were extract concentration-dependent. The results may sug-
gest that the toxicity caused by free radicals can be reduced 
using eyebright extracts. Extract concentration-dependent 
changes in the NOx level were also significant. Therefore, 
at low NOx concentrations, important positive roles in the 
maintenance of eye surface health may be observed. This may 
be a beneficial effect in some chronic eye diseases such as 
dry eye or ocular allergies. These diseases have been dem-
onstrated to cause inflammatory reactions, further damaging 
the corneal epithelium (20-22). NO is a free radical at high 
concentrations, and prolonged exposure exerts inhibitory ac-
tivity on several enzymes and cell structures, i.e. NO becomes 
cytotoxic or cytostatic. It should be also mentioned that the 
important relationship between ROS and NO is an oxidative 
reaction forming more active intermediates (RNOS) such as 
peroxynitrates. These are capable of toxic nitrosylation and/or 
nitration of some amino acid residues of proteins (23). Thus, 
prolonged exposure of cells to substances upsetting the equi-
librium between ROS and NO levels may be detrimental. As 
a consequence, it would not be enough to analyze the anti-
oxidant activity of herbs on typical reactive oxygen species 
like superoxide (O2

-.), alkoxyl (RO.), hydroxyl (OH.) or per-
oxyl (ROO.), but an important radical like NO should also be 
evaluated (24). 

In our experiments, the ethanol (at low concentrations) 
and ethyl acetate extracts were the most useful E. officinalis 
L. extracts for supplemental clinical ocular medicine due to 
their effects on the free radical balance. It has been shown that 
many substances and extracts from botanical sources and me-
dicinal herbs exert an influence on the NO signaling pathway. 
Among them are saponin, polyphenols, procyanidins, oleic 
acids, flavonoids, alkaloids and tannins (23, 25). A substantial 
body of evidence supports the view that various herb-derived 
substances exert significant anti-inflammatory effects. There-
fore, they may be potentially used in therapeutic supplementa-
tion, e.g. in ocular inflammation (2, 5). It has been shown that 
flavonoids and polyphenols possess an inflammation reduc-
ing effect. Their anti-inflammatory properties are manifested 
mainly through the modulation of the cytokine network. Cy-
tokines are a group of multifunctional substances involved in 
immunological processes. One of the classifications distin-
guishes pro- and anti-inflammatory cytokines; IL-1β, IL-6 or 
TNF-α represent the former group while e.g. IL-10 the latter 
(18). In our experiments, we show that E. officinalis L. ex-
tract application to 10.014 pRSV-T cells generally decreased 
pro-inflammatory cytokine levels. Inhibition of inflamma-
tion should be considered to be a positive therapeutic effect, 
considering the fact that prolonged inflammation is the result 
of many pathologies. In this context, anti-inflammatory IL-
10 is also very important. We show, however, that eyebright 
extracts also simultaneously decreased anti-inflammatory cy-
tokine production. It has to be considered that cytokines in 

their biological network may mutually modulate their pro-
duction. Therefore, it was important to analyze both pro- and 
anti-inflammatory cytokines. On the basis of our study, we 
may conclude that either both groups of cytokines recipro-
cally modulate their own production or plant extracts gener-
ally decrease cytokine genes expression. Moreover, it should 
be mentioned that, in our study, the IL-10 level was mostly 
connected with IL-1β production. This effect should be exam-
ined as mutual balance maintenance. Generally, E. officinalis 
L. extracts did not induce an inflammatory state, measured by 
pro-inflammatory cytokine levels, in human corneal cell cul-
ture. Therefore, we can assume that the cytokines released by 
corneal cells treated with E. officinalis L. extracts in our tests 
exert immunomodulatory activity rather than typical anti- or 
pro-inflammatory properties. 

In conclusion, we suggest that performing a comprehen-
sive analysis of plant extract activity on cultured cells should 
be completed in least three steps, i.e. toxicity analyses, reac-
tive oxygen species scavenging effects and the influence on 
the cytokine network (immunomodulation). Considering these 
points, we show that the ethanol and ethyl acetate extracts of 
E. officinalis L. can be satisfactorily used as a supplemen-
tal therapy in human corneal disorders. The heptane extract 
should not be recommended. Generally, one should strive to 
standardize herbal medicines which are used in ocular ailment 
therapies, mainly through decreasing their toxic side effects 
and demonstrating their safety for patients. 
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