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Abstract 
Several bioactive compounds from plants like Chelidonium majus, Equisetum arvense and 

Hypericum perforatum are well known for their potential benefic effects on human and animal health. 
However, few data on the effect of these plants on various ocular diseases, such as age-related macular 
degeneration (AMD), cataracts, glaucoma have been reported. The purpose of this study was to 
investigate the content of several bioactive compounds (lutein and zeaxanthin, vitamin E and zinc) from 
twelve medicinal plants, known for their antioxidant activity. Four of these herbs are known for their 
pharmacological effects in inflammatory eye disorders, and the rest of them are plants with yellow 
flowers recommended in treatments of other diseases like cardiovascular, liver, skin, nervous disorders.  

The plants characterization regarding the lutein and zeaxanthin content was performed by 
developing and validating a HPLC method. The processing of the results was done using the Multi-
Criteria Decision Analysis (MDCA) in order to make choices taking into account multiple criteria 
simultaneously. The results of the study showed that Calendula officinalis, Chelidonium majus, 
Equisetum arvense and Hypericum perforatum were the plants with the four highest total ranking 
scores, the last three of them not being used in treating eye disorders. Calendula officinalis had 5.239 ± 
0.19 mg/100 g lutein and zeaxanthin, 168.68 ± 5.06 μg/mL vitamin E and 32.13 ± 0.73 μg/mL Zn. 

These results provide scientific support for using these plants in the treatment of eye disorders. 
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1. Introduction 
Herbal medicine has long been used in traditional Chinese healing systems and its 

associated pharmacology and pharmaceutical products are updated frequently [1]. In Europe, 
more than 12 Western countries have established or revised their regulation on herbal medicines 
in accordance with the WHO Guidelines for Assessment of Herbal Medicines [2]. Herbs are a 
rich source of bioactive phytochemicals such as carotenoids, vitamins and minerals, which are 
known to exert various positive biological effects [3]. However, few data on the effect on 
various ocular diseases such as age-related macular degeneration (AMD), cataracts, glaucoma 
of some herbs have been reported. Glaucoma, cataracts, and age-related macular degeneration 
are ocular diseases that disproportionately affect persons over the age of 60 years worldwide 
and are recognized as the three leading causes of blindness for this population group. There is 
clinical evidence for potential benefits in age-related macular degeneration from lutein and 
zeaxanthin, vitamin E and zinc [4]. Vitamin E protects the lens against ultraviolet B light 
(UVB)-induced cataract, as an antioxidant and/or indirectly through increased levels of 
glutathione (GSH) [5]. The highest concentration of zinc in the human body is measured in the 
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eye, particularly in the pigment-containing components. Patented methods have been published 
regarding the using of zinc dietary supplement to improve ocular health [6].  

Lutein and zeaxanthin are members of the xanthophyll family of carotenoids, being plant 
pigments that selectively accumulate in the macula of the retina of the eye, where they are 
thought to protect against the development of age-related macular degeneration [7]. Lutein and 
zeaxanthin are found in yellow and orange fruit and vegetables as well as green leafy vegetables 
[8], the content being often masked by the green pigment chlorophyll [9]. They furnish flowers 
and fruits with distinct colors (e.g., yellow, orange) that attract pollinators and seed dispersers. 

The purpose of this study was to investigate the content of several bioactive compounds 
(lutein and zeaxanthin, vitamin E and zinc) from twelve medicinal plants, known for their 
antioxidant activity: Chelidonium majus (greater celandine), Equisetum arvense (field 
horsetail), Calendula officinalis (pot marigold), Hypericum perforatum (St John’s wort), 
Euphrasia rostkoviana (eyebright), Primulla officinalis (cowslip), Solidago virgaurea 
(European goldenrod), Arnica montana (arnica), Matricaria chamomilla (chamomile), 
Centaurea cyanus (blue cornflower), Robinia pseudoacacia (black locust) and Galium verum 
(lady's bedstraw). Four of these herbs are known for their pharmacological effects in eye 
disorders (pot marigold, eyebright, chamomile and blue cornflower), and the rest of them 
(greater celandine, field horsetail, St John’s wort, cowslip, European goldenrod, arnica, black 
locust and lady's bedstraw) are plants with yellow flowers recommended in treatments of 
other diseases like cardiovascular disorders, liver and skin diseases, nervous disorders, and 
others. Their uses in phytotherapies are presented in Table 1.  

 
Table 1. The analyzed medicinal plants and their uses for ocular and other types of diseases 

Sr. 
no. 

Scientific name/ 
Common name 

Family Part used 
in the 
paper 

Uses in different diseases Reference
s 

1. Calendula officinalis 
L./ pot marigold 

Asteraceae flowers skin tumors, conjunctivitis, ulcers, 
swellings and nervous disorders 

[10] 

2. Euphrasia 
rostkoviana/ 
eyebright 

Scrophulariaceae aerial part eye disorders [11] 

3. Matricaria 
chamomilla L./ 
chamomile 

Asteraceae flowers muscle spasms, insomnia, ulcers, 
wounds, eye disorders 

[12] 

4. Centaurea cyanus L./ 
blue cornflower 

Asteraceae flowers eye ailments and skin cleansing [13] 

5. Solidago virgaurea/ 
European goldenrod 

Asteraceae aerial part urinary tract diseases [14] 

6. Hypericum 
perforatum / St 
John’s wort 

Hypericaceae flowers depressive syndromes [15] 

7. Arnica montana L./ 
arnica 

Asteraceae flowers healing wounds [16] 

8. Primulla officinalis/ 
cowslip 

Primulaceae flowers cough, rhinitis, pneumonia, 
catarrh, migraines, asthma, 
external bleeding wounds 

[17] 

9. Chelidonium majus 
L./ greater celandine 

Papaveraceae aerial part liver diseases and jaundice; anodyne for 
various paints 

[18] 

10. Equisetum arvense/ 
field horsetail 

Equisetaceae aerial part kidney and bladder  
disturbances 
 

[19] 

11. Robinia 
pseudoacacia/ black 
locust 

Leguminosae flowers insomnia,  
depressions 

[20] 

12. Galium verum/ lady's 
bedstraw 

Rubiaceae aerial part nervousness, skin tratement, 
cardiovascular diseases, liver disorsers 

[21] 
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The plants characterization regarding the lutein and zeaxanthin content was done by 
developing and validating a HPLC method and the results interpretation was performed using 
the Multi-Criteria Decision Analysis. Several methods have been proposed to determine the 
lutein and zeaxanthin content in different vegetables matrices: resonance Raman (RR) 
spectroscopy, NIRS. The HPLC technique has been shown to be the most efficient for routine 
analysis of carotenoids in complex mixtures, and is the method of choice in most laboratories.  

 
2. Material and methods 

Plants samples 
The plants were harvested and conditioned by companies specialized in producing herbal 

products, and are marketed in Romania (Stef Mar SRL, Dorel Plant). Different parts of the 
plants are used (aerial part or flowers), depending on their efficiency in diseases treatment. 

Chemical and reagents 
Standards: all-trans lutein standard minimum purity ≥ 90 % (AppliChem, Germany), α-

tocopherol minimum purity ≥ 95 % (Sigma-Aldrich, Germany), zinc standard for AAS purity 
≥ 99.9 % (Sigma-Aldrich, Germany). 

Reagents: all chemicals and reagents were analytical reagents or HPLC grade and were 
purchased from Sigma-Aldrich (Germany). 

Standard solutions 
A stock standard solution of 1 mg/mL of all-trans lutein was prepared in acetone. 

Working standard solutions were prepared by diluting the primary standard solution with 
acetone to make concentrations ranging from 10 to 50 µg/mL. These solutions were stored at 
-20 0C and were protected from light. 

For vitamin E assay, a stock standard solution of 500 μg/mL of α-tocopherol was 
prepared in methanol and used for preparing the working standard solutions with 
concentrations ranging from 5 to 200 µg/mL. All the solutions were kept at 4 0C and were 
protected from light. 

Stock solutions traceable to SRM from NIST for zinc determination was Zn(NO3)2 prepared 
in HNO3 0.5 mol/L and contain 1000 mg/L. For calibration of the atomic absorption spectrometer, 
working standard solutions were prepared with concentrations ranging from 0.2 to 1 µg/mL. 

Lutein and zeaxanthin determination  
The content of lutein and zeaxanthin in the medicinal plants was analyzed according to a 

modified method of G.J. HANDELMAN & al. [22] following the described steps below: 
Saponification: to ensure the complete breaking of chloroplasts and chromoplasts in 

which lutein is contained, the samples were hydrolysed with ethanolic potassium hydroxide 
solution. After weighting a 2 g sample into a 300 mL conical flask, 130 mL ethanol, 100 mg 
BHT, 2 mL sodium ascorbate solution, 50 mg EDTA and 25 mL potassium hydroxide 
solution 50 % were added. The conical flask was immersed in a water bath with a condenser 
and boiled for 30 minutes at 80 0C. 

Extraction: the saponification solution was quantitatively transferred by rinsing with a 
total volume of 250 mL water to a 1000 mL separating funnel. The saponification flask was 
rinsed with 25 mL ethanol and 100 mL petroleum ether and transferred to the separating 
funnel. The extraction was repeated 4 times. The combined extracts were washed with 100 
mL water until the water remains colorless, in order to remove the alkaline traces. The 
washed extract was then passed through a filter with anhydrous sodium sulfate to remove any 
suspended water, and evaporated under vacuum until dry. The residue was dissolved in 10 
mL ethanol and injected for HPLC analysis. 
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HPLC analysis: lutein and zeaxanthin were analyzed using a liquid chromatograph 
(Perkin Elmer 200 series) with a UV detector (445 nm). A stationary phase of 5 µm C18 
reversed-phase column (250 × 4.60 mm i.d.) (Nucleodur, Macherey-Nagel, Germany) was 
used. Chromatographic analysis was carried out in isocratic conditions at a flow rate of 1.0 
mL/min, and a mobile phase of 13 % water and 87 % acetone was used. 

Lutein and zeaxanthin method validation 
The method was validated with respect to the parameters: linearity, accuracy, precision, 

detection and quantification limits and recovery, according to the international regulations 
[23, 24]. The linearity, working domain and sensitivity of the determination method have 
been evaluated using five standard solutions with concentrations between 10 - 50 μg/mL for 
lutein. In order to check the method accuracy, 10 standard samples with concentration of 30 
μg/mL lutein, were prepared from standard stock solutions. The precision of the method 
expressed as repeatability (intraday assay) was determined using two series of five standard 
solutions each, with concentrations of 10 μg/mL and 30 μg/mL respectively, by a single 
analyst, at short time intervals, using the same equipment and the same working technique. 
The precision of the method expressed as reproducibility (interdays assay) was determined 
using ten standard solutions with lutein concentration of 10 μg/mL. The determinations were 
performed on five different days by two analysts, using different glassware, different reagents 
and the same working technique. The detection limit (LOD) and quantification limit (LOQ) 
have been determined experimentally using series of five solutions, by diluting the standard 
solutions having the lowest concentration used to plot the calibration curves, 10 times (the 
lowest standard being 10 μg/mL). The recovery was evaluated using five standard samples 
with 10μg/mL lutein and another five standard samples to which 10 μg/mL lutein were added.  

Zinc determination 
The plant samples were analyzed for zinc concentrations using a flame atomic absorption 

spectrometer (Thermo Electron, USA) after the microwave digestion (MWS-2 Comfort, 
BERGHOF, Eningen, Germany), as described by A.E. UNTEA & al. [25]. 

Vitamin E determination 
Vitamin E assay was performed according to the method described in EC Regulation no 

152/2009, using reversed phase high performance liquid chromatography (RP-HPLC) and a 
PDA-UV detector (Thermo Electron, USA) at wavelength 292 nm. 

Multi-criteria analysis 
All compounds determinations were performed in triplicate.  Analysis of variance 

(ANOVA) and Fisher's least square difference (LSD) tests were applied to compare means at 
5% significance level using the statistical data analysis software StatView for Windows [26]. 
Results were expressed as the mean of replications ± SD for all measurements. 

The comparative evaluation of the compounds concentation was performed by using 
Multi-Criteria Decision Analysis (MCDA). The standard feature of every multi-criteria 
analysis is the performance matrix. In a performance matrix, each row describes an option and 
each column describes the performance of the options against each criterion. The criteria are 
the measures of performance by which the options will be judged. The following steps were 
taken, as described by E.K. ZAVADSKAS & al. [27]:  

- Scoring: The concentrations of the determined compounds were considered the criteria 
of the performance matrix. In order to compare these concentrations and to avoid the 
difficulties caused by their different dimensions, a vector normalization of the criteria values 
was used, according to the formula 1, where aij is the compound concentration, and  rij is the 
normalized value, i=1, 2,..., m; j=1, 2,..., n. 
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The method evaluates the decision matrix, which refers to n options that are evaluated in 
terms of m criteria. The member ij denotes the performance measure of the jth options in 
terms of the ith criterion. 

- Weighting: The linear additive model was used, which shows how an option's values 
on the many criteria can be combined into one overall value. This was done through 
multiplication of the value score on each criteria by the weight of that criteria, and then 
adding all those weighted scores together. This method assign weights for each criteria, using 
a scale between 0 and 100. 

- Ranking: the normalized scores rij for each criteria were multiplied with the associated 
weight Wj and summed, according to the formula: 

ji
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              (2) 

The options hierarchy was assesed depending on the total factor obtained for each plant. 
 

3. Results and discussion 
Nowadays, there is an increased interest to identify plants with high antioxidant content, 

that are pharmacologically potent and have low or no side effects for use in preventive 
medicine and food industry. The therapeutic activity of a medicinal plant is closely related to 
the plant chemicals in it. Age-Related Eye Diseases represents a group of disorders which 
commonly cause impaired vision but the presence of antioxidant compounds (such as lutein 
and zeaxantin, vitamin E and zinc) in diet, can delay or prevent certain eye problems.   

Several methods have been proposed to determine the lutein and zeaxanthin content in 
different vegetables matrices: resonance Raman (RR) spectroscopy [28], NIRS [29]. The 
HPLC technique has been shown to be the most efficient for routine analysis of carotenoids in 
complex mixtures, and is the method of choice in most laboratories [30]. 

Lutein and zeaxanthin method validation 
In order to analyze the lutein and zeaxanthin content of the twelve medicinal plants, the 

proposed HPLC method has been validated.  
Linearity was determined for lutein in the range of 10 - 50 μg/mL. The correlation 

coefficient (R2) value was 0.999. The regression equation for the calibration curve was found 
to be y= 0.190x – 0.117. 

The required performance criterion for accuracy is the bias in interval of -2 – 2%. For 10 
repeated determinations, P ≤ 0.05 and 9 degree of freedom, the theoretical value of t is 2.26 
[25]. The calculated (Student’s t test, StatView) t values (-2.14), was smaller than the 
theoretical one. The data belongs to the same population of values as the reference value, so 
the method can be considered validated for the accuracy parameter. The values obtained for 
RSD were between 0.86 – 4.65 %. For a concentration of 1 μg/mL, the maximum accepted 
RSD value is 10.72%, according to Horwitz equation [25]. 

The LOD and LOQ values were found to be 0.068 and 0.082 μg/mL and 0.15 and were 
comparable with the values reported by other authors for lutein [31, 32]. The value registered 
for recovery was 91.39 %. The results obtained from the evaluated parameters were in the 
range of the performance criteria required and this provided the validation of all the steps in 
the lutein analysis. 
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Bioactive compounds with antioxidant function of selected medicinal plants 
In terms of lutein and zeaxanthin concentrations, the highest content was found in 

Chelidonium majus and Equisetum arvense, but Calendula officinalis, Euphrasia rostkoviana 
and Hypericum perforatum can be also considered as important xanthophyll’s sources (Table 
2). Lutein and zeaxanthin are yellow pigments which furnish flowers with this distinct color, 
but can be also present in the green parts of the plans where the content is often masked by 
the green pigment chlorophyll. For Calendula officinalis and Hypericum perforatum, the 
flowers can be considered as plant components with therapeutic potential due to high 
concentrations of lutein. In Romanian traditional medicine, the aerial parts of Chelidonium 
majus, Equisetum arvense and Euphrasia rostkoviana are used in various disorders support. 
From these three plants, Euphrasia rostkoviana and Calendula officinalis are known to be 
useful in some types of eye disorders [10, 11]. In scientific literature there is a lack of studies 
regarding the xantophylls content in medicinal plants. K.A. KHALID & al. [33] conducted a 
comparative study regarding the colors and composition in inflorescences of some varieties of 
Calendula officinalis, and reported that lutein concentration varied in the range of 8.27 – 
12.29 mg/100 g fresh flowers. In a study, D.G. DUMBRAVA & al. [34] noted a very high 
content of total carotenoids in Calendula officinalis flowers (1667.42 µg/g). In Chelidonium 
majus flowers they found an amount of total carotenoids of 1377.7 µg/g. 

There is evidence that the antioxidant activity of vitamin E protects the retina and the 
retinal pigment epithelium from damage and reduces the risk of developing age-related macular 
degeneration [35]. The data presented showed that the Calendula officinalis is the most valuable 
source of vitamin E, but also Primulla officinalis, Hypericum perforatum, Equisetum arvense, 
Arnica montana, Galium verum and Euphrasia rostkoviana have important concentrations of 
this nutrient. Data regarding the tocopherol content in different species were conflicting and 
variable depending on species, origin, plant part, plant physiology and environmental factors. In 
a study for the tocopherol contents determination of the investigated Hypericum species, K. 
HOSNI & al. [36] found that H. ericoides had the highest content of tocopherols (22.32, 4.28 
and 4.89 μg/g for δ-, γ- and α-tocopherol, respectively). 

 
Table 2. The concentrations of the antioxidant compounds in the selected medicinal plants 

 

Plants 
Lutein and 
zeaxanthin, 

mg/100 g 

Vitamin E,  
μg/mL 

Zinc, 
μg/mL 

 Plants with eye benefits 
Calendula officinalis  5.293 ± 0.19 a 168.68 ± 5.06 a 32.13 ± 0.73 a, b 

Euphrasia rostkoviana  4.669 ± 0.18 b 30.099 ± 0.90 b 21.24 ± 0.86 c 

Matricaria chamomilla  1.453 ± 0.07 c 16.177 ± 0.52 c 28.02 ± 0.35 d, e 

Centaurea cyanus  0.857 ± 0.03 d 6.930 ± 0.36 d 27.5 ± 0.54 d 

 Other proposed plants 
Solidago virgaurea  2.308 ± 0.08 e 12.735 ± 0.38 e 24.84 ± 0.74 f 

Hypericum perforatum  4.689 ± 0.15 b 49.334 ± 1.12 f 46.18 ± 0.80 g 

Arnica Montana  2.245 ± 0.09 e 36.60 ± 1.03 g 27.43 ± 1.08 d, e 

Primulla officinalis  2.484 ± 0.08 f 61.14 ± 1.58 h 29.42 ± 0.33 h 

Chelidonium majus  33.044 ± 0.66 g n.d.  32.70 ± 1.07 a 

Equisetum arvense  22.258 ± 0.53 h 38.97 ± 0.89 i 26.12 ± 0.76 e 

Robinia pseudoacacia  0.671 ± 0.01 i 13.14 ± 0.34 e 30.94 ± 0.52 b 

Galium verum  0.734 ± 0.02 j 34.22 ± 1.09 j 49.72 ± 0.88 i 

*Results are expressed as a mean ± SD.  
**Values with the different superscript in the same column are statistically different (P<0.05).  
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It is well known, in scientific literature, that the highest concentration of zinc in the 
human body is measured in the eye, particularly in the pigment-containing components. Zinc 
is required for the structure and activity of many ocular metalloenzymes [37]. Data from Age-
Related Eye Disease Study [38] demonstrate that treatment with zinc alone or in combination 
with antioxidants reduced the risk of progression to advanced age-related macular 
degeneration (AMD). In the present study, all the studied plants can be considered important 
sources of zinc, but the highest concentrations were obtained for Galium verum and 
Hypericum perforatum (Table 2). The zinc concentrations obtained in this study, are greater 
than the values reported in the literature. D.G. DUMBRAVA & al. [34] found that the zinc 
concentrations in Calendula officinalis and Chelidonium majus were 2.61 ppm and 2.089 
ppm, respectively. O. ROP & al. [39] reported that edible flowers of Centaurea cyanus had a 
zinc concentration of 7.59 mg/kg fresh mass.  

Multi-criteria analysis of plants potential to treat eye-related diseases 
In order to perform a comparative assesment of the bioactive compounds concentrations 

with importance in preventing macular degeneration, a multicriterial analysis has been used, 
which involved a performance matrix. MCDA models are generally based on the decision 
maker's relative preferences for each option (expressed as a relative score for each option), 
repeated for each criterion identified as being relevant to the decision. Each criterion has a 
potentially different weight on the decision outcome. Multiplying each score by its criterion 
weight and aggregating the resulting outcomes gives the net score for each option [40]. 

There are several ways to interpret the performance matrix. In a qualitative inspection, 
any decision maker simply makes implicit judgments on the weights of the various criteria. 
Alternatively, in a quantitative inspection, any decision maker weighs the different criteria on 
the basis of their relative importance, and multiplies the scores by the weights to obtain 
weighted averages for all options [41]. 

In this paper, the measurement of the used indicators in MCDA focuses on the 
quantitative assessment (scoring, weighting, ranking) of qualitative criteria of impact (the 
potential in preventing macular degeneration). In order to perform the MCDA, 4 criteria were 
considered: lutein and zeaxanthin concentration from plants, vitamin E concentration, zinc 
concentration and the safety degree when ingesting the plants. A normalization of the criteria 
values was applied using formula 1, for comparing the values on the same scale. 

The safety degree was established using a scale between 1 to 10, according with on the 
opinion of the European Medicines Agency Evaluation of Medicines for Human Use [42] 
regarding the safety threshold of each plant. From the reported data, it has been observed that 
for 9 plants no case of overdose have been reported. For these 9 plants, the established safety 
score was 10. A risk-benefit analysis must be considered for the herbal preparations 
containing Chelidonium majus, thus the assigned score was 5. Hypericum perforatum extracts 
must not be used concomitantly with protease-inhibitors or cytostatic agents and for 
Equisetum arvense, the concomitant treatment with synthetic diuretics is not recommended. 
These 2 plants received the score 8.  

For reducing the subjectivism degree in weighting the criteria, lutein and zeaxanthin 
concentration, the main compounds present in the macula of the eye, and the safety degree of 
the plants were considered the criteria with the highest weights. Equal weights were assigned 
for vitamin E and zinc concentrations. 

The vector normalization of the performance matrix criteria is presented in Table 3, and 
the results obtained after applying the linear additive model are shown in Table 4. 
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Table 3. The normalized performance matrix (vector normalization method) 
 

Plants Lutein and zeaxanthin Vitamin E Zinc Safety 

Calendula officinalis 0,13 0,84 0,29 0,32 

Euphrasia rostkoviana 0,11 0,15 0,19 0,32 

Matricaria chamomilla 0,04 0,08 0,25 0,32 

Centaurea cyanus 0,02 0,03 0,25 0,32 

Solidago virgaurea 0,06 0,06 0,22 0,32 

Hypericum perforatum 0,11 0,25 0,41 0,16 

Arnica Montana 0,05 0,18 0,24 0,32 

Primulla officinalis 0,06 0,30 0,26 0,32 

Chelidonium majus 0,81 0,00 0,29 0,10 

Equisetum arvense 0,54 0,19 0,23 0,16 

Robinia pseudoacacia 0,02 0,07 0,28 0,32 

Galium verum 0,02 0,17 0,44 0,32 
 
 

Table 4. The results of the linear additive model 
 

Plants Lutein and zeaxanthin Vitamin E Zinc Safety 

Assigned weights 30% 20% 20% 30% 

Calendula officinalis 0,04 0,17 0,06 0,09 

Euphrasia rostkoviana 0,03 0,03 0,04 0,09 

Matricaria chamomilla 0,01 0,02 0,05 0,09 

Centaurea cyanus 0,01 0,01 0,05 0,09 

Solidago virgaurea 0,02 0,01 0,04 0,09 

Hypericum perforatum 0,03 0,05 0,08 0,07 

Arnica Montana 0,02 0,04 0,05 0,09 

Primulla officinalis 0,02 0,06 0,05 0,09 

Chelidonium majus 0,24 0,00 0,06 0,05 

Equisetum arvense 0,16 0,04 0,05 0,07 

Robinia pseudoacacia 0,00 0,01 0,06 0,09 

Galium verum 0,01 0,03 0,09 0,09 
 

Based on the data presented in Table 4, the score for each option was calculated by 
summing up the scores for each criteria of the option.  

The comparison between options scores can be used for ranking. The best option is the 
one whose score is the highest. The “optimal” plant can be interpreted as a result of the 
plant’s performance in the lutein and zeaxanthin, vitamin E and zinc concentrations, and 
safety degree. In Figure 1 the ranking scores and the hierachy for each plant are presented. 
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Figure 1. The studied plants hierachy after appying MDCA. 
 

In Figure 1, it can be noticed that the 4 highest total ranking scores were obtained for 
Calendula officinalis, Chelidonium majus, Equisetum arvense and Hypericum perforatum. 
From these 4 plants, only Calendula officinalis was known to be benefic in treating 
inflammatory eye disorders, but not in preventing macular degeneration, while the plants 
ranked on the 2nd, 3rd and 4th position on the hierarchy scale are recommended for other 
types of ailments. 

 
4. Conclusions 

A HPLC method was developed for the determination of lutein and zeaxanthin and the 
evaluated parameters were in the range of the performance criteria required, which proved the 
validation of all the steps in the lutein analysis. 

The plants analysis showed that Chelidonium majus had the higher concentration of 
lutein and zeaxanthin, while Calendula officinalis recorded the highest content of vitamin E 
and Galium verum the highest content of zinc. 

The Multi-Criteria Decision Analysis allowed to compare the data regarding the vitamin 
E, zinc, lutein and zeaxanthin concentrations and the assigned safety degrees of the twelve 
analyzed plants. Calendula officinalis had the highest total ranking score. Chelidonium majus, 
Equisetum arvense and Hypericum perforatum were ranked on the 2nd, 3rd and 4th position 
on the hierarchy scale of the MCDA model, plants that are not used in treating eye disorders.  

These results provide scientific support regarding the medicinal plants potential 
utilization for treatment of eye-related diseases. This study could serve in developing new 
herbal formulations using the highest-scored plants. Moreover, future research is needed 
regarding the pharmacokinetics, safety and efficacy in patients (clinical trials). This study 
could generate more such research area for identifying different potential utilization of known 
medicinal plants, for treating many more diseases. 
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