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INTRODUCTION

Plants produce a variety of chemicals known as second-
ary metabolites. Many of these metabolites have been 
used by humans both nutritionally and for the treat-
ment of illness or drug production. Most of the ancient 
civilizations in Anatolia produced many food and me-
dicinal plants (1). Turkey is one of the richest countries 
in Europe and the Middle East in terms of natural flora. 
It has more than eleven thousand plant species due to 
its climate and geographical location. Approximately 
thirty-three percent of these plant species identified 
within the borders of Turkey are endemic (2).

The genus Eremurus (an important genus of 
Xanthorrhoeaceae that comprises 62 species) is widely 
known as foxtail lily or desert candles (3). It is found 
on dry and stony grazed hillside. This plant is naturally 
grown and geographically distributed in the regions 
of Central Asia, South Asia, East Asia, and the Middle 
East, including Turkey (4). Two Eremurus species, 
namely Eremurus spectabilis M. Bieb. and Eremurus 
cappadocicus, grow naturally and are localized in the 
Mediterranean, East and Southeast regions of Turkey 
(Eastern Anatolian part of Turkey). It is popularly 
referred to as “çiriş”, “gulik”, “gülük” and “sarı çiriş” in 
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ABSTRACT

Objective: Eremurus spectabilis M. Bieb. is grown in East and Southeast Mediterranean regions of Turkey, and is commonly 
used as an edible plant in these regions. The aim of the current study was to determine the antioxidant activities of different 
E. spectabilis M. Bieb. extracts and some sulfur compounds. 

Materials and Methods: In this study, the antioxidant activities of aqueous, ethanolic, and ethyl acetate extracts of E. 
spectabilis M. Bieb. and sulfur compounds (α-lipoic acid, cysteamine, cysteine, diallyl sulfide, glutathione, homocysteine, 
N-acetyl cysteine, vitamin U and 1,4-dithioerythritol) were assessed in several antioxidant tests. These tests included reducing 
power, cupric ion reducing antioxidant capacity, 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging, 
2,2-diphenyl-1-picrylhydrazyl radical scavenging, N,N-dimethyl-4-phenylenediamine dihydrochloride radical scavenging, 
superoxide anion radical scavenging, hydroxyl radical scavenging, metal chelating activities and ferric ion reducing 
antioxidant power. The phytochemical profiles and total phenolic and flavonoid contents of all extracts were investigated. 

Results: It was found out that the antioxidant activities of all the extracts and sulfur compounds generally increased with 
concentration increases, the highest antioxidant activity was found in ethyl acetate extract, while the aqueous extract was 
found to have the lowest antioxidant activity. Diallyl sulfide was found to have the highest antioxidant activity, whereas 
vitamin U had the lowest antioxidant activity. It was observed that all extracts of E. spectabilis M. Bieb. and the sulfur 
compounds showed antioxidant activity. 

Conclusion: The E. spectabilis M. Bieb. and sulfur compounds investigated in this study could be considered as a source of 
antioxidants.
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these regions (5). The plant has traditionally been consumed 
fresh and/or dried as a wild edible vegetable and as a 
traditional medicine/folk drug. Additionally, it has been shown 
in both ethnobotanical and ethnopharmacological studies 
that it is used for traditional treatment of gastrointestinal pain, 
liver diseases, diabetes, scabies and syphilis, rheumatism and 
various inflammations (6). In addition, a study by Abubaker 
and Hidayat showed that both water and hexane-ethanol 
extracts of E. spectabilis M. Bieb. exhibited antiproliferative 
effects against different cancer cell lines via its bioactive 
compounds (e.g., carvacrol, valence, cadelene) (7). These 
effects have been attributed to its richness in phenolics and 
flavonoids (8). In a recent study, it was shown that ethanolic 
and ethyl acetate extracts of E. spectabilis M. Bieb. have an 
inhibitive action against histone deacetylase, xanthine oxidase, 
and urease enzymes (9). In addition, the aqueous extract of this 
plant exhibits inhibitory effects on diabetes mellitus and skin-
associated enzymes (i.e., α-amylase, α-glucosidase, elastase, 
hyaluronidase, and tyrosinase, respectively) (10). 

Mopping up both reactive oxygen and nitrogen species (ROS 
and RNS) has been put forward as a crucial strategy in the sup-
pression of the deleterious effects of oxidative stress, which give 
rise to the development of diseases, including cancer. Antioxi-
dants are complex molecules, abundant in medicinal plants. 
They act as a protective shield for cells against the deleterious 
effects of ROS and RNS. In addition, antioxidants may easily 
neutralize free radicals (i.e., hydroxyl, peroxyl, and superoxide 
radicals) retarding them from binding with bioactive macromol-
ecules (proteins, lipids, and DNA) in normal cells (11). The forma-
tion and elimination of free radicals are well-balanced, shifting 
of this balance to overproduction of free radicals causes oxida-
tive stress, thus playing a crucial role in many diseases includ-
ing tissue damage, inflammation, neurodegenerative diseases, 
cancer, and aging (8). It is also known that there are many anti-
oxidant substances (especially synthetic ones) that fight against 
these negative effects of free radicals. On the other hand, it has 
been shown that the usage of synthetic antioxidants such as 
butylated hydroxyanisole and butylated hydroxytoluene cause 
potential health risks and toxicity as a result of their side effects 
(12). For this reason, there is currently an upsurge of interest in 
phytochemicals as a new source of both natural and novel anti-
oxidants to be used in foods and pharmaceutical preparations to 
replace synthetic antioxidants (13). 

Sulfur, one of the most essential chemical elements, is neces-
sary for biochemical functions in all living organisms owing to 
its involvement in the structures of proteins, enzymes, amino 
acids (e.g., methionine and cysteine), and certain vitamins (e.g., 
thiamine and biotin) (14). In contrast to mammals (e.g., humans 
and monogastric animals), plants can utilise inorganic sulfur for 
synthesizing sulfur amino acids. Accordingly, plants are import-
ant sources of sulfur for most animals (15). These sulfur mole-
cules can also be referred to as organosulfur compounds [for 
example, α-lipoic acid (ALA), cysteine (Cys), cystin, homocyste-
ine (HCys), glutathione (GSH), taurine, vitamin U (Vit U), and al-
lylic sulfur compounds] which are found in cruciferous plants. In 
addition, they provide beneficial health effects by maintaining 

the redox balance through transmethylation/transsulfuration 
pathways in the cell (16).

All over the world, the number of side effects of treatment with 
herbal drugs is very low compared to synthetic drugs. They are 
also more accessible in terms of having a lower cost, thereby 
making these treatments/plants more attractive. Therefore, 
the usage and importance of herbal preparations that contain 
bioactive constituents such as organosulfur compounds in the 
treatment of various diseases is increasing. The aim of the cur-
rent study was to determine the antioxidant activities of dif-
ferent E. spectabilis M. Bieb. extracts and sulfur compounds by 
using different methods.

MATERIALS AND METHODS

Chemicals
All chemicals used in the preparation of the extracts, and in the 
experiments were supplied by Sigma-Aldrich (St. Louis, MO, 
USA) or Merck (KGaA, Darmstadt, Germany). All other chemicals 
were of analytical grade.

Herbal Material
The fresh E. spectabilis M. Bieb. specimens (both roots and leaves) 
were obtained from local markets in the Eyup district of Istanbul/
Turkey. The plant was inspected and identified by Prof. Dr. Em-
ine Akalin (Faculty of Pharmacy, Istanbul University). A specimen 
was deposited at the Faculty of Pharmacy Herbarium of Istanbul 
University (ISTE 93132). The plant samples were carefully washed 
three times with distilled water and then dried at room tempera-
ture. The dried plant was stored at −20°C until required for use.

Preparation of Extracts
Dried and ground plant materials were used for extract prepa-
ration. The reflux system was used to for preparing an aqueous 
extract for 6 h, which was then lyophilized. The amount of aque-
ous extract obtained was found to be 323.1 % mg dry weight 
(d.w.). Alongside this, both ethanolic and ethyl acetate extracts 
of the plant were prepared using the Soxhlet extractor for 6 h. 
Thereafter, these extracts were evaporated under low pressure. 
The ethanolic and ethyl acetate extract amounts were found to 
be 436.6 % mg d.w. and 439.2 % mg d.w., respectively. All ex-
tracts were kept in a freezer at -20°C before use.

Phytochemical Analysis
Phytochemical analysis of extracts was employed to investigate 
various major classes of secondary metabolites (e.g., alkaloids, 
anthraquinones, carbohydrates, diterpenes, flavonoids, pheno-
lics, phytosterols, proteins, sulfurs, and tannins) using standard 
qualitative analysis methods (17). 

Assesment of Total Phenolic Contents (TPCs)
To determine TPCs in all extracts of E. spectabilis M. Bieb., the 
method of Slinkard and Singleton was employed using Folin-Ci-
ocalteau reagent (18). A reference solution of catechin (25-200 
µg/mL) was employed to obtain the calibration curve. Thereaf-
ter, the TPCs in the E. spectabilis M. Bieb. extracts were calculat-
ed as µg of catechin equivalent per mL of extract. 
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Assesment of Total Flavonoid Contents (TFCs)
TFCs in all extracts of E. spectabilis M. Bieb. were assessed em-
ploying the aluminum chloride colorometric method according 
to Zhishen et al., (19). A reference solution of pyrocatechin (25-
300 µg/mL) was used to obtain the calibration curve. Thereafter, 
the TFCs in the E. spectabilis M. Bieb. extracts were calculated as 
µg of pyrocatechin equivalent per mL of extract. 

Reducing Power Assay
The reducing power of E. spectabilis M. Bieb. extracts and sul-
fur compounds was determined using the method described 
by Oyaizu (20). As a reference solution, 6-hydroxy-2,5,7,8-te-
tramethylchromane-2-carboxylic acid (Trolox) was used. The in-
tensity of the blue color is directly proportional to the reducing 
power of the tested samples. A high absorbance of the reaction 
mixture indicates a greater reducing power of the tested sam-
ples. 

Cupric Ions (Cu2+) Reducing Antioxidant Capacity (CUPRAC) 
Assay
Total antioxidant capacities of E. spectabilis M. Bieb. extracts and 
sulfur compounds were obtained using Cu(II)-neocuproine re-
agent according to Apak et al., (21). Trolox was used as a refer-
ence solution. The intensity of the yellow-orange color is direct-
ly proportional to the total antioxidant capacity of the tested 
samples. A high absorbance of the reaction mixture indicates a 
greater total antioxidant capacity of the tested samples. 

Ferric Reducing Antioxidant Power (FRAP) Assay
The FRAP assay was carried out utilizing 2,4,6-tri(2-pyridyl)-S-
triazine -FeCl3 complex system according to Benzie and Strain 
(22). Reference solutions of FeSO4.7H2O were employed to 
obtain the calibration curve. L-ascorbic acid and α-tocopherol 
were used as positive controls. The results were expressed as 
μM Fe2+ per 100 mL sample. 

ABTS Radical Scavenging Activity Assay
ABTS [2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)] 
radical scavenging activities of the extracts of E. spectabilis M. 
Bieb., sulfur compounds and reference antioxidant were com-
pleted using 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic 
acid) diammonium salt according to the discolorizing proce-
dure of Arnao et al., (23). α-Tocopherol was used as a reference 
antioxidant. The ABTS radical scavenging activity was calculat-
ed using the following equation:

ABTS radical scavenging activity (%)=       (1) 

A0 is the absorbance of the initial concentration of ABTS 

A1 is the absorbance of the remaining concentration of ABTS in 
the presence of samples (or reference antioxidant).

DPPH Radical Scavenging Activity Assay
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging 
activities of the extracts of E. spectabilis M. Bieb., sulfur 
compounds and reference antioxidant were estimated utilizing 
2,2-diphenyl-1-picrylhydrazyl (DPPH) (24). Trolox was used as a 

reference antioxidant. The DPPH radical scavenging activity was 
calculated using the following equation:

DPPH radical scavenging activity (%)=       (2) 

A0 is the absorbance of the initial concentration of DPPH 

A1 is the absorbance of the remaining concentration of DPPH in 
the presence of samples (or reference antioxidant).

DMPD Radical Scavenging Activity Assay
The determination of DMPD (N,N-dimethyl-4-phenylenedi-
amine) radical scavenging activity was performed using the 
N,N-dimethyl-4-phenylenediamine decolorization method de-
veloped by Fogliano et al., (25). Trolox was used as a reference 
antioxidant. The DMPD radical scavenging activity was calculat-
ed using the following equation:

DMPD radical scavenging activity (%)=       (3) 

A0 is the absorbance of the initial concentration of DMPD 

A1 is the absorbance of the remaining concentration of DMPD 
in the presence of samples (or reference antioxidant).

Superoxide Radical Scavenging Activity Assay
Superoxide radical scavenging activity of the extracts of E. 
spectabilis M. Bieb., sulfur compounds and reference antiox-
idant were employed according to Liu et al., (26) using the 
phenazine methosulfate -reduced nicotinamide adenine di-
nucleotide -nitroblue tetrazolium system. As a reference an-
tioxidant, Trolox was used. The superoxide radical scavenging 
activity was calculated using the following equation:

The superoxide radical scavenging activity (%)=   (4) 

A0 is the absorbance of control 

A1 is the absorbance of the sample (or reference antioxidant).

Hydroxyl Radical Scavenging Activity Assay
Hydroxyl radical scavenging activities of the extracts of E. 
spectabilis M. Bieb. and sulfur compounds were measured by 
the oxidation of 2-deoxy-D-ribose by the hydroxyl radical (27). 
Gallic acid (GA) was employed as a reference solution. The 
hydroxyl radical scavenging activity was calculated using the 
following equation:

Hydroxy radical scavenging activity (%)=         (5) 

A0 is the absorbance of the control

A1 is the absorbance of the sample (or reference antioxidant).

Metal Chelating Activity Assay
The metal chelating activities of the extracts of E. spectabilis 
M. Bieb., sulfur compounds and reference antioxidants were 
determined using the 3-(2-pyridyl)-5,6-diphenyl-1,2,4-tri-
azine-4',4''-disulfonic acid sodium salt (ferrozine)-Fe2+ complex 
method described by Decker and Welch (28). As reference an-
tioxidants, a mixture containing ethylenediaminetetraacetic 
acid (EDTA) (or GA) was used instead of the sample. A low ab-
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sorbance indicates a higher chelating activity of the tested 
samples. The percentage inhibition of ferrozine-Fe2+ complex 
formation was calculated using the formula:

Metal chelating activity (%)=        (6) 

A0 is the absorbance of the control

A1 is the absorbance of the samples (or reference antioxidants).

For all antioxidant activities, the extracts and sulfur compounds 
(or standards) concentration providing half maximum (50 %) 
inhibitions (IC50) was calculated using regression equations (by 
plotting extract solution concentration versus percentage inhi-
bition). A low IC50 indicates a higher inhibitory potential of the 
tested plant extracts and sulfur compounds.

RESULTS 

Phytochemical Analysis
The results of phytochemical analysis of all the extracts of E. 
spectabilis M. Bieb. are depicted in Table 1. The ethyl acetate 

extract of E. spectabilis M. Bieb. is rich in anthraquinones, di-
terpenes, flavonoids, phenolics, and proteins. On the other 
hand, anthraquinones and diterpenes were higher in the 
ethanolic extract, while the aqueous extract was only rich in 
phenolics. All other phytochemical constituents in the three 
extracts were detected in moderate or low quantities (Table 
1).

TPCs and TFCs of E. spectabilis M.Bieb.
The TPCs and TFCs of all the extracts of E. spectabilis M. Bieb. are 
summarized in Table 2. It was found that the TPCs and TFCs of all 
extracts became elevated as the concentration increased. The 
highest TPCs and TFCs in all extracts was found at a concentra-
tion of 2500 µg/mL (Table 2). Meanwhile, in this concentration, 
the TPCs in all extracts of this plant (assessed using Folin-Ciocal-
teau reagent), were close to each other while the TFCs ranged 
from 34.64±0.55 to 183.99±3.55 µg/mL. The order for TPCs and 
TFCs of the extracts is as follows: ethanolic > ethyl acetate > 
aqueous extract and ethyl acetate > ethanolic > aqueous ex-
tract, respectively (Table 2).

Table 1. Phytochemical analysis of all extracts of Eremurus spectabilis M. Bieb.*

Phytochemicals Aqueous Extract Ethanolic Extract Ethyl Acetate Extract Methods

Alkaloids + ++ ++ Hager’s test

Anthraquinones + +++ +++ Bornträger Test

Carbohydrates + + + Molisch test

Diterpenes + +++ +++ Cupric acetate test

Flavonoids + ++ +++ Zhishen’s test

Phenolics +++ + +++ Millon’s test

Phytosterols - + ++ Lieberman Burchard’s Test

Proteins + ++ +++ Xanthoproteic test

Sulfurs + + ++ Lead acetate test

Tannins + ++ ++ Braemar’s test

*(+): Present in poor; (++): Present in moderate; (+++): Present in more quantity; (-): Absent.

Table 2. Total phenolic contents and total flavonoid contents of all extracts of Eremurus spectabilis M. Bieb. 

Extracts
Concentrations

(μg/mL)
TPCs 

(μg Catechin eq/mL)*
TFCs 

(μg Pyrocatechin eq/mL)*

Aqueous extract 1500
2000
2500

46.53±0.79
52.80±0.26
62.80±0.55

20.90±0.79
27.81±0.26
34.64±0.55

Ethanolic extract 1500
2000
2500

56.53±0.69
62.19±0.65
80.37±2.27

42.09±0.69
61.38±0.65
71.54±2.27

Ethyl acetate extract 1500
2000
2500

52.60±0.18
61.68±1.22
73.00±1.09

107.25±1.78
138.13±3.17
183.99±3.55

*Mean±standard deviation (n=3), TPCs: Total phenolic contents, TFCs: Total flavonoid contents.



158 159

Eur J Biol 2021; 80(2): 154-163
Bayrak and Yanardag. E. spectabilis, Sulfur Compounds and Antioxidant Effects

Reducing Power, CUPRAC Levels, and FRAP Values of E. 
spectabilis M.Bieb. Extracts and Sulfur Compounds
The reducing power, CUPRAC levels, and FRAP values of all 
the extracts of E. spectabilis M. Bieb., sulfur compounds and 
reference antioxidants are presented in Table 3. In the current 
study, it was found that reducing power, CUPRAC levels, and 
FRAP values of all tested samples elevated with an increase 
in concentration (Table 3). At 1000 µg/mL for all extracts and 
Trolox, it was observed that reducing power and CUPRAC lev-
els decreased as follows, respectively: Trolox (1.705±0.009 and 
2.705±0.144) > ethyl acetate (0.822±0.002 and 0.225±0.006) 
> ethanolic (0.684±0.002 and 0.185±0.004) > aqueous extract 
(0.318±0.011 and 0.050±0.002) (Table 3). When the sulfur com-
pounds were compared, it was seen that their reducing power 
and CUPRAC values diminished in the order of: Diallyl sulfide 
(DAS) > HCys > N-Acetylcysteine (NAC) > GSH > Cys > ALA > 
Vit U and CysNH2 > Cys > HCys > 1,4-DTE > NAC > GSH > DAS > 
ALA > Vit U, respectively (Table 3). At 250 µg/mL concentration, 
FRAP values of aqueous, ethanolic, and ethyl acetate extracts 
were found to be very close (15.92±0.76 μM Fe2+, 13.33±0.90 μM 
Fe2+, and 17.94±0.49 μM Fe2+, respectively), they exhibited weak 
FRAP values as compared to standard (350.21±1.12 μM Fe2+ for 
L-ascorbic acid). Of the sulfur compounds, ALA had a much bet-
ter FRAP value than the standard compound (Table 3).

ABTS, DPPH and DMPD Radical Scavenging Activities of E. 
spectabilis M.Bieb. Extracts and Sulfur Compounds
The ABTS, DPPH and DMPD radical scavenging activities of E. 
spectabilis M. Bieb. extracts and sulfur compounds are shown 
in Table 4. The results depict half-maximal inhibition concentra-
tions (IC50) values of the ABTS, DPPH and DMPD radical scaveng-
ing activities of the samples. The IC50 values were calculated by 
plotting the inhibition percentage values as a function of their 
concentrations. IC50 is defined as the concentration of a sam-
ple that gives rise to 50 % of free radicals neutralization. Thus, 
the lower the IC50 value, the higher the radical scavenging ac-
tivity. In our study, the IC50 values ranging from 312.71±6.74 to 
469.43±13.24 µg/mL for ABTS, 0.409±0.004 to 0.843±0.019 mg/
mL for DPPH, and 75.43x10-9±1.61x10-9 mg/mL to 0.100±0.0006 
mg/mL for DMPD were recorded for aqueous, ethanolic and eth-
yl acetate extracts, while the IC50 values of 102.45±1.90 µg/mL 
and 0.012±0.0002 mg/mL and 0.001±0.0001 mg/mL were found 
for α-tocopherol and Trolox, respectively (Table 4). Considering 
the high antioxidant activities (associated with the lower IC50 
values), it was found that the IC50 values of all extracts had been 
higher ABTS and DPPH radical scavenging activities than stan-
dards (α-tocopherol and Trolox, respectively). In contrast, both 
ethanolic and ethyl acetate extracts were found to be stronger 
DMPD radical scavengers than aqueous extract and Trolox (Ta-
ble 4). Comparisons show that the sulfur compounds (excluding 
Vit U and DAS) exhibited greater ABTS radical scavenging activi-
ties than α-tocopherol, while only CysNH2 exhibited better DPPH 
radical scavenging activity than Trolox. On the other hand, of 
the sulfur compounds, it was seen that DAS had the best DMPD 
scavenging activity. In addition to our DMPD results, GSH, NAC, 
and 1,4-DTE had the same IC50 values as Trolox (Table 4).

Superoxide Radical, Hydroxyl Radical Scavenging, and Met-
al Chelating Activities of E. spectabilis M.Bieb. Extracts and 
Sulfur Compounds
Superoxide radical, hydroxyl radical scavenging, and metal che-
lating activities of all the extracts of E. spectabilis M. Bieb. and 
sulfur compounds are summarized in Table 5. In the current 
study, the IC50 values of superoxide radical scavenging activities 
of extracts were found to be as follows: aqueous (17.62±0.65 µg/
mL), ethanolic (21.77±0.64 µg/mL), and ethyl acetate (8.83±1.64 
µg/mL) extracts. As seen in Table 5, all extracts were stronger 
superoxide radical scavengers than Trolox (Table 5). Of the sul-
fur compounds, both DAS and HCys exhibited almost the same 
strong IC50 values as superoxide radicals (0.026±0.0003 µg/mL 
for DAS and 0.027±0.0004 µg/mL for HCys) (Table 5). The super-
oxide radical scavenging activities decreased in the order of: 
DAS > HCys > NAC > GSH > 1,4-DTE > CysNH2 > Cys > Vit U > ALA 
(Table 5). Herein, the hydroxyl radicals scavenging activities of 
extracts decreased in the order of: ethanolic (7.82x10-3±0.09x10-3 
mg/mL) > ethyl acetate (8.93x10-3±0.33x10-3 mg/mL) > aqueous 
(44.41±0.03 mg/mL) extracts. Comparisons show that the hy-
droxyl radical scavenging activities for the sulfur compounds 
(excluding ALA and DAS) were higher than that of the standard 
(GA), whereas Vit U had low hydroxyl radical scavenging activ-
ity (Table 5). As for metal chelating activities, all extracts had 
a greater tendency to metal chelation as compared to GA. The 
metal chelating activities of sulfur compounds decreased as fol-
lows: EDTA > CysNH2 > DAS > 1,4-DTE > Cys > ALA > Vit U > NAC 
> HCys > GSH (Table 5).

DISCUSSION

The value of medicinal herbs is associated with having the ma-
jor biologically active constituents known as secondary metab-
olites. This makes them an important natural source for usage 
in either traditional or conventional medicine. However, their 
values can be specified by the diversity of their phytochemical 
constituents which produce a certain physiological effect on 
the organism (29). These phytochemicals may be distinguished 
in several ways, which are based on their biosynthetic origin, 
solubility properties, and the presence of key chemical groups 
(30). In a recent study, Güler et al., reported that wild medicinal 
plants were more preferred than cultivated species (2).

Wild edible and medicinal plants like E. spectabilis M. Bieb., 
which contain natural ingredients rich in bioactive compounds 
(such as phenolics and flavonoids), have attracted attention 
due to their biological properties. They exhibit antioxidant ac-
tivity and are considered as a good alternative to synthetic anti-
oxidants (12). From this point of view, this work was designed to 
investigate the antioxidant activities of the aqueous, ethanolic 
and ethyl acetate extracts of E. spectabilis M. Bieb. and certain 
sulfur compounds.

Phytochemicals are the essence of plant-based drugs; the effi-
cacy of their therapeutic role is directly proportional to the rich-
ness of these constituents in plants (31). In this study, the phyto-
chemical consituents (e.g., alkaloids, flavonoids, phenolics etc.) 
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Table 3. Reducing power, total antioxidant capacity levels, and ferric reducing antioxidant power values of all extracts of 
Eremurus spectabilis M. Bieb. and sulfur compounds.

Extracts
/Sulfur Comp.
/Standards

Conc. 
(μg/mL)

Reducing 
Power*,# 

Conc.
(μg/mL)

CUPRAC*,# 
Conc.

(μg/mL)
FRAP 

(μM Fe2+)*

Aqueous extract 600
800

1000

0.248±0.001
0.292±0.001
0.318±0.011

600
800

1000

0.023±0.005
0.034±0.003
0.050±0.002

250
500

1000

15.92±0.76
23.89±0.43
44.09±1.49

Ethanolic extract 600
800

1000

0.485±0.007
0.592±0.008
0.684±0.002

600
800

1000

0.122±0.003
0.154±0.003
0.185±0.004

250
500

1000

13.33±0.90
18.95±0.79
31.99±0.52

Ethyl acetate extract 600
800

1000

0.619±0.005
0.735±0.001
0.822±0.002

600
800

1000

0.147±0.002
0.181±0.006
0.225±0.006

250
500

1000

17.94±0.49
28.96±0.76
50.43±1.05

ALA 600
800

1000

0.104±0.002
0.114±0.002
0.132±0.003

500
750

1000

0.012±0.001
0.025±0.002
0.031±0.003

2.5
5

10

35.73±0.58
65.60±0.88

127.65±0.58

Cys 60
80

100

0.229±0.002
0.274±0.001
0.331±0.003

50
75

100

0.406±0.002
0.564±0.006
0.688±0.003

25
50

100

9.23±0.29
12.01±0.32
18.73±0.58

CysNH2 60
80

100

0.131±0.001
0.171±0.002
0.188±0.004

50
75

100

0.460±0.004
0.556±0.006
0.731±0.004

250
500

1000

9.22±0.29
11.33±0.44
18.73±0.58

DAS 0.001
0.01
0.1

0.081±0.004
0.091±0.001
0.099±0.002

50
75

100

0.006±0.002
0.009±0.001
0.014±0.001

250
500

1000

12.77±0.17
14.31±0.44
17.00±0.58

GSH 60
80

100

0.245±0.003
0.294±0.002
0.355±0.004

50
75

100

0.140±0.003
0.216±0.005
0.302±0.003

250
500

1000

23.34±1.15
41.40±1.16
77.03±1.01

HCys 60
80

100

0.522±0.005
0.641±0.002
0.736±0.004

50
75

100

0.303±0.004
0.430±0.006
0.600±0.004

250
500

1000

34.67±1.76
64.45±1.92

122.66±2.04

NAC 60
80

100

0.326±0.001
0.404±0.002
0.433±0.003

50
75

100

0.290±0.007
0.360±0.004
0.502±0.005

25
50

100

31.22±0.72
60.03±0.72

114.28±1.45

Vit U 600
800

1000

0.094±0.002
0.101±0.002
0.108±0.001

5000
7500

10000

0.024±0.002
0.035±0.003
0.042±0.001

2.5
5

10

6.79±0.03
7.00±0.03
7.38±0.05

1,4-DTE 60
80

100

0.456±0.001
0.558±0.001
0.704±0.004

50
75

100

0.348±0.003
0.474±0.006
0.585±0.004

25
50

100

61.38±0.86
122.47±1.75
225.63±1.44

Troloxa 600
800

1000

1.602±0.003
1.661±0.010
1.705±0.009

600
800

1000

2.568±0.046
2.636±0.041
2.705±0.144

- -

α-Tocopherolb - - - - 50
100
250

31.12±1.24
56.38±1.66

146.77±1.59

L-Ascorbic acidb - - - - 50
100
250

93.94±0.91
186.54±1.23
350.21±1.12

*Mean±standard deviation (n=3), ALA: α-Lipoic acid, CysNH2: Cysteamine, Cys: Cysteine, DAS: Diallyl sulfide, GSH: Glutathione, HCys: Homocysteine, NAC: N-Acetyl 
cysteine, Vit U: Vitamin U, 1,4-DTE: 1,4-Dithioerythritol, CUPRAC: Cupric ions (Cu2+) reducing antioxidant capacity, FRAP: Ferric ion reducing antioxidant power, 
#Absorbance; aStandard for reducing power and CUPRAC; bStandards for FRAP.
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Table 4. 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), 2,2-Diphenyl-1-picrylhydrazyl, N,N-dimethyl-4-
phenylenediamine radical scavenging activities of all extracts of Eremurus spectabilis M. Bieb. and sulfur compounds.

Extracts
/Sulfur Compounds
/Standards 

ABTS
IC50 (µg/mL)*

DPPH
IC50 (mg/mL)*

DMPD
IC50 (mg/mL)*

Aqueous extract 469.43±13.24 0.409±0.004 0.100±0.0006

Ethanolic extract 312.71±19.94 0.482±0.003 75.43x10-9±1.61x10-9

Ethyl acetate extract 375.01±6.74 0.843±0.019 80.20x10-9±1.31x10-9 

ALA 98.18±0.15 126.33±12.83 0.88±0.01

Cys 31.74±0.53 0.015±0.0002 0.005±0.0001

CysNH2 9.12±0.06 0.009±.0002 0.004±0.0001

DAS 290.92±31.94 0.198±0.016 7.96 x10-9±0.82x10-9 

GSH 58.65±0.92 0.081±0.003 0.001±0.0002

HCys 25.66±0.21 0.041±0.002 0.005±0.0002

NAC 13.96±0.68 0.025±0.0002 0.001± 0.0001

Vit U 153.11±4.12 0.232±0.0002 50.04±1.48 

1,4-DTE 35.30±1.13 0.029±0.0002 0.001±0.0001

α-Tocopherola 102.45±1.90 - -

Troloxb,c - 0.012±0.0002 0.001±0.0001
*Mean±standard deviation (n=3). ALA: α-Lipoic acid, CysNH2: Cysteamine, Cys: Cysteine, DAS: Diallyl sulfide, GSH: Glutathione, HCys: Homocysteine, NAC: N-Acetyl 
cysteine, Vit U: Vitamin U, 1,4-DTE: 1,4-Dithioerythritol, ABTS: 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), DPPH: 2,2-Diphenyl-1-picrylhydrazyl, DMPD: N,N-
dimethyl-4-phenylenediamine, aStandard for ABTS radical scavenging activity, b,cStandard for DPPH and DMPD radical scavenging activities.

Table 5. Superoxide radical, hydroxyl radical scavenging, and metal chelating activities of all extracts of Eremurus spectabilis M. 
Bieb. and sulfur compounds.

Extracts
/Sulfur Compounds
/Standards

Superoxide Radical 
Scavenging Activities

IC50 (µg/mL)*

Hydroxyl Radical Scavenging 
Activities

IC50 (mg/mL)*

Metal Chelating Activities
IC50 (mg/mL)*

Aqueous extract 17.62±0.65 44.41±0.03 0.74±0.01

Ethanolic extract 21.77±0.64 7.82x10-3±0.09x10-3 0.82±0.03

Ethyl acetate extract 8.83±1.64 8.93x10-3±0.33x10-3 1.01±0.01

ALA 157.25±4.71 7.99x10-9±1.25x10-9 23.38±0.79 

Cys 37.10±2.32 50.05±1.26 8.71±0.09

CysNH2 20.09±1.57 48.14±0.99 0.038±0.002 

DAS 0.026±0.0003 8.39 x10-9±0.05 x10-9 0.38±0.04 

GSH 5.11±0.28 36.42±0.76 110.37±5.38

HCys 0.027±0.0004 0.55±0.02 55.61±6.51

NAC 0.78±0.01 29.07±1.04 46.65±2.47

Vit U 52.16±1.73 92.00±2.16 39.50±0.06

1,4-DTE 19.81±0.91 42.16±1.08 0.47±0.01 

Troloxa 25.34±1.07 - -

α-Tocopherolb - 9.24x10-3±0.14x10-3 -

GAb,c - 77.13±5.56 35.57±0.87

EDTAc - - 0.034±0.003
*Mean±standard deviation (n=3). ALA: α-Lipoic acid, CysNH2: Cysteamine, Cys: Cysteine, DAS: Diallyl sulfide, GSH: Glutathione, HCys: Homocysteine, NAC: N-Acetyl 
cysteine, Vit U: Vitamin U, 1,4-DTE: 1,4-Dithioerythritol, aStandard for superoxide radical scavenging activity, bStandard for hydroxyl radical scavenging activity, 
cStandard for metal chelating activity.
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present in E. spectabilis M. Bieb. varied in quantity. According to 
our results, it was found that the aqueous extract had the poor, 
the ethanolic extract had the moderate, and the ethyl acetate 
extract had the more quantity of alkaloids, flavonoids, protein, 
and tannins, respectively. On the other hand, anthraquinones 
and diterpenes were found to be of a higher degree in the etha-
nolic extract, while the aqueous extract was only rich in pheno-
lics. All other phytochemical constituents in three extracts were 
detected in low or moderate quantities. The present findings 
are in line with the results on phytochemical screening wild 
plants previously published (13, 32).

In general, phenolics and flavonoids, ubiquitous in plants such 
as E. spectabilis M. Bieb., may play crucial roles owing to their 
antioxidant potentials as well as having beneficial health effects 
in the prevention of several diseases such as diabetes, cancer, 
gastrointestinal illnesses, and aging-related disorders (33, 34). In 
the current study, TPCs were found to be at their highest level 
in ethanolic extract, whereas TFCs were at their lowest level in 
aqueous extract of E. spectabilis M. Bieb. The present findings were 
inconsistent with those of Ozsoy et al., who reported that the 
aqueous extracts of Smilax excelsa L. and Amaranthus lividus L. had 
the highest TPC levels (35, 36). On the other hand, it was revealed 
by Peksel et al., that TPC levels of the alcoholic extract of Pistacia 
atlantica Desf. leaves were higher than those of ethyl acetate 
extracts (37). A study by Falahi et al., reported that E. spectabilis 
M.Bieb. extract had the highest TPC levels (591.00±111.73 mg GA 
equivalent) and TFC levels (18.32±2.30 mg GA equivalent) of the 
other five traditional Iranian wild edible plants (12). In the study 
conducted on E. himalaicus, it was reported that the aqueous 
extract contained more TPCs and TFCs than ethanolic extract (8). 
The discrepancies between the aforementioned reports and the 
current study regarding TPCs and TFCs of these extracts may be 
due to the different geographical origins of the plants as well as 
the tested part of the herbs.

The reducing power and CUPRAC tests provide a convenient, 
fast, and simple estimation of total phenolics in plant extracts, 
as well as the overall antioxidant capacity of plant tissue ex-
tracts (21). The FRAP test is also a simple, fast, cost-effective 
and widely used method that directly assesses the antioxidant 
potentials of the samples (38). According to our findings, the 
reducing power and CUPRAC values of both ethanolic and eth-
yl acetate extracts were higher than those of the aqueous ex-
tract. This is in line with the TPCs and TFCs of the same extracts. 
On the other hand, an increase in FRAP values of all extracts 
in terms of dose was consistent with TPCs of all extracts in this 
study. This is similar to the findings of Bernaert et al., (39). Of 
the sulfur compounds, ALA had a much better FRAP value than 
the standard compound. A possible explanation for this may 
be associated with the redox potential of ALA being lower than 
the ferric-ferrous couple (40). Other sulfur compounds showed 
weaker ferrous ion reducing capacity. This may be due to the 
low pH (pH 3.6) compared to the physiological pH. This low pH 
in the FRAP protocol may result in reducing capacity being sup-
pressed depending on protonation on antioxidant compounds, 
hence providing lower antioxidant activity (41).

Free radical scavenging assays (ABTS, DPPH, and DMPD) are ac-
cepted as standard methods (which are simple, rapid, conve-
nient, and fast techniques) based on decolorization reaction for 
estimation of antioxidant capacities of foods, beverages, phar-
maceuticals as well as biological fluids (38). In the present study, 
it was seen that there was compliance between the TPCs and 
TFCs of these plant extracts and their free radical scavenging 
activities. These observations were in line with the previously 
published outcomes of Mushtaq et al., (8) However, studies on 
some Indian medicinal plants have also been reported a strong 
correlation between TPCs and antiradical activity (42). In addi-
tion, Gaggeri et al., reported that ethanolic root extracts of two 
Eremurus species had very close antiradical activities (43). As for 
comparisons of sulfur compounds and standard antioxidants, 
CysNH2 exhibited a better DPPH radical scavenging activity and 
GSH, NAC, and 1,4-DTE showed the same DMPD radical scav-
enging activities compared to their respective standards. NAC 
has also been reported to have better antiradical activity than 
the standard (44). 

The superoxide anion is the main precursor molecule that 
underpins the formation of H2O2, and the hydroxyl radical, 
which triggers oxidative damage in lipids, proteins, and DNA 
(11). Metal ions in the organism such as free Fe(II) ion can 
provide an unwanted increase in the production of ROS via 
distinct reactions viz., Fenton reactions (45). Any substance 
having the ability to chelate iron can be valuable in terms of 
antioxidant properties by delaying metal-catalyzed oxidation 
of ROS (46). In a study on the radical mopping effects of 
Asphodelus aestivus Brot. extracts conducted by Peksel and 
her colleagues, 1 mg/mL of methanolic extract exhibited a 
strong scavenging effect on superoxide radicals (47). These 
findings were found to be lower than the outcomes of the 
current study. Similar results were reported by Eddine et 
al., (48). In the current study, all extracts exhibited more 
effective hydroxyl radical scavenging activities than GA. These 
observations were higher than previously published article by 
Sacan et al., who reported that the extract of Eruca sativa Mill. 
also had hydroxyl radical scavenging activity (49). On the other 
hand, both ALA and DAS exhibited the best hydroxyl radical 
scavenging activities among all the tested samples (extracts, 
sulfur compounds, and standards). When the extracts were 
compared in terms of metal chelating activities, it was found 
that all extracts showed strong metal chelating activities when 
compared to GA, but they exhibited weak metal chelating 
activities in comparison with EDTA. This may be attributed to 
its richness in varied amounts of bioactive constituents, which 
reportedly include resveratrol and flavonoids (e.g., rutin, 
morin, and quercetin) (50). In addition, due to their hydroxyl 
groups or carbonyl moieties in structure, these flavonoids may 
contribute to the higher chelating ability of the extracts (51). 
In contrast, among the sulfur compounds, only CysNH2 was 
observed to have almost the same metal chelating activity as 
EDTA. The reason that CysNH2 has the highest metal chelating 
activity among other sulfur compounds may be due to the 
free thiol group in its structure.
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CONCLUSIONS

In the current study, the antioxidant activities of different ex-
tracts of E. spectabilis M. Bieb. and important sulfur compounds 
were investigated. Taken together, the present findings re-
vealed that all extracts of E. spectabilis M. Bieb. exerted consid-
erable antioxidant potential against different radicals in vitro. 
Moreover, it was observed that the ethyl acetate extract had 
a better radical scavenging effect than the other extracts. On 
the other hand, DAS was found to have the highest antioxidant 
activity out of the studied sulfur compounds. From this point 
of view, it may be considered that E. spectabilis M. Bieb. may 
be a good source of potent antioxidants in the prevention of 
oxidative stress-mediated disorders. In addition, more research 
should be done to determine the possible beneficial effects of 
these sulfur compounds on health.
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