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ABSTRACT

The present study aims to investigate the bioactive properties of five aromatic herbs: Anethum graveolens L., Artemisia
dracunculus L., Artemisia vulgaris L., Satureja hortensis L. and Vanilla planifolia Jacks. ex Andrews. Polyphenolic and
flavonoid content were determined by Folin-Ciocalteu method and AICl; method, respectively. The antioxidant activity
of the extracts was evaluated by DPPH radical scavenging assay, FRAP assay, NSSOH and SSOH assay. Additionally,
their cytotoxic potential was investigated by performing the Brine shrimp lethality assay. Obtained results revealed that
all samples contain significant amount of phenolic compounds, with Artemisia dracunculus and Satureja hortensis
showing highest concentration of polyphenols and flavonoids. Moreover, these extracts also demonstrated strong radical
scavenging ability and reducing capacity. Differences between ICs, values in the NSSOH and SSOH assays revealed that
Artemisia dracunculus also demonstrated prominent chelating properties. According the Brine shrimp lethality assay,
Artemisia vulgaris showed strong cytotoxicity against the Artemia larvae, while Artemisia dracunculus and Satureja
hortensis showed moderate cytotoxic potential.

Overall, Artemisia vulgaris, Artemisia dracunculus and Satureja hortensis could be considered as potential sources of
biologically active phytochemicals for their further utilization in prevention from many chronic conditions based on
oxidative stress.

Keywords: commercial herbs, antioxidant activity, cytotoxic potential, brine shrimp lethality assay.

INTRODUCTION treatment of malaria (Mannan et al., 2010). Literature
review on the traditional use of Satureja hortensis
Reactive oxygen species (ROS) are generated as demonstrate that it is. generally used in the form of tea for
by-products under physiological conditions, but they the treatment of diarrhea, stomach upsets and sore
might be harmful if they are not eliminated. The throats. Seeds, leaves, and oils from Anethum graveolens
efficiency of the antioxidant defense systems in the body have a wide use for the treatment of sleep disorders,
is altered under pathological conditions and the kidney and urinary tract infections. Aerial parts are
ineffective scavenging or overproduction of ROS may valued for their antibacterial properties because of the
result in disruption of the normal cellular homeostasis. bioactive coumarins. Vanilla planifolia was traditionally
Extensive research during last two decades revealed the recognized as aphrodisiac and febrifuge. Several studies
association of oxidative stress and inflammation, which examined the bioactive profile of the main component
in turn is the basis of many chronic diseases including vanillin and reported its cytolytic and cytostatic effects
cardiovascular, neurological, autoimmune diseases, (Ho et al., 2009).
cancer, etc (Rakoff-Nahoum et al., 2006; Reuter et al., Previous  research on the phytochemical
2010). Herbs that were selected for testing of their composition of medicinal plants showed that they contain
antioxidant activity and cytotoxic potential have been a wide range of secondary metabolites that provide their
used as natural sources of flavoring and for their healing therapeutic effects. A great number of plant species
properties as part of traditional medicine for the treatment contain  pharmacologically and biologically active
of numerous pathological conditions (Murcia et al., ingredients, of which many were identified as phenolic
2004). compounds (Sytar et al., 2016). Therefore, determination
As reported in ethnopharmacological studies, of the total phenolic and flavonoid contents were also
Artemisia  dracunculus was traditionally used as included in the current research. Since the selected plant
stomachic, emmenagogue, to treat infections, cancer and species are widely.qtilized for t.he treatment of numerous
circulatory disorders. On the other hand, Artemisia ~ Pathological conditions, the aim of this study was to
vulgaris has been highly valued as diuretic agent and a cxamine thelr antioxidant capacity .and comparc their
febrifuge. The medicinal importance of Artemisia species activity with standards. Moreover, insufficient data on
is mostly valued for the use of artemisinin in the their cytotoxic activity prompted the need to determine
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their cytotoxic potential in vivo and compare it to well
known cytotoxic agents.

MATERIALS AND METHODS

Plant material: Five commercialized plant species were
tested for their bioactivity: aerial parts from Anethum
graveolens L. (dill), Artemisia dracunculus L. (tarragon),
Artemisia vulgaris L. (common wormwood), Satureja
hortensis L. (summer savory) and fruit from Vanilla
planifolia  Jacks. ex Andrews (vanilla). Dry plant
material was milled in electric grinder and stored in
airtight containers at ambient temperature until use.

Chemicals: Folin-Ciocalteu reagent, 2-thiobarbituric
acid, aluminum chloride, ascorbic acid, sodium
carbonate, ferrous sulfate heptahydrate, EDTA, ferric
chloride were purchased from Merck, Germany, while
gallic acid, quercetin, 2-deoxy-D-ribose, DPPH (1,1-
diphenyl-2-picrylhydrazyl) reagent, K,Cr,O; (potassium
dichromate), thymol, Trolox, BHA (Butylated
hydroxyanisole) from Sigma-Aldrich (Germany). Ethanol
96% (Ph.Eur.), hydrogen peroxide 30% (v/v), sodium
nitrite, sodium hydroxide and sodium chloride were
acquired from Alkaloid, Skopje, while DMSO (dimethyl
sulfoxide), CCI3;COOH (trichloroacetic acid) and
K3Fe(CN)g (potassium ferricyanide) were supplied by
Carlo Erba, Italy.

Preparation of extracts: Samples were prepared by
extraction of 250 mg dry material with 25 mL of 96%
(v/v) ethanol in ultrasonic bath (50/60 Hz, 720W) for 30
minutes at room temperature. After filtration, the volume
of the extracts was adjusted to 25 mL with ethanol and
stored in dark at 4 °C. Preparation of the samples for the
cytotoxicity assay was performed by ultrasonification of
15 g dry material in 150 mL of water: ethanol mixture
(1:1, v/v) during 1 hour at 40 °C, followed by filtration.
Filtrates were evaporated until dry on vacuum rotary
evaporator and later freeze dried. Obtained lyophilizates
were preserved at -18 °C in a dark place and later
reconstituted with DMSO (0.05%, v/v) to final
concentration of 10 mg/mL.

Methods: Determination of the total phenolic content
(TPC) and total flavonoid content (TFC) was carried out
by Folin-Ciocalteu method and Aluminum chloride
method, respectively. Antioxidant activity of the extracts
was evaluated by DPPH (1,1-diphenyl-2-picrylhydrazyl)
assay, FRAP (Ferric reducing antioxidant power) assay,
NSSOH (Nonsite-Specific Hydroxyl Radical-mediated 2-
deoxyribose degradation) assay and SSOH (Site-Specific
Hydroxyl Radical-mediated 2-deoxyribose degradation)
assay. Additionally, brine shrimp lethality assay was
conducted for the cytotoxicity testing of the extracts.
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Determination of Total Phenolic Content: Total
phenolic content was determined with the Folin-Ciocalteu
assay according to a procedure described by Singleton et
al. (1999) with minor modifications. An aliquot of the
extract (0.1 mL) was mixed with 2.5 mL of diluted Folin-
Ciocalteu reagent (1:10) and the mixture was kept at
ambient temperature, with periodical mixing. After 5
minutes incubation, 3 mL of Na,CO; (7%, w/v) were
added and contents were mixed. The volume of the
mixture was adjusted to 10 mL with deionized water and
allowed to stand for 1 h in a dark place. Absorbance of
the samples was measured at 765 nm. Results were
expressed as gallic acid equivalents/g crude extract, based
on the equation from the callibration curve for gallic acid
standard (20 — 200 pg/mL).

Determination of Total Flavonoid Content: Total
flavonoid content of the crude extracts was determined
with the Aluminum chloride method as described by
Lallianrawna et al. (2013). The reaction solution was
prepared by mixing 0.1 mL of extract with 0.1 mL of
NaNO, (5%) and incubated for 5 minutes, followed by
the addition of 0.15 mL AICIl; (10%) and kept for 6
minutes. After incubation with 0.5 mL of NaOH (I1M)
and vigorously shaking, the volume of the mixture was
diluted with deionized water to the final volume of 2.5
mL. Absorbance of the resulting solution was measured
at 510 nm. Results were expressed as quercetin
equivalents/g crude extract using the equation from the
calibration curve for quercetin (10 — 120 pg/mL).

DPPH assay: The radical scavenging ability of the
extracts was evaluated by DPPH assay according the
optimized method of Brand-Williams et al. (1995). Three
concentrations of extract were tested: 2, 5 and 10 mg/mL.
Aliquots of each concentration (0.2 mL) were mixed with
4 mL of DPPH ethanol solution (100 pM) and shaken
vigorously. After 10 minutes of incubation in the dark,
absorption of the mixtures was measured at 517 nm.
Quercetin, Trolox, BHA and ascorbic acid were used as
standards. Percentage of inhibition (I,,) for each
concentration was calculated according the equation:

I% = [(Ablank - Asample)/Ablank] x 100%

The antioxidant capacity of the extracts was
expressed as ICs, values (inhibitory concentration of
extract that reduces the absorbance of the DPPH solution
by 50%):

IC5p (mg/mL) = (50 - b)/a

FRAP assay: Ferric reducing antioxidant power assay
was conducted by the method of Oyaizu et al. (1986).
The reaction mixture was prepared by adding 2.5 mL
phosphate buffer (0.2 M, pH 6.6) and 2.5 mL
K;[Fe(CN)g] (1%) to 0.25 mL of different concentrations
of the extract. After incubation at 50 °C for 20 minutes,
the reaction was stopped by adding 2.5 mL CCl;COOH
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(10%). An aliquot of the mixture (2.5 mL) was
transferred into an empty tube and mixed with 2.5 mL
distilled water and 0.5 mL FeCl; (1%). The absorbance of
the mixture was measured after 30 minutes at 700 nm. A
calibration curve was prepared for FeSO4 x 7H,O (0.5 —
15 mmol/mL). Quercetin, Trolox, BHA and ascorbic acid
were used as standards. The reducing power of the
extracts was expressed as FRAP capacity (%) based on
the obtained regression equation.

NSSOH and SSOH assays: The efficiency of the extracts
to inhibit the formation of thiobarbituric acid reactive
substances (TBARS) as a result of the hydroxyl-induced
degradation of 2-deoxy-D-ribose was quantified
according the SSOH assay without chelator EDTA and
according the NSSOH assay in the presence of a chelator
EDTA, as explained by Halliwell et al. (1987). 100 pL of
different concentrations of extract were mixed with 500
pL 2-deoxy-D-ribose (5.6 mM, in KH,PO,-NaOH buffer,
pH 7.4), 200 pL premixed (1:1 v/v) FeCl; (100 uM) and
phosphate buffer/EDTA (104 uM), 100 pL H,O, (1 mM)
and 100 pL ascorbic acid (1 mM). The tubes were
vortexed and incubated at 50 °C for 30 minutes, followed
by the addition of 1 mL of CCI;COOH (2.8%) and 1 mL
of thiobarbituric acid (1%). Obtained mixture was
vortexed and heated at 50 °C for 30 minutes and the
extent of 2-deoxyribose degradation was measured at 532
nm. Quercetin, Trolox and BHA were used as standards.
The hydroxyl scavenging activity of the extracts is
expressed as ICsy values (inhibitory concentration of
extract that reduces the absorbance of TBARS complexes
by 50%) and calculated using regression analysis.

Hatching of Artemia salina larvae: Brine shrimp larvae
were hatched in artificial sea water prepared as NaCl
solution with concentration of 38 mg/mL and pH 9.00.
The medium was constantly aerated and temperature
regulated in the range from 25 to 28 °C. After 48 hours of
continuous light exposure, Artemia larvae hatched in
adult shrimps and entered instar stage III, the most
optimal stage for the Brine Shrimp Lethality Assay
(Sorgeloos et al., 1978; Vanhaecke et al., 1981).

Brine shrimp lethality assay: Cytotoxic potential of the
extracts was determined by the method of Meyer et al.
(1982) with slight modifications. Six concentrations were
prepared from the stock solution (10 mg/mL): 5, 3, 1, 0.5,
0.1 and 0.01 mg/mL. Ten shrimps were pipetted and
applied in each flask containing different concentrations
of extract. Number of dead nauplii was counted after 6,
10, 24, 30, 36, 48, 54 and 60 hours of exposure and the
mortality was established after 10 seconds if no
movement was observed. K,Cr,O;, thymol and BHA
were used as positive controls in a concentration range
from 0.01 to 5 mg/mL. Final results were expressed as
LCs, values (lethal concentration that kills 50% of the
exposed population of shrimps) calculated with probit
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regression analysis based on the percentage of mortality
for each concentration after 24-hour exposure. The
cytotoxic potential of the extracts was evaluated
according their LCs, values and classified by two scales:
Meyer’s scale (Meyer et al., 1982) and Clarkson’s scale
of toxicity (Clarkson et al., 2004). Meyer’s scale
classifies the extracts into two categories: toxic (LCsy <
1000 pg/mL) and non-toxic (LCsy > 1000 pg/mL).
Additionally, extracts were classified into several
subcategories by the Clarkson’s scale of toxicity: high (0
— 100 pg/mL), moderate (100 — 500 pg/mL), low (500 —
1000 pg/mL) and no toxicity ( > 1000 pg/mL).

Statistical analysis: All data are expressed as mean +
standard deviation of three replicate measurements.
Statistical significance for the cytotoxicity studies was
assigned at p < 0.05 and the probit analysis was
performed using IBM SPSS 20.0 statistical software.

RESULTS AND DISCUSSION

Total phenolic and total flavonoid contents:
Polyphenols comprise a great diversity of compounds
such as phenolic acids, flavonoids, flavanols, flavones,
proanthocyanidins, tannins. Total phenolic content was
determined by the Folin-Ciocalteu method based on the
reduction of phosphotungstic and phosphomolybdic acids
to blue oxides of tungstene and molybdene during phenol
oxidation in alkaline conditions. The amount of soluble
phenolics (Table 1) varied widely in the tested samples,
from highest level of 363.51 mg GAE/g for A.
dracunculus to lowest level of 18.97 mg GAE/g for A.
vulgaris. Significant quantities of polyphenols were also
obtained for S. hortensis (193.01 mg GAE/g), whereas V.
planifolia and A. graveolens manifested values of 58.50
and 41.68 mg GAE/g, respectively. Phenolic acids are
repeatedly implicated as natural antioxidants distributed
broadly in the plant kingdom. Still, the most widespread
and diverse phenolics are the flavonoids such as the
flavonol aglycones quercetin, myricetin, kaemferol and
their glycosides. Flavonoids possess multiple hydroxyl
groups which make them effective radical scavengers and
reducing agents, thus providing strong antioxidant
activity towards easily oxidizable compounds. The AICl;
method detects the presence of flavonoids based on the
reaction between their carbonyl and hydroxyl groups and
the AI(IIT) ions resulting in acid stable yellow complex.
Determination of TFC showed notable differences among
the selected samples (Table 1). Highest quantity of
flavonoids was reported for A. dracunculus (154.08 mg
QE/g), which is in accordance with the high content of
polyphenols in this herb. Moreover, S. hortensis showed
similar value (89.22 mg QE/g), while 4. graveolens (8.53
mg QE/g) and 4. vulgaris (1.17 mg QE/g) demonstrated
lowest quantities of flavonoids.



Table 1. Total phenolics (TPC) and total flavonoids
(TFC) for selected commercial herbs

Plant species TPC TFC
(mg GAE/g) (mg QE/g)
Anethum graveolens L. 41.68+2.04 8.53+4.64
Artemisia dracunculus L. 363.51£1.02  154.08+4.17
Artemisia vulgaris L. 18.97+2.83 1.17+0.83
Satureja hortensis L. 193.01£1.13  89.22+9.17
Vanilla planifolia Jacks. 58504021 31314922

ex Andrews

The considerable difference in TPC and TFC
between A. dracunculus and A. vulgaris is due to
variations in their chemical composition. Previously
reported data on the distribution of artemisinin
demonstrate a significant variability, with 4. dracunculus
leaves containing notably higher amount (0.27%)
compared to 4. vulgaris leaves (0.05%) (Mannan et al.,
2010). Aerial parts of A. vulgaris also contain coumarins,
sterols and caffeoylquinic acids, but a lower content of
polyphenols compared to other Artemisia species, which
is associated with the lower antioxidant potential of A.
vulgaris herba (Bora et al, 2011). Similarly to our
results, low content of total polyphenols was also
observed in hydroalcoholic extracts from A4. vulgaris in a
previous study (28.04 mg GAE/g) (Oyedemi et al., 2015).
A. dracunculus leaves contain large contents of phenolic
and flavonoid compounds (especially flavones and
flavonols) in the extract, as well as volatile oils rich in p-
allylanisole, (E)-B-ocimene, (Z)-B-ocimene and limonene
(Eidi et al., 2015; Behbahani et al., 2017).

Cavar et al. (2013) revealed high concentration
of volatile oils, phenolic acids, flavonoids, tannins and
pyrocatechol in Satureja species. Oke et al. (2009)
demonstrated that S. cuneifolia essential oil is rich in
carvacrol, y-terpinene and p-cimene and a high TPC
value for the methanolic extract (222.5 mg/g). Previous
data showed similar results for the ethanolic extracts (128
mg GAE/g) (Bahramikia er al.,, 2008) which is
comparable to the obtained TPC value (89.22 mg QE/g).

DPPH assay: One of the mechanisms for antioxidant
activity of phenolic compounds is the scavenging ability
for ROS. The mechanism of action of DPPH assay is
based on the transformation of the reagent 1,1-diphenyl-
2-pycrylhydrazyl radical to a stable molecule hydrazine.
The decrease in the absorbance of the final solutions
indicates greater radical scavenging ability of the extract
as a result of the present antioxidants. Based on the
obtained ICs, values, A. dracunculus extract manifested a
significant radical scavenging activity (ICsy 74.62
pg/mL), followed by S. hortensis (439.37 ug/mL) as the
most bioactive samples (Table 2). Furthermore, S.
hortensis demonstrated higher radical scavenging ability
(57.646%) than the synthetic antioxidant BHA and
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similar values to quercetin, while A. dracunculus was
identified as a better radical scavenger (94.724%) than all
tested standards (Table 2).

According the research of Behbahani et al.
(2017), A. dracunculus ethanol extract expressed strong
antioxidant activity with ICsy value of 65.4 pg/mL.
Additionally, Khezrilu and Heidari (2014) showed that
sinapic, syringic, p-coumaric and gallic acid identified by
HPLC analysis are the dominant phenolic acids in A.
dracunculus  methanolic extracts. Several studies
demonstrated high radical scavenging activity for sinapic
acid and its derivatives against DPPH radical (Kikuzaki
et al., 2002; Chen, 2016). Moreover, positive radical
scavenging effect was also determined for syringic
(Cikman et al., 2015), ferulic, p-coumaric (Kikuzaki et
al., 2002; Kilic and Yesiloglu, 2013) and gallic acid
(Abourashed and Fu, 2017). Phenolics and monoterpenes
present in A. dracunculus exert strong antioxidant
activity, which may act by synergistic and/or additive
mechanisms and contribute to its overall bioactivity.

Rosmarinic acid was identified by HPLC
method as the major compound present in aerial parts of
S. hortensis. Moreover, a good correlation was found
between the antioxidant activity of S. hortensis and
amount of rosmarinic acid (Zgorka and Gtowniak, 2001;
Plander et al., 2012). Considerable radical scavenging
activity was identified for S. hortensis in the current study
(439.37 pg/mL) and a similar bioactivity for the essential
oil was declared in literature (350 pg/mL) (Giilliice et al.,
2003). Additionally, the presence of monoterpenes, such
as carvacrol, thymol, y-terpinene and p-cymene found in
S. hortensis oil (Mahboubi and Kazempour, 2011), S.
cuneifolia and S. montana also affects the overall
bioactivity of the species. Oke et al. (2009) demonstrated
high antioxidant activity for S. cuneifolia (26.0 pg/mL),
while Miladi et al. (2013) demonstrated lower activity for
S. montana (410.5 pg/mL).

Individual antioxidant potencies of carvacrol
and thymol were also presented in the study of Lin et al.
(2009) with ICs, values of 52 pg/mL and 51 pg/mL,
respectively. Therefore, the antioxidant properties of S.
hortensis are considered a result of the synergistic action
of highly active oxygenated monoterpenes (thymol,
carvacrol) and monoterpene hydrocarbons (p-cimene, y-
terpinene) in the oil and the presence of rosmarinic acid.

FRAP assay: The reductive capacity of the extracts was
evaluated by the transformation of Fe®'/ferricyanide
complex to the ferrous form detected as Perl’s Prussian
blue complexes that serve as indicator of the antioxidant
power of extracts. The reducing properties of the extracts
are generally associated with the presence of reductants,
which exert antioxidant action by a hydrogen atom
donation and breakage of the free radical chain. In terms
of their reductive ability, the FRAP capacity of the
extracts is decreasing in the following order: Artemisia
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dracunculus > Satureja hortensis > Vanilla planifolia >
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Anethum graveolens > Artemisia vulgaris.

Table 2. Antioxidant activity of selected spices and standards according to DPPH and FRAP assays

Plant species DPPH FRAP
I, ICso (ng/mL) (%)
Anethum graveolens L. 16.406 1508.26 9.8
Artemisia dracunculus L. 94.724 74.62 25.7
Artemisia vulgaris L. 9.540 2250.45 5.7
Satureja hortensis L. 57.646 439.37 24.3
Vanilla planifolia Jacks. ex Andrews 13.515 1760.24 14.6
Quercetin' 45.65 2.69 8.43
Trolox' 20.62 6.03 3.72
BHA' 13.25 9.71 6.47
Ascorbic acid' 24.06 5.08 3.87

A. dracunculus and S. hortensis manifested very
similar reducing capacities and are better reducants than
the standards, while 4. graveolens, BHA and quercetin
had closely related values for their reducing power (Table
2).

A positive correlation between the total
phenolics and the radical scavenging activity of extracts
tested by DPPH assay was confirmed in literature
(Piluzza and Bullitta, 2011; Boeing et al., 2014). In the
current work, strong positive correlation is present
between the obtained TPC values and the radical
scavenging activity (Io,) (R? =0.9897), as well as between
TPC values and FRAP capacity (%) of the extracts (R* =
0.8107). Moreover, a high correlation was also obtained

for TFC and the aforementioned antioxidant assays with
R? 0.9732 and R? 0.8760, correspondingly.
Furthermore, the correlation analysis revealed a positive
relationship between radical scavenging activity (I,) and
the FRAP capacity of the extracts (%) (R? = 0.8144) as
illustrated in Figure 1. This correlation is related to the
radical scavenging activity of A. dracunculus and S.
hortensis, as their FRAP capacity values decline in the
same order as ly,. This is supported by literature findings
for the metal chelating abilities of flavonols at the 3-
hydroxy-4-keto group and/or the 5-hydroxy-4-keto group
as in the case of kaempferol and myricetin (Shahidi and
Wanasundara, 1992).
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NSSOH and SSOH assays: In the NSSOH assay, EDTA
forms complex with the ferric ions, therefore only the
ferrous ions take part in generating hydroxyl radicals as a
result of the Fenton reaction. The absence of EDTA
chelator in SSOH procedure results in a larger amount of
free ferrous ions that take part in the process of 2-
deoxyribose degradation and the production of TBARS,
which is a good indicator of any chelating activity of
present bioactive compounds. Extracts with lower values
for ICsq in SSOH assay are considered potent chelators
due to their effective binding of ferrous ions, therefore
reducing the free hydroxyl radical production. Figure 2
presents the obtained results for the antioxidant activity
of extracts tested by NSSOH and SSOH assays.

Analysis of the hydroxyl scavenging properties
revealed that A. dracunculus and A. vulgaris performed
better activity in the absence of EDTA, suggesting of
their chelating abilities for the excess ferrous ions in the
reaction mixture. Iron chelating compounds can reduce
the extent of deoxyribose degradation even if they are not
effective hydroxyl radical-scavengers. This observation
may give explanation of why some extracts are successful
iron chelators, despite their low radical scavenging
activity and reducing power, as it was demonstrated for
A. vulgaris. Moreover, a single antioxidant method
cannot offer accurate value for the antioxidant capacity of
a sample due to the involvement of multiple mechanisms
and the complex nature of phytochemicals. Therefore,
broader studies with more samples are needed to examine
the relation between the chelating abilities of extracts and
the total content of polyphenols.
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9 14 BSSOH
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Figure 2. Comparison of ICs, values obtained with

EDTA (NSSOH) and without EDTA (SSOH)
in the reaction mixture

Brine shrimp lethality assay: The cytotoxic potential of
the extracts was identified based on their toxicity against
Artemia salina larvae in the Brine Shrimp Lethality
Assay. Number of dead larvae for each concentration of
extract (5, 3, 1, 0.5, 0.1 and 0.01 mg/mL) was counted
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after 24 hours of exposure of the brine shrimps, and the
results were transformed in percentages of mortality.
Figure 3 shows the trend of mortality rate for each sample
and the positive controls. Strong toxic effects (50 - 60%)
in the lower concentration range (0.01 — 0.5 mg/mL)
were observed for A. vulgaris, while A. graveolens and V.
planifolia demonstrated weak toxicity (0 - 20%) in the
corresponding concentration range.

100

0

% of mortality

LS 2 25 3 35 4 45 S
Concentration (mg/mL)

1

0.5

0

Figure 3. Trend of mortality for A4. salina against
concentration for the extracts and positive
controls

According the LCs, values calculated by probit
regression analysis (Table 3) A. vulgaris is classified as
highly toxic extract based on Meyer’s scale and
Clarkson’s scale, and the results were in accordance with
the in vitro cytotoxicity on cell lines demonstrated by
several authors. The ethylacetate extract of A. vulgaris
manifested very high cytotoxic potential (LCsy 57 pg/mL)
against MCF-7 cells (Rabe et al, 2011), and similar
results were also obtained for the selective inhibition of
HL-60 cells by caspase-dependent apoptosis as a result of
treatment of the cancerous cells with A. vulgaris oil
(Saleh et al.,, 2016). Additionally, in the study of
Abdelhamed et al. (2013), treatment with A. vulgaris
extracts resulted in sensitization of MDA-MB-231 and
MDA-MB-468 breast cancer cells to TRAIL (tumor
necrosis  factor-related  apoptosis-inducing  ligand),
improving the efficacy of the treatment. The observed
cytotoxicity in A. vulgaris might be due to the presence
of numerous bioactive components, among which the
monoterpenes camphor and o- and B-thujone detected in
the volatile oil by GC/MS were declared as most
promising (Govindaraj et al., 2008). This observation is
also supported by previous data on their antiproliferative
and antitumor activity (Tamil Selvi et al., 2015).

A moderate toxicity was observed for S.
hortensis (LCsy 324 png/mL) and A. dracunculus (LCs
454 pg/mL), while V. planifolia and A. graveolens
showed no toxic effect against the brine shrimps (1136
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and 1235 pg/mL, respectively) as presented in Table 3.
Comparable results to these findings for the moderate
toxicity of S. hortensis were obtained in the study of
Gohari et al. (2005) by testing the cytotoxic activity of
diethyl ether extracts and isolated terpenoids from S.
macrantha against Artemia salina larvae. The observed
LCsy values for the extract (LCsy 186 upg/mL)
demonstrated a moderate cytotoxic potential that could be
attributed to the isolated terpenoids thymol, oleanoic acid
and wursolic acid. In the current study, thymol
demonstrated a very strong cytotoxic potential (LCsy 8
pg/mL). Similarly, previous studies demonstrated that
carvacrol manifested strong antitumor and
antiproliferative activity on human metastatic breast
cancer cells MDA-MB231 in a dose-dependent manner
(Arunasree, 2010) and a very potent cell growth
inhibition of AS549 cell line (Miladi et al, 2013).
Additionally, isolated chalcone and flavanones from S.
spicigera aerial parts demonstrated strong cytotoxic
potential against A. salina shrimps (LCsp 2 pg/mL)
(Gohari et al., 2012). Moreover, Berdowska et al. (2013)
showed that rosmarinic acid exhibited the strongest
cytotoxicity against MCF-7 cell line, and the overall
conclusion was that the tested phenolics exert more
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beneficial properties when they are applied in the form of
extracts comprising their mixtures.

Moderate cytotoxic potential was also obtained
for A. dracunculus. Antitumor effects of 4. dracunculus
extracts observed in L5178Y lymphoma cells (ICs5o 100
pg/mL) were reported as a result of the present
polyphenols and possibly a flavone that also possesses
antioxidant activity (Navarro-Salcedo et al., 2017).
Moreover, the antitumor effect of A. dracunculus
ethanolic extract was examined against cultured EC-109
cells in a previous study and the observed toxicity (LCsg
80 pg/mL) showed mild to potent cell proliferation
inhibitory activities against the esophageal cell line.
Isolated sakuranetin from the extract was also examined
and the authors reported high potency against EC-109
cancer cells, suggesting that certain flavonoids present in
A. dracunculus may express significant cytotoxicity
(Hong and Ying, 2014). The chemopreventive effects of
A. dracunculus methanolic extracts were demonstrated
against 7,12-DMBA-induced skin cancer (Ibrahem, 2017)
and possibly contributed by the presence of quercetin,
rutin and kaemferol that were identified in the leaves. The
chemopreventive effect of rutin is also associated with
the significant antioxidant activity of A. dracunculus
(Dixit, 2014).

Table 3. Cytotoxic potential of hydroalcoholic extracts of 5 commercial spices according the Brine Shrimp

Lethality Assay
b

Plant species Abbr. (uléff;i) intcegwlrlzfil‘siigge" %) Msec):;: % Clarkson’s scale

Anethum graveolens L. AGH 1235 888 —2048 non-toxic non-toxic
Artemisia dracunculus L. ADH 454 233 -975 toxic moderately toxic

Artemisia vulgaris L. AVH 80 29-174 toxic highly toxic

Satureja hortensis L. SHH 324 153 — 567 toxic moderately toxic

Vanilla planifolia Jacks. ex Andrews  VPF 1136 819 — 1888 non-toxic non-toxic

Obtained results were also compared with the
cytotoxic potential for the positive controls K,Cr,O,
thymol and BHA. Potassium dichromate is a commonly
used oxidizing reagent and well known cytotoxic agent in
laboratory applications, while BHA is a synthetic
antioxidant that is commonly used in food preservation.
Thymol is a monoterpene frequently present in essential

oils of many plant species therefore it is a suitable marker
for their bioactive properties. Based on the obtained
results (Table 4), low concentration of all positive
controls exerted significant cytotoxic effects, therefore
they were identified as highly cytotoxic agents against the
Artemia larvae.

Table 4. Cytotoxic potential of positive controls according the Brine Shrimp Lethality Assay

Positive controls LCs Confidence intervals R y
(ug/mL) (95%) Meyer’s scale Clarkson’s scale
K,Cr,04 10 1-41 Toxic highly toxic
Thymol 8 0-25 Toxic highly toxic
BHA 12 3-38 Toxic highly toxic
Conclusion: All examined spices demonstrated and S. hortensis exhibited strong radical scavenging

antioxidant activity in different extent. A. dracunculus
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activity and reducing capacity, whereas A. dracunculus



has also shown prominent chelating abilities. The
significant amount of polyphenols and flavonoids that
was obtained for all samples is possibly the major
contributor to their antioxidant properties, which was
confirmed by the positive correlation established between
the polyphenols and the antioxidant activity.

Beside their prominent antioxidant potency,
plant extracts also demonstrated cytotoxic effects in
various levels. 4. vulgaris exhibited high cytotoxicity
against Artemia larvae, while A. dracunculus and S.
hortensis were identified as extracts with moderate
cytotoxicity.

The significant bioactive properties of the
examined extracts in this research provide a new insight
by their utilization as natural sources for preventive
purposes against pathological conditions based on
oxidative stress, as well as promising candidates for
further detailed studies on the isolation and identification
of their biologically active compounds.
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