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Abstract: The present study investigates the evaluation of in vitro pharmacological activities of crude
extracts (petroleum ether, ethyl acetate and n-butanol) obtained from the plant Scabiosa stellata L. The
cytotoxicity of extracts was tested by Brine shrimp lethality method; the acetylcholinesterase inhibitory activity
was performed using Ellman's colorimetric method. The anti-arthritic activity was conducted by bovine serum
albumin denaturation method, and the antioxidant activity was evaluated by six different methods including
DPPH and ABTS radicals scavenging activities, reducing power, CUPRAC assay, ferrous ions and metal
chelating assay. Furthermore, the antibacterial activity was estimated by agar disk diffusion assay against ten
bacterial strains. The phytochemical screening of all the extracts revealed the presence of several types of
secondary metabolites. The ethyl acetate extract recorded the highest content of polyphenols, flavonoids and
tannins. All the crude extracts (PE, EtAOc and n-BuOH) had antioxidant activities in various assays and prevent
the denaturation of bovin serum albumin in dose depending manner. A significant cytotoxic effect was observed
for the n-butanolic extract with 57.2 + 0.2% of mortality at 80 pg/mL, the ethyl acetate extract displayed a
moderate anticholinesterase activity at 200 pg/mL. All the crude extracts showed antibacterial activity against
most tested strains, with zones of inhibition ranging from 9 to 20 mm. The results indicate that the species S.
stellata could be an important source of therapeutic agents against neurodegenerative inflammatory and
infectious diseases.
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Introduction

The supplementation of the body by exogenous bioactive compounds is one of the new therapeutic strategies to
prevent the appearance of cancers oxidative, inflammatory, infectious and neurodegenerative diseases [1-2]. In
this context, many researchers are interested in medicinal plants as an alternative and important source of natural
compounds to find new antioxidant and anticancer agents with few side effects, which act according to several
modes of action to reduce the effects of free radicals and the appearance of oxidative stress-related diseases
(cancers, neurodegenerative and inflammation). These species are found in many families.

The family Dipsacaceae is represented by three tribes and comprises nine genera.The genus Scabiosa comprises
about 100 species [3]. Plants of this genus are widely used in traditional medicine for the treatment of various
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diseases including hypoglycemia [4], respiratory diseases and menstrual regulation [5] and for their diuretic
effects [6]. They are also recommended in dermatoses and against ulcers [7]. Scabiosa stellata L. is an annual
plant with bluish flowers, distributed in North Africa [8] and used in Moroccan popular medicine against heel
cracks [9] and for the treatment of various respiratory diseases including bronchitis, bronchial pneumonia,
influenza and asthma [10].

The present study investigated the biological evolution of crude extracts (petroleum ether, ethyl acetate and n-
butanol) obtained from the plant Scabiosa stellata by the estimation of total phenolic and flavonoid contents and
the assessment of its in vitro cytotoxic, anticholinesterase, antioxidant, antiarthritic and antibacterial activities.

Material and Methods
Plant material

The plant Scabiosa stellata L. was collected in May 2014 in the Aures region (Bellezma, Algeria) and was
identified by Professor Bachir Oudjehih, Agronomic Institute of the University of Batna-1, under the number
2224/LCCE.

Preparation of plant extract

The powder of the whole plant Scabiosa stellata (500 g) was macerated twice (5 Lx 2 each 48h) with a solvent
mixture of ethanol- H20 (70:30) at room temperature. After filtration, the filtrate was concentrated under
vacuum at room temperature to obtain a hydro-alcoholic extract (400 mL). This solution was submitted to
liquid-liquid fractioning using organic solvents PE, EtOAc and n-BuOH successively (100 mLx 5 of each
organic extract) until the separation of both phases aqueous and organic. The obtained phases were dried over
anhydrous sodium sulfate, filtered and evaporated to to provide dryness extracts PE (1.03 g), EtOAc (6.52 g)
and n-BuOH (30.38 g).

Phytochemical Screening

In order to detect the different secondary metabolites present in crude extracts of Scabiosa stellata, a
phytochemical screening was carried out using the methods described by Fransworth (1966) [11] based on the
observation of color changes in the initial mixture or the formation of a precipitate.

Total Bioactive Content

The quantification of total phenolic content of the methanolic extract was assessed spectrophotometrically using
the Folin-Ciocalteu method [12]. 200 pL of the sample was added to 1 mL of Folin-Ciolcalteu solution (10 %).
After 4 minutes, a volume of 800 puL of sodium carbonate solution (Na,COj3, 75 g/L) was added. The mixture
was incubated for two hours in darkness at room temperature. After incubation, the absorbance was read at 765
nm using UV-Vis spectrophotometer (V1S-7220G). Gallic acid (50-500 pg/mL) was used as a standard to
establish the calibration curve from which the concentration of polyphenols was calculated and the results were
expressed in microgram equivalents of gallic acid per milligram of extract (ug GA/mg of extract).

The total flavonoid content of MeOH extract from Nonea vesicaria was performed by the trichloroaluminum
method [13]. 1 mL of trichloroaluminum solution prepared in water (AICl3, 2 %) was added to 1 mL of the
crude extract. The mixture was vigorously agitated and incubated for 10 minutes at room temperature and then
the absorbance of the sample was measured at 430 nm. Quercetin (25 - 200 pg/mL) was used to realize the
calibration curve to determine the concentration of flavonoids and the results were expressed in microgram
equivalents of quercetin per milligram of extract (ug QE/mg of extract).

The analysis of condensed tannins was processed using the method described by Heimler et al [14]. 3 mL of
vanillin solution (4 %) were added to 50 pL of tested extracts and then 1.5 mL of concentrated hydrochloric acid
were added to the mixture. After 15 min of incubation, the absorbance was measured at 500 nm. Catechin (10 -
300 pg/mL) was used to establish the calibration curve to calculate the concentration of condensed tannins in the
extracts. The results were expressed in micrograms equivalent of catechin per milligram of extract (ug EC/ mg
extract).
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Antioxidant Activities
DPPH free radical-scavenging assay

The antioxidant activity of extracts was evaluated using the method of Blois et al [15]. 25 pL of different
dilutions of the extracts (PE, EtOAc and n-BuOH) or standards (BHT, BHA and ascorbic acid) were added to
975 uL of DPPH (0.025 mg/mL). Then, the mixture was kept in the dark place at room temperature for 30 min.
The absorbance was measured at 517 nm and the percentage of DPPH radical-scavenging activity of each
extract was calculated as follows:

Control—ASam ple

DPPH scavenging effect (%) = 2 x 100

"'ll'.'!?I! [rol

Acontrol 1S the absorbance of blank and Ag,mpie i the absorbance of positive control or sample.

ABTS scavenging activity

The spectrophotometric analysis of ABTS scavenging activity was done by the method of Re et al [16]. The
ABTS™ was produced by the reaction between 7 mM of ABTS prepared in H,O and 2.45 mM of K,S,0g, stored
in the dark at room temperature for 12 h before use. The ABTS solution was diluted with ethanol to get an
absorbance of 0.70 + 0.20 at 734 nm. Then, 2 mL of the diluted ABTS solution were added to 1 mL of sample
solution (extracts, BHT and BHA) at different concentrations (0.0156 - | mg/mL). After 30 min, absorbances
were measured at 734 nm and the percentage of inhibition was calculated for each concentration relative to a
control absorbance. The scavenging capacity of ABTS was estimated using the following equation:

Contral=Afample

Scavenging effect (%) = - x 100

"'ll'.'!?I! [rol

A conrol 18 the absorbance of control and A g,mpie i the absorbance of positive control or sample.
Reducing power assay

The reducing power was determined according to the method of Oyaizu et al [17], 100 pL of sample solution at
different concentrations were added to 0.5 mL of phosphate buffer (0.2 M; pH 6.6) and 0.5 mL of potassium
ferricyanide (1 %). The mixture was incubated at 50 °C for 20 min. Then 0.5 mL of trichloroacetic acid (10 %)
was added to the mixture which was centrifuged for 10 min at 3000 rpm. The supernatant (0.5 mL) was mixed
with 0.5 mL of distilled water and 125 pL of FeCl; (1 %) freshly prepared. The absorbances were measured at
700 nm and the results were calculated as Ags (ug/mL) which indicated the concentration corresponding to the
absorbance at 0.50 nm. The reducing power of the different extracts was compared to those of BHA, BHT,
ascorbic and tannic acids and a-tocopherol as standards.

Cupric reducing antioxidant capacity (CUPRAC)

The cupric reducing antioxidant capacity was determined according to the method of Apak et al [18]. 50 uL of a
solution of CuCl, (10 mM) were added to 50 pL of the neocuprine solution (7.5 mM) and 60 pL of NH;AC
buffer solution (1 M, pH = 7.0). Different concentrations of extracts and standards were added to the initial
mixture to make a final volume of 200 puL. The samples were shielded from light and the absorbance was
measured at 450 nm after 1h. The results were calculated as Ays (ng/mL) and the reduction capacity of the
extracts was compared with those of a-tocopherol, BHA and BHT as standards.

Chelation of ferrous iron

The chelation of ferrous iron was estimated by the method of Le et al [12]. 500 uL of the samples (extracts and
EDTA) were initially mixed with 100 pL of FeCl, (0.6 mM) and 900 pL of methanol. After 5 min, 100 pL of
Ferrozine (5 mM) were added. The obtained solutions were agitated and incubated for 10 min at room
temperature and the absorbance was measured at 560 nm. The results of ferrous iron chelation were transmitted
as percentage of inhibition (%) according to the equation:

Comirol _"-l.'l'ﬂll'l Lo
ZLomire oA o

Activity (%) = = 100

"-ll'.'!?I! rel



International Conference on Veterinary, Agriculture and Life (ICVALS), October 26-29, 2019, Antalya/Turkey

Acontrol 18 the absorbance at 560 nm of the control and Ag,mpie is the absorbance of positive control or sample.
Chelation of the metal ions

The chelation of metal ions was assessed according to the method of Decker et al [19]. 40 pL of the samples
(extracts and EDTA) at different concentrations were added to 40 pL of FeCl, (0.2 mM) and 40 pL of ethanol.
The reaction was initiated by the addition of 80 pL of ferene solution (0.5 mM). The mixture was agitated
vigorously and incubated for 10 min at room temperature. The absorbance was measured at 562 nm and the
results were given as a percentage of inhibition using the following equation:

Control=ASample
_LEmiTE CoAmpe

Activity (%) = = 100

"-ll'.'!?‘I! [rol

A control IS the absorbance at 562 nm of the control and A gmpie is the absorbance of positive control or sample.

In vitro cytotoxicity

The cytotoxicity of the crude extracts prepared from the species Scabiosa stellata was evaluated according to
brine shrimp lethality essay described by Meyer et al (1982) [20]. Brine shrimp eggs were hatched in a shallow
rectangular dish (150 mm x 5 mm) filled with sea water (38 g marine salts dissolved in 1L of distilled water).
The dish was divited into two unequal compartments using a plastic divider. The shrimp eggs (50 mg) were
sprinkled into the larger darkened compartment, while the smaller compartment was illuminated. After 48 hours
the phototropic nauplii were collected using pastor pipette from the illuminated compartment. The extracts in
various concentrations (0.5, 1, 2, 4, 8 mg/mL) were prepared in dimethyl sulfoxide (DMSO). 100 uL of each
prepared solution were transferred into vial tubes containing 4.9 mL of sea water and ten larvae of brine shrimps
(nauplii) to obtain final concentrations of 10, 20, 40, 80 pg/mL. The vials were maintained under illumination.
After 24 hours the survived shrimps were counted, the total death and the percentage of mortality of each dose
were determined.

Acetylcholinesterase Inhibitory Activity

The inhibition of AChE by crude extracts was evaluated using the method described by Ellman et al [21]. 750
puL of sodium phosphate buffer (100 mM , pH 8.0) were added to 50 pL of crude extracts (PE, AcOEt and n-
BuOH) at different concentrations and 100 uL of AChE (5.32 x 10° U) solution prepared in phosphate buffer
salin pH = 8. The mixture was incubated at 25 °C for 15 minutes then 50 pL of DTNB (5,5'-dithio-bis-2-
nitrobenzoate) (0.5 mM) were added with 50 pL of acetylthiocholine iodide (0.71 mM). The absorbance of the
mixture was read at 412 nm, after 5, 10, 15 and 20 min. Galantamine was used as a positive control. The
percentage of inhibition was calculated using the following equation:

Inhibition (%) = (E - S/E) x 100

Where E is the activity of the enzyme without extract and S is the activity of the enzyme with the extract.

Antibacterial Activity

The antibacterial activity of the crude extracts (PE, AcOEt and n-BuOH) was estimated by the agar disk
diffusion assay [22] against ten bacterial strains including four Gram-positive (Staphylococcus aureus ATCC
25923, Staphylococcus albus, Enterococcus sp, Streptococcus D) and six Gram-negative (Escherichia coli
ATCC 35218, Pseudomonas aeruginosa ATCC 15442, Acinetobacter baumannii, Proteus mirabilis, Salmonella
Typhimurium and Enterobacter sakazaki). The bacterial strains used were initially isolated from patient affected
with infections, identified in the Laboratory of Microbiology University Hospital Center (Batna) by microscopic
examination stain reaction according to their morphology, Gram character, colony aspect, oxygen requirement,
physiological and biochemical characters and using serological methods and purified using the method of
streaking the four quadrants in sterile conditions and at optimum temperatures according to the strain concerned
for 24 h. One or several colonies from each pure culture were transferred into 5 mL of nutrient broth. The
bacterial suspension was homogenized and incubated at 37 °C for 10-24 hours. After incubation, a reading of
the optical density (OD) of 1 mL of inoculum was made by a spectrophotometer at 625 nm. Opacity must be
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equivalent to 0.5 McFarland. A sample from each inoculum was used to inoculate Petri disks containing Mueller
Hinton by swabbing technique. Wathman paper disks (6 mm) were impregnated with 10 pL of the extract
solutions at different concentrations (1000, 500, 250, 125, 62.5 and 31.25 mg/mL and filed carefully on the
surface of the inoculated agar with sterile forceps. The discs of the negative controls were impregnated with
DMSO. The Petri dishes were incubated at 37 °C for 24 h. The tests were performed in triplicate (three boxes
for each concentration of extract and for each strain). The results were expressed by the diameters of zones of
inhibition around the discs produced.

In vitro anti-inflammatory activity

The anti-inflammatory activity of S. stellata extracts was achieved by bovine serum albumin denaturation
method [23]. 500 uL of sample solutions or standard drug (Ibuprofen) at different concentrations (125, 250, 500
and 1000 pg/mL) were added to 500 puL of BSA solution (0.2%) prepared in Tris Buffer Saline (pH 6.6). A
control tube contains a volume of 0.5 mL of BSA and 0.5 mL of ethanol was also prepared. The tested tubes
were incubated at 37 °C for 10 min then heated at 72 °C for 5 min. After cooling, the absorbances of these
solutions were read at 660 nm. Each experiment was performed in triplicate and the average absorbance was
recorded. The percentage of inhibition of denaturation was determined as follows:

Inhibition of denaturation (%) = ((A Control — A sample) /A Control) x 100
AControl is the absorbance at 660 nm of the control and Asample is the absorbance of positive control or
sample.
Statistical Analysis
The results were given as the means + S.D (p <0.05) for three replicates for each sample. The Ags (reducing
power and CUPRAC assay) and ICs, (DPPH, ABTS, anticholinesterase inhibition activity), LCsp (brine shrimp

lethality test) and ECs (chelation of ferrous iron, chelation of the metal ions) values were calculated by linear
regression analysis.

Results and Discussion
Phytochemical screening

The phytochemical screening of crude extracts (PE, EtOAc and n-BuOH) obtained from the plant S. stellata L.
reveals the presence of several classes of secondary metabolites well-known to possess pharmacological
proprieties including : steroids, flavonoids, saponins, tannins, alkaloids, quinons and carotenoids. All the
detected compounds were previously isolated from species of the same genus [24-28]. Flavonoids, saponins,
triterpenoids and sterols have been previously purified and identified from this species [29-31].

Total bioactive contents
Regarding the importance of phenolic compounds as bioactive products doted of biological activities, the
quantification of phenolic, flavonoid and tannin contents of S. stellata crude extracts were assessed. And the

results are summarized in Table 01.

Table 1. Total bioactive contents of Scabiosa stellata extracts

Extracts Total phenolic Total flavonoids Total Condensed
content ? content tannins content ©
(ug GAE/ mg of extract) (ng QE/ mg of extract) (ng EC/mg of extract)
PE 30.33+0.15 13.83 £0.45 0.07 £0.02
EtOAC 117.66 £0.52 72.90 £0.76 32.05+0.15
n-BuOH 77.12+£0.29 57.83+0.25 0.95+0.015

*Total phenolic content was expressed as pg gallic acid equivalent/ mg of plant extract ; ° Flavonoid content was
expressed as pg quercetin equivalent / mg of plant extract ; “Total condensed tannins content was expressed as
pg catechin equivalent/ mg of plant extract.
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A difference in total bioactive contents depending on solvent polarities used for the extraction procedures were
observed. The highest phenolic, flavonoid and tannin contents were found in the ethyl acetate extract, followed
by n-butanolic and petroleum ether extracts respectively.

Previous research conducted on the same species [29] and on species of the same genus including : S.
tschiliensis [32] and S. arenaria [33] indicated lower levels of polyphenol and flavonoid contents compared to
the results of the present study.

The variation in total phenolic content between species of the same genus could be due to various intrinsic
factors (genetic potential of the individual species for the biosynthesis of polyphenols) and extrinsic factors
(environment, stage of maturation and storage period) [34].

Antioxidant Activities

The results of the antioxidant activity are presented in Table 2. All the crude extracts exhibit an interesting
antioxidant activity at different systems including: DPPH and ABTS radicals scavenging activities, reducing
power, CUPRAC assay, ferrous ions and metal chelating assay. This result was expected, since several studies
reported the considerable antioxidant potential of plants belonging to the same genus [32-33].

Table 2. Antioxidant activities of the species Scabiosa stellata
Antioxidant activities

CUPRAC Reducing

DPPH chelationin  chelation in

a ABTS assay® a a ferrousiron metal chelate
assay assay power a a
assay assay
Extract and 1Cs Agso ECso (mg/mL) ECs
standards  (ug/mL) 1Cs0 (ng/mL) (ng/mL) Aoso (g/mL) (mg/mL)
nBuoH 2122 94991036 4ZI0F 10131052 1.65£001  145.35+0.34
0.30 3.06
2515+ 28.50 £
EtOAC 068 14.00+ 0.8 124 6.54+£0.48 5.03+£0.07 > 200
171.61 = 100.9 £
PE 012 64.10 £ 0.38 8.06 >50 ND ND
b 6.82 & 3.64+
BHA 0.49 1.81+0.10 019 8.41 £0.67 NT NT
b 22.32+ 9.62 +
BHT 002 1.29+0.30 0.87 >50 NT NT
Tannic 7.74 £ 3.76 +
acidP 0.19 1.01+£0.16 073 4.57+0.30 NT NT
Ascorbic 3.1+ 1243 +
acidP 0.002 1.74 £ 0.10 0.09 9.01 £0.46 NT NT
a- 13.02 + 19.92 +
Tocopherolb 017 7.59 £0.53 146 34.93 +0.38 NT NT
EDTAP NT NT NT NT 0.063 £0.01 8.57+0.14

*Values expressed are means + SD of three measurements (p < 0.05); "Reference compounds; NT : not tested;
ND: not determined because the inhibition at highest screened concentration (200 pg /mL) was less than 50%.

All the crude extracts (PE, EtOAc and n-BuOH) possessed radical scavenging properties in both DPPH and
ABTS assays that varies in a dose-dependent manner. In DPPH free radical scavenging assay, the n-butanolic
extract (21.22 + 0.30 pg/mL) exhibited a higher antioxidant activity then BHT (22.32 + 0.02 pg/mL), but this
activity was relatively low compared to the BHA (6.82 + 0.49 ug/mL), ascorbic acid (3.1 + 0.002 pg/mL) and o-
tocopherol (13.02 = 0.17) used as standards. In ABTS radical scavenging test, the EtOAc extract had strong
antioxidant activity with a value of ICsy at 14.00 + 0.8 pg/mL, followed by the n-butanolic and PE extract
respectively.

In order to relate the antioxidant potential of the species Scabisa stellata to the presence of bioactive compounds
that serve as electrons donor inducing the reduction of transition metals, the antioxidant activity was assessed by
CUPRAC and reducing power assays (Table 2). The results of all the tested samples (extracts and standards) in
both tests were affected in a dose-dependent manner. The EtOAc extract was the most potent extract, this
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extract had high reducing power better than that of ascorbic acid, a-tocopherol and BHA known as common
standards.

The results of the ferrous ion-chelating and chelation of the metal ions tests (Table 2) revealed that n-BuOH and
EtOAc extracts had moderate metal chelating activities compared to EDTA as a positive control.While, PE
extract does not possess any chelation activities at all the tested concentrations.

The interesting antioxidant activities of crude extracts at different systems can be attributed to the phenolic and
flavonoids contents. In fact, several studies noticed that phenolic compound constitute the most powerful
antioxidant agents isolated from plants [35].

In vitro cytotoxicity

All the extracts obtained from the plant Scabiosa stellata were subjected to Brine Shrimp lethality bioassay in
order to evaluate their possible cytotoxic action and anti-tumor properties. The results are given in Table 3.

The result indicates that no mortality was observed with the control group treated with DMSO, while a
concentration-dependent increment in a mortality rate of the brine shrimp nauplii was observed in groups treated
with the Scabiosa stellata crude extracts. The n-butanolic extract was the most toxic to Brine Shrimp nauplii,
with 57.2 + 0.2 % of mortality at 80 pug/mL followed by the ethyl acetate extract (28.5 % of mortality) and the
petroleum ether extract (42.8 % of mortality) at the same concentration (80 pg/mL).

Table 3. Result of in vitro cytotoxicity by Brine shrimp lethality bioassay
% Mortality under the studied concentrations (ug/mL)?

Toxicit
sample Profiley
100 80 40 20 10
DMSO 0 0 0 0 0 Non-toxic
n- BuOH 70.14+0.22 57.14+0.32 42.86+0.1 39.29+0.47 21.34+0.57 Toxic
EtOACc 32.02+0.92 28,57+ 0.2 21,43+ 0.26 17,86+0.3 14,29+0.3 Non-toxic
PE 47.2+0.83 42.86+ 0.5 32.14+ 0.3 21.43+0.57 17.86£ 0.2 Non-toxic

®Values expressed are means + SD of three measurements (p < 0.05).
The significant cytotoxicity of the n-butanolic extract could be related to the chemical profile of the species

Scabiosa stellata. Indeed, saponins isolated previously from this plant are known as potential antiproliferative
and antitumor agents doted of apoptic and cytotoxic effects [36].

In vitro anti-inflammatory activity

The anti-inflammatory activity of S. stellata extracts was achieved by bovine serum albumin denaturation
method and the results are presented in Table 4.

Table 4. In-vitro anti-inflammatory activity of S. stellata extracts

Concentration (ug/ml)

Extracts/standard 1000 500 250
PE 16 +0.12 56+0.1 4.0+0.1
EtOAC 78.8 0.1 69.5 +0.1 58.9 +0.1
n-BuOH 3.2+03 1.8+0.1 -
Iboprofen” 100 + 0.3 92 +0.2 61+0.2

*Values expressed are means + SD of three measurements (p < 0.05); °Reference compounds; (-): not
determined

All the crude extracts and the standard drug (Ibuprofen) had the ability to inhibit thermally-induced protein
denaturation in a dose-dependent manner. Ibuprofen showed the maximum percentage of inhibition (100%) at
the concentration of 1000 PPM. For the extracts, the maximum percentage of inhibition was observed in EtOAc
(78.86%) extract followed by PE (16.02%) and n-BuOH (3.21%) extracts at the same concentration.
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This result indicated the ability of various extracts obtained from the species Scabiosa stellata to prevent the
alteration of the electrostatic, hydrogen, hydrophobic and disulfide bonds leading to maintain the three-
dimensional structure of the proteins, and their capability to control the production of self-antigen in case of
rheumatoid arthritis disease . The interesting anti-inflammatory activity of EtOAc extract can be attributed to the
presence of phenolic and flavonoid compounds. Known to possess interesting biological properties [37].

Acetylcholinesterase inhibitory activity

The crude extracts of S. stellata were tested for their AChE inhibitory activities by spectrophotometric Ellman
method . results showed that The ethyl acetate extract has a moderate activity (30.8%) at the concentration of
200 pg/mL, the n-BuOH extract has a low AChE inhibitory activity (10.9%) at the same concentration. While
the PE extract did not show any AChE activity at all the tested concentrations.

Previous research conducted on crude extracts of the species S. arenaria [33] showed strong inhibition of AChE
compared to the results of the present study, this variation in AChE activities among the species of the same
genus could be explained by the difference in their chemical composition especially in polyphenols and
flavonoids known for their anticholinesterase activities [38].

The results of the antibacterial activity are presented in Tables 5 . All the tested extracts showed inhibition of
bacterial growth against at least two strains. The strains Staphylococcus albus, Pseudomonas aregionosa
(ATCC 15442) and Salmonella Typhimurium are the most resistant strains to all plant extracts.

Table 5. Antibacterial activity of crude extractrs prepared from the species Scabiosa stellata
Extracts
Bacterial strains Concentration (mg/ml) PE EtOAc n-BuOH
1 12+0.13 10+0.1 -+
Escherichia coli ATCC 35218 05 10 £0.2 09+ 0.2 -
025 09+0.2 - -
0.125 08+ 0.1 - -
0.0625 - - -
1 - - -
Pseudomonas aregionosa 0.5 - - -
ATCC 15442 0.25 - - -
0.125 - - -
0.0625 - - -

Acinetobacter baumannii 05 - 10+0.3 09+0.1
0.25 - 09=+0.1 08+0.5
0.125 - - -
0.0625 -
1

Proteus mirabilis 05 - 18+ 0.4 -
0.25 - 17+ 0.1 -

0.125 - 17+ 0.3 -

0.0625 - 16+£0.2 -

Gram-negative strains

05 - - -
Salmonella Typhimurium 0.25 - - -
0.125 - - R

0.0625 - -

0.5 - - 09+0.1

Enterobacter sakazaki 0.25 - - 08+ 0.1
0.125 - - -
0.0625 - - -

0.5 15+0.1 10£0.1 -

Staphylococcus aureus ATCC 25923 0.25 12403 09+0.1 -
0.125 09+0.1 - -

0.0625 - - -

Staphylococcus albus 05 - - -
0.25 - - -

0.125 - - -

0.0625 - - R

Gram-positive strains

Enterococcus sp 0.5 - - -
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0.25
0.125
0.0625 - -
Streptococcus D 1 - 09+0.1
0.5 -
0.25
0.125 - -
0.0625 - -

#Values expressed are means + SD of three measurements (p < 0.05) as the diameter of the zones of inhibition
(mm) . ° (-) no zones of inhibition around the discs.

The ethyl acetate extract was found to be the most effective extract against six strains .The greatest zone of
inhibition was observed against the clinical strain P. mirabilis which is considered as a common cause of
nosocomial and urinary infections and one of the most resistant strains [39].

The n-BuOH extract has an antibacterial activity against two Gram-negative bacteria A. baumannii and E.
sakazaki. While the petroleum ether extract exhibited an inhibitory effect against S. aureus (ATCC 25923) and
E. coli (ATCC 35218).

The antibacterial activity observed in the tested extracts could be due to different classes of secondary
metabolites purified and identified previously including flavonoids, saponins, triterpenoids and sterols, known
for their antimicrobial activities [40].

Conclusion

The present study reported the pharmacological evaluation of the species Scabiosa stellata. The phytochemical
screening of crude extracts indicated the presence of various types of secondary metabolites with important
biological activities. important antioxidant activities in all the tested methods were observed and all the crude
extracts inhibit thermally-induced protein denaturation in a dose-dependent manner and showed antibacterial
and anticholinesterase activities.

Furthermore, it can be concluded that S. stellata extracts could be used as a good source of alternative natural
products helpful in preventing oxidative and neurodegenerative diseases and as a source of antibacterial, anti-
inflammarory and antiproliferative compounds.
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