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Abstract: Objective: Scandix pecten-veneris L. is a less studied wild edible herb and is considered an extinct plant
species in many parts of the world. This study was designed to evaluate its phytochemical composition and biological
potential of S. pecten-veneris L. Methods: Phytochemicals including alkaloids, flavonoids, polyphenols, and tannins
were determined in extracts of S. pecten-veneris. Antioxidant activity was determined using 2,2-diphenyl-1-
picrylhydrazyl (DPPH), while reducing power was tested by ferric reducing/antioxidant power (FRAP) assay. Antimi-
crobial activity against seven bacterial and four fungal strains was evaluated using agar well diffusion assay. Enzymes
inhibition study was performed for urease, phosphodiesterase-|, and catalase-ll. Results: S. pecten-veneris showed
moderate antiradical activity and reducing potential of hydroxyl radicals to about 20% of the initial value. The antiox-
idant activity of various extracts of S. pecten-veneris showed a linear correlation with total phenolic contents in the
order of water>n-butanol>chloroform>ethyl acetate>methanol extracts. S. pecten-veneris leaves showed the highest
inhibitory activity against Staphylococcus aureus while the highest antifungal activity was observed against Candida
albicans. The plant extract was most potent against urease enzymes but showed moderate activity against
phosphodiestrase-l and carbonic anhydrase-Il. Conclusions: Our data demonstrate that in addition to its culinary uses,
S. pecten-veneris has good medicinal potential and hence could be used for treating some specific health ailments.
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of human diseases (Newmann et al., 2003; Bakkali
et al., 2008). The increasing resistance of pathogens
to antibiotics and their associated side effects make
plant-based therapy an attractive area of research. A
number of plants have been recognized with multi-
ple therapeutic potential. Scandix pecten-veneris L.
commonly known as Shepherd’s needle, is a member
of the Apiaceaec or Umbelliferae family (Table 1),
and is one of the species used against infectious
diseases in traditional medicines. It is characterized
by highly divided curly pinnate leaves and tiny white
flowers arranged in clusters called umbels (Press and
Gibbons, 1993). S. pecten-veneris is a dicot, annual
scapose herb (Aglaia, 2014). The plant can grow up
to 15-50 cm tall, and has long narrow and pointed
fruit of 80 mm in length. It inhabits coastal sites,
arable fields, and wasteland, and prefers heavy clay
soils. The plant is native to Eurasia and present in
Europe, reaching west to the UK and north to Den-
mark (Wildscreen Arkive, 2002), and is also found in
some parts of South Asia. S. pecten-veneris along
with many other species is listed as an extinct or
threatened weed species in many parts of the world
(Pinke et al., 2011). It was once widespread and
abundant, but has declined considerably probably
due to the destruction of field margin habitats and the
application of chemical herbicides and fertilizers
(Berry et al., 2002). Also the seeds of S. pecten-
veneris cannot stay dormant for long, increasing the
risk of local extinction during times of improper
habitat management (Wildscreen Arkive, 2002).

Table 1 Scientific classification

Taxa Name
Kingdom Plantae
Phylum Tracheophyta
Class Magnoliopsida
Order Apiales
Family Umbelliferae
Genus Scandix
Species pecten-veneris L.

Botanical name
English name

From Aglaia (2014)

Scandix pecten-veneris L.
Shepherds needle, Venus’s-comb

S. pecten-veneris grows both in cultivated and
waste places and prospers in loam, sandy, and heavy
clay soils. It grows mainly during autumn and early
winter. Seeds of the annual plant tend to germinate in

October and early November (Wildscreen Arkive,
2002), although they can also germinate in spring on
arable land and flower between May and August
(Press and Gibbons, 1993). The leaves of S. pecten-
veneris represent the main edible part of the plant and
are consumed after being boiled and mixed with oil.
They are also used in pies (Newman et al., 2003;
Algaia, 2014). Young stems of S. pecten-veneris are
used as a pot-herb or in salads in both raw and
cooked forms (Hedrick and Sturtevant, 1972; Tanaka,
1976). The plant has been used as remedy for
toothache and other diseases. The important benefi-
cial health effects include a reduction in the risk of
chronic inflammatory diseases (Strzelecka et al.,
2005). Ethanolic extracts of S. pecten-veneris have
been observed to decrease tumor necrosis factor o
(TNFo) and nitric oxide synthesis in lipopolysac-
charide (LPS)-activated monocytes, and signifi-
cantly reduce the surface expression of VCAMI
on TNFa-stimulated endothelial cells. Additionally,
they can decrease LPS or cytokine-stimulated iNOS
mRNA levels (Strzelecka et al., 2005).

The consumption of wild plants in the Khyber
Pakhtunkhwa regions of Pakistan has been docu-
mented for many years. The region is rich in wild
flora and S. pecten-veneris is found growing there as
a wild herb. Previously, we have determined the
nutritional composition of S. pecten-veneris (Imran
et al., 2007), but the in vitro and in vivo biological
activity of this species is largely unknown. Therefore,
this study was performed to determine the phyto-
chemical composition and biological activity, in-
cluding antioxidant, antimicrobial, and enzyme in-
hibition activity of S. pecten-veneris.

2 Materials and methods
2.1 Chemicals

The solvents (chloroform, ethyl acetate, meth-
anol, n-butanol) and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) were purchased from Sigma-Aldrich (USA).
Iron (IIT) chloride (FeCls;-6H20) and sodium acetate
(CH3COONa-3H20) were purchased from Merck
(Germany). Enzymes including phosphodiesterase-I
and carbonic anhydrase-Il were purchased from
Sigma-Aldrich (USA) and urease from Sigma-
Aldrich (Germany).
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2.2 Sample collection

S. pecten-veneris leaves were collected from
Tarnab Farm Agricultural area, Peshawar, Khyber
Pakhtunkhwa of Pakistan during spring (March to
April) 2016. The plant was identified at the Botany
Department, Peshawar University, Pakistan. Before
analysis any visible dirt or insect parts were removed
from the plant samples. Fresh and healthy leaves
were dried in the shade for at least two weeks, then
crushed and stored in the dark.

2.3 Extraction and phytochemical screening

Extraction was carried out by soaking dry
powdered leaves (about 2 g) of S. pecten-veneris in
methanol (30 ml) for 3 d. The extract was filtered,
dried, and subjected to phytochemical screening
(Ayoola, et al., 2008; Wadood et al., 2013). Results
for the phytochemicals screening were expressed as
“+” or “=” for the presence or absence of the phy-
tochemicals, respectively.

2.4 Estimation of phytochemicals

The total phenolic content was quantified using
the Folin-Ciocalteu method (Ozyigit et al., 2007).
Briefly, a mixture containing 0.5 ml of extract in
methanol (1 mg/ml), 2.5 ml of Folin-Ciocalteu’s
reagent (10% (v/v) dissolved in water), and 2.5 ml
NaHCOj; (7.5% (75 mg/ml)) was incubated at 45 °C
for 45 min. A blank was concomitantly prepared by
mixing 0.5 ml methanol, 2.5 ml Folin-Ciocalteu’s
reagent, and 2.5 ml NaHCO;. Absorbance was
measured at 765 nm using spectrophotometer (SP-
3000 plus Optima, Japan). Gallic acid (GA) was used
as a standard and total phenol was expressed in terms
of gallic acid equivalents (mg of GA/g of extract).

Flavonoid content was determined by the alu-
minum chloride colorimetric method (Lin and Tang,
2007). Briefly, 1 ml each of AICl; (2% (0.02 g/ml)
solution in methanol) and methanolic plant extract
(1 mg/ml) was mixed and incubated for 1 h at room
temperature. Absorbance was measured using the
spectrophotometer (SP-3000 plus Optima, Japan) at
415 nm. The same procedure was repeated for
standard solutions of rutin (RU). Flavonoid content
was determined and expressed in terms of rutin
equivalents (mg of RU/g of extract).

The total alkaloid content was estimated grav-
imetrically using aluminum hydroxide precipitation

(Gracelin et al., 2013). For alkaloid determination,
1 g of the ground plant material was suspended in
200 ml acetic acid (10% (v/v) in ethanol) for 4 h. The
filtrate was concentrated in a water bath to one-fourth
of the original volume, followed by the drop wise
addition of concentrated ammonium hydroxide until
precipitation of the alkaloid was complete. The pre-
cipitated alkaloid was washed with dilute ammonium
hydroxide, dried, and weighed.

Total tannin was quantified spectrophotomet-
rically (Gracelin et al., 2013). Briefly, 0.5 g of sam-
ple was suspended in 50 ml of distilled water and
shaken for 1 h. The mixture was filtered into a 50-ml
volumetric flask and made up to the mark. Then 5 ml
of the filtrate was mixed with 2 ml of 0.1 mol/L FeCl;
in 0.1 mol/L HCI and 0.008 mol/L. potassium ferro-
cyanide. The mixture was incubated for 10 min and
its absorbance was measured at 120 nm. This pro-
cedure was repeated for tannic acid as a standard.
Total tannin content was expressed in terms of tannic
acid equivalent (mg of tannic acid/g of extract).

2.5 Antioxidant activity
2.5.1 DPPH radical scavenging activity

The total antioxidant activity was measured
using 2,2-diphenyl-1-picrylhydrazyl (DPPH), ac-
cording to the previously reported procedure (Dor-
man et al., 2004; Huang et al., 2012). Leaves of S.
pecten-veneris were subjected to methanolic extrac-
tion (3 d) and fractionated using chloroform, ethyl
acetate, n-butanol, and water. DPPH (2 ml, 0.1 mmol/L
in methanol) and plant extract in various solvents
(1 ml, 1.0 mg/ml) were mixed thoroughly, and in-
cubated at room temperature for 30 min. The optical
densities of the samples were measured (at 517 nm)
using the spectrophotometer (SP-3000 plus Optima,
Japan). Vitamin C (ascorbic acid) was used as the
positive control. The following equation was used for
calculation of DPPH radical scavenging potential:
DPPH scavenging effect (%)=(OD;—0D;)/ODgx
100%, where ODy is the optical density of the nega-
tive control and OD; is the optical density of the
sample or the positive control.

2.5.2 Ferric reducing power assay

Ferric reducing/antioxidant power (FRAP) assay
was carried out using the method reported by lamsaard
et al. (2014). Plant extracts (1 ml, 1 and 3 mg/ml)
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were mixed with phosphate buffer (2.5 ml, pH 6.6)
and potassium ferricyanide (2.5 ml, 1% (0.01 g/ml)),
incubated for 20 min at 50 °C, and centrifuged after
the addition of trichloroacetic acid (2.5 ml, 10%
(0.1 g/ml)). The upper layer was separated and mixed
with ferric chloride (0.5 ml, 0.1% (1 g/L)) and dis-
tilled water (2.5 ml). The optical density (at 700 nm)
was measured using the spectrophotometer (SP-3000
plus Optima, Japan). Vitamin C was used as the
positive control.

2.6 Antibacterial and antifungal assays

The antimicrobial effects of S. pecten-veneris
were evaluated against 11 strains of microorganisms
including bacteria and fungi. Antimicrobial activity
was determined by the agar well diffusion method.
Seven bacterial species were tested, selected as rep-
resentatives of both Gram-positive and -negative
classes: Escherichia coli, Salmonella typhi, Strep-
tococcus pneumoniae, Proteus vulgaris, Pseudo-
monas aeruginosa, Staphylococcus aureus, and Ba-
cillus subtilis. Fungal species tested included Asper-
gillus flavus, Aspergillus niger, Aspergillus parasit-
icus, and Candida albicans. Ten microliters of bac-
terial and fungal cultures were added to different
flasks containing pre-melted and cooled (45 °C)
nutrient agar (1.5% (15 g/L) agar, 0.5% (5 g/L)
peptone, and 0.3% (3 g/L) beef extract in distilled
water) and potato dextrose agar (0.2% (2 g/L) agar,
0.15% (1.5 g/L) peptone, and 0.04% (0.4 g/L) potato
starch in distilled water), respectively. The mixtures
were then transferred to different culture dishes,
solidified, and using sterile steel cork borer, wells of
uniform diameter (6 mm) were made on the solidi-
fied agar. One hundred microliters of plant extract
(5 mg/ml) were added to wells and incubated at 37 °C
for 24 h. Standard drugs and dimethyl sulphoxide
(DMSO) were used as the positive and negative
controls, respectively. Zones of inhibition were
measured in mm (Stepanovie et al., 2003).

2.7 Enzyme inhibition
2.7.1 Urease inhibition assay

Urease inhibition activity was determined using
the phenol red method (Amin et al., 2013). Briefly,
reaction mixtures comprising 55 pl of phosphate
buffer (pH 6.8), 25 ul of Jack bean (Canavalia en-
siformis) urease, 5 pl of plant extract (0.2 mg/ml) in

DMSO and 100 mmol/L of urea were incubated at

30 °C for 15 min in 96-well plates followed by the

addition of 45 pl of phenol reagent (0.005% (0.05 g/L)
sodium nitroprusside and 1% (0.01 g/ml) phenol),

and 70 pl of alkali reagent (0.1% (1 g/L) NaOCI and

0.5% (5 g/L) NaOH). Optical density was measured

at 630 nm in a microplate reader (Molecular Devices,

CA, USA). Thiourea was used as the standard inhibitor.

Percent urease inhibition was calculated as follows:

inhibition (%): 1 _(C)])sample/()l)control)>< 100%, ( 1 )

where ODg,mpie is the optical density of the sample
and OD,gnro1 1S the optical density of the control.

2.7.2 Phosphodiesterase-I inhibition assay

Phosphodiesterase-I activity (snake venom) was
determined as described previously (Rauf et al.,
2015). Tris-HCI (33 mmol/L), magnesium acetate
(30 mmol/L) buffer (pH 8.8), plant extract and en-
zyme (0.742 mU/well) were incubated at 37 °C for
30 min followed by the addition of 0.33 mmol/L
bis-(p-nitropheny1) phosphate. The optical density
was measured at 410 nm in a plate reader (Molecular
Device, CA, USA). Ethylene diamine tetra acetate
(EDTA) was used as the positive control. The percent
phosphodiesterase inhibition activity was calculated
by Eq. (1).

2.7.3 Carbonic anhydrase-II inhibition assay

Carbonic anhydrase-11 (CA-II) inhibition assay
was performed as reported previously (Iyer et al.,
20006), with slight modification. Briefly, the HEPES-
Tris solution (20 mmol/L, 140 pl, pH 7.2-7.9) was
mixed with 20 pl of bovine erythrocyte CA-II
(0.1 mg/ml in deionized water), 20 ul of plant extract
and 4-nitrophenylacetate (4-NPA) at a concentration
of 0.8 mmol/L. The mixture was incubated for 15 min
and the optical density was monitored at 1 min in-
tervals for 30 min in a plate reader (Molecular Device,
CA, USA) at 400 nm. Acetazolamide was used as the
positive control, CA-II inhibitor. The percent car-
bonic anhydrase-II inhibition activity of S. pecten-
veneris was calculated by Eq. (1).

2.8 Statistical analysis

All experiments were performed in triplicate
and results were expressed as mean+standard devia-
tion (SD). Student’s ¢-test was used to test differences
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between the means and a P-value of <0.05 was re-
garded as statistically significant.

3 Results and discussion
3.1 Phytochemical composition

Phytochemical screening of S. pecten-veneris
revealed the presence of flavonoids, phenols, tannins,
reducing sugars, cardiac glycosides, etc. However,
saponins, pholobatanins, or anthraquinones were not
detected in plant leaves (Table 2). A quantitative
analysis was carried out for alkaloids, flavonoids,
phenols, and tannins (Table 3). The methanolic ex-
tract was found to contain (48.90+3.93), (98.00+6.78),
(48.0044.45), and (65.00+3.93) mg/g (on dry weight
basis) alkaloids, flavonoids, tannins, and phenols,
respectively. Flavonoids have been shown to have
broad biological activity including antiviral, anti-
inflammatory, antibacterial, vasodilatory, antineo-
plastic, antithrombotic, and antiallergic properties
(Miller, 1996). To determine the total phenolic con-
tents, the methanolic extract of S. pecten-veneris was
further fractionated using various organic solvents
including, ethyl acetate, chloroform, n-butanol, and
water (Table 3). High phenolic content was observed
in the water fraction ((100.00£2.15) mg/100 g),
while the values for ethyl acetate, chloroform, and
n-butanol were (10.00£0.72), (8.00+0.40), and
(12.00+0.89) mg/g, respectively. However, the val-
ues in all cases were lower than those reported by
Simopoulos (2004). These differences could be due
to geographical location, plants age, or soil compo-
sition as these factors have a great impact on the
nutrient contents, phytochemical composition, anti-
oxidant activity, and biological potential of plants
(Pinos-Rodriguez et al., 2008; Khattak and Rahman,
2015).

Plant phenols have an excellent capability to
inhibit enzymes that cause inflammation, act as an-
tioxidants, and modify the prostaglandin pathways
thereby protecting platelets from clumping. Nowa-
days, the search for natural antioxidants is growing
for three main reasons: (1) the consumption of fruits
and vegetables rich in antioxidants is associated with
decreased risks of developing chronic diseases in-
cluding diabetes, cancer, and cardiovascular disor-
ders; (2) safety concerns regarding the potential
harmful effects of the chronic intake of synthetic

Table 2 Phytochemical screening of Scandix pecten-
veneris L.

Phytochemicals Inference
Flavonoids +
Tannins
Terpenoids
Steroids
Caumarins
Emodins
Alkaloids
Reducing sugar
Phenols
Saponins
Pholobatanins
Anthraquinones -

+ + o+

— Z
Aw;ooo\]oxu-.hww~‘o

Table 3 Phytochemical composition of Scandix
pecten-veneris L.

No.  Phytochemicals  Quantity (mg/g dry weight)

1 Alkaloids 48.90+3.93
2 Flavonoids” 98.00+4.78
3 Tannins 48.00+3.45

* Rutin equivalent (mg of rutin/g of extract); ~ Tannic acid
equivalent (mg of tannic acid/g of extract). Data are expressed
as mean+SD

antioxidants, such as butylhydroxytoluene and bu-
tylhydroxyanisole, in beverages and foods; and
(3) the public’s perception that synthetic antioxidants
are more harmful than their natural analogues
(Dastmalchi et al., 2007).

3.2 Antioxidant activity

Free radicals have been found to be a cause of
some major diseases including heart diseases, dia-
betes, cancer, and aging. Reduction of these radicals
by antioxidants is crucial to overcome these health
risks. Polyphenolic compounds and flavonoids pre-
sent in plants act as antioxidants and show remarka-
ble biological potential against these life threatening
diseases (Lobo et al., 2010). Both 2,2-azinobis-(3-
ethylbenzothiazoline-6-sulphonic acid (ABTS) and
DPPH radicals are used to assess the free radical
scavenging abilities of plant extracts and pure com-
pounds. The antioxidant activity of leaf extracts of S.
pecten-veneris was determined on the basis of their
DPPH radical scavenging potential and compared
with vitamin E, which was used as a standard. The
DPPH radical scavenging activity of different ex-
tracts (crude methanolic extract and ethyl acetate,
chloroform, n-butanol, and water fractions) of S.
pecten-veneris leaves is given in Fig. 1. All these
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extracts were used at a concentration of 1.0 mg/ml. A
crude methanolic extract of S. pecten-veneris showed
40% scavenging potential against DPPH (Fig. 2).
The aqueous fraction showed the highest activity
(P<0.001 vs. other fractions) against DPPH, fol-
lowed by n-butanol, chloroform, and ethyl acetate
fractions. This means that non-polar antioxidants
contribute to the antioxidant activity. Vitamin C
which was used as a positive control exhibited the
highest DPPH scavenging potential (P<0.01 vs. wa-
ter fraction and P<0.000 vs. other fractions). The
antioxidant potential of S. pecten-veneris could be
attributed to the synergistic effect of various phyto-
chemicals including steroids, flavonoids, and phe-
nolic compounds. The amounts of various phyto-
chemicals obtained in the current study are lower
than those reported by Simopoulos (2004), but are in
agreement to those of Pieroni et al. (2002).

The reducing power of an extract or a pure
compound represents its ability to act as antioxidant.

120 4 * P<0.01 vs. water fraction

= ** P<0.000 vs. water fraction
§ 100 J #P<0.001 vs. crude extract
£
o
5 80+
— O
23
208 60 +
&
S, 404
—
s}
=) 4
£ 20
0 .
N 5C NS 2
b°®+ &Q'o @6\0 oQ’Q N
O & (¢
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Fig. 1 Total phenol content in various fractions of
Scandix pecten-veneris extract
Data are expressed as mean+SD

o]
o
]

# P<0.01 vs. vitamin C
** P<0.001 vs. water fraction
60 4 *P<0.000 vs. water extract

*

activity (%)
N
o
1

N
o
1

DPPH radical scavenging

o
1

Fig. 2 DPPH radical scavenging activity of different
fractions of Scandix pecten-veneris extract
Data are expressed as mean+SD

The FRAP assay was used to determine the total
antioxidant potential of S. pecten-veneris. The FRAP
test is considered an accurate indicator of total anti-
oxidant activity (Tezcan et al., 2009). The S. pec-
ten-veneris reducing power assay was performed
using different extracts at different concentrations (1
and 3 mg/ml) of methanol, n-butanol, ethyl acetate,
water, and chloroform with vitamin C as a standard
(Fig. 3). Among these extracts, the reducing potential
of the water fraction was significantly higher than
that of other fractions (£<0.000), while the reducing
potential of the ethyl acetate fraction was the lowest.
Crude methanolic extract was more potent than
non-polar fractions in reducing free radicals. The
reducing ability of vitamin C was higher than that of
the plant extracts. This high reducing power indicates
that the compounds present in the extracts are elec-
tron donors and can reduce the oxidized intermedi-
ates of protein and lipid per oxidation processes, and
can serve as primary and secondary antioxidants.

2.4+ = 1 mg/ml
E 2.0 o 3 mg/ml
c # P<0.05 vs. vitamin C
8 1.6 ** P<0.005 vs. water fraction #
o * P<0.000 vs. water extract
o 1.21
2
g 0.8
Q 0.4
e}
< ol

&
O&

Fig. 3 Reducing power assay of different fractions of
Scandix pecten-veneris extracts
Data are expressed as mean+SD

3.3 Antibacterial and antifungal activity

The increasing number of infectious diseases
poses a major threat to human health globally. The
growing resistance of pathogens to antibiotics is
exacerbating this problem (Alli et al., 2011). The
isolation and synthesis of new compounds with good
antimicrobial activity have thus become imperative.
The methanolic extract of S. pecten-veneris showed
variable degrees of antimicrobial activity both for
bacteria and fungi. Table 4 shows the inhibitory ac-
tivity identified in the plant extracts against both
Gram-negative and -positive bacterial strains, which
are known to cause gastrointestinal, urinary, and
respiratory disorders in humans. Streptomycin and
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gentamycin were used as standard drugs for com-
parison. Most of the tested bacteria showed an ap-
preciable sensitivity towards the plant extract. The
plant extract showed good activity against P. vul-
garis, B. subtilis, and S. pneumoniae, but was most
active against E. coli, S. aureus and S. typhi. The
increasing order of the size of the zone of inhibition
of different bacteria was P. aeruginosa<P. vulgaris<
B. subtilis=S. pneumoniae<E. coli<S. typhi<S. au-
reus. S. aureus showed the largest zone of inhibition
((22.00£1.17) mm), while P. aeruginosa was not
sensitive to the S. pecten-veneris extract. The anti-
bacterial activity of the plant extract was compared
with that of streptomycin and gentamycin as standard
antibiotics. The results showed that standard antibi-
otics have higher activity than the crude extract.

Table 4 Antibacterial activity of methanolic extract of
Scandix pecten-veneris L.

Zone of inhibition (mm)

No. Bacterial strain — —
Extract Streptomycin Gentamycin

E. coli 18.00£1.02 25.00+1.34 NT
S. typhi 20.00+1.14 NT 28.00+1.21
S. pneumoniae 16.00£0.94 35.00+1.18 NT

~N N L W~

P. vulgaris 15.00+0.75 33.00£1.07 NT
P. aeruginosa NS 28.00+0.91 NT
S. aureus 22.00+1.17 NT 28.00+1.32
B. subtilis 16.00+0.92 NT 26.00+1.19

" Standard drugs. NT: not tested; NS: not sensitive. Data are
expressed as mean+SD

The potential antifungal activity was evaluated
using four fungal strains as tester microorganisms,
selected from among mycotoxin producers, food
contaminators, and food spoilage pathogens includ-
ing A. flavus, A. niger, A. parasiticus, and a clinical
oral isolate C. albicans. Results of the antifungal
potential of S. pecten-veneris are given in Table 5. S.
pecten-veneris showed the highest activity against C.
albicans with a zone of inhibition of (30.00+1.25) mm
and the lowest activity against 4. parasiticus ((12.00+
1.11) mm). The plant extract produced zones of in-
hibition with (21.00+2.45) and (23.00£1.78) mm
against 4. flavus and A. niger, respectively. Clotri-
mazole, used as a standard drug against A. flavus and
C. albicans produced (28.00+1.36) and (35.00+
1.22) mm zones of inhibition, respectively, while the
standard drug fluconazole showed (29.00+1.02) and
(30.00+1.10) mm inhibitory activity against 4. niger

and A. parasiticus, respectively. The antifungal
property of S. pecten-veneris extract was lower than
that of the standard drugs, but demonstrated a
promising effect on the growth of C. albicans. The
antimicrobial potential of plant species depends on
their chemical composition. The phenolic com-
pounds and flavonoids found in S. pecten-veneris
could be responsible for its antimicrobial potential
against the tested microorganisms.

Table 5 Antifungal activity of methanolic extract of
Scandix pecten-veneris L.

No Fungal Zone of inhibition (mm)
) strain Extract Clotrimazole” Fluconazole”
1 A flavus 21.00+£2.45 28.00£1.36 NT
2 A. niger 23.00+1.78 NT 29.00+1.02
3 A parasiticus 12.00£1.11 NT 30.00+1.10
4 C. albicans 30.00£1.25 35.00+1.22 NT

" Standard drugs. NT: not tested. Data are expressed as meantSD

3.4 Enzyme inhibition

Natural products from medicinal plants are
widely used in the treatment of many diseases as they
inhibit many pathogenic enzymes. Secondary me-
tabolites provide a good pharmacophore template for
new drugs. The methanolic extract of S. pecten-veneris
was assessed for in vitro enzyme inhibitory potential
against urease, phosphodiestrase-I, and carbonic
anhydrase-I1. The extract was found to be significantly
more active against urease than standard thiourea but
showed low activity against phosphodiestrase-1 and
carbonic anhydrase-II (Table 6). Phosphodiesterases
(PDEs) control cellular concentrations of cyclic gua-
nosine monophosphate (¢cGMP) and cyclic adenosine
monophosphate (cAMP) by hydrolyzing them to
5'-GMP and 5'-AMP, respectively. Inhibitors of
PDEs are being used in many pharmacological ap-
plications for their vasodilatory, cardiotonic, antide-
pressant, smooth muscle relaxant, anti-inflammatory,
and bronchodilator effects. Many plant metabolites
have been shown to be active PDE inhibitors (Rahimia
et al., 2010). Mammalian a-carbonic anhydrases
have important physiological functions in respiratory
homeostasis, pH balance, regulation of intracellular
osmotic pressure, and gluconeogenesis. Conse-
quently, a number of carbonic anhydrase isoenzymes
are the intended targets of drugs or inhibitors. These
inhibitors are commonly used for the treatment of
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gastric and duodenal ulcers, hypertension, certain
types of cancers, epilepsy, and as antiglaucoma drugs
(Winum et al., 2006; Supuran, 2008). Furthermore,
carbonic anhydrase isoenzymes present in prokary-
otic mammalian pathogens including Neisseria
gonorrhoeae, Helicobacter pylori, and the eukary-
otic malarial parasite Plasmodium falciparum could
also be targeted by these inhibitors. Urease catalyzes
the hydrolysis of urea to ammonia, which is im-
portant for growth and survival of H. pylori in the
acidic environment of the stomach and as a result
causes various gastrointestinal disorders (Hiyama
and Wynder, 1986; Devesa et al., 1998; Shabnam
et al., 2015). Many medicinal plants have long been
applied as remedies to cure such diseases. Euphorbia
decipiens (Ahmad et al., 2003) and sulfated poly-
saccharide of brown seaweed are examples of natural
substances reported to have urease inhibition activity
(Limuro and Wakabayashi, 2003). The data on en-
zyme inhibitory activity clearly show the potential of
S. pecten-veneris as an active inhibitor of urease and
hence suggest that it could be effective in the treat-
ment of gastrointestinal disorders. However, further
work is required on the isolation and correct identi-
fication of the active constituents of the extract.

Table 6 Enzyme inhibitory activity of methanolic extract
(0.2 mg/ml) of Scandix pectin-veneris L.

Inhibitory activity (%)

Group Urease  Phosphodiestrase-I ancha}lfr(?r(a)lzzzc-ll
Extract 72.80+5.25 33.11+£3.98 44.90+3.32
Standard 98.20+4.72 80.10+5.25 89.00+2.25

(Thiourea) (EDTA) (Acetazolamide)

Data are expressed as meantSD

4 Conclusions

S. pecten-veneris L. showed inhibitory activity
against a wide range of Gram-negative and -positive
bacteria and fungi, as well as good free radicals
scavenging potential. A crude methanolic extract of
S. pecten-veneris exhibited excellent inhibitory ac-
tivity against urease, suggesting its possible use in
treating gastrointestinal disorders. Data obtained in
this study could be useful for determining the de-
tailed chemical composition of S. pecten-veneris, as
currently little is known about its chemical charac-

teristics. Data on its antioxidant, antimicrobial, and
enzyme inhibition effects confirm the medicinal
value of this plant and suggest new therapeutic uses
for its metabolites or their derivatives. Based on its
medicinal potential, S. pecten-veneris could be of
great importance to pharmaceutical industries if it is
properly exploited.
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