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a b s t r a c t

This study presents the effects of the Achillea phrygia Boiss. et Bal. and Bupleurum croceum Fenzl. extracts
obtained by different solvents (ethyl acetate, methanol and water) on selected enzyme inhibitory effects
and antioxidant ability with screening bioactive compounds. Total and individual bioactive compounds
were detected by spectrophotometric and HPLC-DAD techniques. Antioxidant abilities were evaluated by
different methods including free radical scavenging (ABTS and DPPH), reducing power (CUPRAC and
FRAP), phosphomolybdenum and metal chelating. Enzyme inhibitory effects were tested against cho-
linesterases, tyrosinase, amylase, glucosidase and lipase. Total phenolic contents were ranged from 20.52
mgGAE/g extract (B. croceum methanol extract) to 41.13 mgGAE/g extract (A. phrygia methanol extract).
Generally, methanol and water extracts showed the strongest antioxidant abilities, while the ethyl ac-
etate extracts had the most promising enzyme inhibitory effects. HPLC analysis revealed the abundance
of some phenolics including rutin, quercetin, sinapic acid and chlorogenic acid, respectively. These
components were also assessed using molecular modelling with the aim to study their docking prop-
erties on a set of six enzymes used in this study. Overall, these species could be suggested as valuable
sources of natural-bioactive agents for developing new functional, pharmacological and health-
promoting ingredients.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Natural products have formed the basis of healthcare
throughout the world since ancient times and still take attention in
both traditional and current approaches. At this point, numerous
studies demonstrate the potential of the use of natural products as
therapeutic agents (Harvey, 2008). In this context, many phyto-
chemicals are suggested as natural enzyme inhibitors for the
treatment of common health problems including Alzheimer's dis-
ease, diabetes mellitus and obesity (Doughari, 2012; Lin et al., 2016;
Morbidelli, 2016). Phytochemicals especially phenolic compounds
are of paramount interest as natural antioxidants, which delay or
prevent the negative effects of oxidative stress (Alu’datt et al.,
2017). As a result, uninvestigated plants could be considered as a
engin).
potential pool for discovering new pharmacological and thera-
peutic agents (Dezsi et al., 2015; Mocan et al., 2015a, 2015b, 2016a,
2016b, 2016c, Savran et al., 2016; Waltenberger et al., 2016).

Turkey flora is very rich with approximately 3000medicinal and
aromatic plants. Achillea L. (Asteraceae) is represented in the world
by more than 100 species, centered in South West Asia and South
East Europe with extensions through Eurasia to North America
(Abdel-Rahman et al., 2015). The genus is represented in Turkey by
48 species belonging to 54 taxa, 24 of which endemic in Turkey
(Aytaç et al., 2016). Achillea species are well known with local
names “ayvadana, ayvadanası and civanperçemi” in Turkey
(Tuzlaci, 2016). In traditional folk medicine, they are used for
especially abdominal pain and stomach diseases (Applequist and
Moerman, 2011; Sezik et al., 2001; Tetik et al., 2013). Capitulum
of Achillea phrygia is used as appetizer, digestive, abdominal pain
and nausea in West Anatolia (Deniz et al., 2010). Bupleurum L. is a
genus of family Umbelliferae (Apiaceae), comprising about 200
species and primarily located in the Northern Hemisphere, Eurasia,
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and North Africa. The genus Bupleurum L. comprises 49 taxa in
Turkey, of which 21 taxa are endemic (Davis, 1982; Güner et al.,
2000). Some Bupleurum members are used in the treatment of
various ailments, such as influenza, fever, and malaria, in folk
medicine (Ashour and Wink, 2011; Pan, 2006; Saraço�glu et al.,
2012). Many biological and chemical studies were performed on
both these genera due to the wide variety of well-known uses
(Anvari et al., 2016; Ashour et al., 2012, 2014; Hichri et al., 2015;
Nan et al., 2014; Radulovi�c et al., 2015; Turkmenoglu et al., 2015;
Tu�sek et al., 2016; Villanueva-Bermejo et al., 2017; Zengin et al.,
2017a). However, no information is available on the biological and
chemical fingerprints of Achillea phrygia Boiss. et Bal. and Bupleu-
rum croceum Fenzl. Regarding this, the goals of the current work
were (i) to determine total and individual phenolic components of
three extracts (ethyl acetate, methanol and water) from these
species (ii) to evaluate antioxidant properties by different chemical
methods (iii) to examine enzyme inhibitory effects against cho-
linesterases tyrosinase, amylase, glucosidase and lipase (iv) to
determine possible interactions phenolics and enzyme inhibitory
effects by in silico studies. The obtained results can trigger new
insights on the species to assess uses in pharmacological
applications.

2. Materials and methods

2.1. Plant materials

Plant material was collected during the flowering period in 2013
and 2014 from Denizli (Acipayam), Turkey. The information's for
these species were reported below. Plant materials were identified
by Dr. Gizem Bulut and Prof. Dr. Ertan Tuzlaci. Voucher specimens
have been deposited at the Herbarium of the Faculty of Pharmacy,
Marmara University (MARE), Turkey.

Achillea phrygia Boiss. et Bal. Denizli, Acipayam, between
Dedebag and Bedirkoy, 1560 m, 08.06.2014. MARE 17027.

Bupleurum croceum Fenzl. Denizli, Acipayam, Kelekci village,
850 m, 03.07.2013. MARE 16062.

2.2. Total phenolics, flavonoids and phenolic composition

The total phenolics content was determined by Folin-Ciocalteu
method (Slinkard and Singleton, 1977; Zengin et al., 2016) with
slight modification and expressed as gallic acid equivalents (GAEs/g
extract), while total flavonoids content was determined by AlCl3
method (Locatelli et al., 2017; Zengin et al., 2014) with slightly
modification and expressed as rutin equivalents (REs/g extract).

Phenolic compounds were evaluated by RP-HPLC (Shimadzu
Scientific Instruments, Tokyo, Japan). Detection and quantification
were carried out with a LC-10ADvp pump, a Diode Array Detector, a
CTO-10Avp column heater, SCL-10Avp system controller, DGU-14A
degasser and SIL-10ADvp auto sampler (Shimadzu Scientific In-
struments, Columbia, MD). Separations were conducted at 30 �C
on Agilent® Eclipse XDB C-18 reversed-phase column (250 mm �
4.6 mm length, 5 mm particle size). Phenolic compositions of the
extracts were determined by Zengin et al. (2014). Gallic acid, pro-
tocatechuic acid, (þ)-catechin, p-hydroxybenzoic acid, chlorogenic
acid, caffeic acid, (�)-epicatechin, syringic acid, vanillin, p-couma-
ric acid, ferulic acid, sinapic acid, benzoic acid, o-coumaric acid,
rutin, hesperidin, rosmarinic acid, eriodictyol, trans-cinnamic acid,
quercetin, luteolin, kaempferol and apigenin were used as stan-
dards. Identification and quantitative analysis were done by com-
parison with standards. The amount of each phenolic compound
was expressed as microgram per gram of extract using external
calibration curves, which were obtained for each phenolic
standard.
2.3. Biological activities evaluation

Antioxidant (radical scavenging (ABTS and DPPH), reducing
power (CUPRAC and FRAP), phosphomolybdenum, metal chelating
(ferrozine method)) and enzyme inhibitory activities (cholines-
terase (Elmann's method), tyrosinase (dopachrome method), a-
amylase (iodine/potassium iodide method), a-glucosidase (chro-
mogenic PNPG method) and pancreatic lipase (p-nitrophenyl
butyrate (p-NPB) method) determined by the method described by
Zengin et al. (2017b).

The antioxidant abilities were expressed as equivalents of trolox
(EDTA was used as a standard for evaluating metal chelating ac-
tivity). The enzyme inhibitory activities of the extracts were ob-
tained as equivalents of standard drugs per gram of the plant
sample (galantamine for AChE and BChE, kojic acid for tyrosinase,
orlistat for lipase, and acarbose for a-amylase and a-glucosidase
inhibition assays).

2.4. Molecular modelling

2.4.1. Receptors preparation
All the crystallographic enzyme structures have been down-

loaded from the Protein Data Bank RCSB PDB (Berman et al., 2000):
acetylcholinesterase (pdb:4 � 3C) (Pesaresi and Lamba) in complex
with tacrine-nicotinamide hybrid inhibitor, butyrilcholinesterase
(pdb:4BDS) (Nachon et al., 2013) in complex with tacrine, a-
amylase (pdb:1VAH) (Zhuo et al., 2004) in complex with r-nitro-
phenyl-a-D-maltoside, a-glucosidase (pdb:3AXI) (Yamamoto et al.,
2011) in complexwithmaltose pancreatic lipase (PDB: 1LPB) (Egloff
et al., 1995) in complex with C11-alkyl phosphonate and tyrosinase
(pdb:2Y9X) (Ismaya et al., 2011) in complex with tropolone. The
enzymes have been prepared for docking by removing the non-
catalytic waters, the inhibitors and all the other molecules pre-
sent in the pdb files using Pymol (DeLano, 2002). The proteins alone
were neutralized at pH 7.4 by PROPKA, seleno-cysteines and
seleno-methionines, if present, were converted respectively to
cysteines and methionines. All the missing fragments and other
errors present in the crystal structures were automatically solved
by the Wizard Protein Preparation implemented in Maestro 10.2
suite (Maestro, 2011).

2.4.2. Ligands preparation
Chlorogenic acid, sinapic acid, rutin, quercetin, luteolin and

apigenin, were selected as representative compounds to carry out
molecular docking studies, as these compounds were present in
abundance in the A. phrygia and B. croceum extracts. The chemical
structures, reported in Fig. 1, have been downloaded from Zinc
databases (Irwin et al., 2012) and used for molecular modelling
experiments after preparation. The ligands were prepared by the
LigPrep tool embedded in Maestro 10.2, neutralized at pH 7.4 by
Epik and minimized by force field OPLS3 (Shelley et al., 2007).

2.4.3. Molecular docking
Dockings of the selected substances have been performed for

each enzyme employed for the in vitro enzymatic inhibition tests in
this work. Glide (Friesner et al., 2006) has been employed for the
docking calculations by using eXtra Precision (XP) scoring function
for all the enzymes, with the exception of the docking to tyrosinase;
in this case, Gold 6.0 (Jones et al., 1997) was used with the scoring
function GoldScore, which has been previously found to be more
suitable to produce reliable poses on metal containing enzymes
(Mocan et al., 2016c). In both cases, the binding pocket was deter-
mined automatically by centering the grid on the crystallographic
inhibitor, extended in a radius of 10 Å from the center. The best pose
for each compound docked to the selected enzymes was the best



Fig. 1. Chemical structure of Chlorogenic acid, Sinapic acid, Rutin, Quercetin, Luteolin, and Apigenin.
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ranked among the 200 generated.

2.5. Statistical analysis

All the assays were carried out in triplicate. The results are
expressed as mean values and standard deviation (SD). The differ-
ences between the different extracts were analyzed using one-way
analysis of variance (ANOVA) followed by Tukey's honestly signif-
icant difference post hoc test with a ¼ 0.05. This treatment was
carried out using SPSS v. 14.0 program.

3. Results and discussion

3.1. Bioactive composition

Phenolic components have diverse biological activities such as
antioxidant, antimicrobial and anticancer. Thus, total and
individual phenolic compounds were detected in the present study.
Among A. phrygia extracts, the methanol extract had the highest
total phenolic content with 41.13 mgGAE/g extract, followed by
water (35.53 mgGAE/g extract) and ethyl acetate (23.62 mgGAE/g
extract) extracts (Table 1). Regarding B. croceum extracts, the water
extract contains more phenolics as compared to methanol and
ethyl acetate extracts. However, the total phenolic content of
B. croceum methanol extract was very close to that of ethyl acetate
extract. Flavonoids have positive impact on human health. As
shown in Table 1, the total flavonoid content was highest in the
both methanol extracts. In addition, the water extracts contained
less flavonoids than ethyl acetate extracts. Taken together, the type
of solvent used affects the amount of total bioactive compounds in
the extracts studied. Similar findings were reported by some au-
thors (Kallel et al., 2014; Lou et al., 2016).

The results obtained for the polyphenolic components are pre-
sented in Table 2. Among the selected phenolics, the A. phrygia



Table 1
Total phenolic and flavonoid content and free radical scavenging activity (DPPH and ABTS assays) of the studied extracts.

Species Extracts Total phenolic content
(mgGAE/g extract)

Total flavonoid content
(mgRE/g extract)

DPPH scavenging
activity (mgTE/g extract)

ABTS scavenging activity
(mgTE/g extract)

A. phrygia Ethyl acetate 23.62 ± 0.20a 14.67 ± 0.32 20.56 ± 0.29 124.64 ± 0.51
Methanol 41.13 ± 0.74 21.73 ± 1.45 109.34 ± 0.29 329.02 ± 2.07
Water 35.53 ± 0.81 7.26 ± 0.06 87.27 ± 1.33 360.55 ± 6.46

B. croceum Ethyl acetate 20.85 ± 0.42 18.56 ± 0.10 33.92 ± 3.03 154.68 ± 2.22
Methanol 20.52 ± 0.28 22.75 ± 0.30 47.42 ± 0.84 217.91 ± 4.52
Water 23.50 ± 0.18 12.06 ± 0.13 65.51 ± 1.44 282.51 ± 2.02

a Values expressed are means ± S.D. of three parallel measurements. GAE, gallic acid equivalents; RE, rutin equivalents; TE, trolox equivalents.
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extracts studied were characterized by the high level of chlorogenic
acid, sinapic acid, rutin, quercetin, luteolin and apigenin. Inter-
esting differences in the amounts of each compound were
observed. Sinapic acid was the major component in the methanol
extract, while chlorogenic acid was the main constituent in the
water extract. Our findings were confirmed by several researchers,
who reported the higher levels of flavonoids in some Achillea spe-
cies (Jesionek et al., 2015; Tuberoso et al., 2009). Also, Agar et al.
(2015) and Vitalini et al. (2011) found chlorogenic acid and its de-
rivatives in the genus Achillea.

Concerning B. croceum extracts, the predominant components
were rutin and quercetin. The level of rutin in the water extract was
higher than methanol and ethyl acetate extracts, whereas the
highest content of quercetin was observed in the ethyl acetate
extract. These extracts also contained important amounts of p-
hydroxybenzoic acid, gallic acid, epicatechin and kaempferol.
However, hesperidin, rosmarinic acid and eridictyol were not
identified in both A. phrygia and B. croceum extracts. Some
Bupleurum extracts were subjected to different works in order to
characterize their phytochemical profile and in accordance with
our results, rutin was major flavonoid in these works (Ashour and
Wink, 2011; Barrero et al., 1998; Benahmed et al., 2014; Zhang
et al., 2007).

3.2. Antioxidant capacity

DPPH and ABTS assays widely used to evaluate free radical
scavenging activity of plant extracts or compounds. These assays
Table 2
Phenolic components in the solvent extracts from Achillea phrygia and Bupleurum croceu

No Phenolic Components A. phrygia-EA A. phrygia -Met A. p

1 Gallic acid nd nd 54 ±
2 Protocatechuic acid 26 ± 0.4 68 ± 0.6 66 ±
3 (þ)- Catechin nd nd 150
4 p-Hydroxybenzoic acid 16 ± 0.6 54 ± 0.6 nd
5 Chlorogenic acid 222 ± 2 3524 ± 102 208
6 Caffeic acid 20 ± 0.4 84 ± 4 54 ±
7 (�)- Epicatechin 82 ± 6 134 ± 6 nd
8 Syringic acid 42 þ 0.2 80 ± 4 80 ±
9 Vanilin nd nd nd
10 p- Coumaric acid 16 ± 0.1 70 ± 2 74 ±
11 Ferulic acid 54 ± 0.4 396 ± 6 nd
12 Sinapic acid 356 ± 2 5072 ± 22 nd
13 Benzoic acid nd nd nd
14 o-Coumaric acid 28 ± 0.1 84 ± 2 nd
15 Rutin nd 784 ± 18 472
16 Hesperidin nd nd nd
17 Rosmarinic acid nd nd nd
18 Eriodictyol nd nd nd
19 trans-Cinnamic acid 14 ± 1 42 ± 1 24 ±
20 Quercetin 386 ± 3 nd nd
21 Luteolin 428 ± 8 422 ± 8 nd
22 Kaempferol nd nd 244
23 Apigenin 742 ± 18 394 ± 10 nd

nd: not determined. EA: ethyl acetate; Met: methanol; Wat: water.
also reflected electron-donating abilities of antioxidants. The
transformation of radical forms to non-radicals in these assays are
spectrophotometrically measured (517 nm for DPPH and 734 nm
for ABTS). The scavenging effect of each extracts on DPPH and ABTS
is given in Table 1. The methanol and water extracts revealed
stronger free radical scavenging abilities in these assays as
compared to ethyl acetate extracts. Among extracts studied, the
methanol extract of A. phrygia exhibited the highest DPPH scav-
enging ability with 109.34 mgTE/g extract. The ABTS radical scav-
enging activities were also sorted: A. phrygia water extract > A.
phrygia methanol extract > B. croceum water extract > B. croceum
methanol extract. The obtained results may be explained with the
higher concentration of phenolic components in these extracts.
Similarly, a linear correlation between total phenolic content and
free radical scavenging activity was reported by some researchers
(Amessis-Ouchemoukh et al., 2017; Samoticha et al., 2017).

Reducing power is considered as a remarkable marker in the
antioxidant mechanism. CUPRAC and FRAP assays were performed
to evaluate reducing abilities and the results are depicted in Table 3.
Generally, the methanol and water extracts had the strongest
reducing abilities in these assays. Regarding CUPRAC and FRAP
results, the results are similar to DPPH and ABTS, with themethanol
and water extracts of A. phrygia showing the best potential. At this
point, the observed activity might be attributed to the presence of
phenolic compounds and this observation was confirmed that a
strongly positive correlationwas also found between total phenolic
content and reducing abilities. Interestingly, CUPRAC results for
B. croceum extracts were very close to each other, while the water
m (mg/g extract) (mean ± SD)*.

hrygia -Wat B. croceum - EA B. croceum - Met B. croceum - Wat

1 26 ± 0.4 182 ± 8 134 ± 8
1 96 ± 1 50 ± 0.6 72 ± 0.6
± 2 42 ± 2 74 ± 2 nd

146 ± 4 60 ± 1 402 ± 6
8 ± 16 32 ± 2 98 ± 2 108 ± 2
0.4 98 ± 4 94 ± 4 28 ± 0.04

136 ± 6 292 ± 6 94 ± 6
4 10 ± 0.2 nd 20 ± 0.2

6 ± 0.1 12 ± 0.2 nd
2 60 ± 2 50 ± 2 40 ± 2

88 ± 0.4 60 ± 0.4 60 ± 0.4
64 ± 2 50 ± 2 72 ± 2
46 ± 0.6 160 ± 1 nd
nd nd nd

± 14 500 ± 16 3500 ± 144 3686 ± 146
nd nd nd
nd nd nd
nd nd nd

1 14 ± 1 24 ± 1 88 ± 10
1388 ± 22 1144 ± 42 446 ± 6
nd nd nd

± 4 130 ± 4 120 ± 4 152 ± 4
nd nd nd



Table 3
Reducing powers (CUPRAC and FRAP), total antioxidant capacity (by phosphomolybdenum assay) and metal chelating activity of the studied extracts.

Species Extracts CUPRAC (mgTE/g extract) FRAP (mgTE/g extract) Phosphomolybdenum
(mmol TE/g extract)

Metal chelating activity
(mgEDTAE/g extract)

A. phrygia Ethyl acetate 67.47 ± 5.01a 52.03 ± 2.00 1.99 ± 0.11 16.97 ± 2.80
Methanol 175.51 ± 3.66 129.90 ± 2.51 1.61 ± 0.05 16.47 ± 1.23
Water 140.35 ± 2.74 130.64 ± 1.05 1.17 ± 0.03 16.13 ± 0.07

B. croceum Ethyl acetate 87.99 ± 1.22 64.67 ± 1.01 1.49 ± 0.09 18.81 ± 2.72
Methanol 85.80 ± 2.72 72.62 ± 1.16 0.89 ± 0.07 9.52 ± 1.12
Water 85.15 ± 2.01 87.92 ± 1.74 0.73 ± 0.02 15.88 ± 0.14

a Values expressed are means ± S.D. of three parallel measurements. TE, trolox equivalents; EDTAE, EDTA equivalents.

Table 4
Enzyme inhibitory effects of the studied extracts.

Species Extracts AChE inhibition
(mgGALAE/g extract)

BChE inhibition
(mgGALAE/g extract)

Tyrosinase inhibition
(mgKAE/g extract)

Amylase inhibition
(mmolACAE/g extract)

Glucosidase
inhibition (mmolACAE/
g extract)

Lipase inhibition
(mgOE/g extract)

A. phrygia Ethyl acetate 1.71 ± 0.07a 1.70 ± 0.19 13.05 ± 4.05 0.69 ± 0.03 1.93 ± 0.38 72.73 ± 6.90
Methanol 1.50 ± 0.05 0.79 ± 0.07 23.06 ± 2.60 0.52 ± 0.02 6.13 ± 0.21 na
Water na na 31.25 ± 0.65 0.13 ± 0.01 4.38 ± 0.23 na

B. croceum Ethyl acetate 1.73 ± 0.09 1.80 ± 0.14 29.64 ± 1.02 0.72 ± 0.05 2.92 ± 0.16 110.04 ± 6.49
Methanol 1.43 ± 0.07 1.01 ± 0.08 17.33 ± 0.26 0.52 ± 0.03 2.69 ± 0.04 23.91 ± 3.71
Water na na 47.33 ± 2.72 0.10 ± 0.01 2.33 ± 0.39 na

a Values expressed are means ± S.D. of three parallel measurements. GALAE, galanthamine equivalents; ACAE, acarbose equivalents; KAE, kojic acid equivalents; OE, orlistat
equivalents; na, not active.
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extract of B. croceum has the highest FRAP value. The difference
observed for B. croceum extracts in CUPRAC (both hydrophilic and
lipophilic antioxidants) and FRAP assay (hydrophilic antioxidants)
Fig. 2. 2D interactions of the best pose found for (A) Que
may be explained with the physicochemical nature of antioxidants
in these tests.

Phosphomolybdenum method is considered a total antioxidant
rcetin and (B) Chlorogenic Acid docked to a-amylase.



Fig. 3. 2D interactions of the best pose found for (A) Apigenin, (B) Quercetin docked to AChE and of (C) Apigenin and (D) Quercetin docked to BChE.
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capacity assay and it is based on the reduction of Mo(VI) to Mo (V)
by the antioxidants and then green phosphate/Mo(V) complex is
formed. The complex has maximal absorbance at 695 nm. The total
antioxidant capacity of the tested extracts was evaluated using the
phosphomolybdenum assay, the results being depicted in Table 3.
In A. phrygia and B. croceum extracts, the highest values were noted
for the ethyl acetate extracts, which had the lowest total phenolics.
On the other hand, the water extracts exhibited the weakest ac-
tivity. Based on these results, the observed remarkable activities for
ethyl acetate extracts could be due to non-phenolic antioxidants
such as ascorbic acid or tocopherol. The results are consistent with
previous reports that showed a weak correlation between total
phenolic content and phosphomolybdenum assay (Ceylan et al.,
2016; Chahmi et al., 2015).
Transition metals can produce free radicals (hydroxyl radical)
and thus promote lipid peroxidation by Fenton reaction. In this
perspective, chelation of transition metals could be envisaged due
to its importance was in the antioxidant mechanisms. For this
reason, the metal chelating abilities of extracts studied were
detected by ferrozine method and the results are summarized in
Table 3. Similar to phosphomolybdenum assay, the ethyl acetate
extracts displayed the strongest metal chelating abilities. However,
the activities for A. phrygia extracts were very close to each other.
Our findings can be explained with the presence of non-phenolic
chelators such as citric acid and polypeptides in the ethyl acetate
extracts. From this point, some authors have claimed that metal
chelating ability has minor impact on the overall antioxidant
mechanism of phenolic compounds (Rice-Evans et al., 1996). In



Fig. 4. 2D interactions of the best pose found for (A) Chlorogenic acid and (B) Rutin docked to a-glucosidase.
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summary, the antioxidant picture reflected that antioxidant effects
significantly depend on the type of solvent used.

3.3. Enzyme inhibitory potentials

The prevalence of global health problems including Alzheimer's
disease (AD), diabetes mellitus (DM) and obesity has dramatically
increased worldwide. For example, 46 million people affected with
AD and this expected tomultiply 3-fold (about 131million) by 2050
(ADI, 2015). Also, about 1.9 billion adults have obesity in 2014 and
the worldwide prevalence is more than doubled since 1980 (Patel,
2015). Thus, more attention is needed on the development of novel
therapeutic strategies and the inhibition of key enzymes involved
in metabolic process is one of the most appealing approach. Ac-
cording to this theory, inhibition of key enzymes (cholinesterases
for AD; carbohydrate-hydrolyzing enzymes (amylase and glucosi-
dase) for DM, tyrosinase for skin disorders and lipase for obesity)
could help to alleviate the symptoms of above-mentioned diseases.
From this point of view, several synthetics (galatamine for cholin-
esterase; acarbose for amylase and glucosidase; kojic acid for
tyrosinase; and orlistat for lipase) are chemically produced as in-
hibitors but most of them have unpleasant side effects such as
gastrointestinal disturbances and toxicities (Giacobini, 2004;
Sridhar et al., 2017; Xie et al., 2016). Thus, the discovery of safe
and effective inhibitors from natural sources is to great importance
all over the world.

The enzyme inhibitory effects of extracts studied were tested
against cholinesterase (AChE and BChE), tyrosinase, amylase,
glucosidase and pancreatic lipase. The results are disposed in
Table 4. The ethyl acetate extract of B. croceumwas the most active
and the ethyl acetate extracts exhibited stronger AChE and BChE
inhibitory effects as compared to the methanol extracts. However,
the water extracts were not active on cholinesterases. This finding
may be linked to non-phenolic inhibitors such as alkaloids in the
ethyl acetate extracts. Our findings were supported by some re-
searchers who reported no correlation between total phenolic and
anti-cholinesterase effects (Russo et al., 2015; Samaradivakara
et al., 2016). Regarding tyrosinase inhibitory effects, the best ac-
tivities were obtained by water extracts (47.33 mgKAE/g extract for
B. croceum and 31.25 mgKAE/g extract for A. phrygia). This activity
might be associated with the higher concentrations of phenolic
compounds in these extracts. Some phenolics (kaempferol,
cholorogenic acid, etc.) could chelate copper in the active site of
tyrosinase (Kim and Uyama, 2005) and thus the enzyme inhibited.
The ethyl acetate extract of A. phrygia had also the least activity
with 13.05 mgKAE/g extract. In contrast to tyrosinase inhibition,
the ethyl acetate extracts exhibited very attractive a-amylase
inhibitory abilities (0.72 mmolACAE/g extract for B. croceum and
0.69 mmolACAE/g extract for A. phrygia). The extracts had
remarkable levels of apigenin (A. phrygia ethyl acetate) and quer-
cetin (B. croceum ethyl acetate), which are known as amylase in-
hibitors. In addition, the water extracts were found to be the lowest
a-amylase inhibition abilities. The methanol extract of A. phrygia
exhibited the superior a-glucosidase inhibitory effects, while
B. croceum extracts were very close to each other. Three extracts
were active on lipase and it can be ranked as B. croceum ethyl
acetate > A. phrygia ethyl acetate > B. croceummethanol. Similar to
amylase inhibition, the observed lipase activity may be explained
with the presence of apigenin and quercetin. These results
corroborate earlier reports that the phenolics can inhibit lipase
(Gatto et al., 2002; Guo et al., 2016). To the best our knowledge, the
enzyme inhibitory activities of A. phrygia and B. croceum are re-
ported for the first time in this study. In this regard, the current
work can provide new insights on these species.

3.4. Molecular modelling

Enzymatic assays performed on the extracts of A. phrygia evi-
denced overall, a low inhibition activity to cholinesterases and a-
amylase, a good inhibition of tyrosinase of a-glucosidase and very
good on Lipase, whereas the B. croceum extracts have shown an
analogous pattern, with low inhibition activity to cholinesterases
and a-amylase, medium on a-glucosidase and relevant toward
tyrosinase and lipase. The best and most representative enzyme-
ligand complexes interactions are reported in Figs. 2e6. Among
the identified bioactive compounds, the most abundant com-
pounds found in the extracts of A. phrygia were chlorogenic acid,
sinapic acid, quercetin, rutin, apigenin and in lower amount ferulic
acid, quercetin and luteolin. In the extracts of B. croceum the most
abundant compounds found were rutin and quercetin, whereas
chlorogenic acid, sinapic acid, apigein, ferulic acid and luteolin have
been found in considerably lower amount.

As reported in literature, several flavonoids and polyphenols are
capable to inhibit the cholinesterase enzymes (AChE and BChE), in



Fig. 5. 2D interactions of the best pose found for (A) Rutin, (B) Quercetin, (C) Luteolin and (D) Apigenin docked to pancreatic lipase.
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this case the activity found for both herbs is modest and the activity
can be attributed most of all to the presence of apigenin and
quercetin, which have been previously reported to be moderate
inhibitor of cholinesterases (Abdalla et al., 2013; Jung and Park,
2007; Katalini�c et al., 2010, 2014; Xie et al., 2014). Also, the same
consideration can be done for the a-amylases, indeed the activity
found on this enzyme is overall weak, thus, it has been previously
reported in literature that quercetin and chlorogenic acid are good
inhibitors of this enzyme (Meng et al., 2016; Oboh et al., 2015).

On the other hand, we have found that the good inhibition ac-
tivity toward a-glucosidase of the extracts of A. phrygia could be in
part explained by the relevant presence of chlorogenic acid and
rutin as previously reported (Li et al., 2009; Meng et al., 2016; Oboh
et al., 2015) and the elevated activity on tyrosinase can be also
attributed to the presence of chlorogenic acid and rutin. The
remarkable activity on the inhibition of the pancreatic lipase could
be due to the presence of apigenin, and quercetin (Lunagariya et al.,
2014; Ong et al., 2016; Sudeep and Shyam Prasad, 2014). Also
considering the relative abundance in the different extracts
examined. With regards to the extracts of B. croceum, the major
activity has been found on tyrosinase and lipase, both are inhibited
by apigenin and sinapic acid (de Freitas et al., 2016; Ha et al., 2003;
Li et al., 2014; Zhang et al., 2008).

In order to better understand the activity of the above



Fig. 6. 2D interactions of the best pose found for (A) Chlorogenic acid, (B) Rutin, (C) Apigenin and (D) Sinapic acid, docked to tyrosinase.
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mentioned compounds on the target enzyme pool, molecular
docking experiments have been conducted. The best docking pose
obtained for quercetin on a-amylase is stabilized by three hydrogen
bonds to Gln63, Asp197 and by two Pi-Pi interactions to Trp59 and
Tyr62, whereas chlorogenic acid interacts to the cavity of a-amylase
by forming four hydrogen bonds to Val163, Asp197, Gln63 and one
Pi-Pi interaction with Tyr62, see Fig. 2.

The best docking pose for apigenin and quercetin on cholines-
terases are reported on Fig. 3. Apigenin interacts with the residues
present in the enzymatic cavity of AChE by forming two H bonds to
Ser122 and Gln199 and two Pi-Pi interactions to the aromatic ring
of Trp84 and Phe330. Apigenin interacts to the enzymatic cavity of
BChE by forming two hydrogen bonds to Glu197 and Thr120.
Quercetin interacts efficaciously to the enzymatic cavity of AChE by
forming two hydrogen bonds with Tyr70 and His440 and three Pi-
Pi interactions with Trp84, Phe330 and Tyr120, analogously to
apigenin. Quercetin interacts to the cavity of BChE by forming three
hydrogen bonds to Leu286, Ser287, Glu197 and two Pi-Pi in-
teractions to His438.

Interesting interactions of chlorogenic acid and rutin have been
also found in the docking with a-glucosidase. Chlorogenic acid
interacts to the enzymatic cavity by forming four hydrogen bonds
to Arg315, Glu411, Asp215 one Pi-Pi interaction to Phe178 and one
saline bridge to Lys156. Rutin, is capable to establish several
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hydrogen bonds to Glu411, Tyr158, Asp242, Gln353, Asp352.
(Fig. 4).

The elevated activity toward pancreatic lipase could be
explained by the presence of rutin, quercetin, luteolin and apigenin,
their docking interactions to lipase are reported in Fig. 5. Rutin
interacts to the enzymatic pocket of lipase by forming two
hydrogen bonds to Asp79 and Gly76, and two Pi-Pi interactions to
His151 and His263, quercetin interacts to the enzyme by forming
two hydrogen bonds to Gly76 and His151 and three Pi-Pi in-
teractions to Phe215, His151 and His263. Luteolin interacts to lipase
by forming two hydrogen bonds to Gly76 and His151 and three Pi-
Pi interactions to Phe77, His151, His263. Apigenin interacts in the
same binding mode of luteolin (Fig. 6).

Tyrosinase, is strongly inhibited by chlorogenic acid, rutin, api-
genin, and sinapic acid. These bioactive compounds are all capable
to penetrate into the enzymatic cavity of tyrosinase and bind effi-
caciously to one or both copper atoms present in the cavity and also
to the histidines that are coordinated to the metal atoms. Chloro-
genic acid interacts into the cavity of tyrosinase with one hydrogen
bond to Val283 and by two Pi-Pi stacks to the His259 and His85 and
by binding to the Cu401. An analogue binding mode have been
found for apigenin, whereas rutin binds to tyrosinase at Val283 and
Cu401. Sinapic acid best poses possess, among the selected sub-
stances, the most efficacious interactions with tyrosinase, with one
hydrogen bond to His244, two Pi-Pi interactions to His259 and
His85 and by binding to both Cu atoms present in the cavity (Cu400
and Cu401), Fig. 6.

4. Conclusion

Natural bioactive agents play a significant role in the manage-
ment of major health problems, including Alzheimer's disease,
diabetes mellitus and cancer; the modern scientific studies on
these agents have gained great interest in recent years. From this
point of view, this study was designed to explore biological and
chemical properties of A. phrygia and B. croceum. Generally, the
methanol and water extracts showed a better antioxidant poten-
tials with the higher levels of phenolics. However, the ethyl acetate
extracts had remarkable enzyme inhibitory effects. Also, these ex-
tracts were very rich phenolic compounds and major components
were docked to understand possible phenolic-enzyme interactions.
This is the first detailed study on these species. From the obtained
results, A. phrygia and B. croceum have a high potential for devel-
oping new functional and nutraceutical products as sources of
natural-bioactive agents. Thus, the present study could be consid-
ered as a starting point for these species. However, additional in-
vestigations are necessary to evaluate their toxic effects of these
species.
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