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Abstract Oxidative stress has a crucial role in diabetic pathophysiology, therefore consuming nat-

urally derived antioxidants as a remedial target. This study examines the naturally occurring antiox-

idant and antidiabetic of Olea europaea L. ethanolic leaves extract. Olea europaea L. leaves were

macerated (OLE) by using absolute ethanol. Phytochemical and physiochemical analysis of OLE

was screened using standard methods. The antioxidant effects were examined by DPPH (1, 1-

diphenyl-2-picrylhydrazil) radical scavenging assay. In vitro antidiabetic was assayed by a-
amylase enzyme inhibition study. Ethanolic extraction of OLE by maceration technique, 10% yield.

Loss on drying, foreign organic matters and total ash value of OLE showed 2%, 0.2% and 16.5%,

respectively. Phytochemical test on OLE confirmed saponin, flavonoid, glycoside, tannin, phenol

and carbohydrate presences. The total phenolic and flavonoid contents of OLE is 490 mg GAE/

g and 855 mg RUE/g of extract, respectively. OLE (IC50 38.37 ± 0.26 mg/ml) showed functional

DPPH scavenging assay comparable to ascorbic acid (IC50 30.37 ± 0.17 mg/ml). In the alpha-
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amylase inhibitory activity, Acarbose showed an IC50 value of 20.06 ± 0.19 mg/ml, while OLE por-

trayed an IC50 value of 37.99 ± 0.15 mg/ml. The kinetic studies revealed that all samples at high

concentrations reacted within a very short time, and a steady state was reached almost immediately.

The lowest concentration showed slow kinetic behaviour implied longer periods before the constant

state was reached. Molecular docking studies evidenced that most of the phenolic compounds of

OLE interact with the active site of Human pancreatic a-amylase through the hydrogen bonding

and hydrophobic interaction confirming the alpha-amylase inhibitory effect. The results suggest

that Olea europaea L. has been a conceivable natural bioactive source as an antioxidant and an

antidiabetic agent.

� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Table 1 Summary of phenolic compound reported found

within Olea europaea L. (Benincasa et al., 2019).

Phenolic compound reported

found within Olea europaea L.

Chemical structure

Oleuropein

Hydroxytyrosol

Verbascoside

Apigenin-7-glucoside

Luteolin-7-glucoside
1. Introduction

Numerous recently discovered natural products have an indis-

pensable part in preventing and treating diseases in humans,
and attributable to their efficacy is the treatment of choice con-
trasted with synthetic drugs (Salah et al., 2017). Olea europaea

L. (olive tree) belong to the Oleaceae family. It is acknowl-
edged as a good food source in olive oil and is well known
for its various commercial, nutritious, and therapeutic uses
(Soni et al., 2006). Olive leaves are disregarded as reasonable

raw material and have been broadly used in both the Mediter-
ranean and European herbal medications (Abd El-Rahman,
2016). Olive leaves are traditionally used in treating hyperten-

sion, infectious diseases and hyperglycaemia (El and
Karakaya, 2009). According to Candar et al. (2018),
ADDQOL-19 (Audit of Diabetes-Dependent Quality of Life),

the assessment was ussed on 453 diabetic diagnosed individu-
als. 12.5% of olive leaves was favourable herbal medications
among diabetic patients. The phenolic compounds found in

Olea europaea L. are summarised in Table 1 (Benincasa
et al., 2019).***

For instance, numerous diseases, for example, malignan-
cies, hyperlipidaemia, and hypertension, are triggered by free

radicals (Betteridge, 2000). Oxidative stress imbalance oxygen
free radicals that attack organic particles, including DNA,
lipids and proteins. Notable oxidative stress markers are lipid

hydroperoxides, isoprostan and ubiquinol-10. Human physiol-
ogy able to synthesises antioxidants, for instance, catalase, to
prevent cellular damage caused by free radicals. Antioxidants

scavenge free radicals and restore damaged elements by releas-
ing hydrogen molecules to the molecules or affixing themselves
to the host organism’s DNA (Lobo et al., 2010; Pham-Huy,

He, & Pham-Huy, 2008).
Diabetes mellitus (DM) is a well-known metabolic health

disorder with both micro- as well as macro-vascular difficul-
ties, resulting in mortality and morbidity. It is contemplated

a 20% foremost cause of death worldwide (American
Diabetes Association, 2014). There are different diabetic cate-
gories, namely Type-1, �2, as well as gestational diabetes.

Type-1 diabetes, also known as juvenile-onset or insulin-
dependent diabetes, whereby the body autoimmunity harms
the insulin-producing (islet, or islets of Langerhans) cells

(Alberti and Zimmet, 1998). As for Type-2 diabetes, the
human body is unable to use generated insulin effectively. Ges-
tational diabetes is a high or above-average blood sugar level
commonly seen in pregnant women without having a diabetic

history. To restrain diabetic progression, drugs sourced from
medicinal plants are used in therapeutic settings (Alarcon-
Aguilar et al., 2002). Medicinal plants are favoured over syn-

thetic drugs due to their toxicity and side effects (Pari and
Umamaheswari, 2000). Hence, these plants can inhibit alpha-
amylase and –glucosidase is further studies to develop a cure
for DM. Degradation of the dietary starch proceeds rapidly

and leads to elevated PPHG (postprandial hyperglycemia). It
has been shown that activity of HPA (human pancreatic a-
amylase) in the small intestine correlates to an increase in post-

prandial glucose levels, the control of which is therefore an
important aspect in treatment of type-2 diabetes (Kajaria
et al., 2013) Inhibitors of pancreatic a-amylase delay carbohy-

http://creativecommons.org/licenses/by/4.0/
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drate digestion causing a reduction in the rate of glucose
absorption and lowering the postprandial serum glucose levels.
In 1970 s, it was realized that inhibition of all or some of the

intestinal disaccharidases and pancreatic a-amylase by inhibi-
tors could regulate the absorption of carbohydrate and these
inhibitors could be used therapeutically in the oral treatment

of the noninsulin-dependent diabetes mellitus ie., type-2 dia-
betes (Vijan et al.,1997).

In the present study, we focussed to research on the phyto-

chemical and physicochemical properties of Olea europaea L.
ethanolic leaves extract. Also, evaluate the extract antioxidant
and antidiabetic properties and to perform molecular docking
of phenolic compounds that support the pancreatic alpha-

amylase inhibition.

2. Materials and methods

2.1. Reagents

Acarbose and alpha-amylase, and Folin–Ciocâlteu reagent
were obtained from Sigma- Aldrich Corporations, USA. Etha-
nol, gallic acid, sodium carbonate and sodium phosphate buf-

fer were purchased from Fouz Chemical Company, Saudi.
DNS (3, 5-Dinitrosalicylic acid) and phosphate buffer were
attained from Merck Millipore Corporation, USA. DPPH

(2,2-diphenyl-1-picrylhydrazyl) was obtained from Cayman
Chemical Company, USA. The remaining chemicals or
reagents were of analytical grade.

2.2. Plant sample collection

Olea europaea L. matured leaves were gathered from Al-sqeer
farms in the Qassim region, Saudi Arabia. The plant specimen

was authenticated at the Department of Pharmacognosy, Qas-
sim University, Kingdom of Saudi Arabia (Ref. No.: QA/
FOP/03).

2.3. Preparation of plant extract

The plant leaves were cleaned thoroughly in lukewarm water

and dried under shade. The leaves were ground and macerated
accordingly. For maceration, the ratio of absolute ethanol and
ground leaves, 3:1. Thus, 200 g ground leaves were added to

600 ml absolute ethanol in tightly sealed Erlenmeyer flasks
(vessels). The mixture was macerated at 100 rpm on the shaker
for approximate five days at room temperature. The super-
natant liquid was filtered through a muslin cloth. Subse-

quently, the rotary evaporated at 70�c. The extract (OLE)
was transferred to a china dish, kept on a water bath at
60�c, and freeze-dried (Murugan and Parimelazhagan, 2014).

2.4. Physicochemical and phytochemical studies

The physicochemical analysis was studied on OLE using the

standard methods (Roy et al., 2013; Sharma et al., 2013).
In brief, for the total ash value method, the crucible weight

was taken and recorded. The powdered sample material (2 g)
was added to the pre-weighed crucible. Then, the sample was

heated at 650�-700 �C until most carbons were burnt off, form-
ing ash or white coloured powder. The sample was left to cool.
Subsequently, the ash weight was taken. The total ash percent-
age was calculated as follows,

Ash value %=

½ðWeightofcrucibleðgÞ þ DryashðgÞÞ�
Weight of empty crucibleðgÞ�=Weight of sample takenðgÞ � 100

Loss on Drying (Gravimetric method), powdered sample
material (1.5 g) was added into a flat thin porcelain dish and
allowed to dry at 100�c in the oven. The sample weight was

taken 5 min intervals after cooling until the consecutive
weights did not vary by more than 0.5 mg. The loss identified
the moisture content upon drying in terms of grams (g), calcu-
lated as follows,

Moisture content (g) =

Initial weight of the powdered sample ðgÞ –
Final sampleweight after drying ðgÞ

Foreign organic material method, powdered sample mate-
rial (100 g) was spread on cleaned white cloth. The sample
was inspected for any foreign organic material, including the

remaining stem or other plant parts to be removed. Then,
the sample powder was weighed after most of the foreign
organic was removed, calculated as follows,

Foreign organic matter(%) =

½SampleweightdifferenceðgÞ=InitialsampleweightðgÞ�x100
Phytochemical analysis was carried out for the plant

extracts as per the standard procedures. Qualitative tests on
the sample were used to distinguish constituent presence,

including carbohydrates, phenols, flavonoids, anthocyanins,
proteins, saponins, glycosides, tannins and gums
(Chigurupati et al., 2017; Majid et al., 2015; Roopashree
et al., 2008).

� Test for Tannins:

The appearance of bluish-green coloration on the addition
of 2 ml of OLE (1 mg/ml) to 3–4 drops of 5% iron (III) chlo-
ride solution indicated the tannin presence.

� Tests for Flavonoids:

The existence of the flavonoids was confirmed by the
appearance of pink color after a few minutes when small pieces
of magnesium ribbon and concentrated HCl were combined

with OLE.

� Tests for Glycosides:

OLE was added with 2 ml of acetic acid and 2 ml of chlo-
roform. The mixture was then cooled and Conc. H2SO4 was

added. The green color appearance indicated the presence of
aglycone, which is a steroidal part of glycosides.

� Test for Terpenoids:

The terpenoids were indicated via gray color formation
when 2 ml of chloroform was added with the 5 ml OLE and

then 3 ml of Conc. H2SO4 was added and boiled.
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� Test for Steroids:

Added 5 ml of OLE with 2 ml of H2SO4 concentrated
and chloroform. The presence of steroids was shown as red

color in the chloroform layer.

� Test for saponins:

1 ml OLE and 5.0 ml of distilled water were mixed in a test
tube and shaken. Then the frothing was mixed with olive oil
drops and vigorously shaken. The appearance of foam indi-

cated the presence of saponins.

� Test for gum:

10 ml OLE (1 mg/ml) was added portion by portion in a
slow manner into 25 ml of absolute alcohol and moved lightly.
If precipitation occurs, it indicates the point to the gum

presence.

� Test for protein:

2 ml of OLE (1 mg/ml) was added to 2 ml of 4% sodium

hydroxide solution. The combination was mixed lightly, then
added 1% copper sulfate solution. The protein presence was
confirmed by the form of violet color.

� Test for carbohydrates:

2 ml of OLE (1 mg/ml) was added with about 3–4 drops of
Molisch’s reagents and mixed appropriately. Then, added to
the solution 2 ml of HCl. The presence of carbohydrates is ver-

ified by the appearance of a purple reddish violet ring on the
interface zone.

� Tests for phenol:

2 ml (1 mg/ml) of OLE was prepared then added 5% of fer-
ric chloride solution. The formation of a dark green color indi-
cated phenol presence.

� Test for Alkaloid:

OLE dissolved in dilute hydrochloric acid and filtered. The
presence of alkaloids was confirmed by a yellow-colored pre-
cipitate when filtrates of OLE were treated with potassium

mercuric iodide (Mayer’s reagent).

2.5. Total phenolic content estimation

The phenolic content was estimated by the Folin–Ciocalteu
technique. The samples and Gallic acid (GA) as standard drug
(Lins et al., 2018) were prepared at various concentrations (10–

1,000 mg/ml). Sample (1 ml), Folin-Ciocalteau reagent (1 ml)
and 2.5% sodium carbonate (2 ml) solution were added to
the test tube. The mixture was incubated for 30 min at room
temperature in dark conditions. The absorbance was taken

at 760 nm. The absorbance reading of the samples was calcu-
lated and analysed accordingly. The sample’s quantifications’
phenolic content was determined by a standard curve of GA

and was expressed as mg GAE/g (mg of GA equivalent per
gram) (Baba and Malik, 2015).
2.6. Total flavonoid content estimation

The flavonoid content was quantified by the aluminium chlo-
ride (AlCl3) colourimetric method. The sample and Rutin
(RE) as standard drugs were prepared at various concentra-

tions ranging from 10 � 1,000 mg/ml, and 2% aluminium
chloride (3 ml) was added. The mixtures were kept for
60 min at room temperature, followed by absorbance taken
at 415 nm. The RE calibration curve was plotted accordingly

to the absorbance value. The extracts’ flavonoid concentration
is mg RUE/g (mg of RUE equivalent per gram dry weight)
(Baba and Malik, 2015).

2.7. DPPH radical scavenging activity

DPPH solution was formulated using Molyeux and Blois tech-

nique with slight modifications for antioxidant assay. The
extract and standard ascorbic acid were prepared in different
concentrations using absolute ethanol (10–1000 mg/ml).

0.1 mM DPPH solution (0.5 ml) was added to the sample
(0.5 ml) and incubated at room temperature in dark conditions
for approximate 20 min. Accordingly, the absorbance was
measured at 517 nm (Chigurupati et al., 2016). 0.5 ml Absolute

ethanol and 0.5 ml DPPH solution are used as control. The
percentage (%) of the free radical scavenging inhibitory assay
was computed as follows:

% Inhibition = (absorbance control – absorbance sample)/
absorbance control � 100

Absorbance control is the absorbance of the control reaction,

and the absorbance sample is the absorbance of the test sample.
The sample concentration providing 50% inhibition (IC50)
was computed from the plotted graph percentage of radical
scavenging versus sample concentration.

2.8. Alpha-Amylase inhibitory activity

Extract and standard Acarbose were prepared in various con-

centrations using absolute ethanol (10–1,000 mg/ml). Accord-
ingly, the samples (0.5 ml) were added to 0.5 mg/ml alpha-
amylase solution (0.5 ml) prepared in 0.2 mM phosphate buf-

fer (pH 6.9). Then, the mixtures were incubated at 25 �C for
10 min. 1% Starch solution (0.5 ml) prepared in 0.02 M
sodium phosphate buffer is added then incubated for another

10 min at 25 �C. DNS (1 ml) is added and bring to boil for
approximate 5 min. The tubes were cooled at room tempera-
ture. Distilled water (10 ml) was added accordingly. Control
contains all the same solution mixture except the sample. Sub-

sequently, absorbance was measured at 540 nm (Noreen et al.,
2017). The sample’s enzymatic inhibitory activity for the
antidiabetic assay was computed as follows:

%Inhibition=

ðabsorbancecontrol–absorbancesampleÞ=absorbancecontrolx100
Absorbance control is the absorbance of the control reaction,

and the absorbance sample is the absorbance of the test sample.
The sample concentration providing 50% inhibition (IC50) was
computed from the plotted graph percentage of enzyme inhibi-

tion versus sample concentration.



Table 2 Phytochemical analysis

of OLE.

Phytochemical constituents OLE

Saponin +

Flavonoid +

Gum –

Tannin +

Glycoside +

Protein –

Phenol +

Carbohydrate +

Starch -

Flavanoid +

Alkaloids +
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2.9. Kinetic analysis

Kinetic analysis of free radical scavenging activity was carried
out by the modified Levenberg–Marquardt method (Benmehdi
et al., 2017). In brief, the DPPH Stock solution was prepared

by dissolving 1 mg of DPPH in 25 ml of methanol and stored
in the dark at room temperature. Simultaneously, 5 mg of
extract was dissolved in 4 ml methanol and from this, different
concentrations were prepared (0.6250; 0.3125; 0.1562;

0.0780 mg/ml) to perform kinetic studies. A mixed equal vol-
ume of stock solution with extract solution (1:1 ratio) and
absorbance was noted every 0.5 min until it became constant.

The spectrophotometric data were taken until the disappear-
ance of DPPH in the presence of the crude extracts occurred.
The remaining (DPPH.) present was calculated using the fol-

lowing equation:

%(DPPH:)¼[(DPPH)�t¼T/[(DPPH:]t¼0)X100

[(DPPH.]t=0 represents the initial concentration of DPPH;
[(DPPH.]t=T represents the concentration of DPPH at a
steady-state

2.10. Statistical analyses

The samples were evaluated individually in triplicate, and data
were shown as mean ± SEM (Standard error mean). The IC50

value for the antidiabetic assay was computed by Graph Pad
Prism Software (Version 5.03) by a non-linear regression graph
calculated between the percentages of enzyme inhibition versus

sample concentration. Similarly, the IC50 values for the antiox-
idant assay were computed by Graph Pad Prism Software
(Version 5.03) by non-linear regression graph calculated

between percentages of radical scavenging versus sample con-
centration. With p < 0.001, the difference in the IC50 between
Ascorbic acid and OLE is significant for both antioxidant and
antidiabetic studies. The kinetic analysis is implemented in Ori-

gin v.6.0 Programme for Windows.

2.11. Molecular docking

The X-ray crystal structure of the human pancreatic a-amylase
in complex with mini-montbretin A (PDBID: 5E0F) was
downloaded from the Research Collaboratory for Structural

Bioinformatics (RCSB) protein data bank (available online:

https://www.rcsb.org/structure/) (Alam et al., 2019). The struc-

tures of Phenolic compounds of Olea europaea L. were
retrieved from the PubChem database (Kim et al., 2019).
The mini-montbretin A, and the water atoms were deleted,
while the nonpolar hydrogens were merged. The protein and

ligands were prepared and optimised by using AutoDock Tool
(ADT), bundled with the MGLTools package (version 1.5.6)
(Morris et al., 2009) to add charges, polar hydrogen atoms,

and set up rotatable bonds. At that moment, ADT was oper-
ated to make PDBQT files for the protein and ligands. The
molecular docking was performed using AutoDock Vinav1.1.2

(Kim et al., 2019) in PyRx 30.8. The active binding site of the
a-amylase was chosen as the grid centre and obtained by
removing the ligand. The centre of grid box dimensions was

selected to include all atoms of the ligand set. (Kalinowsky
et al., 2018). The site of the grid box in a-amylase was set at
�7.946, 10.438, and �21.863 Å (for �, y and z) by means of
a grid of 40, 40, and 40 points (for �, y and z). Then, we cre-
ated a configuration text file (config.txt) to run AutoDock

Vina 1.1.2. This configuration file involves the receptor and
ligand PDBQT file and the centre grid box coordinates. The
docking scores were resulted in the generated .log files. The

output docking scores were defined as affinity binding (Kcal/-
mol). The various protein–ligand interactions, such as hydro-
gen bonds, cation � p bonds, p � p bonds, and alkyl-p
interactions between amino acids of the active sites and com-
pounds were studied. The ligands protein interactions were
created by using the Discovery Studio 2020 client. (Dassault
Systèmes BIOVIA, 2020).

3. Results

3.1. Phytochemical screening

In the current study (Table 2), the OLE phytochemical screen-

ing showed the presence of saponin, flavonoid, glycoside, tan-
nin, phenol, and carbohydrate are inferring that blood glucose
lessening the plant extract activity because of these

phytoconstituents.
The total ash value commonly used characterise the purity

or quality of crude extract, mostly in powder form. It excludes

all traces of organic substances in vegetable drugs. After burn-
ing, the ash content of crude extracts the resulting residue due
to naturally inorganic salt presences. The total ash value and

foreign organic matter of OLE was 16.5 % and 0.2 %, respec-
tively. As for loss on drying (Gravimetric method), the mois-
ture content was 2 g.

3.2. Total phenol and flavonoid contents

The flavonoid content was denoted in Rutin equivalent; the
macerated ethanolic extract of O. europaea exhibited the flavo-

noid content of 855 mg RUE/g. As for phenolic content, it was
estimated using Folin-Ciocalteu reagent in terms of Gallic acid
equivalent. The macerated ethanolic extract of O. europaea has

total phenolic content of 490 mg GAE/g.

https://www.rcsb.org/structure/


Fig. 1 DPPH radical scavenging effects of OLE and standard, Ascorbic acid (n = 3).

Table 4 Alpha-Amylase (%) inhibition of OLE

Concentration

(mg/ml)

% of inhibition of alpha-amylase

OLE Acarbose

10 27.42 29.03

25 44.35 42.74

50 59.68 71.77

100 69.35 83.06

250 78.23 89.52

500 83.06 91.13

1000 95.16 94.35

IC50 ± SEM 37.99 ± 0.15 20.06 ± 0.19

Note a SEM using Graph Pad prism 5 (n = 3).
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3.3. Antioxidant assay

The DPPH assay is based on the measurement of the scaveng-

ing capacity of antioxidants towards it. The odd electron of
nitrogen atom in DPPH is reduced by receiving a hydrogen
atom from antioxidants to the corresponding hydrazine

(Sahoo et al., 2013). As depicted in Fig. 1, OLE (IC50 ± SEM:
38.37 ± 0.26 mg/ml) portrayed antioxidant activity compara-
ble to the ascorbic acid (IC50 ± SEM: 30.37 ± 0.17 mg/ml).

3.4. Kinetic analysis

Kinetic analysis of OLE was carried out to calculate the scav-
enging activity of DPPH� as a function of time. In this study,

the effect of the concentration of ethanolic extracts (0.625;
0.312; 0.156 and 0.078 mg/ml) on scavenging free radicals
was studied. Free DPPH� radical is relatively stable for more

than 110 min at 25 �C in the reaction medium. So, we allowed
the evaluation of the free radical scavenging activity of the
extracts within that time. The free radical trapping was mea-

sured by calculating the remaining DPPH� concentration at
the end of the reaction.

With the help of kinetic study, the steady-state time, half-
life (t1/2) and the remaining percentage DPPH were calculated

for different concentrations of extract (Table 3). The results
showed clearly that the ethanolic extract exhibited a significant
antioxidant effect the steady-state time were 5.5; 16.1; 117.1
Table 3 Kinetic analysis of free radical scavenging activity of

OLE

Concentration

(%w/v)

Steady-state

time (min)

Half-life

(min)

(t1/2)

Remaining

(DPPH�) (%)

0.078 20.6 17.6 33.4

0.156 17.1 10 28.4

0.312 16.1 9 20.0

0.625 5.5 1.5 9.7
and 20.6 min at extract concentration of 0.625; 0.312; 0.156

and 0.078 mg/ml respectively. Further, we calculated the
remaining DPPH� concentration (9.7; 20.0; 28.4 and 33.4 %).
The effectiveness of extract was expressed by half-life t1/2,

which was shorter when concentration increases.

3.5. In vitro antidiabetic assay

As depicted in Table 4, the standard Acarbose and OLE were
examined at various concentrations ranging from 10 �
Table 5 Binding interactions of the compounds of OLE.

Compd Docking Scores

(kcal/mol)

Interacting Residues

Acarbose �8.10 K200, E233, D300, H305

Verbacoside �8.20 W59, K200, E233, H305

Apigenin 7-O-

glucoside

�9.70 W59, Q63, D197, E233

Cynaroside �9.80 W59, Q63, D197, E233,

D300

Hydroxytyrosol �5.90 D197, E233, H305

Oleuropein �8.20 W59, Q63, D197, E233,

D300, H305



Molecular docking of phenolic compounds and screening of antioxidant and antidiabetic potential 7
1,000 mg/ml. In the alpha-amylase inhibitory activity, Acar-
bose and OLE showed enzymatic inhibition with an IC50 value
of 20.06 ± 0.19 mg/ml and IC50 value of 37.99 ± 0.15 mg/ml,

respectively.

3.6. Molecular docking studies

Upon conducting molecular docking studies, the most of the
reported phenolic compounds of OLE showed good binding
affinity against the human pancreatic a-amylase (HPA)

(Table 5) (Sabbah et al., 2010).The docking scores for cynaro-
side and apigenin 7-O-glucoside are � 9.80 kcal/mol and �
9.70 kcal/mol, respectively while the docking scores for oleu-

ropein and verbacoside are – 8.20 kcal/mol and � 8.10 kcal/-
mol, respectively. The binding interactions of the phenolic
compounds of OLE versus Acarbose share hydrogen bonds
with E233, D300, and H305 and p - p stacking with W56.

The hydroxyl groups of flavone glycosides form H-bond with
Q63, D197, and E233, and the aromatic ring of cynaroside
induces p – anion with D300. The ligand–protein interactions

of oleuropein and acteoside are similar to flavone glycosides
(Fig. 3). The oleuropein and acteoside have extra H-bond with
H305.

4. Discussions

DM is a notable chronic disease depicted by hyperglycaemia

attributable to irregularities in insulin action, secretion, or
Fig. 2 Reaction kinetics of OLE with DPPH� radical.

Fig. 3 Ligand – protein interactions
both (Saltiel and Kahn, 2001). Potential phytocompounds that
proficient at taking action on multiple disease-related drug tar-
gets in conjunction with fewer unfavourable effects for the dia-

betic treatments (Nicolle et al., 2011). Phytocompounds
originated from diverse remedial plants, for instance, flavo-
noids, phenols, alkaloids, saponins, tannins, terpenoids, gly-

colipids, glycosides, anthocyanins and carotenoids, have been
known to possess productive antidiabetic activity (Rex et al.,
2018). In numerous findings, flavonoids and polyphenols exhi-

bit blood glucose inhibition by enhancing the GLUT-2 expres-
sion within the pancreatic beta cells and GLUT-4
translocation expression (Nisar et al., 2018).

Oxidative stress and inflammation are associated with the

pancreas, linked to the progression and the pathogenesis of
diabetes. The free radicals produced from protein glycosyla-
tion and hyperglycemia-induced glucose autoxidation has an

imperative role in DM pathogenesis (Chen et al., 2015;
Stirban et al., 2014). According to Dal et al. (2016) and
Gothai et al. (2016), most plant extracts or naturally derived

phytocompounds have portrayed pancreatic beta-cell protec-
tive effects attributable to their antioxidant properties. Corre-
spondingly, OLE has antioxidant attributes within the present

study, signifying that the antioxidants may affect its antidia-
betic action in digestive enzymes, alpha-amylase.

The OLE extract displayed a comparable enzymatic inhibi-
tory assay against alpha-amylase. Plant-derived phytocom-

pounds affect glucose metabolism by lessening alpha-amylase
activity, intensifying insulin secretion and counter-react,
inhibiting apoptosis, inhibiting gluconeogenesis, and enhanc-

ing pancreatic beta-cell proliferation (Sayem et al., 2018).
These phytocompounds mechanisms give an in-depth compre-
hension of antidiabetic drug designs. In the present study,

OLE displayed comparative alpha-amylase inhibition with
the standard drug, Acarbose.

The molecular docking of the Phenolic compounds of Olea

europaea L against the crystal structure of the human pancre-
atic a-amylase (HPA) showed that the flavone glycosides such
as cynaroside and apigenin 7-O-glucoside are the most potent
binding affinity against HPA. The more negative docking

scores is the more favorable binding affinity (Sabbah et al.,
2010). the docking scores for cynaroside and apigenin 7-O-
glucoside are � 9.80 kcal/mol and � 9.70 kcal/mol, respec-

tively. In addition, oleuropein and acteoside showed good
binding energy values against HPA. the docking scores for
for A) oleuropein B) cynaroside.
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oleuropein and verbacoside are – 8.20 kcal/mol and �
8.10 kcal/mol, respectively. Besides, we studied the binding
interactions of Phenolic compounds of Olea europaea L.

against HPA to identify their inhibitory mechanism. Hydro-
philic residues mostly surround the surface of the binding site
of HPA protein. The structure of HPA protein with mini-

montbretin A molecule exposed that the binding site of HPA
encloses mostly by hydrophilic residues: W59, Q63, H101,
Y151, R195, D197, K200, H201, E233, E240, I253, N298,

D300, H305, and D356 (Williams et al., 2015). The majority
of compounds of OLE interact with the active site of HPA
through the hydrogen bonding with Q63, D197, E233, D300,
and H305, and hydrophobic interaction with W59. Therefore,

these docking scores and the ligand protein interactions were
involved in stabilizing the complex of OLE - HPA confirming
the inhibitory effect of compounds of OLE for HPA.

In summary, Fig. 2 showed that the kinetic profile of DPPH
scavenging activity of ethanolic extracts. Immediately after
adding the extracts to the reaction medium, the absorbance

of DPPH�at 517 nm dropped significantly due to the decrease
of DPPH� concentration in the medium. From the kinetic
behaviour, it is observed that practically all samples at high

concentrations reacted within a very short time, and a steady
state was reached almost immediately. On the other hand,
the lowest concentration showed slow kinetic behaviour
implied longer periods before the constant state was reached

(Benmehdi et al., 2017; Nenadis and Tsimidou, 2002;
Savatovic et al., 2012).

5. Conclusion

This research presented that the OLE possesses flavonoids and
phenols that have promising antioxidant effects counter to

DPPH. Signifying Olea europaea L. extract may well be uti-
lised to counteract the free radicals. The antidiabetic assay of
the extract was examined on the enzymatic inhibitory effects

on alpha-amylase. The majority of compounds of OLE inter-
act with the active sites of HPA. This finding proposes a prob-
able action mechanism for Olea europaea L. leaf extract due to

inhibition of digestive enzymes. Nevertheless, broad research
should be done to isolate and distinguish the active bio-
constituents of Olea europaea L. and researched for their ther-
apeutic bioactivity.
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