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Abstract

One of the treatment strategies for diabetes mellitus is to inhibit specific digestive enzymes in order to reduce carbohydrates
absorption in the intestines. In this study, inhibitory activity toward the a-amylase enzyme were determined for the methanolic
extracts of the leaves of two species of the genus Crataegus; monogyna, and azarolus var aronia, and three species of the genus
Rubus; sanctus, hedycarpus, and collinus. The leaves were collected during spring and autumn seasons from different regions
across the Syrian Arab Republic. The methanolic extract of C.azarolus var aronia harvested in autumn exhibited the strongest
inhibitory activity toward a-amylase compared to the other extracts with an 1Cs0=103 pg/ml. For a closer look into this plant,
the dry methanolic extract was suspended in water and extracted (liquid-liquid) using diethyl ether and ethyl acetate as extracting
solvents. Due to the promising inhibitory activity of the ethyl acetate extract toward a-amylase with an 1Cs0=96 pg/ml, this
extract was further fractionated by means of preparative HPLC. The structure of the isolated compound that revealed the
strongest inhibitory activity toward a-amylase enzyme (1Cs0=84 pg/ml) was elucidated using nuclear magnetic resonance
(NMRY), and mass spectroscopy (MS) techniques. The structure was identified based on MS and NMR data to be (-)-Epicatechin,
a biologically active flavan-3-ol compound.
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1. Introduction

Crataegus Known as hawthorn, is a plant widely
spread in the northern hemisphere and is spread well
in Syria as a wild plant. It has been used as food
supplementary and traditional medicine for years.
The genus name Crataegus is derived from the Greek
word Kratos meaning hardness of the wood.
Crataegus may be employed as anti-inflammatory,
gastro-protective, antidiabetic, antimicrobial, and
hepatoprotective. And it may improve coronary
artery blood flow and heart muscle contractions,
hence widely used as cardiac tonic [1-3].

Rubus Popularly known as the genus of
raspberries and blackberries, is widely distributed in
Syria, and worldwide as wild and cultivated species.
The genus Rubus, with around 700 species, is the
largest in the Rosaceae family. Rubus leaves
demonstrate antioxidant, anticancer, antiangiogenic,
antithrombotic, hypoglycemic, antimicrobial and
anxiolytic activities [4—6].

Type 2 Diabetes mellitus is a metabolic disorder,
characterized by defects in insulin secretion, insulin
sensitivity, or both, promoting disturbance of
carbohydrates, fat, and protein metabolism. Common
complications of diabetes mellitus include
retinopathy, nephropathy, neuropathy, micro-
angiopathy, and increased risk of cardiovascular
diseases. Delayed insulin secretion immediately after
a meal leads to a sudden surge in blood glucose level
known as ‘hyperglycemic spikes’. The normal blood
glucose level in two hours after meal is estimated to
be not more than 139 mg/dl. This 2-hour postprandial
blood glucose level will range from 140 to 199 mg/dI
in the case of impaired glucose tolerance, and then
rise to greater than 200 mg/dl in the case of diabetics.
One of the anti-diabetic therapeutic strategies is the
inhibition of carbohydrate digesting enzymes such as
the a-amylase in order to reduce the absorption of
sugars. a-amylase hydrolyzes complex starches to
oligosaccharides. Inhibition of this enzyme reduces
the rate and extent of glucose absorption produces a
postprandial anti-hyperglycemic effect [7-10].
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The o—amylase (0-1,4-glucan-4-
glucanohydrolases; E.C.3.2.1.1) is the major
secretory products of the pancreas and salivary
glands for digestion of starch and glycogen. The a-
amylase catalyzes the initial hydrolysis of starch into
shorter oligosaccharides through the cleavage of a-
D-(1-4) glycosidic bonds. Oligosaccharides are the
end products of a-amylase action. A variety of plant
extracts revealed inhibition of a-amylase activities
and could be relevant for the treatment of type 2
diabetes [11-14].

2. Experimental:

2.1. Materials:

Methanol (Fluka chemika), Distilled water, Ethyl
acetate (Merck), Diethyl ether (Merck), Dimethyl
sulfoxide (DMSO) (Merck), Starch, Acarbose
(Tokyo chemical industry), a-amylase from porcine
pancreas (Sigma-Aldrich), Dinitro salicylic acid
(Sigma-Aldrich).

2.2. Equipments:

The plant’s leaves were softened by a grinder. The
absorbance was measured using a UV/Vis
Spectrophotometer, type SP-3000 Plus OPTIMA
TOKYO, JAPAN. The extracts were dried using a
rotary evaporator, type Buchi Rotavapor R-205. The
active extract was fractionated using HPLC semi
preparative JASCO-LC-1500 using column C18
(5um) 15*2.12cm. The Mass Spectrum was recorded
using Shimadzu LC2020. The Nuclear Magnetic
Resonance (NMR) spectra were recorded on Avance
400MHz Bruker, Germany.

2.3. Collection of plant material:

Leaves of 3 species of Rubus (sanctus,
hedycarpus, and collinus) and 2 species of Crataegus
(monogyna and azarolus var aronia) were collected
in spring (April) and in autumn (October) from
several areas across the Syrian Arab Republic in the
early morning. The collected leaves were cleaned,
dried, cut into small pieces, grounded, and sifted into
a homogeneous powder. The resulting powders were
stored separately until the extraction was carried out.

2.4, Extraction:

Methanolic extracts of each collected plant
(leaves) were prepared according to the following
steps: 50 grams of dry leaves powder was weighed
and extracted by maceration in 500 ml methanol for
72 hours. The process was repeated three times. The
extracts were filtered and dried using a rotary
evaporator. A series of concentrations was prepared
for each extract (25-50-100-200-400) pg/ml using
DMSO 10% as a solvent.

2.5. Determination of
inhibitory activity:

a-amylase

0.5 ml of extract and 0.5 ml of 0.02 M sodium
phosphate buffer (pH 6.9) containing o-amylase
solution (0.5 mg/ml) was placed in a tube. This tube
was incubated at 25 C° for 10 min, after that 0.5 ml
of 1% starch solution in 0.02 M sodium phosphate
buffer (pH 6.9) was added to the tube and further
incubated for 10 min. 1ml of dinitrosalicylic acid
(DNS) reagent (10mg/ml) was added to terminate the
reaction. The tubes were then incubated at 100 C° for
5 min. and cooled to room temperature. The
absorbance was measured at 540 nm using a
spectrophotometer. Blank was prepared using the
same procedure, replacing the extract by DMSO
10%. Triplicates are done for each extract. The a-
amylase inhibitory activity was calculated as
percentage inhibition.

(I %) =100 — ((Asample - AsampIeB)/ (Acontrol - AcontroIB)
x 100)

Where (1%): a-amylase Inhibition%, Asample:
absorbance of the sample, Asampies: absorbance of the
sample’s blank, Acontroi: @bsorbance of the control,
Acontrols: absorbance of the control’s blank.

Concentrations of extracts resulting in 50%
inhibition of enzyme activity (ICso) were determined
graphically [10,15].

2.6. Isolation and structure elucidation of
active compound:
2.6.1. HPLC preparative:

Separation was performed wusing a C18
preparative column 150*21.2 mm*5um, applying a
mobile phase consisted of: solvent A: Water, and
solvent B: Acetonitrile (ACN). Gradient elution
program was used applying a flow rate 2 ml/min as
follows: Solvent B 10% for 5 min, B 10% to 30% in
5-8 min, B 30% to 100% in 8-30 min, B 100% to
10% in 30-37 min. Data were collected using UV
detector at 254 nm

2.6.2. Mass spectroscopy analysis:

Conditions for mass spectral analysis in the
Electrospray ionization (ESI) positive mode include
a capillary voltage of 3500 v, drying gas temperature
at 230 C°, gas flow 10L/min, nebulizer 50 psi.

2.6.3. NMR spectroscopy:

'H-Nuclear magnetic resonance (*H-NMR)
spectra were measured and recorded in deuterated
DMSO by means of an Avance 400MHz
spectrometer. Chemical shifts (3) were recorded in
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parts per million (ppm) relative to the
tetramethylsilane (TMS) signal used as internal
standard. The signals were illustrated in terms of
chemical shift with proper abbreviations for
multiplicities and are reported as s (singlet), d
(doublet), and t (triplet), Moreover, *3C-Nuclear
Magnetic Resonance (**C-NMR) with off resonance
decoupling heteronuclear multiple bond coherence
(HMBC), heteronuclear multiple quantum coherence
(HMQC), distortion less enhancement by
polarization transfer (DEPT), and correlation
spectroscopy (COSY) were all recorded on the
Avance 400MHz spectrometer.

3. Results:

The average weight of the obtained dry extract
ranged from 1.1 g to 3.3g (Table 1)

The biological study of the ability of the extracts
to inhibit the a-amylase enzyme was performed. The
ICso values were calculated and compared for all
samples to acarbose which was used as positive
control. The ICso values of the samples ranged from
103 to 231 pug / ml (Table 1).

Table 1. The average weight (g) of the obtained dry extract of the dried extracts and 1Cs, values (pug/ml) for a-amylase inhibition

Samples C.azarolus C.monogyna R.collinus R.hedycarpus R.sanctus
Season au sp au sp sp au sp au sp
Average weight (g) of
the obtained dry extract 33 21 24 19 2.2 16 3 25 19 11
o-amylase Inhibition 103 119 125 148 178 231 190 217 112 162
1Cso pg/ml
3.1. Fractionation and isolation:

The methanolic extract of C.azarolus au, revealed
the strongest inhibitory activity toward the a-
amylase enzyme, was partitioned successively to
obtain 3 fractions using diethyl ether (fraction A),

ethyl acetate (fraction B), and water (fraction C). The
3 fractions were dried using a rotary evaporator and
were tested for their a-amylase inhibition activity
(Table 2).

Table 2. I1Cs values (ug/ml) for a-amylase inhibition of fractions from C.azarolus au

Sample C.azarolus au
Fractions FRACTION A FRACTION B FRACTION C
a-amylase Inhibition ICso pg/ml 189 96 237

Fraction B (ethyl acetate fraction) that showed the
most inhibitory activity toward the a-amylase
enzyme was subjected to prepared HPLC. Two main
peaks were observed in the spectrum. The two

compounds (Cpd.1 and Cpd.2) under peak 1 and
peak 2, with retention time of 16 and 18.5,
respectively, were isolated and evaluated for their
inhibitory activity toward a-amylase (Table 3).

Table 3. 1Cso values (ug/ml) for a-amylase inhibition of isolated peaks

Sample

C.azarolus au (FRACTION B)

Isolated compounds

a-amylase Inhibition ICso pg/ml

Cpd. 2 exhibited a higher activity than Cpd. 1 with
an ICsp value of 84 pg/ml. Therefore, a further
investigation of Cpd. 2 was carried on, in order to
elucidate its chemical structure. The structure was
elucidated using Nuclear Magnetic Resonance
(NMR) and Mass Spectroscopy (MS) techniques.

3.2. Spectral data of Cpd. 2:

ESI-MS (m/z): 291.1 [M+H]*; H-NMR (DMSO-
d6, & [ppm], J [Hz]): 9.11 (S, 1H, -OH), 8.89 (S, 1H,
-OH), 8.79 (S, 1H, -OH), 8.72 (S, 1H, -OH), 6.88 (d,
J=12, 1H, H2), 6.65 (m, 2H, H-5, 6°), 5.88 (d, J
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Cpd.1 Cpd.2
136 84

=23, 1H, H-6), 5.71 (d, J = 2.3, 1H, H-8), 4.73 (S,
1H, H2), 4.66 (d, J = 4.6, 1H, 3-OH), 4 (brd, J = 3.5,
H-3), 2.67 (dd, 1H, J = 16.4, 4.4, H-4a), 2.46 (m, 1H,
H-4b). 3C-NMR (DMSO-d6, & [ppm]): 156.49,
156.21, 155.74, 144.47, 144.41, 130.58, 117.92,
114.87, 114.73, 98.74, 95.06, 94.07, 78.03, 64.89,
28.15.

3.3. Structure elucidation of Cpd. 2:

The NMR- and MS- spectroscopy analysis of the
most active isolated substance (Cpd. 2) revealed a



4056 _Hani M SKAF

skeleton of a flavon-3ol and was assigned to
Epicatechin. The compound was isolated as yellow
amorphous powder by means of preparative HPLC.
The ESI-MS analysis shows a molecular peak at m/z:
291.1 [M+H]*, which indicates molecular mass of
290 g/mol corresponding to the molecular formula of
CisH1406 (Fig. 1.). The 3C-NMR spectrum indicates
15 carbon atoms in the molecule. The DEPT
spectrum indicates 7 methine groups, one methylene
carbon at § 28.15 ppm (assigned to carbon 4) and 7
quaternary carbon atoms. The H-NMR spectrum
exhibited 5 aromatic protons. The meta-coupling and
the positioning of the aromatic protons ¢ 5.88 ppm
and 6 5.71 ppm at positions C6 and C8, respectively,
was confirmed by a coupling constant value of 2.3Hz
and the correlations in the HMBC spectrum. The 'H-
NMR spectrum revealed two oxygenated methine
groups at 6 4.73 ppm and 6 4.00 ppm. These signals
were assigned to the protons at positions C2 and C3
respectively. The HMQC spectrum exhibits a
correlation between the proton signal at 6 4.73 ppm
to the carbon signal at 6 78.03 ppm (C2) and a
correlation between the proton signal at & 4.00 ppm
to the carbon signal & 64.89 ppm (C3). Two double
doublets signals at & 2.67 and & 2.46 ppm are
correlated to one carbon signal 6 28.15 ppm. HMQC
indicated a methylene group at C4. The aromatic ring
B is substituted with 3 hydrogens having the
aromatic proton signals at & 6.65 ppm for the
positions C5" and C6" and at 5 6.88 ppm for C2". The
signal at & 6.88 ppm shows a broad doublet with a
coupling constant of 1.2Hz indicating a meta-
coupling between the protons at positions C2" and
C6". The COSY spectrum exhibits correlations
between the proton signal at 6 4.00 ppm (C3) to the
signals at 6 4.73 ppm (C2), 6 2.67 ppm and at & 2.64
ppm (C4). The HMBC spectrum shows correlations
between the proton signal at 6 4.00 ppm to the carbon
signals at 8 98.47 ppm (C10) and 6 13.58 ppm (C1").
A correlation between the protons of the methylene
group at position 4 to the carbons C2, C5, C3 and
C10 is to be seen in the HMBC spectrum. This
information proves the binding of the benzene ring B
to C2 and the distribution of the protons of the ring
C. These results were similar to those reported in the
literature [16-18].

- COSY

HMBC
Fig. 1. HMBC and COSY correlations of Epicatechin

4.  Discussion:

The inhibitory activity of a-amylase was
measured for all extracts and compared to acarbose.
The extract of C.azarolus au revealed the strongest
inhibitory activity (ICso = 103ug / ml), followed by
the extract of R.sanctus au (ICsp = 112 pug/ml), while
the extract R.collinus sp showed the lowest inhibitory
activity (ICso = 231 pg / ml). The control (Acarbose)
exhibited an 1Cso value of (61 pg / ml) (Table 1). A
study conducted in Iran on a methanolic extract of
Crataegus oxyacantha, and Rubus fruticous,
revealed 1Cso values of 62 pg/ml and 53.7 pg/ml
respectively [19]. In another study in Tunisia on an
aqueous extract of Crataegus azarolus var aronia, it
was found that the 1Cso ranged between 1810-3010
pg/ml [20]. A study conducted in Nepal on a
methanolic extract of Rubus ellipticus, reported an
I1Cso value of 296.94 pg/ml [21]. And it was observed
that the extracts obtained in autumn of each species
revealed a higher inhibitory activity toward a-
amylase enzyme than the extracts obtained in spring.

Most of the plant related biological activities are
due to the presence of secondary plant metabolites
such as Phenolics and flavonoids [22,23]. Several
studies have indicated the effect of the harvesting
date on the chemical content of the plant, especially
for the polyphenol products [24,25]. The
concentration of the polyphenols in the plants
including flavan-3-ols is known to be higher during
summer and autumn compared to spring, resulting in
a stronger biological activity for the plants collected
in these seasons. That supports results obtained in
this study, especially that the most active compound
(-)-Epicatechin is a polyphenol metabolite (flavan-3-
ol) [24-27].

5. Conclusion:

Crataegus and Rubus extracts exhibited a
potential inhibitory activity toward the a-amylase
enzyme. Epicatechin, a flavan-3-ol compound,
isolated from C.azarolus var aronia extract, was
found to be the most active compound in the extract
toward the a-amylase enzyme. The isolation of the
epicatechin was carried out by wusing a
chromatographic separation and its identity was
confirmed by MS- and NMR- spectroscopy.

6.  Acknowledgment:

This research is funded by Al-Baath University. We
are grateful to Atomic Energy Commission of Syria,
and Al-Baath university for providing the lab
facilities to perform the assays and the measurement.
We thank Prof. Dr. Imad Haddad, Department of
Pharmaceutical Chemistry and Drug Control,

Egypt. J. Chem. 64, No. 8 (2021)



SCREENING FOR A-AMYLASE INHIBITORY ACTIVITY OF CRATAEGUS AND RUBUS GENERA 4057

Faculty of Pharmacy, AL Baath University, and Prof.
Dr. Isam chama, Department of Pharmacognosy and
Medicinal Plants, Faculty of Pharmacy, Damascus
University, for their kind assistance and support for
achieving this research.

7. References:

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Liu P. Composition of hawthorn (Crataegus
spp.) fruits and leaves and emblic leafflower
(Phyllanthus emblica) fruits, (2012).

Kumar D, Arya V, Bhat Z gar A, Khan NA,
Prasad DN. The genus Crataegus: chemical and
pharmacological perspectives. Rev Bras
Farmacogn Brazilian J  Pharmacogn,
22(5):1187-200(2012).

Long SR, Carey RA, Crofoot KM, Proteau PJ,
Filtz TM. Effect of hawthorn (Crataegus
oxycantha) crude extract and chromatographic
fractions on multiple activities in a cultured
cardiomyocyte assay. Phytomedicine, 13:643—
50(2006).
https://doi.org/10.1016/j.phymed.2006.01.005.
Zia-Ul-Hag M, Riaz M, De Feo V, Jaafar HZE,
Moga M. Rubus fruticosus L.: Constituents,
biological activities and health related uses.
Molecules, 19:10998-1029(2014).
https://doi.org/10.3390/molecules190810998.
Tallini LR, Pedrazza GPRR, de Bordignon
SAL, Costa ACOO, Steppe M, Fuentefria A, et
al. Analysis of flavonoids in Rubus
erythrocladus and Morus nigra leaves extracts
by liquid chromatography and capillary
electrophoresis. Brazilian J Pharmacogn,
25:219-27(2015).
https://doi.org/10.1016/j.bjp.2015.04.003.
Marulanda ML, Lépez AM, Aguilar SB.
Genetic diversity of wild and cultivated Rubus
species in Colombia using AFLP and SSR
markers. Crop Breed Appl Biotechnol, 7:242—
52(2007). https://doi.org/10.12702/1984-
7033.v07n03a03.

Bachhawat A, Shihabudeen J M sham,
Thirumurugan K. Screening of fifteen indian
ayurvedic plants for alpha-glucosidase
inhibitory activity and enzyme Kinetics. Int J
Pharm Pharm Sci, 3:8(2011).

Rege AAA, Chowdhary AS. Research Article
Evaluation of Alpha-Amylase and Alpha-
Glucosidase Inhibitory Activities of Ocimum
sanctum Linn. Int J Pharm Sci Rev Res,
25:130-3(2014).

Yin Z, Zhang W, Feng F, Zhang Y, Kang W.
a-Glucosidase  inhibitors  isolated  from
medicinal plants. Food Sci Hum Wellness,
3:136-74(2014).
https://doi.org/10.1016/j.fshw.2014.11.003.

[10] Hanh TTH, Dang NH, Dat NT. o -Amylase and

Egypt. J. Chem. 64, No. 8 (2021)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

a -Glucosidase Inhibitory Saponins from
Polyscias fruticosa Leaves. J Chem, 2016:3—
8(2016).
https://doi.org/10.1155/2016/2082946.

de Sales PM, de Souza PM, Simeoni LA,
Magalhdes P de O, Silveira D. a-amylase
inhibitors: A review of raw material and
isolated compounds from plant source. J
Pharm Pharm Sci,15:141-83(2012).
https://doi.org/10.18433/J35S3K.

Boivin M, Zinsmeister AR, Go VLW,
Dimagno EP. Effect of a Purified Amylase
Inhibitor on Carbohydrate Metabolism After a
Mixed Meal in Healthy Humans. Mayo Clin
Proc, 62:249-55(1987).
https://doi.org/10.1016/S0025-
6196(12)61900-4.

Madeswaran A, Asokkumar K, Umamaheswari
M, Sivashanmugam T, Subhadradevi V,
Jagannath P. In silico docking evaluation of a-
Amylase inhibitory activity of Butein and
Tricetin. J Comput Methods Mol Des, 4:51—
6(2014).

Franco OL, Rigden DJ, Melo FR, Grossi-de-Sa
MEF. Plant a-amylase inhibitors and their
interaction with insect a-amylases. Eur J
Biochem, 269:397-412(2002).
https://doi.org/10.1046/j.0014-
2956.2001.02656.x.

Kazeem MI, Mayaki AM, Ogungbe BF,
Ojekale AB. In-vitro studies on Calotropis
procera leaf extracts as inhibitors of key
enzymes linked to diabetes mellitus. lran J
Pharm Res, 15:37-44(2016).
https://doi.org/10.22037/ijpr.2016.1804.
Usman A, Thoss V, Nur-e-Alam M. Isolation
of Taxifolin from Trichilia Emetica Whole
Seeds. Am Sci Res J Eng Technol Sci, 21:77-
82(2016).
https://doi.org/10.5923/j.ajoc.20160603.01.
Cuong DTD, Dat HT, Duan NT, Thuong PD,
Phat NT, Tri MD, et al. lIsolation and
characterization of six flavonoids from the
leaves of Sterculia foetida Linn. Vietham J

Chem, 57:438-42(2019).
https://doi.org/10.1002/vjch.201900084.
Sun A. Isolation and Identification of

procyanidins in Aronia Melanocarpa Using
NMR, LC-IT-TOF/MS/MS and MALDI-TOF
MS. SDRP J Food Sci Technol, 4:614-
28(2019).
https://doi.org/10.25177/jfst.4.1.ra.444.

Salehi P, Asghari B, Esmaeili MA, Dehghan H,
Ghazi 1. a-Glucosidase and a-amylase
inhibitory effect and antioxidant activity of ten
plant extracts traditionally used in Iran for
diabetes. J Med Plants Res, 7:257-66(2013).
https://doi.org/10.5897/JMPR11.1320.

Rjeibi I, Zaabi R, Jouida W. Characterization



4058 _Hani M SKAF

of Polysaccharides Extracted from Pulps and
Seeds of Crataegus azarolus L. var. aronia:
Preliminary Structure, Antioxidant,
Antibacterial, a-Amylase, and
Acetylcholinesterase  Inhibition Properties.
Oxid Med Cell Longev, 2020:11(2020).
https://doi.org/10.1155/2020/1903056.

[21] Subba B, Gaire S, Raj Sharma K. Analysis of
Phyto-Constituents, Antioxidant, and Alpha
Amylase Inhibitory Activities of Persea
Americana Mill., Rhododendron Arboretum
Sm. Rubus Ellipticus Sm. From Arghakhanchi
District Nepal. Asian J Pharm Clin Res,
12:301(2019).
https://doi.org/10.22159/ajpcr.2019.v12i1.296
79.

[22] Gupta D. Comparative analysis of spices for
their phenolic content , flavonoid content and
antioxidant capacity. Am Int J Res Formal,
Appl Nat Sci, 38-42(2013).

[23] Deki¢ V, Risti¢ N, Deki¢ B, Risti¢ M. Phenolic
and flavonoid content and antioxidant
evaluation of hawthorn (Crataegus monogyna
Jacq.) fruits and leaves extracts. Univ Thought
- Publ Nat  Sci, 10:20-5(2020).
https://doi.org/10.5937/univtho10-25574.

[24] Gori A, Nascimento LB, Ferrini F, Centritto M,
Brunetti C. Seasonal and diurnal variation in
leaf  phenolics of three  medicinal
mediterranean wild species: What is the best
harvesting moment to obtain the richest and the
most antioxidant extracts? Molecules, 25
(2020).
https://doi.org/10.3390/molecules25040956.

[25] Liu P, Kallio H, Yang B. Phenolic compounds
in hawthorn (Crataegus grayana) fruits and
leaves and changes during fruit ripening. J
Agric Food Chem, 59:11141-9(2011).
https://doi.org/10.1021/jf202465u.

[26] Pavlovic J, Mitic S, Mitic M, Kocic G,
Pavlovic A, Tosic S. Variation in the phenolic
compounds profi le and antioxidant activity in
different parts of hawthorn (Crataegus
pentagyna Willd.) during harvest periods.
Polish J Food Nutr Sci, 69:367—78(2019).
https://doi.org/10.31883/pjfns/1120109.

[27] Soni U, Brar S, Gauttam VK. Effect of
Seasonal Variation on Secondary Metabolites
of Medicinal Plants. Int J Pharm Sci Res,
6:3654-62(2015).
https://doi.org/10.13040/1JPSR.0975-
8232.6(9).3654-62.

8. Arabic Abstract:

235530 £ 6 paanad DLallity) ay 33 dadial) Al aali
Jladl) S pall Ak 3yt g 330 g g B B piial) Galal g

pat o Agsud) Aesld) Glay iV Gan bl e
Al all oda b elaa) 8 il Sl aliaial Qi Chngs
O 51 A sl cliadlall allal) oy Y Tadial) Jliil) ayaas
s «Crataegus monogyna & _sse il osis (e
osia e gl A8 «Crataegus azarolus var aronia
s «Rubus hedycarpus s <Rubus sanctus & Gd=ll
On A5 gl Ll e JS (Al Rubus collinus
Ladlall cjedal Ay sl Ay jall 4y ) sgendl (8 Adlia (3lalis
Juwad & duadl Clazarolus var aronia g sl 4d sl
Gladally 45 5lae DlallaYl a3y ddafie dlad e cay Al
CSLall e guailly Ja\iSe 103=IC50 S Cua o5 2Y)
IS alasialy ciladla 4530 ) 40 silisall AeaDal) 45385 25 Jladl)
Lada Djad o 5 e i1y iyl a5 celd) (e
Oellal¥l a3y Aladie ddled el calaef g diy) oA
paadll L sy S0 Slea danl s Je\iSe 96=1C50
el A J g el (S jall 43y 30a3 23 HPLC-Preparative
lasiuly Je\iSe 84=IC50 3Dksallal¥) oy 35 ddafie dlad e
OSANMR (prablinall g 55l (4 ) 5 MS LS oyl ulyis
@ J5-3-0lEN S je 8 5 (—)-Epicatechin oeislSony) s
A s Allad el

Egypt. J. Chem. 64, No. 8 (2021)



